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This is a oo~tinuation-in•part of co-pendinq 

~· 't 
application seriaJ No. j>7/479,66l filed February 7, 

. ' ~ 

1990, which is in\turn ia continuation-in-part of 
s applications serial No~. 07/381,080 filed July 18, 1989, 

and 07/450,329 f~_led oecember 11, 1989 for "Tumor 
Necrosis Factor:"~TNF) Inbibitor and Method 'for Obtaininq 
the Same." 

10 J)ACKGROQND OF tHE IN\TENTION 
Tumor necrosis factors are a class of proteins 

produced by numerous cell-types, includinq monocytes and 
macrophages. At least two TNFs have been previously 
described, specifically TNF alpha and TNF beta 

15 (lym.pbotoxin). 
These known TNFs have important physiological 

effects on a number of different tarqet cells involved 
in the inflammatory response. ~he proteins cause both 
fibroblasts and synovial cells to secrete latent 

20 collaqenase and prostaglandin E2, and cause osteoblastic 
cells to carry out bone resorption. These proteins 
increase the surface adhesive properties of endothelial 
cells for neutrophils. They also cause endothelial 
cells to secrete coagulant activity and reduce their 

25 ability t~ lyse clots. In addition they redirect the 
activity of adipoeytes away from the storage of lipids 
by inhibiting expression of the enzyme lipoprotein 
lipase. TNFs cause hepatocytes to synthesize a.class of 
proteins know as "a.cute phase reactants" and they act on 

30 the hypothalamus as pyrogens. Tbrouqh these activities,· 
it has been seen that TNFs play an important part in an 
organism's response to stress, to infection, and to 
injury. ~, ~' articles by P.J. Selby et al. in 
Lancet, Feb. ·21, 1988, pg. 483; H.P. Starnes, Jr. et tl· 

35 in J. Clin. Invest. 82: 1321 (1988): A. Oliff et Al· in 

14!0091133 

.. / 
/ 

.· ... , ...... 

-~ 



.. 

02121196 04:55 '5'805 447 1090 4lMGEN LAW 

805 447 1090 
- . ' ... 

cell 50:555 (1987)1 and A. Waage et al. in, Lancet, Feb. 
14, 1987, P9· 355. 

However, despite their no1"11ally beneficial effects, 
circwnstances have come to liqht in which the actions of 

5 TNFs are harmful". For example, TNF alpha injected into 
animals gives rise to the symptoms of septic shock; 
endogenous TNF levels have been observed to increase 
following injection of bacteria or b.acterial cell walls. 
THFs also ·cause bowel necrosis and acute lun9 injury, 

10 and they stimulate the catabolis~ of muscle protein. In 
addition, the ability of 'l'NFs to increase the level of 
co~laqenase in an arthritic joint and to direct the 
chemotaxis and migration of leUkocytes and lymphocytes 
may also be responsible for the degradation of cartilage 

15 and the proliferation of the synovial tissue in this 
disease. Therefore, TNFs may serve as mediators of both 
the acute and chronic staqes of immunopathology in 
rheumatoid arthritis. TNFs may also be responsible for 
some disorders of blood clotting through alterin9 

20 endothelial cell function. More~ver, excessive TNF 
production has been demonstrated in patients with AIDS 
and may be responsible for some of the fever, acute 
phase response and cachexia seen with this disease and 
with leukemias. 

25 In these and other circumstances in which TNF has a 
harmful effect, there is clearly a clinical use for an 
inhibitor of TNF action. systemically administered, TNF 
inhibitors would be useful therapeutics against septic 
shock and cachexia. Locally applied, such TNF 

30 ·inhibitors would serve to prevent tissue destruction in 
an .inflamed joint and other sites of inflammation. 
Indeed, such TNF inhibitors could be even more effective 
when administered in conjunction with interleukin-I (IL-
1) inhibitors. 

35 One possibility for therapeutic intervention 
against the action of TNF is at the level of the target 
cell's response to the protein. TNF appears to act on 
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cells through a classical receptor-mediated pathway. 
Thus, any molecule which interferes with the ability of 
TNF to bind to its receptors either by blbckinq the 
receptor or by blocking the TNF would requlate TNF · 

5 action. For these reasons, proteins and small molecules 
capable Of inhibiting TNF in this manner have been 
sought by the present inventors. 

&WQIARY Ol TBE INVEKTIO_N 

10 As noted above, this invention relates to TNF 
inhibitors generally, and, more specifically, to a 
urine-derived TNF inhibitor. Additionally, tbe present 
invention relates to biologically-active analogs of this 
inhibitor. 

15 An object of the present invention is to provide 
purified forms of TNF inhibitor which are active aqainst 
TNF alpha. An additional object of the present 
invention is to provide these inhibitors in purified 
forms to enable the determination of their amino acid 

20 sequence. A further object is to provide the amino acid 
sequences of certain TNF inhibitors. In addition it is 
an object of this invention to provide a cellular source 
of the mRNA coding for TNF inhibitors and a cDNA library 
containing a cDNA for the inhibitors. Furthermore, it 

25 is an object of this invention to provide a genomic 
clone of DNA codinq for the TNF inbil:>itors, and the 
coding sequences of that DNA. 

The identification of biologically-active analogs 
of such TNF inhibitors with enhanced or equivalent 

30 properties is also one of the objects of tbe invention. 
Additionally, it-is an object ·of this invention to 

provide a recoll\binant•DNA system for the production ~f 
the TNF inhibitor described herei~. A further object.of 
the present invention includes providing purified forms 

35 ot TNF inhibitor which would be valuable as 
pharmaceutical preparations exhibitinq activity against 
TNF. Another object of the present invention includes 
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providing purified combinations of TNF iiihibitors and 
IL-1 inhibitors which are valuable as pharmaceutical 
preparations exhibitinq activity &gilt.inst both IL-1 and 

TNF. 
The inventors of the present invention have 

isolated at least ·two TNF inhibitor proteins with TNF­
inhibi ting properties. A 30kDa protein and a 40kDa 
protein have been obtained in their purified forms. The 
amino acid sequence of the JOkDa TNF inhibitor protein 

10 has been obtained. The amino acid sequence data of the 
40kDa TNF inhibitor protein has also been obtained. 
Both the 30kDa TNF inhibitor and the 40kDa TNF inhibitor 
are novel, previously undescribed proteins. 

A human qenomic DNA clone which contains the gene 
15 for the 30kDa protein has been obtained. A cell source 

of this protein has been identified and a cDNA clone bas 
been 9btained and the nucleic acid sequence of the9ene 
for the protein determined. In addition, the qene clone 
has been placed in a vector which has been found to 

20 express the protein in host cells. Also a process has 
been developed. for purifying the protein in an active 
form. 

A cell source bas been identified which produces 
the 40kDa protein and a cDNA clone has been obtained and 

25 the nucleic acid sequence determined of the qene for the 
40kDa protein. The full cDNA clones encoding for both 
the lOkDa TNF inhibitor precursor and the 40kDa TNF 
inhibitor precursor have been expressed in mammalian 
cells to yield an increase in TNF binding sites on the 

30 cell surface. 
A qene coding for the mature fo:r:m of the JOkDa 

protein has been expressed in E. Coli. Three seperate 
qenes codinq ~or all or portions of the mature 40kDa 
protein have also been expressed in I· Coli. The three 

35 40kDa Inhibitor proteins expressed-- mature 40kDa TNF 
inhibitor, 40kDa TNF inhibitorA.51 and 40kDa TNF 
inhibitor,,As3--each exhibit TNP inhibiting activity. 

-4-
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Matu.re 40kDa TNF inhibitor, as isolated from medium 
conditioned by human 0937 cells, and 40kDa TNF inhibitor 
51 and 40kDa TNF inhibitor ~3, are collectively 

referred to as 40kDa TNF inhibitor. 

5 The 30kDa TNF inhibitor bas shown activity in 
inhibiting TNF alpha. The 40kDa 'l'KF inhibitor has abown 
inhibitory action a9ainst both 'l'lfF alpha and TNP beta. 

10 

It will now be possible to perform the large scale 
production of these TNF inhibitors through recombinant 
DNA technology. These inhibitors ebould be suitable for 
use in pharmaceutical formulations useful in treating 
pathophysioloqical conditions mediated by TNF. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figure 1 describes a cytoto~icity assay for TNF in 

20 

the absence c-.·.) and in the presence C-x-x-> of TNF 

inhibi~or (30kDa>. Various concentrations of TNF were 

incubated with and without TNF inhibitor C30kDa>, and the 

cytotoxicity assay was performed as described in Example 1. 

Figure 2 describes a native gel shift assay in 

which "a" depicts TNF alone, and "b" depicts TNF + TNF 

inhibitor C30kDa>. 

Figure 3 describes Con A-Peroxidase staining of TNF 

inhibitor (30kDa). About 2oo·n9 of each protein were run on 

25 14% SDS-PAGE, and transferred to nitrocellulose filter. 

Glycoprotei"s were identified using Con A-perox;dase 

staining. In this figu_re, "a" depicts a molecular weight 

marker, 11 b" depicts Ovalbumin, "c" depicts bovine serum 

a lb um i n, and "d., de pi ct s TN F inhibitor C3 0 k D a ) • 

30 Figure 4 describes chemical deglycosylation of TNF 

inhibitor C30kDa>. About 200 ng of TN~ inhibitor C30kOa) 

were chemically deglycosylated Clane. c> as described fn 
Example 1. 

Figure 5 describes N-glycanase treatment of TNF 

35 inhibitor C30kDa). Purified T~F inhibitor C30kDa) was 

iodina~ed by Bolton-Hunter reagent, and denatured-iodinated 

TMF inhibitor C30kDa) was treated with ~-glycanase fer 6 
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hours at 37C. In this figure, "a" depicts native TNF 

inhibitor <20kDa), and :b" depicts deglycosylated TNF 

inhibitor (30kDa>. 

Figure 6A describes an 00 280 profile of tht DEAE 

Sepharose CL-68 chromatography of 20 1 urine. 

Figure 68 describes _an autoradiograph of the 

corresponding native gel shift assay indicating a peak of 

TNF inhibitor C30kDa> at fraction 57-63, which is about 

80mM NaCl. 

Figure 7 describes an 00 280 profile of the 0.05 H 
Na Phosphate pH 2.5 elution from the TNF affinity column. 

Figure SA and SC describe chromatographic profiles 

<00 215 and 00 280 > of the RP8 purification of the TNF 

inhibitor C30kDa) with the L929 bioassay of fractions from 

the RPS column sho~ing a peak of TNF inhibitor (30kDa> at 

fractions 28-31 which is about 18% acetonitrile and at 

fractions 35 and 36 which is about 21% acetonitrile. 

Figure SB describes a silver stained 15% SDS-PAGE 

of the RP8 pool showing a single band at 30kDa • 

Figure 9A describes a peptide purification of Lys-C 

digestion of TNF inhibitor C3DkDa). 

Figure 9B describes a peptide purification of 

alkylated C*> Lys-c digests of TNF inhibitor C30kDa). 

Figure 10 describes a peptide purification of two 

alkylated C•) Asp-N digests of TNF inhibitor C30kDa>. 

Figures 11A and 11B describe peptide purifications 

of an endopeptidase V8 digest of reduced carboxymethylated 
TNF inhibitor C30kDa). 

figure 12 describes amino acid sequences present in 

TNF inhibitor C30kDa>. Blanks in the sequence indicate the 

residue has not been unambiguously identified by protein 

sequencing. C• indicates the identification of carboxy­

methylcysteine by the presence of 3 H in the residue. 

Figure 13 describes the DNA sequence of a genomic 

clone encoding at least a portion of a TNF inhibitor 
C30kDa). 

Figure 14 describes at least 70% of the mature 

amino acid sequence of a preferred TN, inhibitor. 

figure 15 describes detection of TNF inhibitor in 

U937 supernatant by the gel shift assay. 

- 6 -
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Fi9ura 16 describes detection of TNF inhibitor in 
J hplc fractions from 0937 supernatant. 

Figure 17 describes the Northern blot accordinq to 
Exaapla 4. 

5 fiqure 18 describes the deqlycosylated TNF 
inhibitor (30kDa) bindin9 to TNF. Glycosylated and 
deglycosylated TNF inhibitor were incubated with TNF 
afti9el, and flow through materials and eluates of the 
gel were analysed on SDS-PAGI. In this fiqure, (11) 

llJ015/133 

10 indicates flow throuqh of THF•INH, reduced and oxidized, , 
(21) indicates flow throu9h ot deglycosylated TNF-INH, 
reduced and oxidized, (51) indicates flow through of 
native TNF·I~, (12) indicates el~ate of TNF•tNH, 
reduced and oxidized, (22) indicates eluate of 

15 deqlycoslylated TNP•INH, reduced and oxidized, and (52) 
indicates eluate of native TNF•INH. · 

20 

Fiqure 19 describes the complete amino acid 
sequence ot the 30kDa TNF inhibitor. 

Figure 20 describes the c.DMA sequence encodin9 the 
amino acid sequence sho~n in Figure 19. 

Figure 21 describes the entire cDNA sequence for 
the precursor of the JOkOa TNF inhibitor. 

Fiqu.re 22 describes the DNA sequence near tbe start 
of the TNF inhibitor (30kDa) gene in plasmid pTNFIX-1. 

25 Figure 23 describes the plaS111.id pCMVXV beta TNFBP 
stop A. 

Fiqure 24 describes the plasmid psVXVTNFBP stop A. 
Figure 25 describes a chromatographic profile 0~15 

of the RPS column of the JOkDa TNF inhibitor from E. 
30 Coli. The L929 bioassay results are also shown (-x-x). 

Figure 26 describes a silver stained 14t SOS-PAGE 
of the RPS Fractions in Fiqure 25. 

Fiqure 27 descries a cbromatoqraphic profile ODz1s 
of the RP& purification of the TNF inhibitors from 0937 

35 cells. The L929 biassey results are also sbown with a 
~r graph. Two distinctive TNF inhibitor peaks are 
seen. 

_,_ 
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Figure 28 deacrib•• a silver stained 14' SDS-PAGE 
ot the RPS fractions. Fraction number JO co~tains the 
lOkDa TNF inhibitor and fraction nwnber 35 contains the 
40kDa.TNF inhibitor. 

FiCJUr• 29 describes a chromatographic profile oei,5 

of the p~rification of urinary 40kDa TNF inhibitor. The 
second TNF inhibitory peak from several RPS 
chroaatoc;rraphies were combined and reanalyzed on an RPS 
colwnn. 
qraph. 

TNF-inhibitory activity is shown with a bar 
The difference between the ODz15 pe2'.k and the 

activity peak reflects the dead volWDe between the 
detector and the fraction collector. 

Figure JO describes a silver stained 14t SOS-PAGE 
ot the RPS fractions of urine. Fraction number 32 

15 contains the 40kDa TNF inhibitor. 
FiCJUre 31 describes the amino terminal sequences ot 

U937 derived inhibitors {JOkDa and 40kDa), and urine­
derived 40kDa TNF inhibitor. 

Figure 32 describes a peptide purification of 
20 endopeptidase VB digested 40kDa TNF inhibitor. 

Figure 33 describes a peptide purification 
endopeptidase Arq-C digested 40kDa TMF inhibitor. 

Figure 34 describes a peptide purification of 
trypsin di9ested Ar9-Cl6 peptide. 

25 Fiqure 35 describes a peptide purification of 
chymotrypsin di9ested Arq-ClO peptide. . 

Figure 36 describes a priaary structure of the 
40kDa TNF inhibitor. 

Figure 3 7 describes a porticn of tie 'O<r.a '.INF imib:i.tcr cINA 
30 sequence along with the predicted amino acid translation 

product. 
Figure 38 describes the c~mplete amino acid 

sequence of the 40kDa TNF inhibitor. 
Figure 39 describes the entire cDNA sequence for 

35 the precursor of the 40kDa TNF inhi~itor, alonq with its 
deduced translation product. 

Figure 40 describes a cytotoxicity assay for TNF 

·8-
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beta (lymphotoxin} in the presense (o•o) of 40kDa TNF 

inhibitor, in the presense (•-•) ot 30kDa TNF inhibitor 

and without any inhibitor {x-x) 
Figure 41 describes the expression of the JOkDa TNF 

inhibitor cDNA sequence shown in Figure 21 in COS7 

cells. cos cells were transfected with plasmids usinq 

the lipofectin procedure of Feigner ct Al· (Proc. Natl. 

Acad. Sci. (USA) 84, 7413•1987). 3.4 x 105 cells were 

incubated with the indicated amounts of [ 1~I] TNFa at a 

specific activity of 5.6 x 104 cpm/n9 and the amount 

bound to the cells determined. Open symbols are the 

total cpm associated with cells after a 4 hour 

incubation at 4 ·c. Closed symbols represent bound c125IJ 

TNFa in the presense of 180 fold excess of cold 

15 unlabeled TNFa. 
Figure 42 describes the expression of the 40k0a TNF 

inhibitor cDNA sequence shown in Figure 39 in cos1. 
Assay conditions were as described in Figure 41. The 

darkened symbols represent the bound [1251] TNFa in the 

20 presense of 180 fold excess of cold unlabeled TNFa. 

Fiqure 43 describes the cytotoxicity assay of an 

HPLC RPC-8 fraction of the human monocytes which were 

treated with PMA and PHA for 24 hours. 
Figure 44 describes the RPc-a chromatoqraphic 

25 pattern of 40kDa TNF inhibitor~l, SDS-polyacrylamide 

qel analysis of the fractions (B), and the cytotoxicity 

assay on L929 cells (C). 

Pi912re 45 describes the RPC-8 chromatographic 
pattern of 40kDa TNF inhibitorA53 (A), sos-

30 polyacrylamide qel analysis of the fractions (B), and 

the cytotoxicity assay on L929 cells (C). 

35 
QE§CBIPtION OF 'nfE PREFERRED IMBQPIMJiNTS 

Reference will now be made in detail to the 

presently preferred embodiments of the invention, which, 

toqether with the following examples; serve to explain . 
-9-
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the principals of the invention. 

1. I.Dbibitor isoi1t1d fr2JD urine. 
As noted above, the present invention relates to 

5 TNF inhibitors Which have been isolated in a purified 
form. In one embodiment of this invention, the TNF 
inhibitors are preferably derived from urine. In 
addition, the invention encompasses substantially 
purified TNF inhibitors of any origin which are 

10 bioloqically equivalent to the inhibitor isolated from 
urine. Throuqbout th~s specification, any reference to 
a TNF inhibitor or simply an inhibitor should be 
construed to refer to each of the inhibitors identified 
and described herein. 

15 By "bioloqically equivalent" as used throughout the 
specification and claims, we me~n compositions of the 
present invention which are capable of preventing TNF 
action in a similar fashion, but not necessarily to the 
same degree as the native TNF inhibitor isolated from 

20 urine. By "substantially homologous" as used throughout 
the ensuing specification and claims, is meant a degree 
of homoloqy to the native TNF inhibitor isolated from 
urine in excess of that displayed by any previously 
reported TNF inhibitor. Preferably, t~e degree of 

25 bomoloqy is in excess of 70,, most preferably in excess 
of sot, and even more preferably in excess of 90%, 95% 
or 99%. A particularly preferred group of 'l'NF 
inbibito~s are in excess of 951 homoloqous with the 
native inhibitor. The percentage of homoloqy as 

30 described herein is calcul~ted as the percentage of 
amino acid residues found in the smaller of the two 
sequences which align with identical amino acid residues 
in the sequence being compared when four gaps in a 
length of 100 amino acids may be introduced to assist in 

35 that aliqnment as set forth by Dayhoff, in Atla1 of 
P;"otein segyenee 1nO stryqty~e Vol. 5, p. 124 (1972), 
National Biochemical Research Foundation, Washinqton, 

-10-
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o.c., specifically incorporated herein by reference. 

Also included as substantially homologous are.those TNF 
inhibitors which may be isolated by virtue of cross­
reactivity with antibodies to the described inhibitor ·or 

s whose genes may be isolated through hybridization with 

the gene or with segments of the described inhibitor. 

The preferred TNF inhibitors of the present 
invention have been derived from urine and, for the 
first time, have been isolated in a purified form. For 

10 the purposes of the present application, "pure form" or 
•purified form," when used to refer to the TNF 
inhibitors disclosed herein, shall mean a preparation 
which is substantially free of other proteins which are 
not TNF inhibitor proteins. Preferably, the TNF 

15 · inhibitors of the present invention are at least 50% 

percent pure, preferably .75\ pure and more preferably 
ao,, 95% ·or 99% pure. In one embodiment of the present 
invention, the TNF inhibitor protein preparation is 
sufficiently pure to enable one of ordinary skill in tbe 

20 art to determine its amino acid sequence without first 
performinq further purification steps. 

At least two TNF inhibitors hav~ been isolated by 

the methods set forth in the examples. The two 
inhibitors are approximately 30k0a and approximately 

25 40kDa molecules on SOS-PAGE. The JOkOa inhibitor 
eluates from a DEAE CL6B column at about 80 millimolar 

NaCl in Tris buffer, pH 7.5. The amino acid sequence of 
the 30kDa inhibitor is set forth in Figure 19, and the 
amino acid sequence of the ~OkDa inhibitor is set forth 

30 in Figure 38. The 30kDa TNF inhibitor has been shown to 
inhibit the activity of TNF alpha, and has little effect 
on the ~ctivity of TNF beta •. The 40kDa TNF inhibitor 
has been shown to exhibit a siqnificant inhibitinq 

effect' against both TNF alpha and TNF beta 
35 (lymphotoxin). 

2. Inhibitor isol@tgd fg:om Y93l condition mediym 

-11-
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In an alternate embodiment of the present 
invention, 'TNF inhibitors are isolated from a medium 
conditioned by human U937 cells. Two TNF inhibitor 
proteins have.been identified and isolated from this 
conditioned medium. The two TNF inhibitors are 30kDa 
and 40kDa proteins that are substantially homoloqous to 
the 30kl>a and 40kDa TNF inhibitors isolated from urine, 
and are biologically equivalent to such proteins. 

3 .. 

The 30kDa TNF inhibitor isolated from urine is a 
glycoprotein, containing at least one carbohydrate 
moiety. In one embodiment of this invention, the 
natural 30kDa TNF inhibitor is deqlycosylated. The 

15 deglycosylated TNF inhibitor, which retains its ability 
to bind to TNF, is within the scope of the present 
invention. Fully and partially deglycosylated lOkDa TNF 
inhibitor is encompassed by this invention. The 

deglycosylated JOkDa TNF inhibitor isolated from urine 
20 is about an 18kDa protein. 

The gene sequence identified that encodes the JOkDa 
protein does not contain a termination codon as would be 
anticip•ted for the amino acid sequence of the lBkDa 
protein. The inventors theorize, but are in no way to 

25 be limited by this theory, that the proteins produced in 
vivo contain additional amino acid sequences. Accordinq 
to this theory, the protein.encoded is a.TNF receptor 
molecule. The inhibitor protein encoded by the cDNA has. 
a hydrophobic sequence that would be compatible with the 

30 cell membrane spanning reqion and a TNF binding portion 
that would extend extracellularly from the cell 
membrane. In accord with this hypothesis and as 
described in Example 19, the cDNA has been expressed in 
cos cells and leads to an increase in the nwnber of TNF 

35 binding sites on the cell. The TNF inhibitors of the 
present invention, therefore, are the receptor fra9111ents 
or portions of the receptor molecule.. such b1ndin9 

-12-
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fra911lents have been identified with respect to other 

binding/inhibitory molecules (e.9., IL-2 inhibitor), and 
are referred to as soluble receptors. 

This theory is consistent with the laclc. of a 
s termination codon in the nucleo~ide sequence that would 

correspond to ttie terminus of the protein as anticipated 

by the known sequence ot the isolated TNF inhibitor 
factor. It is also consistent with the fact that the 
nucleotide sequence beyond where the termination cod.on 

10 should be found, encodes a series of hydrophobic amino 

acids. 
The present invention, therefore, encompasses not 

just the portion of the 'l'NF1 inhibitors identified and 
described, but all proteins containing any portion of 

15 the amino acid sequence encoded by the cDNA sequences 
identified and described herein. 

4. Structure of 40gDa TNf inhibitgr. 
The 40kDa TNF inhibitor isolated from medium 

20 conditioned by human U9J7 cells and identified in urine 
is a 9lycoprotein, containinq at least one e.arbohydrate 
moiety. In one embodiment of this invention, the 
natural 40kDa TNF inhibitor is deqlycosylated. The 
deqlycosylated 40kDa 'l'NF inhibitor, which retains its 

25 a])ility to bind to both TNF alpha and TNF beta 
(lymphotoxin) is within the scope of the present 
invention. Fully and partially deqlycosylated 40k0a TNF 
inhibitor is encompassed by this invention. The 
inventors theorize that the 40kDa 'l'NF inhibitor may also 

30 be a soluJ:>le receptor. The qene sequence identified 
that encodes the 40kDa protein does not contain a 
teraination codon as would be anticipated for the amino 
acid sequence of the deglycosylated 40kDa TNF inhibitor. 
As described in Example 20, the cDNA has been expressed 

35 in COS cells and leads to an increase in the number of 
TNF bindin9 sites on the cell. 

The present invention encompasses the qene encoding 
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th• mature 40kDa protein isolated from •edium 
conditioned by human U937 cell~ and identified in urine, 
and larqer and smaller portion• of such gene to the 

~ 

extent that the TNF inhibitin; activity of the encoded 
protein is not effected. As can be seen by reference to 
FiCJUr• 38, the mature 40k~ TNF inhibitor has a proline 
rich area near the anticipated c-terainua of the 
protein. 40kDa TNF inhibitors in which all or portions 
of the proline rich regime are not included in the 

10 protein are active as TNF i~ibitora, and are within the 
scope of the present invention. TWo such shortened 
proteins are described in Examples 17 and 22 below, and 
are referred to as 40kDa TNF inhibitor & 51 and 40kDa 
TNF inhibitor b.53. All portions of tbis application 

15 which refer generally to 40kDa TNF inhibitor shall 
encompass the mature 40kDa protein isolated from aedium. 
conditioned by hwnan 0937 cells and identified in urine, 
as well as 40kDa TNF inhibitor ASl and 40kDa 'l'NF 
inhibitor As3. 

20 It is generally believed that at least one TNF 

receptor is capable of bindinq both TNF alpha and TNF 
beta, while some TNF receptors are capable of only 
binding TNF alpha. This is consistent with the findinqs 
in the present invention wherein two TNF inhibitors have 

25 been identified which are both proposed to be active 
fraC)Jllents of TNF receptor sites, -and one is active 
aqainst only 'l'NF alpha and the other is active aqainst 
both TNF alpha and TNF beta. 

30 

s. B9co1ftbin1nt inhibitQX. · 
(a) §en9ral 
A recombinant ONA method for the manufacture of a 

TNF inhibitor is now disclosed. In one embodiment ·Of 
the invention, the active site functions in a manner 
biologically equivalent to that of the TNF inhibitor 

35 isolated from urine. A na~ural or synthetic DNA 
sequence may be used ~o direct production of such TNF 
inhibitors. This method comprises: 

-14-
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(a) preparation of a DNA sequence capable of 
directinq a host cell to produce a protein having TNF 
inhi.bi tor acti vi t_ies or a precursor thereof 1 • 

(b) cloning the DNA sequence into a vector 
s capable of .being transferred into and replicated in a 

host cell, such vector containinq operational elements 
needed to express the·DNA sequence or a precursor 
thereof; 

(c) transferring the vector containing the 
10 synthetic DNA sequence and operational elements into a 

host cell capable of expressinq the DNA encoding TNF 
inhibitor or a precursor thereof; 

(d) culturing the host cells under the 
conditions for·amplification of the vector and 

15 expression of the inhibitor or a precursor thereof: 
(e) harvesting the inhibitor or a preeur.sor 

thereof: and 
(f) permittinq the inhibitor to assume an 

active tertiary structure whereby it possesses or can be 
20 processed into a protein having TNF inhi~itory activity. 

In one embodiment of the present invention, the TNF 
inhibitor is produced by_ the host cell in the form of a 
precursor protein. This· precursor protein is processed 
to a protein in one or more steps and allowed to fold 

25 correctly to an active TNF inhibitor usinq methods 
generally known to those of ordinary skill in the art. 

(b) DNA ssau@nce@ 
DNA sequences contemplated for use in this method 

are discussed in part in Examples 6, 14A, and 17. It is 
30 contemplated that these sequences include synthetic and 

natural DNA sequences and combinations thereof. The 
natural sequences further include cDNA or genomic DNA 
seqments. 

The m~ans for synthetic creation of polynucleotide 
35 sequences encoding a protein identical to that encoded 

by the cDNA or qenomic polynucleotide sequences are 
generally known to one of ordinary skill in the art, 
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particularly in liqht of the teachings contained herein. 
As an example of the current state of the art relating 
to polynucleotide synthesis,· one is direct-d to 
Matteucci, M.D., and Caruthers, M.H., in J. Am. Chem~ 

!5 soc. l.Q.l.:3185 (1981) and Beaucage, S.L •. and Caruthers, 
M.H. in Tetrahedron Lett. 21.:1859 (1981), and to the 
instructions supplied with an ABI oligonucleotide 
synthesizer, each of which is specifically incorporated 
berein by reference. 

10 These synthetic sequences may be identical to the 
natural sequences described in more detail below or they 
may contain different nucleotides. In one embodiment, 
if the synthetic sequences contain nucleotides different 
from those found in the natural DNA sequences of this 

15 invention, it is contemplated that these different 
sequences will still encode a polypeptide which has the 
same primary structure as TNF inhibitor isolated ~rom 
urine. In an alternate embodiment, the synthetic 
sequence containinq different nucleotides will encode a 

20 polypeptide which has the same bioloqical activity as 
the TNF inhibitor described herein. 

Additionally, the DNA sequence aay be a fragment of 
a natural sequence, i.e., a fragment of a polynucleotide 
which occurred in nature and which bas been isolated and 

2s purified for the first time by the present inventors. In 
one em]:)odiment, the DNA sequence is a restriction 
fragment isolated from a cDNA library. 

In an alternative eJDbodiment, the DNA sequence is 
isolated from a human 9enomic library. An example of 

30 such a library useful in this embodiment is set forth by 

Wyman, et 11., (1985) Proc. Nat. Acad. sci. USA, 82, 
2880-2884. 

In a preferred version of this embodiment, it is 
contemplated that the natural DNA sequence will be 

35 obtained by a method comprising: 
(a) Pr~paration of a human cDNA library from 

cells, preferably U937 cells capable of generating a TNF· 
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inhibitor, in a vector and a cell capable of amplifying 
and expressing all or part of that cDNA; 

(b) Probinq the human DNA library with at least 
one probe capable of binding to the TNF inhibitor qene 

·s or its protein prod.uct1 
(c) Identifying at least one clone ~ontaining the 

gene codin9 for the inhibitor by virtue of the ability 
of the clone.to.bind at least one probe for the.gene or 
its protein product; 

10 (d) Isolation of the gene or portion of the gene 
coding for the inhibitor from the clone or clones 
chosen: and 

(e) Linking the qene, or suitable fraqments 
thereof, to operational elements necessary to maintain 

15 and express the gene in a host cell. 

20 

The natural DNA sequences useful in the f oreqoin9 
process aay also be identified and isolated through a 
method comprising: 

(a) Preparation of a human genomic library, 
preferably propagated in a recBC,sbc host, preferably 
CES 200; 

(b) Probing the human genomic library with at 
1east one probe capable of binding a TNF inhibitor gene 
or its protein product; 

25 (c) Identification of at least one clone 
containing the gene coding for ~he inhibitor by virtue 
of the ability of the clone to bind at least one probe 
for the gene or its protein product: 

(d) Xsolation ot the qene codin9 for the inhibitor 
30 fraa the clone or clones identified: and 

(e) Linking the gene., or. suitable fragments 
thereof, to operational elements to maintain and e>q;ress 
the gene in a host cell. 

A third potential method for identifying and 
35 isolatinq natural DNA sequences useful in the foregoing 

process includes the following steps: 
(a) Preparation of mRNA from cells that produce 
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the TNF inhibitor: 

(b) Synthesizing cDNA (sinqle- or double-stranded) 

from this IDRNA; 
(c) Amplifying the TNF inhibitor-specific DNA 

s sequences present in this mixture of cDNA 

sequences using the polymerase chain reaction 

(PCR) procedure with primers such as those 

shown in Table SJ 
(d) Identifying the PCR products tbat contain 

10 sequences present in the other oli9onucleotide 

probes shown in Table s using southern 

blotting analysis: 
(e) Subcloninq the DNA fragments so ide~tified 

into Ml3 vectors that allow direct sequencin9 

15 of the ONA sequences; 

20 

(f) Using these sequences to isolate a cONA clone 
from a cDNA library; and 

(g) Linking the gene, or suitable fragments 

thereof, to operational elements necessary.to 

maintain and express the gene in host cells. 

In isolatin9 a DNA sequence suitable for use in the 

above-method, it is preferred to identify the two 

restriction sites located within and closest to the end 

portions of the appropriate qene or sections of the qene 

25 that encode the native protein or fragments thereof. 

The ONA segment containing the appropriate 9ene or 

sections of the gene is then removed from the remainder 

of the genomic aaterial using appropriate restriction 

endonucleases. After excision, the 3' and 5' ends of 

30 the DNA sequence and any intron exon junctions are 

reconstructed to provide appropriate DNA sequences 

capable of coding for the N- and c- termini and the body 

of the TNF inhibitor protein and capable of fusing the 

DNA sequence to its operational elements. 

JS As described in Example 17 below, the ONA sequence 

utili~ed. for the expression of 40kDa TNF inhibitor may 
be modified by the removal of either 153 or 159 base 
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pairs from the qene that encodes for the mature 40kDa 
'l'NF inhibitor isolated from medium conditioned by human 

U937 cells and identified in urine. Tbe A53 gene was. 

prepared to remove the proline regime from the 
c-ter.minus of the full gene, and the ,6.51 gene was 

prepared to approximate the c-terminus of the gene 

encoding for 30kDa TNF inhibitor. 
A DNA sequence, isolated according to these methods 

from a cDNA libr~ry and encoding at least a portion of 
10 the 30kDa TNF inhibitor described herein, has been 

deposited at the American Type CUlter collection, 
Rockville, M.D., under Accession No 40645 .. 

A DNA sequence, isolated according to these methods 

from a human genomic DNA library and encoding at least a 

15 portion of the 30kDa TNF inhibitor described herein, has 
been deposited at the American Type CUlture Collection, 

RockVille, MD., under Accession No. 40620. 

A DNA sequence, isolated according to these methods 

from a cDNA library and encoding at least a portion of 

20 the 40kDa TNF inhibitor described herein, bas been 

deposited at the American Type Cultural Collection, 
Rock.ville, MD, under Accession No. 68204. 

25 

6. Vector§ 
(b) Kicn>2xqanisms, especially E. coli 
The vectors contemplated for use in the present 

invention include any vectors into which a DNA sequence 

as discussed above can be inserted, alonq with any 

preferred or required operational elements, and which 

JO vector can then be subsequently transferred into a host 

cell and replicated in such cell. Preferred vectors are 

those whose restriction sites have been well documented 

and which contain the operational elements pref erred or 
required for transcription of the DNA sequence. 

35 However, certain embodiments of the present invention 

are also envisioned which employ currently undiscovered 

vectors which would contain one or more of the cDNA 
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sequences described herein. In particular, it is 
preferred that all of these vectors have some or all of 
the following characteristics: (1) possess a minimal 
number of host-organism sequences; (2) be stably 

5 maintained and propagated in the desired host; (3) be 
capable of being present in a high copy number in the 
desired host; (4) possass a requlatable promoter 
positioned so as to promote transcription of the qene of 
interest; (5) have at least one marker DNA sequence 

10 coding for a selectable trait present on a portion of 
the plasmid separate from that where the DNA sequence 
will be inserted; and (6) a DNA sequence capable of 
terminating transcription. 

In variously preferred embodiments, these cloning 
15 vectors containing and capable of expressinq the DNA 

sequences of the present invention contain various 
operational elements. These "operational elements," as 
discussed herein, include at least one promoter, at 
least one Shine-Dalqarno sequence and initiator codon, 

20 and at least one terminator codon. Preferably, these 
"operational elements" also include.at least one 
operator, at least on leader sequence for proteins to be 
exported from intracellular space, at least one gene for 
a regulator protein, and any other DNA sequences 

25 necessary or preferred for appropriate transcription and 
subsequent translation of .the vector DNA. 

Certain of these operational elements may be 
present in each of the preferred vectors of the present 
invention. It is contemplated that any additional 

30 operational elements which may be required may be added 
to these vector using methods known to those of ordinary 
skill in the art, particularly in li9bt of the teacWinqs 
herein. 

In practice, it is possible to construct each of 
35 these vectors in a way that allows them to be easily 

isolated, assembled and interchanged. This facilitates 
assembly of numerous functional genes from combinations 
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of these elements and the coding region of the DNA 
sequences. Further, many of these elements will be 
applicable in more than one host. It is additionally 
contemplated that the vectors, in certain preferred 
embodiments, will contain DNA sequences capable ot 
functioning as regulators ("operators"), and other DNA 
sequences capable of coding for requlator proteins. 

(i) Regulators 
These regulators, in one embodiment,, will serve to 

io prevent expression of the DNA sequence in the presence 
of cert.ain environmental conditions and, in the presence 
of other environmental conditions, will allow 
transcription and subsequent expression of the protein 
coded for by the DNA sequence. In particular, it is 

15 preferred that regulatory segments be inserted into the 
vector such that expression-of the DNA sequence will not 
occur, or will occur to a 9reatly reduced extent, in the 
absence of, for example, isopropylthio•beta-D­
qalactoside. In this situation, tbe transformed 

.20 microorqanisms containinq the DNA sequence may be qrown 
to a desired density prior to initiation of the 
expression of TNF inhibitor. In this embodiment, 
expression of the desired protein is induced by addition 
of a sul:>stance to the microbial environment capable of 

25 causing expression of the DNA sequence after the desired 
density has been achieved. 

(ii) P[2JD9ter§ · 
The expression vectors must contain promoters which 

can be used by the host organism for expression of its 
30 own proteins. While the lactose promoter system is 

commonly used, other microbial promoters have been 
isolated and characterized, enabling- one skilled in·the 
art to use them for expression of the recombinant TNF 
inhibitor. 

35 (iii) T[Anscriptign Terminater 
The transcription terminators contemplated herein 

serve to stal:»ilize the vector. In particular, those 

-21-

la!029/133 



U~/ll/Dti 05:01 
5'805 447 1090 4lMGEN LAW 

805 447 1090 
:... 

sequences as described by Rosenberq, M. and Court, o., 
in Ann. Rev.· Genet. ll.:3.19-353 (1979), specifically 

incorporated herein by reference, are contemplated for 

use in the present inventi?n· 
s (iv) Ngn-f[anslated Segyencc 

It is noted that, in the preferred embodiment, it 
may also be desirable to reconstruct the l' or 5' end of 
the coding region to allow incorporation of 3' or 5' 

non-translated sequences into the 9ene transcript. 
10 Included among these non-translated sequences are those 

which stabilize the mRNA as they are identified by 
Schmeissner, U. , McKenney, K. , Rosenberg, M and court, 
D. in J. Kol. Biol. 11.§:39-53 (1984), specifically 
incorporated herein by reference. 

is (v) Bippsome Binding §ites 
The microbial expression ot foreiqn proteins 

requires certain operational elements which include, but 
are not limited to, ribosome bindinq sites. A ribosome 
bindinq site is a sequence which a ribosome recoqnizes 

20 and binds to in the initiation of protein synthesis as 
set forth in Gold, L., ~t 11., Ann. Rev. Microbio • 
.12,:557-5801 or Marquis, D.M., et 11., Gene .!a:l75-183 
(1986), both of which are specifically incorporated 
herein by reference. A preferred ribosome binding site 

25 is GAGGCGCAAAAA(ATG). 
(vi) lt@ade~ Seqpence and TrAG§latianal Coupler 
Additionally, it is preferred that DNA coding for 

an appropriate secretory leader (siqnal) sequence be 
present at the 5' end of the DNA sequence as set forth 

30 by Watson, M.E. in Nucleic Acids Res. !.a.:5145-5163, 
specifically incorporated herein by reference, if the 
protein is to be excreted from the cytoplasm. The DNA 
for the leader sequence must be in a position which 
allows the production of a fusion protein in which the 

35 leader sequence is immediately adjacent to and 
covalently joined to the inhibitor, i.e., there must be 
no transcription or translation termination signals 

-22-

lal030/133 



.. 

.. 

U~/~il~U 05:02 
tt805 447 1090 4lMGEN LAW 

805 447 1090 

between the two DNA coding sequences. The presence of 
the leader sequence is desired in part for one or more 
of the following reasons. First, the presence of the 
leader sequence may facilitate host processing of the 

5 TNF inhibitor. In particular, the leader sequence may 
direct cleavage of the initial translation product by a 
leader peptidase to remove the leader sequence and leave 
a polypeptide with the amino acid sequence which has 
potential protein activity. Second, the presence of the 

10 leader sequence may facilitate purification of the TNF 

inhibitor, through directing the .protein out of the cell 
cytoplasm. In some species of host microorganisms, the 
presence of an appropriate leader sequence will allow 
transport of the completed protein into the periplasmic 

15 space, as in the case of some I= cgli. In the case of 
ceratin E. coli, Saecbsromyces and strains of &a2illus 
and Eseudomonas, the appropriate leader sequence will 
allow transport of the protein throuqh the cell membrane 

20 

and into the extracellular medium. In this situation, 
the protein may be purified from extracellular protein. 
Thirdly, in the case of·so~e of the proteins prepared by 

the present invention, the presence of the leader 
sequence .may be necessary to locate the completed 
protein in an environment where it may fold to assume 

25 its active structure, which structure possesses the 
appropriate protein activity. 

In one preferred embodiment of the present 
invention, an additional DNA sequence is located 
i111JDediately preceding the DNA sequ~nce which codes for 

30 the TNF inhibitor. The additional DNA sequence is 
capable of functioning as a translational coupler, i.e., 
it is a DNA sequ•nce that ·encodes an RNA which serves to 
position ribosomes immediately adjacent to the ribosome 
bindinq site of the inhibitor BNA with which it is 

35 contiguous. In one eml:>odiment of the present invention, 
the translational coupler may be derived using the DNA 
sequence 
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TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTAAATG 
and aethods currently known to those of ordinary skill in 
the art related to translational couplers. 

(vii) 'tf'an1Iatjon term.inatox 
s The translation terminators contemplated herein 

-serve to stop the translation of IDRNA. They may be 
either natural, as described by Kohli, J., Kol. Gen. 
Genet. lJl.:430-439; or synthesized, as described by 

Pettersson, R.F. Gene .aJ..:15-27 (1983), both of which 
10 references are specifically incorporated herein by 

reference. 
(viii) seiectab,le Harker 
Additionally, it is preferred that the cloning 

vector contain a selectable marker, such as a drug 
15 resistance marker or other marker which causes expression 

of a selectable trait by the host microorganism. In one 

20 

embodiment of the present invention, the qene for 
ampicillin resistance is included in the vector while, in 
other plasmids, the gene for tetracycline resistance or 
the gene for chloramphenicol resistance is included. 

Such a dru9 resistance or other selectable marker is 
intended in part to facilitate in the selection of 

transfor.mants. Additionally, the presence of such a 

selectable marker in the cloning vector may be of use in 

25 keeping contaminating microorganisms from multiplying in 
the culture medium. In this embodiment, a pure culture 
of the transformed host microorganisms would be obtained 
by culturinq the microorganisms under conditions which 

require the induced phenotype for survival. 
JO The operational elements as discussed herein are 

routinely selected by those or ordinary skill in the art 
in light of prior literature ·and the teachings contained 

herein. General examples of these operational elements 

are set forth in B. Lewin, G@Des, Wiley ' sons, New York 
35 (1983), which is specifically incorporated herein by 

reference. Various examples of suitable operational 
elements may be found on the vectors discussed above and 
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may be elucidated through review of the publications 
discussing the basic characteristics of the 
aforementioned vectors. 

Upon synthesis and isolation of all necessary and 
5 desired component parts of the above-discussed vector, 

the vector is assembled by methods generally known to 
those of ordinary skill in the art. Assembly of such 
vectors is believed to be within the duties and tasks 
perfo~ed by those with ordinary skill in the art and, as 

10 

15 

20 

such, is capable of beinq performed without undue 
experimentation. For example, sim"ilar DNA sequences have 
been liqated into appropriate cloninq vectors, as set 
forth by Maniatis et al. in Molecular Cloning·, Cold 
Sprinq Harbor Laboratories (1984), which is specifically 
incorporated herein by reference. 

In construction of t.he cloning vectors of the 
present invention, it should additionally be noted that 
multiple copies of the DNA sequence and its attendant 
operational elements may be inserted into each vector. 
In such an embodiment, the host organism would produce 
greater amounts per vector of the desired TNF inhibitor. 
The number of multiple copies of the DNA sequence which 
may be inserted into the vector is limited only by the 
ability of the resultant vector, due to its size, to be 

25 transferred into and replicated and transcribed in an 
appropriate host cell. 

(b) Other Microorqanisms 
Vectors suitable for use in microorqanisms other 

E. coli are also contemplated for this invention. Such 
30 vectors are described in Table 1. In addition, certain 

preferred vectors are discussed below. 
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(i)Pseydomonas Yectors 

several vector plasmids~which autonomously replicate 
in a broad ranqe of Gram neqative bact~ria are preferred 
for use as cloninq vehicles in hosts of the genus 
Pseudomonas. Certain of these ar~ described by Tait, 
R.C., Close, T.J., Lundquist, R.C., Hagiya, M., 
Rodriguez, R.L., and Kado, C.I. in Biotechnoloqy, May, 
1983, pp. 269-275: Panopoulos, N.J. in Genetic 

10 Engineering in the Plant sciences,,.Praeger PUblishers, 
New York, New York, pp. 163-185 (1981): and Sakagucki, x. 
in current Topics in Microbiology and Immunology i§: 3·1-45 

(1982), each of which is specifically incorporated' herein 

15 

20 

by reference. 
one particularly pref erred construction would employ 

the plasmid RSFlOlO and derivatives thereof as described 
by Bagdasarian, M., '8a9dasarian, H.M., Coleman, s., and 
Timmis, K.N. in Plasmids of Medical. Environmental and 
Comm1rcial Importance, Timm.is, K.N. and Puhler, A. eds., 
Elsevier/North Holland Biomedical Press (1979), 

specifically incorporated herein by reference. The 
advantages of RSFlOlO are that it is a relatively small, 
high copy number plasmid which is readily transformed 
into and stably maintained in both E. coli and 

25 Pseudomonas species. In this system, it would be 
preferred to use the Tac expression system as described 
for Escherichia, since it appears that the E. coli trp 
pro.oter is readily recognized by Pseudomonas RNA 
polymerase as set forth by Sakagucki, K. in current 

30 Topics in Microbiology and Immunology 96:31-45 (1982) and 
Gray, G.L., McKeown, K.A., Jones A.J.S., Seeburg, P.H., 
and Heyneker, H.L. in Biotechnology, Feb. 1984, pp. 161-

.. . 
165, both of which are specifically incorporated herein 
by reference. Transcriptional activity may be further 

35 maximized by requiring the exchanqe·of the promoter with, 
e.q., an E. coli or f. aeruginosa trp promoter. 
Additionally, the lacI gene of E. epli would also be 
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included in the plasmid to effect regulation. 
Translatlqn may be coupled to translation initiation 

for any of the f§eudg~onas proteins, as well as to 

initiation sites for any of the hiqhly expressed proteins 
s of the type chosen to cause intracellular expression of 

the inhibitor. 
In those cases where restriction minus strains of a 

host EaewiolllOJ\as species are not available, 
transformation efficiency with plas~id constructs 

10 isolated from E. coli are poor. Therefore, passage of 
the fseudomonas cloning vector through an r- m+. strain of 
another species prior to transformation of the desired 
host, as set forth in 8aqdasarian,_ M., et al., Plasmids 

of Medical. Environmental and comme~~ial Importanc@, pp. 
15 411-422, Timmis and Puhler eds., Elsevier/North Holland 

Biomedical Press (1979), specifically incorporated herein 
by reference, is desired. 

(ii) Bacillus Vectors 
Furthermore, a preferred expression system in hosts 

20 of the genus Bacillus involves using plasmid pUB110 as 
the cloning vehicle. As in other host vector systems, it 

is possible in Bacillus to express_ the TNF inhibitor of 

tbe present invention as either an intracellular or a 
secreted protein. The present embodiments include both 

25 systems. Shuttle vectors that replicate in both Bacillus 
and E. coli are available for constructing and testing 
various genes as described by DUbnau, D., Gryczan, T.,­
contente, s., and Shivakumar, A.G. in c;enetic 
Engineering, Vol. 2, Setlow and Hollander eds., Plenum 

30 Press, New York, New York, pp. 115-131 (1980), 
specifically incorporated herein by reference. For the 
expression and secretion of the TNF inhibitor from I.:.. 
!lYl>tilis, the siqnal sequence of alpha-amylase is 
preferably coupled to the codinq reqion for the protein. 

35 For synthesis of intra~ellular inhibitor, the portable 

DNA sequence will be translationally coupled to the 
ri))osome binding site of the alpha-amylase leader 

-31-
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sequence. 
Transcription of ei.ther of these constructs is 

preferably direc'ted by the alpha-amylase promoter or a 

derivative thereof. This aerivative contains the RNA 

li!040/133 

s polymerase recognition sequence of the native alpba­

amylase promoter but incorporates the lac operator reqion 

as well. Similar hybrid promoters constructed from the 

penicillinase qene promoter and the lac operator have 

been shown to function in Bacillus hosts in a regulatable 

10 fashion as set forth by Yansura, D.G. and Renner in 

rienetics and Biotechnology·of sacilii, Ganesan, A.T. and 

Hoch, J.Aa, eds., Academic Press, pp. 249-263 (1984), 

specifically incorporated by reference. The lacI gene of 
E. coli would also be included in the plasmid to effect 

15 

20 

25 

requlation. 
(iii) Colstridium Vectors 
one preferred construction for expression in 

Clostridi,um is· in plasmid pJU12, described by Squires, 

C.H. et al., in J. Bacteriol. 159:465-471 (1984) and 
specifically incorporated herein by reference, 
transformed into c. perfrinqens by the method of Heefner, 

D.L. et al., as described in J. Bacteriol. 159:460-464 

(1984.), _specifically incorporated herein by reference. 

Transcription is directed by the promoter of the 

tetracycline resistance gene. Translation is coupled to 

the Shine-Dalqarno sequences of this same tetr gene in a 

manner strictly analogous to the procedures outlined 

above for vectors suitable for use in other hosts. 
(iv) Yeast V9ctors 

30 Maintenance of foreign DNA introduced into yeast can 

be effected in several ways_ as described by Botstein, o. 
and Davis, R.W., in The Molecular Biology of the Yeast 

saccharomyces, Cold Spring Harbor ·Laboratory, Strathern, 

Jones and Broach, eds., pp. 607-636 (1982), specifically 

35 incorporated berein by reference. One preferred 

expression system for use with host organisms of the 

qenus saccharomyces harbors the TNF inhibitor gene on the 
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2 micron plasmid. The advantages of the 2 micron circle 
include relatively high copy nWDber and stability when 
introduced irlto cir' strains. These vectors preferably 
incorporate the replication origin and at least one 

5 antibiotic resistance marker from pBR322 to allow 
replication and selection in E. colj. In addition, the 
plasmid will preferably have the two micron sequence and 
the yeast LEU2 gene to serve the same purposes in LEU2 
defeotive mutants of yeast. 

10 lf it is contemplated that the recombinant TNF 
inhibitors will ultimately be expressed in yeast, it is 
preferred that the cloning vector first be transferred 
into Escherichia coli, _where the vector would be allowed 
to replicate and from which t~e vec~or would be obtained 

15 and purified.after amplification. The vector would then 
be transferred into the yeast for ultimate expression of 

the .TNF inhibitor. 
(c) Mammalian Cells 

The cDNA for the TNF inhibitor will serve as the qene 

20 for expression of the inhibitor in mammalian cells. It 
should have a sequence that will be efficient at binding 
ribosomes such as that described by Kozak, in Nucleic 
Acids Research ..12.:8125-8132 (1987), specifically 
incorporated herein by reference, and should have codinq 

25 capacity for a leader sequence (see section 3(a) (vi)) to 

direct the mature protein out of the cell in a processed 
form. The DNA restriction fragment carrying the complete 
cDNA sequence can be inserted into an expression vector 
which has a transcriptional promoter and a 

30 transcriptional enhancer as described by Guarente, L. in 
Cell ~:303-305 (1988) and Kadona9a, J.T. et al., in Cell 
~:1079~1090 (1987), both of which are specifically· 
incorporated herein by reference. The promoter may be 
regulatable as in the plasmid pMSG (Pharmacia Cat. No. 

35 27450601) if constitutive expression of the inhibitor is 

harmful to cell qrowtb. The vector should have a 

complete polyadenylation signal as described by Ausubel, 
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F.K. et al. in current Protocols in Molecular Biology, 
Wiley (1987)°, specifically incorporated berein by 
reference, so that the mRNA transcribed from this vector. 
is processed properly. Finally, the vector will have the 

s replication origin and at least one antibiotic resistance 
marker from pBR322 to allow replication and selection in 
E. colL 

In order to select a stable cell line that produces 
the TNF inhibitor, the expression vector can carry the 

10 gene for a selectable marker such as a drug resistance 
marker or carry a complementary gene for a deficient cell 
line, such as a dihydrofolate reductase (dhfr) gene for 
transforming a dhfr- cell line as described by AusUbel ~ 
.11., supra. Alternative1y, a separate plasmid carrying 

15 the selectable marker can be cotransformed alon9 with the 
expression vector. 

20 

25 

30 

7. ffost Cells/Transformation 
The vector thus obtained is transferred into an 

appropriate host cell. These host cells may be 
microorganisms or mammalian cells. 

(c) Microor9anisms 
It is believed that any microorqanism having the 

ability to take up exoqenous DNA and e:Jepress those genes 
and attendant operational elements .may be chosen. After 
a host organism has been chosen, the vector is 
transferred into the host orqanism using methods 
generally known to those of ordinary skill in the art. 
Examples of such methods may be f oun~ in Advanced 
Bacterial Genetics by R.W. Davis et al., Cold Spring 
Harbor Press, Cold Spring Harbor, New York, (1980), which 
is specifically incorporated herein by reference. It is 
preferred, in one e'l'lll:>odiment, that the transformation 
occur at low temperatures, as temperature requlation is 

35 contemplated as a means of reCJUlatin9 gene expression 
through the use of operational elements as set forth 
above. In another embodiment, if osmolar regulators have 
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been inserted into the vector, requlation of the salt 
concentrations durinq the transformation would be 
required to insure appropriate control of the foreign 

qenes. 
It is preferred that the.host microorqanism be a 

facultative anaerobe or an aerobe. Particular hosts 
which may be preferable for use in this method include 
yeasts and bacteria. Specific yeasts include those of 
the genus l.lccharomyces, and especially Saccharomyces 

10 cereyisiae. Specific bacteria include those of the 

15 

20 

25 

30 

genera Dacillus, sschericbia, and P&eudomonas, especially 
.Bacillus subtilis and Escherichia~- Additional host 
cells ar~ listed in Table I, supra. 

(d) Ma'lllDlalian Cells 

The vector can be introduced into mallllllalian cells in 
culture by several techniques such as calcium phosphate: 
DNA coprecipitation, electroporation, or protop1ast 
fusion. The preferred method is coprecipitation with 
calcium phosphate as described by Ausubel •t al., sµpra. 

Many stable cell types exist that are transformable 
and capable of transcribing and translating the cDNA 
sequence, processing the precursor TNF inhibitor and. 
secreting the mature protein. However, cell types may be 
variable with reqard to 9lycosylation of secreted .. 
proteins and post-translational modification of amino 
acid resid~es, if any. Thus, the ideal cell types are 
those that produce a recombinant TNF inhibitor identical 
to the natural molecule. 

8. culturing Engineered Cells 
The host cells are cultured under conditions 

appropriate for the expression of the TNF inhibitor." 
These conditions are generally specific for the host 
cell, and are readily determined by one of prdinary skill 

35 in the art in liqht of the published literature regarding 
the growth conditions for such cells and the teachings 
contained herein. For example, Bergey•s Manual of 

-35--

TI1is Sheet Has Been Rq~i.aced 

11111111 \Ill\\ \l\Ull \Ill . 



02/21/96 05:05 'Lt805 447 1090 4lMGEN LAW iaJOU/133 

.. 

5 

805 447 1090 

DeterJDinative Bacteriol09y, 8th Ed., Williams & Wilkins 

Company, Baltimore, Maryland, which is specifically 

incorporated herein by reference, contains information on 

·conditions for culturing_ bacteria. Similar information 

on culturing yeast and mammalian cells may be obtained 

from Pollack, R. Mammalian Cell CUlture, Cold Spring 

Barbor Laboratories (1975), specifically incorporated 

berein by reference. 
Any conditions necessary for the regulation of the 

10 ex!>ression of the DNA sequence, dependent upon any 
operational elements inserted into or present in the 

vector, would be in effect at tbe 'transformation and 

culturing stages. In one embodiment, cells are 9rown to 

a higb density in the presence of appropria~e regulatory 

15 conditions which inhibit the expression of the DNA 

sequence. When optimal cell density is approached, the 

environmental conditions are altered to those appropriate 

for expression of the DNA sequence. It is thus 

contemplated. that the production of the TNF inhibitor 

20 will occur in a time span subsequent to the growth of the 

host cells to near optimal density, and that the 

resultant TNF inhibitor will be harvested at some time 

25 

after the regulatory conditions necessary for its 

expression were induced. 

9. PUrification 

(a) TNF inhibitor Produced From Microorqanisms. 
In a preferred embodiment of the present invention, 

the rec·ombinant TNF inhibitor is purified s\lbsequent to 

30 harvesti~q and prior to assumption of its active 

structure. This e1Dl:>odiaent is preferred as the inventors 

believe that recovery of a high yield of re-folded · 

protein is facilitated if the protein is first purified. 

However, in one preferred, alternate embodiment, the TNF 

35 inhibitor may be allowed to refold to assume its active 

structure prior to purification •. Zn yet another 

preferred, alternate embodiment, the TNP inhibitor is 
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present in its re-folded, active state upon recovery from 
the culturinq medium. 

In certain circumstances,· the TNF inhibitor will 
assume its proper, active structure upon expression in 

s the bost microorganism arid transport of the protein 
through the cell wall or membrane or into the periplasmic 
space. ·This will generally occur if DNA coding for an 
appropriate leader sequence has been linked to the DNA 
coding for the recoml::linant protein. If the TNF inhibitor 

10 does not assume its proper, active structure, any 
disulfide bonds which have formed and/or any noncovalent 
interactions which have occurred will first be disrupted 
hy denaturing and reducing aqents, for example, 
guanidinium chloride and beta-mercaptoethanol, before the 

15 TNF inhibitor is allowed to assume its active structure 
following dilution and oxidation of these agents under 
controlled conditions. 

20 

For purifications prior to and after refolding, some 
combinations of the following steps is preferably used: 
anion exchange chromatoqraphy (monoQ or DEAE-sepharose), 
qel filtration chromatoqraphy (superose), 
chromatofocusinq (MonoP), and hydrophobic interaction 
chromatoqraphy (octyl or phenyl sepharose). Of 

particular value will be affinity chromatography usinq 
25 TNF (described in Example l). 

(b) TNF inhibito~ Produced from Mammalian cells. 
TNF inhibitor produced from mmmnalian cells will be 

purified from conditioned medium by steps that will 
include ion exchange chromatography and affinity 

30 chromatography using TNF as described in Example l. It 
will be apparent to those skilled in the.art that various 
modifications and variations can be made in the processes 
and products of the present invention. Thu~, it is 
intended that the present invention cover the 

35 modifications and variations .of this invention provided 

tbey come within the scope of the appended claims and 
their equivalents. 
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As indicated previously, the TNF inhibitors of the 

present invention are contemplated for use as therapeutic 

agents and thus are to be formulated in pharmaceutically 

accept~le carriers. In one embodiment of the present 

5 invention, the TNF inhibitors may be chemically modified 

to improve the pharmokinetic properties of the molecules. 

An example would be the attachment of the TNF inhibitors 

to a hiqh molecular weight polymeric material such as 

polyethylene qlycol. In addition, interleukin-1 

10 inhibitors may be administered in conjunction with the 

'l'NF inhibitors. This combination therapeutic will be 

especially useful in treatment of inflammatory and 
deqenerative diseases. 

'l'he following examples illustrate various presently 

15 preferred embodiments of the invention claimed herein. 

20 

All papers and references cited in the Examples that 

follow are specifically incorporated herein by reference. 

Jxample 1 1 Protein Preparation 

A. Materials 

The gene for TNF alpha (TNFa) was purchased from 

British Biotechnology, Limited, Oxford, Enqland. DEAE­

Sepharose CL-GB.resin and Mono-Q HRS/5, HRl0/10 FPLC 

25 columns were purchased from Pharmacia, Inc., Piscataway, 

New Jersey •. Affiqel-15 resin, and BioRad protein assay 

kit were purchased from BioRad, Richmond, .California., 

Tween 20, ammonium bicarbonate, sodium phosphate, PMSF, 

sodium bicarbonate, dithiothreitol crystal violet and 

30 actinomycin D were purchased from Si911a Chemical Company, 

St. Louis, Missouri. Endoproteinase Lys-c, 

Endoproteinase.Asp-N and TRIS were purchased from 
Boehringer Mannheim Biochemicals, Indianapolis, Indiana. 

Hexafluoroacetone was purchased from ICN Biomedicals, 

35 Costa Mesa, California. Cyanoqen bromide, 

trifluoroacetic acid, and guanid~ne hydrochloride were 

purchased from Pierce Chemicals, Rockford, Illinois. 
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Acetonitril• and HPLC water were purchased from 3.T. 
Baker Chemical Cdmpany, Phillipsbur9, New Jersey. Urea 
vaa purchased fro• Bethesda Research Laboratories, 
Gaithersburg, Maryland. [lii]•Iodoaeetic acid was 

~047 /133 

s purch•••d from New En9land Nuclear, Boston, 
Massachusetts. [1aI)-TNFa was purchased from Allersham, 
Arlin9ton Hei9hts, Illinois. Recoabinant human TNFa was 
purcha•ed froa Aagen, Thousand Oaks, California. C8-
reverse phase columns (25. cm x 4.6 Jiil) were obtained from 

10 Synchrom, Inc.4 Lafayette, Indiana. A CS•mierobore 
reverse phase column (7 micron, 22 cm. x 2.~ 11111) was 
obtained from Applied Biosystems, roster City, 
California. Cornin9 96-well microtiter plates were 
purchased from VWR Scientific, Batavia, Illinois. McCoys 

15 5A media and fetal bovine serum were purchased from 
Gi!K=o, Grand Island, New York. RPM-1 1640 media and L­
glutamine were purchased from Mediatech, Herndon, 
VircJinia. Trypsln was purchased from JC. c. Bioloqicals, 
St4 Lenexa, Kansas. KE180 K937 and L929 oell lines were 

20 obtained from American Type culture Collection, 
Rockville, Maryland. 

B. Assays for tbe 'fNF inhibj.tof 
Two types of assays were used to identify the TNF 

2S inhibitor. One of them is a cytotoxicity assay. Tbe 
other is a gel shift assay. 

1. cytctoxicity Assay · 

The cytotoxicity assay was performed with actinomycin 
D-treated llE180 cells and L929 cells as described by 

JO ostrove and Gifford (Proc. soc. Exp. Biol. Med. 160, 354• 

358 (1979)) and Agqarval and Essalu ·cJ. Biol. Chem.- 262, 
ioooo-10007 (1987)). L929 cells (CCLX: American Type 

culture Collection) cells were maintained in McCoy's SA 
medium containin9 ioi fetal bovine serwn. confluent 

35 cultures were treated briefly with o.2st trypsin in 
physioloqical solution containing SmM EDTA and 
resuspended in a fresh mediua. Approximately 2 x 10' 

I 
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trypsinized cells per well were plated in 96-Well plates 

(Corning) and incUbated for 24 hours at 37·c. Then 

actino•ycin D was added to a final concentration of 0.25 
ug per ml_. After two hours, samples containing TNF and 

TNF inhibitor were added to the wells and incubation was 
continued overnight at the same temperature. After 
microscopic evaluation, the medium was decanted, and the 

wells were rinsed with PBS. The wells were then filled 
with a solution of 0.1% crystal violet, lOt formaldehyde 

10 and 10mM potassium phosphate, pH 6.0 for 5 min, washed 
tborouqbly with water and dried. The dye was extracted 
with O.lM sodium citrate in sot ethanol, pH 4.2. The 

absorbance of the dye in viable cells was determined at 
570 nm usinq a Kinetic microplate reader (Molecular 

15 Devices Corp. CA). An example of this assay is shown in 
Figure 1. In the presence of TNF inhibitor, the 

20 

cytotoxic effect of TNF was reduced. 
2. Gel Shift Assay 

The gel shift assay invol~es the use of a native 
polyacrylamide gel electrophoresis system. This native 
4' gel electrophoresis_ was performed according to Hedrick 
and Smith (Arch. Biochem. and Biophysics 126, 155-164 
( 1968')) • The iodinated TNF (Amersham) was mixed with the 

TNF inhibitor from Example l.C. after cs chromatography 
25 and incubated for 30 ~in. to 2 hours. This mixture, 

along with the iodinated TNF alone, were loaded onto the 
4t native gel and electrophoresed. After the gel was 
fixed with lOt acetic acid and washed, a film was placed 

for radioautoqraphy. As shown in Fiqure 2, the complex 

30 of 1'NF and TNF inhibitor miqrates differently from the 
TNF by itself. This qel shift assay was used to 
determine which fractions contain TNF inhibitor in the 
eluates of DEAE CL6B column chromatography. 

35 c. pµrification of the lokoa TNF Inhibitor 

Twenty liters of urine from a patient diaqnosed with 

renal dysfunction was concentrated. to 200 ml with an 
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Amicon YMS aembrane. Th• concentrate was then dialyzed 
at ~4·c again.at 0.025 II Tris-Cl, pH 7.5, and subsequently 
centrifuged in a JA14 rotor at 10,000 rpm for 30 •inutes. 
Tb• aupernatant waa then loaded onto a 40 x 4.5 ca DEAE 

5 Sepharose CL-61· column equilibrated with 0.025 I Tris•Cl, 
pH 7.5 and extensively rinsed with equilibration buffer 
until ~• ODzea of the effluent return•d to baseline. 
Chroaatoqraphy was accom~lished usinq a linear gradient 
from 0•0.05 I sodium chloride in o.02s1 Tris-cl pH 7.5 

10 anc:l aonitored by oo.o. Column fractions vere collected, 
and assayed for TNF inhibitor activity using the native 
9al aaaay. The TNF inhibitor eluted elutes in a rather 
•harp peak at 801DM NaCl. 

Figure 6 :A shows the 0~80 profile of the DEA!: 
15 Sepharose CL•6B chromatography ot 20 1 urine. FiCJUre 6B 

shows the autoradiograph of the corresponding native qel 
assay indicating a peak of the TNF inhibitor at fractions 
57-63, which is about 80mM NaCl. 

20 

The TNF inhibitor was further purified using a TNF 
affinity column. Recombinant TNF was expressed in 
BL21/DEJ at about 10-20' total cell protein. The cell 
pellet was French-pressed at 20,000 psi and the soluble 
material dialyzed at 4°C aqainst 0.025 K Tris-Cl pH s.o. 
The dialyzed lysate was 0.2 micron-filtered and loaded 

25 onto a Mono-o FPLC column equilibrated with 0.025 K Tris­
Cl ph s.o. A linear qradient from O to o.s I NaCl in 
0.025 I Tris-Cl pH s.o was run and monitored by on.,. 
One al fractions were collected and analyzed for purity 
by SDS-PAGE. The subsequent TNFa pool was about 90' pure 

30 .based on Coomassie-stained SOS-PAGE and was fully active 
based on a Bradford protein assay, usin9 lysozyme as a 
standard, and an ME180 bioassay, usin9 Amqen's TNFa as a 
standard (Bradford, M. Annal. Biochem. 72, 248-254 
(1976)). 

35 'l'NFa was concentrated in an Amicon Centriprep-10 to 

.. 

about 25 mg/ml, dialyzed against 100 mM NaHCO,, pH a.s, 
and coupled to Affigel-15 resin a~ 25 119 TNF/al resin. A 
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coupliftCJ efficiency of qreater than aot yielded a hi9h 
capacity resin which waa uaed to further purity the THF 
inhibitor. 

PMSF, at a final concentration of 1-4 'llM, was added 

llJOS0/133 

5 to th• DEAE CL-6B pool and applied to a 4 x 1 ca TNF 
affinity colwan equilibrated at 4·c with o.02s I Tris-Cl 
pH 7.5 at a flow rate of 0.1 •l/ain. The colWlft was then 
rinsed with 0.025 II Tris•Cl pH 7.5 until the 00.0 of the· 

effluent returned to baseline. The column was 

10 •ub•eciuently eluted with o.os I NaPhos, pH 2.5 and 
aonitorad by ODzeo. Figure 7 shows the ODzeo profile of 
the o.os I NaPbos pH 2.s elu~ion from the TNF affinity 

col wan. 
The TNF i.nhib.itor was purified to boa09enei.ty by 

15 reverse phase RPLC on a Syncropak RP•8 (C8) colmm. The 

ODzeo peak from the TNF affinity column was pooled and 
immediately loaded onto a RP-8 column, equilib~ated with 
O.lt TFA/HzO, a· linear l'/min qradient of O.lt 
TFA/acetonitrile was run, from o-sot, and monitored by 

20 00z,5 and ODzao. Fractions were collected and assayed from 
bioactivity usin9 L929 cells and the native gel assay 
described in Example .L.B.:.. Both of these assays indicate 
bioactivity at fractions 28•32 'Which corresponds to a 
peak of ODz1s and OJ>no eluting at 18' acetonitrile. 

25 Figures CIA aa1 ~ ~ the chromatographic profile of the · 

TNF affinity pool on a syncropak RP-8 column with the 
correspondinq bioaetivity from the L929 cytotoxicity 
assay. Figure 8B shows a silver stained lSt reducinq 
SOS-PAGE of the RP-8 pool indicating a single band at 

30 30kDa. 

D. g>1r1cterization of the Ptot1in compooen..t of lOkD1 
DF lnbjJ>j.tor 

30Jt0a TNF inhibitor is a qlycoprotein as was detected 
35 using concanavalin A-Peroxidase after the protein was 

transferred onto the nitrocellulose filter. This method 
is a modification of Wood and Sarinana (Ana·lytical 
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Biochem. 69, 320-322 (1975)) who identified glycoproteins 
on an acrylamide qel directly. The peroxidase stainin9 
of glycoprotein was performed by using peroxidase · ' 
conjugated con A or non-conjugated con A. When non-
conjuqated Con A was used, the nitrocellulose filter was 
incubated for one hour in a solution containin9 Con A 

(O.S ag/ml, Miles Laboratory) in phosphate buffer, pH 7.2 
(PBS): then washed 3 x 5 min. in PBS. '!'he washed filter 
was incUbated in horseradish perox~dase (O.l m9/ml, Siqma 

Chemical) for one hour. After 3 x 15 min. was in PBS the 
filter was immersed in a solution containing 3 mg/ml 4-
chloro-1-naphthol (Sigma Che~ical) and 12.5 ul/ml of 
hydroqen peroxide until the color was developed. 
Glycoprotein was seen as a purple color. A photograph 
was made as soon as the filter was developed as shown in 
Figure 3. 

Chemical de91ycosylation of TNF inhibitor was carried 
out by the method of Edge, Faltynek, Hof, Reichert and 
Weber (Analytical Biochem. 118, 131•137 (1981)). A 
mixture of 0.25 ml anisole (Eastman Kodak) and o.s ml of 
trifluoromethanesulfonic acid (Eastman Kodak) was cooled 
to 4·c, then i-200 ng of dry TN'F inhibitor were dissolved 
in Jul of thi~ mixture. The tube was flashed with 
nitroqen, then incubated for 30 min. at room temperature. 

25 This deqlycosylated protein was analyzed on sos-PAGE 
(Figure 4). The molecular weiqht ot chemical treated TNF 
inhibitor is about la,ooo dalton. A band at 14,000 was 
seen also, but this may be a proteolytic fra9111ent of 

deqlycosylated TNF inhibitor. 
30 The enzymatic deqlycosylation usinq N-qlycanase was 

performed followinq the manufacturer's protocol (Genzyme 
corp.) except TNF inhibitor was incubated with N­
glycanase for 5 to 6 hours instead of overnight. The 
molecular weight of the deglycosylated form of denatured 

35 TNF inhibitor is shown to be a.bout 20,000 dalton (Figure 
5). When the inhibitor is not denatured prior to 
deqlycosylation, the molecular weight of the 
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deglycosylated protein is about 26,000·dalton. 

1. geglycosylatcd 30kPa 'l'NF•inbi~itor blnctl to TNf. 
Radiolabeled TNF inhibitor (30kDa) was treated with 

s TFMSA (trifluoromethanesulfonic acid) in order to remove 
carbohydrates, and the TFMSA was separated from the 
protein by HPLC. The protein fraction was mixed with 
TNF•affigel for one hour at 4° C, and all unbound 
material was removed by centrifugation. The TNF-affiqel 

10 was washed extensively with somM NaP04, pH 2.s. 

15 

Radioactivity in each fraction was counted and also 
analyzed on a SDS-PAGE. Non-specific binding o.f TNP 

inhibitor was measured using anhydrochymotrypsin affi9el. 
The results are shown in Table 2. These results indicate 
that deglycosylated TNF inhibitor (30kDa) binds to TNF. 

TABLE 2 

Type of CO!mt (CBU 

~052/133 

20 sample Affinity Flow Throuqh Eluate 

Native TNF-INH TNF 49401 (55.0t) 40014 (45. O!t) 
Native TNF-INH Anhy CT 80000 (98.0%) 1789 ( 2.0t) 

25 TFMSA•Treated TNF-INH TNF 13369 (73%.0) 4908 (27.0%) 
TF!ISA-Treated T.NF-INH Anhy CT 15682 (94.0%) 926 ( 6.0%) 

30 In another experiment, radiolabeled TNF inhibitor 
(30kDa) was reduced, then deglycosylated with N­
glycanase. After deqlycosylation, the material was 

incubated with 13 mM oxidized glutathione (GSSG) for 10 
minutes at room temperature, and diluted 5 fold with SOmM 

35 Tris. Cysteine was then added to a final concentration 
of SJllM. The .material was incubated at 4° c for 16 hours 
then mixed with a TNF-affigel tor. one hour at 4° c. 
Unbound material was removed, and the qel was washed 
extensively with SOmM Tris-HCl, pH 7.5. The bound 

40 material was eluted with SOmM NaP04, pH 2.s. 

Radioactivity in each fraction was analyzed, and a sos-
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PAGE was performed for each fraction. 
and Figura 18, the de9lycosylated and 
inhibitor also binds to TNF. • 

TABLE 3 

Type Of 

As seen in Table 3 
reoxidized TNF 

cgunt !Cfll) 
sample Affinity Flow Through Eluate 

10 
Native 'l'NF-INH TNF 18281 (60.0%) 12603 (40.0t) 
Native TNF-INH 

(reduced/reoxidized) TNF 28589 (94.0t) 1964 ( 6.0t) 
TFKSA-Treated 

15 (reduced/reoxidized) Anhy CT 31371 (98.70) 421 ( 1.3t) 
Deglycosylated 'l'NF-INH 

(reduced/reoxidized} TNF 25066 (85.0t) 430!5 (15.0t) 

20 

Deglycosylated TNF•INH 
(reduced/reoxidized) Anhy CT 29619 (98.4,) 495 ( l.6t) 

Examp;l.e 2. scgyencina of 3QkJ2A_ TNF tnbibitoX 
N-terminal sequences were determined using Applied 

Biosystems Protein Sequencers, models 470 and 477. Prior 
25 to sequencing, peptides generated from a variety of 

proteolytic enzymes were purified on an Applied 
Biosystems CB-microbore HPLC column (22 cm x 2.1 JIM). 

A. Am.tno Tenninal seqµencing 
Approximately 250 pmoles of reverse phase (RP-8) 

JO purified TNF inhibitor were applied directly to a 
polybrene filter and subjected to automated Edman 
deqradation. The resulting sequence information yielded 
the first 30 amino acids of the molecule. 

B. En.Ooptpteina1e ~~-c Diges~ion gf 1Ativ9 
35 E,rotein 

Approximately 250 pmoles (5 uq) of reverse-phase 
p\irified TNF inhibitor was di9ested with 1 uq of 
endoproteinase Lys-c. The 12 hour diqestion at 2s·c· was 
carried out in the presence of 111 urea, o.01i TW'een 20, 

40 · and 150 mM NH2HCOJ, pH 8. o. Prior to peptide purification 
the digest was reduced by incW:>ation for l hour following 
addition of 50-fold molar excess of ditbiothreitol, or 

-45- ·-·-···-----·--­·- --- ····-·-- --



... 

02121196 05:08 
'ftS05 447 1090 4lMGEN LAW 

805 447 1090 

""------·-··· 
---·· ... 

Ill os41i3a 

raduc•d and alkylated by a further one hour incubation at 
37·c U8inq & two-fold molar •xc•aa Of ['aJ-iodoac•tic acid 
over dithiothreitol. Fi9'1r~ 9A ahova the reveriae phase 
HPLC patt•rn of this digestion. Figur.• 98 shows the 
rever•• phase HPLC pattern of thi• digest followed by 
alJtylation. 

c. lndoRGt•inase Asp-tr pigstiqn pf MS:i!• 

trgt•io 
Approximately 250 pmol (Sug) of reverse phase 

10 purified TNF inhibitor was digested with o.s-2.s u9 
endoproteinase Aap-N. The 12-11 hour digest at 37'c was 
carried out in the presence of 111 quanidine-HCl, O.Olt 
TVeen 20 and 150 1lM NaPhos, pH a.o. 

Prior to peptide purification the di9est was.reduced 
15 and alkylated as in Example 1.s.I· Figure 10 shows the 

20 

reverse phase HPLC pattern of ·two such digests. 
o. gedy,ction Carboxym§tbylatioo of irotein 
The reverse-phase HPLC purified TNF inhibitor was 

reduc~ and carboxymethylated with c3K1 Iodoacetic acid 
as described by Glazer, et al., in Chemical Modifications 
of Proteins, pp. 103-104 (1975), except two successive 
rounds of reduction followed by al.kylation were used. 
The protein was re-purified by reverse-phase HPLC prior 
to proteolytic diqestion. 

25 E. IJ>doQrQteinasc V§ Diqestion of Beduction 
CA~QXYl19tb.Ylation of P;ote~n 

An analytical diqes~ was performed by dissolving 55 
paolas (about 1 ug) of reduced carboxyaetbylated TNF 

30 inhibitor in 150 1DM NaHCO, pH a~o, and diq~sting it with 
0,2 u9 V8 protease for lB hours at 2s·c. Reverse-phase 
HPLC (FiCJUre llA) revealed three sequenceable peptides 
and indicated a larqer scale digest was in order. 
Approximately 220 pmoles (4.S uq) of reduced 

JS earboxymethylated TNF inhibitor was d19ested with 1 u9 va 
protease for 5 hours at 2s·c., when an additional o.s ug 
V8 protease was added and the di9estions continued for 16 
hours. FiCJUre 11 B shows the reverse-phase HPLC of· the 
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large •cal• va digest. 

Various peptide f raC)Jllent• were aligned accord1ft9 to 
th• cDNA sequence obtained in Example •· Thi• is shown 
in Figure 19. Residues which are not identified by 

protein sequencing are residue numbers 14, 42, 43, 44, 
10 ''' 97, 105, 107, 108, and 110 through 119. The sequence 

of Gln-Ile-Glu-Aan is apparently the carboxyl terminus of 
the 30 kDa TNF inhibitor. 

l,xpple l. 3QkDa THF inl)ibitor is pr94u9ed by U93"l c911s _ 
15 atimulateq witri PJ1A &Qd PffA. 

20 

. -

The monocyte-like cell line 0937 was grown at 37°c 
in RPMI mediwn containing 1ot fetal calf serum to a cell 
density of 1 x 106 cells/ml. The cells were then removed 
by centrifU9ation and resuspended on 5 different 100 cm2 

petri plates at 2 x 106 cells/ml in RPKI without serum 
containinq 10 ng/ml of PMA (phorbol.12-ayristate 13-
acetate) and 5 ,,a.g /ml PHA-P (phytohema99lutinin-P) • The 

conditioned medium from one plate vas harvested after 
25 only 10 minutes of incubation and used as a zero time 

control. The medium from the remainiDCJ plates was 
successively removed at 24 hours, 48 hours, 72 hours and 

96 hours after platinq. The protein contained in these 
samples vas concentrated into approximately 400 ul each 

30 by Centriprep-10 (Amicon Corp.) treatment. Each 400 ul 
sample was then mixed with an equal vol\Jllle of an Aff iqel­
lS (Biorad Corp.) preparation containing a~proximately lO 
mq/al ot purified human recombinant TNFa that had been 
prepared in our laboratory. This 'l'NFa, prior to beinq 

35 bound to the Affigel-15 resin, had been shown to be 

bioactive by its toxicity to murein L929 cells. 
The conditioned mediWD was incubated at room 

temperature batcbwise with the Ttfl'a affinity resin for 2 
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boura. Th• unbound fraction waa reaoved after 
centrifugation ot tbe resin and the reein waa 
aubeequently va•h•d yith l al {500u1, 2x) ot PBS 
(pboephat• buffered saline, pH.1.5) containing o.1t 

5 gelatin. Bound aaterial was eluted with • 25 1111 solution 
ot monobasic aodiwa phosphate, pH 2.5 (400 ul, 2x). 40 
ul ot each of the unbound, washed, and eluted fractions 
were dried, resuspended in 10 ul of 25 mM Tris pH 7.S, 
mixed with 2 ul (100 pci) of ~8I-TWFa (400-800 ci/ .. ole, 

10 ~•raham.) and incubated tor 30 ainute• at rooa ~· 
temperature. These aixtures were then mixed with 5 ul of 
40t sucrose and 1 al of 0.1• ~romopbenol blue and applied 
to a '' native acrylamide gel as des~ribed in Example 
.l.a..I· The conditione~ medium from all samples except the 

15 1ero control contained TNFa_bindinq activity by this 
assay as shown in FiC)1ire 15. 

20 

The reaaininq J.oo u.l from eacb •ample (1st low pH 
elution) were applied to a ca HPLC column and eluted with 
a linear gradient of acetonitrile over 60 minutes 
(1,/minute, l ml/•inute tlow rate, l al fractions were 
collected). Each fraction as dried and resuspended in 50 
ul of PBS + O.l\ qelatin. 10 ul of each of these samples 
was mixed with 125I-TNFa as above and analyzed by native 
polyacrylamide 9el. TNFa bindinq activities are~ .m 

25 fractions corresponding to 33' and 36' acetonitrile as 
shown in Fiqure 16. 

30 

EXaJll.Dle 4. Analysis of messenger BNA from PMA/PHA tz:eated 
2937 cells 

U937 cells were qrown as described in Example 3 to a 
density of 1 x 106 cells/ml and then resuspended. in · 
serum-free medium at 2 x 106 cells/ml without or wi~h PMA 
(10 ng/ml) and PHA (S ug/ml). Samples were taken at l 

3 5 hour + /- PMA/PHA and 17 hours + PMA/PHA only. Total RNA 
was prepared from the cells by the gu.anidiniwa 
thiocyanate-phenol-chloroform method of Chomczynski and 
Sacci (Analytical Biochemistry ~:156-159, (1987)) • 

.. . ~. .. -· . 
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Poly A• RNA was prepared from total RNA by annealinq to 
oligo dT cellulose {Bethesda Research Laba). Ei9ht 
micrograms of each poly A• RNA was then applied to a 6.6 
formaldehyde, l.2t aqarose gel. The RNA within the gel 

s vaa then blotted to a zeta probe membrane (BioRad). The 

membrane was treated as described in Example 5 for 
screeninq of a human qenomic DNA library with 
oliqonucleotide probes. 1 x 106 cpm/ml of a labelled 
sin9le stranded DNA probe (polynucleotide kinase) was 

10 added. The sequence of this probe is: 
5' TTGTGGCACTTGGTACAGCAAAT 3' 

and it corresponds to bases 410-433 of the sequence set 
forth in Figure 13. Followinq overnight hybridization at 
65°C, the membrane was washed once at room temperature in 

15 6 X SSC 0.1% sos and once at 65°e in the same solution 
and then exposed to x-ray film for 72 hours. The 
autoradioqram shown in Figure 17 ~ows that PMA/PHA 
treatment of U937 cells in serum-free medium for 1 hour 

clearly stimulates the expression of the 30kDa TNFa 

20 inhibitor me~sen9er RNA and that by 17 hours of treatment 
this message is virtually abse~t from the cells. The 
molecular size of the 30kDa TNFa inhibitor messenger RNA 
based on this experiment is approximately 2.4 kilobases. 

25 Example 5. Preparation of a buman genomic DNl\9library for 
30kpa TNF inhibitor . 

Hwaan genomic DNA was partially digested with SauJAJ: 
and size selected. DNA with an averaqe size of 15 JCB was 
ligated into the .BAmHI site of bacteriophage lambda 

JO Charon 30. (Rimn, D.L., Horness, o., Kucera, J., and 
Blattner, F.R. Gene 12:301-309 (1980)). Pba9e were 
propagated and amplified on E. coli CES 200. 

A. Probes 
The four degenerate oligonucleotide hybridization 

35 probes listed in Table 4, were synthesized on an Applied 
Biosystems DNA synthesizer. Each probe •ixture consisted 
of all pos~ible-DNA sequences cOdinq for the given 
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peptide sequence. 

TABLE ~ 

5 Peptide Peptide Probe 
Name sequence Name frop• Sequence 

Lysc 18 KEMGQVE TNFBP•P20 5'TCNACTCTGN'CCCATTCTCTCT'l' 

10 LysC 11 QGKYIHP TNFBP-P2' 5 1 CAAGGGNAAAGTATCACATCC 3' 

Lyse 11 YNDCPG TNFBP•PJ' 5'TATCAATCGATCTGTCCCNGG 3t 

Lysc 11 YIHPQNN TNFBP-P4 5''1'TAG'l"l-rCTGNGGAGTCAGT 3 1 

15 

20 

25 

30 

N = G, A, T, or e. 

Oli9onucleotides were labeled with [9amma -32P) ATP 
(Amersham Inc., Arlinqton Heiqhts, IL) and T4 
polynucleotide kinase (Boehringer Mannheim, Indianapolis, 
IN) to a specific activity of 6-9 x 106 c.p.m./picomole 
according to manufacturer's instructions. 

B. Methodology: 
8.4 x 105 lambda phage containing human genomic DNA 

were plated and transferred to duplicate nitrocellulose 
filters. These filters were hybridized with l pMol/ml of 
probe TNFBP-P2' f~r 16 hours in a solution containing l.O 
M NaCl, 0.1 M sod.iUlll citrate, 2x Denhardts solutio~ 
(Denhardt, D.T. Biochem. Bio.phys. Res. co:mmun. 23:641-646 
(1966)), o.1t SDS, 0.054 sodium pyrophosphate and 150 
uq/ml yeast tRNA at a temperature of s2·c. This 
temperature is 2°C below the calculated Tm for the most 
AT-rich member of the oligonucleotide pool. (Suqgs,. s.v. 

35 in Developmental Biology Using Puriried Genes, (Brown, 
D.D .. , and Fox, C.F., eds.) Academic Press, New York, pp. 
683-693 (1981)). After hybridization, tile filters were 
washed for 45 minutes at ambient temperature with three 
changes of l M NaCl, 0.1 M sodium citrate and o.5% sos. 

40 A stringent wash of eight minutes ·was done at the 
calculated Tm (i.e., 2·c above hy~ridization temp) for 
the most AT-rich member to the pool. Filters were then 
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dried and autoradioqrapbed tor 40 hours with one 
intensifying screen a~ -1o·c. 
• Eleven positive hybridizing plaques were detected and 

these were ·1aolated and amplified. The ability of these 

5 clones to hybridize to TNFBP-P20, TNFBP-P3t and TNFBP-P4 

was tested usinq similar·aethodology. One clone (TNPBP-

8) hybridized to all four oli9onucleotides. . This clone 
was plaque purified and amplified. DNA was prepared from 
this clone using Lambda-Sorb {Promeqa Corporation, 

10 Madison, WI) and a method described by the :manufacturer. 
one micr09ram of this DNA was then digested with 

§A!l3AI and the fragments subcloned into llJDHI digested 
Kl3 sequencing vector mp 18 (Yanish-Perron, c., Viera, 
J., and Messing, J. ~ 33:103-119 (1985)). M13 clones 

15 were then transferred to duplicate nitrocellulose filters 
and hybridized to the oliqonucleotide probes in Table 4 
using conditions previously described. Positive 
subclones were purified and sequenced (San9er, F., and 
Coulson, A.R.J. Mol. Biol • .2!:441-448 (1975)) using·a 

20 modified T4 DNA polymerase (Sequenase, us Biochemical 
Corp., Cleveland OH) as described by the manufacturer, 
and using as primers either the degenerate probes used to 
identify the clone or sequence obtained usinq those 
probes. Among the sequences obtained are those of 

25 S»bclones 'l'NFBP-Ml3-Sau3A~P2'-2 and TNFBP-M13-Sau3A-P4 

frim9rs P3, P3 • , P2 • , P2 and P4. 'l'b.e sequence data is 
set forth in FiC)Ure 13. The sequence contains DNA eodin9 
for at least 48 amino acids of 30kDa TNF inhibitor 
peptides other than those specified by the probes and 

30 therefore confirms that the clone TNFBPS codes for TNF 

inhibitor. The sequence also shows that the gene for TNF 
inhibitor includes at least one intron (G'l'AGGGGCAA ; • • 
•••• CCCCA'rl'CACAG). Finally, this sequence shows that 
30.kDa TNF inhibitor is synthesized as a precursor protein 

35 and that a proteolytic cleavage at the Arq-Asp sequence 
is required to generate the mature, active protein. 
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b•m;le §. PrepiJ:atiQD and s9ra9ning of a cDNA J.ibr1a of 
llBBA. fro• P937 cells stiav,lattd xitb J!IAlfHA • 

Tbe experiment described ln Example 4 shows that U937 . . 
cells tr~ted with PMA/PBA for 1 hour should contain a 
pool of messenger RNA enriched for the 'l'NF inhibitor 
(lOkDa). According~y, a cDNA.library was prepared from 
polyA• RNA obtained from U937 cells treated with PMA/PHA 
as described in Example 4. Double stranded, J:llUnt ended 
cDNA was obtained from approximately 5 uq of poly A• RNA 
essentially as described by Gubler, o., and Hoffman, 
8.J., (1983 ~, 25:263) usinq lot tested reagents 
(Amhersham, Arlinqton Heights, IL) accordin9 to 
procedures rec01DJDended by the manufacturer. 

15 Approximately 1 ug of double stranded cDHA obtained was 
treated with the enzyme EcoRI methylase and EcoRI linkers 

I 

20 

havin9 the sequence: d(pCCGGAA'l"l'CCGG) (New England 
Biolabs, Beverly, MA), were attached via T4 DNA ligase 
followed by digestion with endonucleaae EcoRI. This DNA 
was then ligated into a lambda-bacteriophaqe cloning 
vector qtlO (Young, R.A., and Davis, R.W. (1983) El:eg 

Natl AcAd sci P§A, 80:1194-1198) that bad been digested 
with EcoRI and the product packaged into i~feetive 
la.mbda•bacteriopbaqe particles using lambda-DNA packaging 

25 extracts (Gigapack II Gold) obtained from Stratagene (La 

Jolla, CA) accordinq to their protocol. This lalllbda~ 
ly~~te (cDNA library) was then used to infect Is cgli 
strain C600 hflA and it was shown that the library 
contained. approximately 2.s x 106 recombinant members. 

30 Approximately 4 x 105 members of this library were 
plated on I· coli strain C600 bflA (5 x 104 

p.f.11./plate). Duplicate lifts to nitrocellulose were 
made and the filters were treated as described in Example 
5 for screenin9 of the human genomie library. The DNA on 

35 the filters was then hybridized to the same 32P labelled 

probe as described in Example 4 except that the 
temperature of incubation was 42°c. From 4 x 105 

recombinant phage plated, 3 duplicate plaques hybridized 
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to this probe. These were further reisolated and probed 
aa above and with ~n additional synthetic probe having 
the sequence: 
S • . C:CCCGGGCCTGGACAGTCA'l'TGTA 3 ' 

s Thia probe corresponds to bases 671-694 of tbe hwnan 
qenomic 'l'NF inhibitor clone shown in Figure 13. Both 

probes hybridized to all three plaques iOentified with 
the first. 

After plaque purification DNA was prepared from these 
10 three clones and subcloned into the BcoRI site of M13 

vectors MP1B and MP19 as described in Example 5. Eac::h of 
these cDNAs consist of two EcoRI fraqments one of 
approximately 800 bp common to all three clones and 
another 1300 bp, 1100 bp or 1000 bp depending on the 

is clone. The likely origin of tbe unique Ecotu: fragments 
in each clone is incomplete elonqation by the enzyme 
reverse transcriptase during lst strand synthesis of the 
cDHA. Therefore, those EcoRI fraCJlllents likely represent 
the s• end of the TNF inhibitor aRNA and the 800 bp 

20 fragment the 3' end. This is confirmed by the DNA 
sequence obtained for these fragments as described below. 

From the EcoRI subclones of the cDNA described above 
the entire sequence of the 2100 bp cDBA was obtained. 
The didioxy nucleotide chain termination method of 

25 sequencing was used (Sanger, F. and Coulson, A.R. (i975) 
J, J!Ol. liol. 94:441-448). 'l'he modified T7 DNA 
polyaerase, Sequenase (U.S. Biochemical, Cleveland, OH) 
was used as the elon9ation enzyme as described by the 
supplier. sequencing primers were synthetic 

30 oliqonucleotides prepared from th~ human qenomic sequence 
of the TNF inhibitor as shown in Figure 13 or sequences 
obtained usinq those primers. FiCJUre 20 sbows the · 
t~anslated sequence derived from one of the cDNA clones. 
This sequence corresponds to that obtained by protein 

35 sequence data as described in Figure 19. ~he entire 
sequence of the human 30kDa TNF inbibit.or cDNA from clone 
la.bcla-gtl0-7ct.nfbp is shown in FiC)Ure 21. 
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IXA»Rl• 7. Expression of the 3Qkl>A 'DR' inbibitor cQIA in 
lscbarj.cbia poli 

"l'he portion of the TlfF inhi:hitor (30kDa) cDNA ;ene 
coding for the solul:tle TNFa binding activity bas been 
prepared for expression in I· coli as described below. 

20 Because the protein codin9 sequence definiftCJ tbe c-
terainal portion of the urine derived TNF inhibitor 
(sequence QIEN, base 771 Fiqure 20) is not followed by a 
te:raination codon in the cDNA sequence, one was added by 

oligonucleotide directed in ~itro autaqenesis (Biorad, 
25 Ricbaond, CA) • An MlJMP19 clone of the 1300 bp EcoRI 

fra911ent from the clone lambda-9tl07ctnfbp, was 
hybridized witb the synthetic oligonucleotide: 
5 , C?ACCCCAGA'l'TGAGAATTAAGCTTAAGGGCACTGAGGAC 3 I 

After 2nd strand synthesis and transfection into an 
30 appropriate host, mutant clones were identified by 

hybridization to the above.described auta9enic 
oli9onucleotide. The molecular identity of t.he clones so 
identified vas confirJDed by DNA sequencinq as described 
(Example 5). Next, a 468 bp fragment defined by Styl 

JS (position 303) and HindIII def inin9 the c-terminus of the -
protein was removed from the Rf form as a mutagenized 
clone and inserted into I· coli expression plasmid 
containin9 the t.lsr,I proaoter (DeBoer, H.A., et al., 

.. 
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(1983) lrOC, Natl. Ac1!3. Sci. USA 80:21-25), This 
construction was accomplished by use ot the synthetic, 
double strand adapter sequence: 
5' GATCCGA'l'C"l'TGGAGGATGATTAAATGGACAGCG'l'TTGCCCC 3 1 

5 GCTAGAACCTCCTAC'l'AATTTACC'l'GTCGCAAACGGGGG'l"TC 
This adapter translationally couples the 'l'NF inhibitor 
gene {truncated form as described above) to the first 12 

coc:lona of the bacteriophage T7 gene 10. The DNA sequence 
of this construct from the ·point of translation 

10 initiation at 9ene 10 through the adapter sequence is 
shown in Figure 22. A methionine codon (ATG) is 
necessarily added to the TNF inhibitor gene sequence for 
expression in I· coli. This plasmid is called pTNFix-1. 

The predicted molecular weight of this protein ia 
15 approximately 17,600kDa a molecular weight that is very 

close to tbe deqlycosylated native TNF inhibitor (30kDa). 

20 

25 

lgggle 8: PuJ::ifis;1tion of ac;tive Tlfl inhibH;or C30kDal 
from 1schericbia coli 

Cells from on~ -liter of E. col.i culture (pTNFl'.X-

1JM1071on-) grown under induced condition for 2 hours 
were resuspended in 10 ml of SOmM Tris-RCl, pH 7.5 
containinq 211M EDTA (TE buff er) and French pressed at 
20,000 psi. at 4c. The material was centrifuged at 
20,0009 tor 10 min. The resulting pellet was washed once 
with TE-buffer. The washed pellet was resuspended in 2 
ml or 6M Guanidine-HC1 and incubated at room temperature 
for 10 min. After the incubation, 80 ul of 500 JllM D'l'T 

30 was added and the :mixture was incubated at room 
te11perature for another 30 min. The material which 
remained insoluble after this treatment was removed_by 
centrifUgation at 20,0009 for 15 min. 120 ul of 500 1llK 
oxidized 9lutathione was added to the supernatant, and . 

35 the •ixture was incubated at roo• temperature tor 10 min. 
This material was then diluted in 20 al of o.st Tri base 
solution, and 22o·u1 of 500 11111 cysteine was added. The 
incubation was continued for another 16 hours at 4·c. 
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After 16 hours of incubation, some insolUble residue was 

ob•erved. This insoluble material was reaoved by 
centrifugation at 20,0009 for 20 min. The resultin9 

aupernatant was dialyzed against SOmM Tria-BCl pH 7.5 for 

s 16 hours at 4·c., then centrifuged at 20,0009 for 10 min. 

PMSF at a final concentration of 4mM was added ta this 

supernatant and this material was loaded onto a TNF-

~f f ini ty column (.7 x 2cm) at a flow rate of 0.1 ml per 

ain. This colwan was extensively washed with SOmN Tris-

10 BCl pH 7.5, and bound proteins were eluted with 50mll 

HaPo4-ac1 pH 2.s The pH 2.s eluate was loaded onto an 

RPS colUlln which was previously equilibrated with O.lt 

TFA/H20. TNF inhibitor was eluted with a linear qradient 

of o.1t TFA/acetonitrile at l'/min. (Figure 25). 

15 Fractions were analyzed on SOS-PAGE (Figure 26), and 

cytotoxicity assay was performed (Fiqure 25) to localize 

the TNF inhibitor. The E. cgli-produced 'l'NF inhibitor 

(30JcDa) •igrates to about 20 kDa, since it is not 

glycosylated. Fractions number 30 through 35 contain TNF 

20 inhibitor. The amino terminal sequence· of this material 

shows that the E. coli produced TNF inhibitor has the 

followinq sequence: 

Met-Asp-Ser-Val•{)-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-

Gln-A&n-Asn-ser-
25 By using this procedure, about 40 ug of TNF inhibitor 

(30kDa) was obtained from one liter of the culture. The 

yield was about 2 to 3,. The yield can be increased to 

over 50t by purifyinq the TNF inhibitor before refolding. 

30 SXanple 9. Expression of genes enc9dinq 30kDa TNF 
inhibitor in animal cells 

35 . 

Anillal-cell expression of T.NF inhibitor requires the 

following steps: 
a. Construction of an eJq>ression vector. 

~. Choice of host cell lines. 

c. Introduction of the expression vector in 

host cells. 
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d. Manipulation of recombinant bost cells to 
increase exsireesion levels of TNF-BP. 

i. 'l'RF inhi~itor expression vectors designed for use 
in animal cells. can be of several types including stron9 

s constitutive expression constructs, inducible gene 
constructs, as well as those designed for expression in 
particular cell types. In all cases, promoters and other 
gene regulatory regions such as enhancers (inducible or 
not) and polyadenylation signals are placed in the· 

10 appropriate location in relation to the cDNA sequences in 

plasmid-based vectors. Two examples of such constructs 
follow. 

A construct using a strong constitutive promoter 
region can be made using the c~omegalovirus (CMV) 

15 immediate early qene control signals. This plasaid can 
be constructed using standard molecular biological 
techniques (Maniatis, et al., lplecular Cloning. a 
Lab9ratory Manual. Cold Spring Harbor Laboratory, 1982) 
and resultin9 in the plasmid shown in Figure 23.(pCMVXV 

20 beta TlfFBPstopA) The SV40 ori9in of replication is 
included in this plasmid to facilitate its use in cos 
cells for transient expression assays. This particular 
construct contains the CMV immediate early promo~er and 
enhancer as described by Boshart, et ·a1., (~ 41:521-

25 530, 1985) 'followed by the rabbit B-globin second intron 
(see van Ooyen et al., Scienge 206:337-344, 1979) which 
is flanked by llJIHI and .ls;2RI restriction sites. This 
intron is included_ because expression levels have been 
shown to be increased when intrans are included in the 

JO tran•cribed regions of some expression vectors (Buckman 
and Berq, llQl. Cell. Bigl. 8:4395-4405, 1988). The 
polyadenylation signal is provided by simian virus 40 
(SV40) sequences (map coordinates 2589•2452; see Reddy, 

et al., Science 200:494-502, 1978). The 30kDa 'l'NF 
35 inhibitor cDNA sequences have been modified as follows: 

the extensive region located 3' of the c-terainus of the 
purified TlfP iishibitor from human urine has been deleted 
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and a stop ~oclon bas been engineered into the position 
jwst tollowi119 the c-terminal asparagine. The unmodified 
30kDa THF inhibitor cDNA sequ°ences in .an analoqous vector 
have been inserted into cos cells and been shown to 
increase the TNF binding activity of such cells. 

The second construct (see Figure 24) (pSVXVTNFBP stop 
A) usea the strong constitutive promoter·reqion from the 
SV40 early gene in an arranqement auch as that found in 
the plasmid pSV2CAT (Gorman, et al., llgl. ~l.· Bj.Ql= 

10 2:1044-1051, 1982). This plasmid should be manipulated 
in such a way as to su.bstitute the TNF ~nhibitor CDMA for 
the chloramphenicol acetyltransferase coding sequences 
using standard molecular bioloqical techniques. once 
again, the 'l'NF inhibitor cDNA has been modified as 

15 described eove tor the CMV promoter construct. The SV40 

early promoter region includes sequences from the llindIII 
site to the IAl!Hl site (map coordinates 5090-188: see 
Reddy et al., ~cienc;e 200:494-502, 1978) and the SV40 
polyadenylation signal is as described above for the CMV 

20 construct. 
2. Two animal cell 

TNF inhibitor using the 
produce active protein. 
characterized for their 

lines have been used to express 
vectors described above to 
Cell lines that have been 

ability to promote expression of 
25 tbis foreign 9ene include the monkey kidney cell, cos-7, 

and Chinese hamster ovary {CHO) di.hydrofolate reductase 
deficient {dbrf-) cells. 

3. To establish a continuous CHO-derived cell line 
that secretes 30kDa TNF inhibitor into cell culture 

30 mediWD, a THF inhibitor expression plasmid has been 
introduced into these dhfr- cells alonq with a plasmid 
that directs the synthesis of dihydrofolate reductase 
usin9 the calcium phosphate-DNA precipitation technique 
described ~y Graham and van der Eb O!i~lggy 52:456-467, 

JS 1973). The cells that have taken up DNA and express DHFR 
were selected as described by Ringold, et al., (J. Mc:al, 
&;pl, A@J>St., 1:165-175, 1981). 
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•· Cell• tbat expr••• the TNF inhibitor gene , 
conatructa can b• manipulated to inoreaae th• level• of 
production of TNF inhibitor •. Celli containinq TMF ~ 

inhibitor expr•••ion vectors alonq vith a dhtr expreaaion 
5 vector should be taken through tbe gene amplification 

protocol deac~ibed by Rin9old, et al.,·(~. Kol. Ap;l. 
<i9n1i, 1:165-175, 1981) u•i"9 aethotrexate, a competitive 
an~a9onist of dhfr. Gene amplification lead• to aore 
copi•• of the dhtr and TNF inhibi~or genes present in the 

10 cell• and, concomitantly, increased levels of TNF 
inhibitor 111UfA which, in turn, leads to aore TNF 
inhibitor protein being produced by the cella. 

20· 

The hwaan 0937 cells were qrown at a density of 1 x 
10s cells per ml in 150 cm2 flasks using RPMI1640 aediua 
containing 200 units/al penicillin, 200 units/•1 of 
streptoaycin, 10' fetal calf serwa. After 3 days of 
incubation at 37°c, the cells were harvested by 

centrifuqation at 1500 G for 7 ainutes. The cells were 
resuspended at a density of 2 x 106/ml in RMPI1640 aediwn 

25 without serum. The cells were grown in tbe presence of 5 
\lCJ/•l PHA-P (Phytohema99lutinin) and 10 nq/ml PMA (Phobol 
12-ayristate 13-acetate) for 24 hours. 

The 24 hour medium (442Sml) was collected by 

centrifugation and concentrated by A:micon YMS filter to 
30 about 100 al. This material was passed through a TNF­

affinity 9el (0.7 x 2C11l) at a flow rate of 0.1 ml/ain and 
the gel was washed extensively with 50111M Tris-HCl pH 7.5. 
The bound proteins were eluted with 50 JIM NaP04-HC1, 
pH2.5 and 'TNF inhibitor was separated from other· 

35 · contaainatinq proteins by HPLC-RPC8. As seen in Figure 
27 two TNF-inhibitor peaks are observed. SDS-PAGE 
analysis of the RPCa fractions shows that the molecular 
weights of the two peaks correspond rouqhly to lOJcDa and 
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pro~•in do•• not contain two amino terminal residues: 
• 

oth•rwi••, it i• •••• as that of the U937•derived 40kDa 
pro~in. ~ 

5 IUMlt. 12. Pri•a 1~rycwr1 of the tOlcQI Dl 
i.l)bibitor. 

About 40 ug of th• reduced and carboxymethylated TNF 

inhibitor (40kDa) was digested with endoprot•••• va •• 
10 described abOVa, an~ the resultinq peptides were 

••parated on an RR:18 column {Figure· 33 ) • Th• peptides 
puritied were sequenced using an Applied Biosyatem 

Protein Sequencer, Model 470. 
About 90 uq of tbe reduced and carboxymethylated TNF 

15 inhibitor was treated with S uq of andopaptidase Arg•C in 

o.2M amaoniWll bicarbonate at 37e. After 2c hours of 

20 

25 

digestion, the Arg-c diqested material was loaded onto an 
HPLC-RP8 column to separate peptides (Figure 32). 
Purified peptides were sequenced as before. some of the 

peptides were further di9ested with TPCX•trypsin or 

chymotrypsin. About 500 pmola of ar9-Cl6 peptide was 

treated with 3 u9 of TPCK-trypsin (Boehrinqer Mannheim) 
in 0.2M ammoni\lll bicarbonate at 37'c tor 7 hours, and 

peptides were separated using RP8 (Figure 34). About 200 
paole of the peptide arg-ClO was d19ested with.one ug of 

chymotrypsin (Boehringer Mannheim) at 37c for three and 

a half hours, and the resulting peptides were separated 

on an RR:l8 {Figure 3 S) • 

A partial st:r:uctvre of the TNF inhibitor (40kD•) was 
JO determined by aligning various overlapping peptides 

(Figure 36). A com~lete primary structure of the 40kDa 

'l'JIP inhibitor is shown in Pi(jUre Ji. Residues not 
identified by protein sequencing were deduced by review 

of the sequence of the cDNA clone that encodes the 40kDa 

35 · TNF inhibitor and that is discussed in Example 14A and 
described in Figure 39. 
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1.Jtapl• ll. Id1oiifiG1tian gt cDNA cloo•• fqr t.h• tOkQA' 
DF• i,,.ibitoi;. 

Th• infor11ation presented in Example~t •bow• that 

U937 cell• treated with PICA and PHA produce a 'l'NFa. 

lnbi~itor vith a molecular vei9ht of approxiaately 40~. 

Thia protein ha• been purified and it'• aaino acid 

aequ.enc• baa been substantially ·deterained, as deacribed 

in Bxample 12. Table s shows th• sequence• af ••veral 

peptide• derived troa this protein and gives the 

••quences of mixed sequence oliqonucleotid• probes used 
to isolate 9enes codin9 for the 40k.Da 'l'NF inhibitor 
described here •. 

The 9ene encodin9 sequences coaprisin9 the 40kDa 

15 inbi~itor may be isolated from the bwnan 9eno•ic library 
described. in Example 5, or a cDNA library constructed 

from JllUfA obtained from 0937 cells that had been treated 

with PICA and PH.A for about 9 hours (See Example 14). 
Each library should contain approximately 1.0 x 106 

20 recombinant. 

This Sheet l:las B - - ---- ···- .. -·- - -. 
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30 

35 
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TABI.E 5 

Peptide 
&ecmencc 

BYYDQTA 

AQUAF'l' 

KQEGCR 

QMCCSICC 

DQTAQMC 

PGWYCA 

805 447 1090 

Pi@e Name 

401CD•P2' 

40KD-Pl 

40KD-PG 

40KD-PS 

40KD-P6' 

40KDP7 

c: 
S'GAATATTATGATCAAACAGC 3' 

G C C C G G 
T 

·c c c 
S'GTAAAACGAACTTGAGC 3' 

G G G C. G 
1' T T 

c 
5 'AAACAAGAAGGATG'l'CG 3 ' 

G G G G CAC 
T 

c 
5'CATTTAGAACAACACATT'l'G 3' 

C GCTG G C 
T 

c c 
5 1 GATCAAACAGCACAAATGTG 3' 

C G G G G 
T T 

c c c c 
5' CCAGGATGGTA'rl'GTGC 3' 

G G 
T T 

bample 14... Isolation of 40kDa T!fF iDbibito:c cQNA 
seauences from PffALEHA-induced U937 ;ells 

U937 mRNA was isolated from cells that had been 
induced by_PKA/PHA for 9 hours. It was then selected on 
an oligo-dT column, and the polyadenylated mRNA thus 
isolated was used to make dscDNA using reverse 

45 transcriptase followed by ~- ~ polymerase I/RNase· H. 
The dscDNA was subj.ected to a polymerase chain J;"eaction 
using, as primers, the degenerate probes (40I<D-Pl' and 
40ICD-P7) shown in Table 5. The DNA products from this 
reaction were probed on a southern blot with probe 40l<D-

50 P6' (see Table S) identifying a single band that 
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contained thi• ••quence. This band waa i•olated on an 
a9aro•• gel.and cloned into Mll pha9• DNA (•train apl8). 
After tranaforaation into I· !iali •train JM109 and 
platint on aediua containing X•9al and IPTG, clear 

li!072/133. 

5 plaques were identified that contained th• correct cDNA 
insert. Th• sequence of the DNA.in thia clone i• shown 
in Fi,.ure 37 along with the translation product predicted 
froa tbi• sequence. This aaino acid aeqQence aatcbes the 
peptide aequence •bown in Fiqure 36 (residues 12 - 104) 

1.0 and F iqure 3 8 .. 

15 

IX•Ble 14A. I1ol1tion of 4QkP§ mr inhibitgr cDIA clgne 
fxgm ftlA/PHA-incluced U9~7 Celli 

mRNA was isolated (Chirgwin, J.X. •~al., 
Biochemistry 18, 5294•5299) from hwnan 0937 cells that 
had been exposed to PHA and PMA tor 9 hours. llRNA was 
purified from this RNA using oli90-dT cellulose (Aviv, ~· 

and Leder, P., 1972., Proc. Natl. Acad. Sci. (USA) 69, 
20 1408-1412). 5 u9 of this JDRNA vas used to synthesize 3 

uq of blunt-ended, double-stranded cDNA (Gubler, u. and 
Roffman, B.J., 1983, Gene 25, 263-269). After addition 
of ~RI linkers,. the cDNA was purified by sephacryl s-
400 (Pharmacia) spun column chroaatOg"rapby and ethanol 

25 precipitated. One hundred ng of this cDNA was ligated 
into l ug of 1&2RI-di9ested and alkaline phospbatase­
treated lambda qt-10 and packa9ed in vitrg usinq gi9a­
pack gold (Strata9ene). The packaged cDNA yielded 2.s x 
106 recombinants when plated on I· SGS2li C600 bfl. 1.2 x 

30 106 members of this library were screened in duplicate 
with. 32P-labeled probe 401CD•P6+7 (5' GGG CGT ATG TGC TGT 
CCT CAC AGG 3 1 ) as described (Benton, W.D. and Davis, 
R.W., 1977, Science 196, 180-182). TVelve positiv~ 

hybridi1in9 clones were isolated and rascreened with 
35 · probes 40ICD-P6' and 40RD-P7 (see Tal:>le 5 in Example 13). 

Four of these clones hybridized to all three probes. One 
of these clones, c40DKt6, was di9ested with ~RX, and a 
2.2 Jcb insert was isolated and subcloned in both 
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orientations into the bacteriophage Mll vector, mpl9 
(Yarrish-Perron, C., §t al 1 , 1985, Gene 33, 103-119). 
The sequence was determined from both strands usinq the 
cbain terminationmethod (Sanqer, t. and Coulson, A.R., 
1975, J. Kol. Biol. 94, 441-448) with Taq DNA polymerase 

·(U.S. Biochemical). This sequence is shown in Fiqure 39 
along with its deduced translation product. The sequence 
contains a single open readinq frame extendinq.froa the 
ATG triplet at base 93 that extends well beyond the c-

10 terminal sequence of the 40kJ>a protein at the GAC triplet 
at base 863. 

15 

20 

IXamRl• l~. :rhe 40kpa TN[ inhibitor inbibit1 THF beta 1s 
yell as TNF alpha 

Both the 30kDa TNF inhibitor and the 40kDa TNP 
inhibitor were examined to determine if they were also 
capable of inhibitinq the activity of TN'F beta 
{lymphotoxin). Various concentrations of TNF-beta 
(purchased from Endo9en)· were incubated with each of the 
inhibitors for one hour at room temperature. The 
resultant mixtures were analyzed via the L929 cell assay 

.system as described in Example i.1.1. for TNF alpha. 
These experiments.revealed that the 30kDa TNF inhibitor 

25 had little inhibitory effect on TRF beta. However;· the 
40kDa TNF inhibitor showed significant TNF beta 
inhibition. The results of these experiments can be seen 
in Figure 40. 

30 · Egample 16, Pr_eparation of humg.n genomic DNA lib~ary foi.: 
4 OltQI inbib itoi.: 

An appropriate human qenomic DNA library for 40k0a 
TNF inhibitor may be performed as described in Example 5 

35 for JOkDa TNF inhibitor. 

40 

Example 17. freparat!on of gene1 tor the Expression Qf 
1Cbe 40!(.Da Tf!P inhibitor cDKA in Escherichia coli 

Portions of tbe TNF inhibitor (40 kDa) cDNA gene 
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coding for soluble TNF binding activities (Fig. 39) have 
been prepared for expression in I. Coli as described 
below. t 

Because it bas been difticult to definitively 
s determine the c-terminal sequence of the mature 40kDa TNF 

inhi~itor ~erived from urine or U937 cells, we 
constructed 3 derivatives of its cDNA coding sequence 
based on sequence analysis cf the cDNA clone. The first 
extends to the putative transmelllbrane sequence of this 

10 protein base pair 863 (Fiqure 39) and ends with the 
peptide sequence • • • Gly Ser Thr Gly Asp. The next two 
are 51 ( A.51) and 53 ( A53) aJllino acids shorter than this 
clone and end at base pair 710 • • • Ser Pro Thrr and 
base pair 704 ••• Ser Thr Ser, respectively. 

15 Each_of these three c-termini were created by in 
vitro muta9enesis ("MutaGene", BioRad, Richmond, CA) of 
Ml3 clones of the cDNA of the 40 kDa TNFa inhibitor. The 
longest clone was created first by use of the followinq 
synthetic oliqonucleotides: 

2 O l. 5 ' CAC TGG CGA C'l'A AGC TTC GCT C'l'T C 3 ' 

2 A 5' GCG GCG CAC GCC GGA TCC GAT CTT GGA GGA TGA TTA 
AAT G'l"l' GCC CGC CCA G 3 1 . 

Oli9onucleotide l ·inserts a translation termination 
25 codon after amino acid 235, Asp, and creates a HinsiIII 

restriction endonuclease recognition site at that point. 
Oliqonucleotide 2 adapts the •-Terminal .sequence of the 
mature protein, Leu Pro Ala • • • bp 159 (Figure 39) for 
expression in E. coli by l) inserting a Met, ATG codon at 

30 amino acid position l, and 2) inserting a translational 
coupler sequence and 5'· .lllmRI restriction endonuclease 
reeoqnition site. The mutaqenized fraCJJDent was removed 
by .DilmffI/JU.n!!III diqestion of Rf DNA of the mutant Ml3 
clone and inserted into an Is coli expression•plasmid as 

35 · described in Example 7. Clones bearing this gene 
construction are called '111F.40. 

The two shortened clones were constructed as above 
using the mutagenized Ml3. derivative of the 40kDa TNFa 
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·., inhibitor clone isolated above and the following 
oli9onucleotides: 
s I GTCCCCCACCTAAGCTTCGGAGTATGG 3 ' A51 

5 • GTCCACGTCCTAAGC'l'TCCCACCCGGA 3 t A 53 

s These two oligonucleotides introduce translation 

10 

termination codons at bp 710 and 704 respectively (FiCJUre 
39). Clones bearing these gene constructions are called 
TNF:40 51 and TNF: 40 53 respectively. 

Egpression of genes epcqdinq 4D~Pa THF 
inhibitor in animal cells 

Expression of the 40kDa TNF inhibitor clone in 
animal cells may be performed as described in Example 9. 

15 The extensive region located 31 of the c-terminus of the 
40k0a TNF inhibitor may be deleted.and a stop cod.on 
engineered into the position just following the 
c-terminal Aspartic acid. 

20 Example 19. Expressign of tJle comelete cDNA encoding 
30kQa TNl inhibitor in mammslitn cells increases THF 
recegtor site.s 

2S An expression vector was made that incorporated the 
entire 30kDa TNF inhibitor cDNA (2.1 kb) shown in Figure 
2l, named p30KXVA, and was in all other respects 

·identical to the vector shown in Figure 23 (i.e., the _ 
TNF-BP sequences shown in that f iqure were replaced by 

30 the 2.1 kb cDNA_usinq the unique IQQRI site in the 
plasmid). See Example 9 for a more complete description 
of the expression vector. This plasmid was introduced 
into COS7 cells using the lipofection procedure described 
by Feiqner et ai. (Proc. Natl. Acad. Sci. USA, 84, ?413 

35 (1987)). Transfected cells were analyzed for their 
ability to bind C'~IJTNFa. Figure 41 shows the results 
of the binding assay of cells that were mock-transf ected 
or transf ected with the e¥pression vector p301CXVA. The 
number of bindinq sites on plasmid-tranafectec:l cells is 

-67-

la! 075/l33 ... 



U~/Zl/96 05:15 '6'805 447 1090 ~lMGEN LAW - -----------------
- ·-------

ll! o76/133 
,,,. 805 447 1090 

dramatically_higher that the number on the control cells. 
The collplete cDNA clone (i.e., tbe open reading frame . . 
that encodes a much larger protein than the 30kDa urine-
derived inhibitor), in fact, represents a cDNA clone of a 

5 TNF receptor. 

Example ao.. lgpr§S§io.n of cQQ ancgdiM 401Da DF 
inbibitor in aammtli1n cells irucre&SJ!S TBF receptor sites 

10 An expression vector·was made using the 2.4 kb cDNA 
fragment isolated from the lambda pbage page f 6 described 
in Example 14A. This plasmid was identical to that 
described in Example 9 (Figure 23) except that the 40kDa 
TNF inhibitor cDNA sequences were substituted for the 

15 30kDa TNF inhibitor cDNA sequences in that plasmid. 

Plasmids were isolated with the 2.4 Jcb IQQRI cDNA 
fragment in each orientation, named- p4_0KXVA (sense 
orientation) and p401CXVB (anti-sense orientation). These 
plasmids contain the SV40 origin of replication, the 

20 cytomegalovirus immediate early promoter and. enhancer, 
the rabbit B-globin second intron, the 40KDa TNF 
inhibitor ct>NA, and the svso early polyadenylation siqnal 
(for a more complete description of this vector, see 
Example 9) in a pBR322•based plasmid. These plasmids 

25 were transfected into COS7 cells which were then assayed 
for 'l'NF binding (see Figure 42). Cells transfected with 
p40lOCVA exhibited a higher numl>er of TNF binding sites on 
the cell surface than either COS7 cells alone or COS7 
cells transfected. with p40IOCVB, suggestinq that this cDNA 

30 encodes a TNF receptor. Other mammalian cells such as 
CHO c~lls could be developed that could overproduce this 
receptor or that secrete 40KDa 'J.'NF inhibitor into the 
tissue culture medium in ways described in Example 9. 

35 Example 21.. Inhibitor i,solat@\i trom hl!MJl Mnocvtes. 
Human monocytes were prepared from 550 ml of blood 

as described by (Hannum, C.H .• et al. Nature 343, 336-340, 
1990). The fresh monocyt.es (2 x 107 cells) were seeded 
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in soo ml of serum free RPMI1640 aedium and treated with· 
lOng/ml of PilA and sug/al of· PHA-P for 24, 48 and 72 
hours at 37C. After the incubation, the media were 
collected by centrifugation and concentrated to so 111. 

s The concentrated media were loaded onto a TNF-affinity 
column (2 ml bed volume) one sample at a time and eluted 
with acid as in Example 1. The eiuted material was 
further purified usin9 a HPLC RPC•S col1Dm under the same 
conditions as in Example l, and each fraction was assayed 

10 with L929 cytoxic.ity assay. figure 43 shows the two 
peaks of TNF inhibition activity. These two peaks 
correspond to the 30 kDa and 40 kDa TNF inhibitors which 
were also found in the culture mediwn of U937 cells that 
was treated with PM.A and PHA and identified in urine. 

15 
Example 2a. IJmreesion and J?Utification of shorter forms 
of the 40 kDs DF inhibitor (A 51 and A53l from E. coli. 

cells 300.ml of E.coli cultures (40kDa TNF 
20 inhibitor Asl and 40kDa TNF inhibitor~ 53) qrown 

separately under induced condition for 2 hours were 
resuspended in 10 ml of so mM.Tris-TCl, pH 7.5 containinq 
2inM EDTA (TE buffer) and French pressed at 20,000G for 10 
min. The resulting pellets were washed once with TE 

25 buffer. Tbe washed pellet was resuspended in 2 ml .-of 6M 
Guanidine-HCl/lOOmM Tris-HCl, pH8.S/41DK PMSF, and 
incubated at room temperature for one hour. After 

incubation, soolDM D'1'T was added to a final concentration 
of 4 mM, and the mixture was incubated at room 

30 temperature for another hour. Insoluble material was 
removed by centrifugation at 20,000G for 15 min. SOOmM 
oxidized 9lutathione was added to .the supernatant to a 
final concentration of 20 mM, and the mixture was 
incubated at room temperature for 10 min. This aaterial 

35 was then diluted in 20 ml of 0.6t Tris base solution with 
5 mM cysteine. PMSF was added to a final concentration 
of 2JDM. After 16 hours of incubation at 4•c, this. 

material was dialyzed a9ainst 300 volumes of 50mK Tris-
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HCl, pH 7.5 for 3 hours at.4°C, then centrifuged at 

20,oooG for is •in. The supernatant was loaded onto a 
TNF-affinity column (.7 x 2 CJD, 13 mq rhTNF-/ml of 
affigel-10) at a flow rate of 0.09 ml per min. This 
column was extensively washed with ~omM Tris-HCl, pH !•5• 
The bound proteins were eluted with 5011M NaH2P04-HCl, pH 

2.s. The-acidic eluates were loaded onto an RP8 column 
(2 x 200IDD, spelco) and the TNF inhibitors were eluted 
with a linear gradient of acetonitrile in O.lt TFA at a 

10 flow rate of 1 ml per gradient per min. (Figure 44A and 
45A). Fractions were examined by L929 cytotoxicity assay 
to.localize the TNF inhibitors. The major peak on each 
RP8 profile contains the TNF-inhibiting activity (Figure 
448 and 45B). The E. coli-produc~d TNF-inhibitors (40kDa 

15 TNF inhibitor &53 and 40kDa TNF inhibitor A5l) migrate.· to 
the expected location on SDS-PAGE (Figure 448 and 458). 
The amino terminal sequence of these materials shows that 
the E. coli-produced TNF-inhibitors have the followinq 
sequence: 

20 Met-Leu-Pro-Ala-Gln-Val-Ala-Phe-Thr-Pro-Tyr-Ala-Pro-Glu 
By using this procedure, about lSOuq of each 40kDe 

TNF inhibitor { ,ds1 and J.SJ) was obtained from JO ml 
of 1:he culture. The yield was a few percent, however, 
the yield can be increased to over 30% ~y improvin9 each 

25 step of this purification. 
Both of these 40kDa TNF inhibitors ( 651 and ,ASJ) 

inhibit not only TNF-alpha but also TNF-beta. 

Exa.mpie 23 1 Expression an~ pµrjfic1ti2n pf full Ieng.th 
30 iO ~Da ?NF inbi~~tor. 

An active 40kDa TNF inhibitor was purified from an 
E. coli strain ·carryinq plasmids which have a gene for 
full length mature 40 kDa TNF inhibitor (as in Example 

35 12). The method used to isolate an active inhibitor was 
the same as that of exa~ple 22. This active inhibitor 
inhibits both TNF-alpha and TNP-beta, and the amino 
tenainal sequence is same as shown in Example 22. 
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E;ample Z§·, ·Mino aeJ.O composition of the 40 )Spa THE 
IDhiJi!i1:g&:. . _ 

U937-produced mature 40 kDa TNF inhibitor was 

analyzed for total amino acid composition by the PrC­
amino acid analysis system. The actual and predicted 

composition data for full length mature 40JcDa TN!' 

inhibitor as shown in Figure 38 .are shown in Table 6. 

1xample,u. Proguct;!on of s=hemi.c;;•llY modified. TNF 
inhibitga. 

In order to increase the halt-life of the TNF 

inhibitors in plasma, TNF inhibitors which are chemically 

modified with polyethylene glycol (PEG) may be made. The 

modification may be done by cross linking PEG to a 

cysteine residue of the TNF inhibitor •olecules. Since 

all of the cysteine residues in the TNF inhibitors form 

disulfide bonds, mutant TNF inhibitors may be constructed 

which contain an extra cysteine residue at the amino 

terminus, glycosylation sites, and the carboxyl terminus 

of each inhibitor. The mutaqenesis may be carried out by 

PCR usinq oliqonucleotides containinq the desired 

mutation. As for the 30k0a TNF inhibj.tor, an extra 

cysteine residue was added: at residue number 1, 14 .or 

10s. These mutant proteins were expressed in E. coli by 

using the same system described in Examples 7, 22 and 23, 

and refolded to active TNF inhibitor. The mutant 

30 proteins are as active as the non-Jnutated proteins. 

Pegylation of these proteins will be carried out, and the 

activi-ty will be assessed. The 40 kDa mutants will be 

constructed as above and pegylation will be performed to 

obtain active proteins and will have increased the 

35 stability_ of the TNF inhibitor. 
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• TABLE 6 

calculated # Experimental # 
·by DNA sequence 

Asx 14 13.0 

Glx 23 22.6 

Ser 25 23.2 

Gly 14 17.8 

His 4 4.5 

'l'hr 26 23 .. 9 

Ala 17 17 

Arg 14 15.l 

Pro 26 22.3 

Val 13 8.7 

Ile 4 3.4 

Leu 10 8.6 

~he 5 4.6 

Lys 6 5.4 

Tyr 5 s~o 

Trp 3 ND 

M:et 3 ND 

Cys 22 ND 

ND: not determined. 
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It is to be ~nderstood that the application ot the 

teachings of the present invention to a specific 
expression system will be within the capabilities of one 
having ordinary skill.in the art in light of the 

falOSl/133 

10 teachings contained herein. Thus, · it will be apparent to 

those of ordinary skill in the art that various 
modifications and variations can be made in the processes 
and products of the present invention. It is intended 

that the present invention covers these •odif ications and 

15 variations provided they come within the scope of the 

appended claims and their equivalents. 

ii1ii1W1li1ur 
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Claimi 11111111111111 111111111111 1111 
* C L M S * 

1. A substantially purified tumor necrosis factor (TNF) 
inhibitor which is active aqainst TNF. 

2. The TNF inhibitor of claim 1 Wherein said TNF 
inhibitor is a 9lycoprotein having a molecular weight of 
about lOkDa. 

10 3. The TNF inhibitor of claim 2 wherein said 'l'NF 
inhibitor is deqlycosylated and bas a molecular weight of 
about 18kDa. 

4. The TNF inhibitor of claim 3 wherein said TNF 
15 inhibitor is produced by recombinant-DNA methods. 

.. 20 

s. The THF inhibitor of claim l wherein said TNF 
inhibitor is a 9lycoprotein having a molecular weight of 
about 40kDa. 

6. The TNF inhibitor of claim 5 wherein said TNF 
inhibitor is active against both TNF alpha and TNF beta. 

7. The TNF inhibitor of claim 6 wherein said TNF ·· 
25 inhibitor is cle9lycosylated. 

30 

s. The TlfF inhibitor of claim 2 wherein said TNF 
inhibitor bas tbe amino acid sequence as shown in Figure 
19. 

9. The TNF inhibitor of claim 5 wherein said 'l'NF 
inhibitor has the amino acid sequence as shown in Figure 
38. 

35 lO. The TNF inhibitor of.claim 5 Wherein said TNF 
inhibitor is 40kDa TNF inhibitorA51. 
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ll. The TNF inhibitor of claim 5 wherein said TNF 

inhibitor i•.40JcDa TNF inhibitor 653. 

12. A recombinant-DNA method for the production of a TNF 

. s inhibitor comprising: 
(a) preparation of a DNA sequence capable of 

directing a host cell to produce a protein having TNF 

inhibitor activities: 
(b) cloninq the DNA sequence into a vector capable 

10 of being transferred into and replicated in a whole cell, 
sue~ vector containing operational elements needed to 
express the DNA sequence: 

(c) transferring the vector containing the 
synthetic DNA sequence and operational elements into a 

15 host capable of expressing the DNA encodin9 the TNF 

inhibitor; 

20 

25 

30 

(d) culturing the host cells under conditions 
appropriate for amplification of the vector and 

expression of the inhibitor: 
(e) harvesting the inhibitorr and 
(f) peranitting the inhibitor to assume an active 

tertiary structure whereby it possesses TNF inhibitory 

activity. 

13. The method of claim 12 wherein said TNF inhibitor 

JOkDa TNF inhibitor. 

14. The method of claim 12 wherein said TNF inhibitor 
40kDa TNF inhibitor. 

15. The method of claim 14 wherein said TNF inhibitor 

40kDa TNF inhibit.or As1. 

is 

is 

is 

16. The method of claim 14 wherein said TNF inhibitor is 

3' 40kDa TNF inhibitor A,53. 

17. A qene encoding for tumor necrosis factor (TNF) 
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18. The qene of cliam 17 wherein said 'l'NF inhibitor is 
30kDa 'l'NF inhibitor. 

19. The gene of claim 17 wherein said '1'NF inhibitor is 
mature 40kDa 'l'NF inhibitor. 

20. The qene of claim 17 wherein said TNP inhibitor is 
10 40kDa TNF inhibitor As1. 

·21. The q•ne of claim 17 whereln said TNF inhibitor is 
40kDa TNF inhibitor A53. 
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