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(57) ABSTRACT 

The present invention relates to ligands which bind to 
human tumour necrosis factor alpha (TNF) in a manner Such 
that upon binding of these ligands to TNF the biological 
activity of TNF is modified. In preferred forms the ligand 
binds to TNF in a manner Such that the induction of 
endothelial procoagulant activity of the TNF is inhibited; the 
binding of TNF to receptors on endothelial cells is inhibited; 
the induction of fibrin deposition in the tumour and tumour 
regression activities of the TNF are enhanced; and the 
cytotoxicity and receptor binding activities of the TNF are 
unaffected or enhanced on tumour cells. The ligand is 
preferably an antibody, F(ab) fragment, single domain anti 
body (dABS) single chain antibody or a Serum binding 
protein. It is preferred, however, that the ligand is a mono 
clonal antibody or F(ab) fragment thereof. 
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TUMOUR NECROSS FACTOR PEPTIDE BINDING 
ANTIBODIES 

0001. This is a continuation-in-part of application Ser. 
No. 07/828,956 filed Aug. 7, 1990, the disclosure of which 
is incorporated herein by cross-reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to ligands which bind 
to human tumour necrosis factor alpha (TNF) in a manner 
such that upon binding the biological activity of TNF is 
modified. The type of modification shown here is distinct 
from previous descriptions of antibodies which bind to TNF 
alpha and inhibit all TNF alpha activity. The new discovery 
shows how the different activities of TNF alpha can be 
Selectively inhibited or enhanced. In addition, the present 
invention relates to a composition comprising a molecule 
bound to TNF and to methods of therapy utilising TNF and 
molecules active against TNF. 

BACKGROUND OF THE INVENTION 

0003 Tumor necrosis factor alpha (TNF) is a product of 
activated macrophages first observed in the Serum of experi 
mental animals presensitized with Bacillus Calmette-Guerin 
or Corynebacterium paryum and challenged with endotoxin 
(LPS). Following the systematic administration of TNF 
haemorrhagic necrosis was observed in Some transplantable 
tumours of mice while in vitro TNF caused cytolytic or 
cytostatic effects on tumour cell lines. 
0004. In addition to its host-protective effect, TNF has 
been implicated as the causative agent of pathological 
changes in Septicemia, cachexia and cerebral malaria. Pas 
Sive immunization of mice with a polyclonal rabbit Serum 
against TNF has been shown to protect mice against the 
lethal effects of LPS endotoxin, the initiating agent of toxic 
Shock, when administered prior to infection. 
0005 The gene encoding TNF has been cloned allowing 
the usefulness of this monokine as a potential cancer therapy 
agent to be assessed. While TNF infusion into cancer 
patients in Stage 1 clinical trials has resulted in tumour 
regression, Side-effects Such as thrombocytopaenia, lympho 
cytopaenia, hepatotoxicity, renal impairment and hyperten 
Sion have also been reported. These quite Significant Side 
effects associated with the clinical use of TNF are 
predictable in view of the many known effects of TNF, some 
of which are listed in Table 1. 

TABLE 1. 

BIOLOGICALACTIVITIES OF TNF 

ANT-TUMOUR 
ANTI-VIRAL 
ANTI-PARASITE 
FUNCTION 

cytotoxic action on tumour cells 
pyrogenic activity 
angiogenic activity 
inhibition of lipoprotein lipase 
activation of neutrophils 
Osteoclast activation 
induction of endothelial, monocyte and tumour cell 
procoagulant activity 
induction of surface antigens on endothelial cells 
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TABLE 1-continued 

BIOLOGICALACTIVITIES OF TNF 
induction of IL-6 
induction of c-myc and c-fos 
induction of EGF receptor 
induction of IL-1 
induction of TNF synthesis 
induction of GM-CSF synthesis 
increased prostaglandin and collagenase synthesis 
induction of acute phase protein C3 

0006. Of particular importance is the activation of coagul 
lation which occurs as a consequence of TNF activation of 
endothelium and also peripheral blood monocytes. Dissemi 
nated intravascular coagulation is associated with toxic 
Shock and many cancers including gastro-intestinal cancer, 
cancer of the pancreas, prostate, lung, breast and ovary, 
melanoma, acute leukaemia, myeloma, myeloproliferative 
Syndrome and myeloblastic leukaemia. Clearly modifica 
tions of TNF activity such that tumour regression activity 
remains intact but other undesirable effects Such as activa 
tion of coagulation are removed or masked would lead to a 
more advantageous cancer therapy, while complete abroga 
tion of TNF activity is sought for Successful treatment of 
toxic Shock. 

0007 Segregation of hormonal activity through the use of 
Site-specific antibodies (both polyclonal and monoclonal) 
can result in enhanced hormonal activity (Aston et al., 1989, 
Mol. Immunol. In, 435). To date few attempts have been 
made to assign antigenicity or function to particular regions 
of the TNF molecule for which the three-dimensional struc 
ture is now known. ASSignment of function to Such regions 
would permit the development of MAbs and other ligands of 
therapeutic use. Polyclonal antibodies to amino acids 1 to 15 
have been reported to block Hela R19 cell receptor binding 
by TNF (Socher et al., 1987, PNAS 84, 8829) whilst mono 
clonal antibodies recognizing undefined conformational 
epitopes on TNF have been shown to inhibit TNF cytotox 
icity in vitro (Bringman and Aggarwal, 1987, Hybridoma 6, 
489). However, the effects of these antibodies on other TNF 
activities is unknown. 

DESCRIPTION OF THE PRESENT INVENTION 

0008. The present inventors have produced panels of 
monoclonal antibodies active against human TNF and have 
characterised them with respect to their effects on the 
anti-tumour effect of TNF (both in vitro and in vivo), TNF 
receptor binding, activation of coagulation (both in vitro and 
in vivo) and defined their topographic specificities. This 
approach has led the inventors to show that different topo 
graphic regions of TNF alpha are associated with different 
activities. Therefore the inventors enable the identification 
of antibodies or ligands which selectively enhance or inhibit 
TNF alpha activity, thereby providing for improved thera 
peutic agents and regimes including TNF alpha. 

0009. In a first aspect the present invention consists in a 
ligand capable of binding to human TNF, the ligand being 
characterised in that when it binds to TNF the following 
biological activities of the TNF are inhibited: 
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0010) 
0011) 
0012) 
0013) 
0014) 

0.015. In a preferred embodiment of all aspects the 
present invention the ligand is Selected from the group 
consisting of antibodies, F(ab) fragments, restructured anti 
bodies (CDR grafted humanised antibodies) single domain 
antibodies (dAbs), Single chain antibodies, Serum binding 
proteins, receptors and natural inhibitors. The ligand may 
also be a protein or peptide which has been Synthesised and 
which is analogous to one of the foregoing fragments. 
However, it is presently preferred that the ligand is a 
monoclonal antibody or F(ab) fragment thereof. 
0016. In a second aspect the present invention consists in 
a ligand capable of binding to human TNF, the ligand being 
characterized in that when it binds to TNF the induction of 
endothelial procoagulant, tumour regression, induction of 
tumour fibrin deposition, cytotoxicity and receptor binding 
activities of the TNF are inhibited, the ligand binding to the 
TNF such that the epitope of the TNF defined by the 
topographic regions of residues 1-18, 58-65, 115-125 and 
138-149, or the topographic region of residues 1-18, 108 
128, or the topographic region of residues 56-79, 110-127 
and 135-155 is substantially prevented from binding to 
naturally occurring biologically active ligands. 

0.017. In a third aspect the present invention consists in a 
ligand which binds to human TNF in at least two regions 
Selected from the group consisting predominantly of the 
topographic region of residues 1-20, the topographic region 
of residues 56-77, the topographic region of residues 108 
127 and the topographic region of residues to 138-149. 
0.018. In a preferred embodiment of the third aspect of the 
present invention the ligand binds to human TNF in the 
topographic regions of residues 1-18, 58-65, 115-125 and 
138-149. Such Sequence regions are topographically is rep 
resented in FIG. 23. 

0019. In a further preferred embodiment of the third 
aspect of the present invention the ligand binds to human 
TNF in the topographic regions of residues 1-18 and 108 
128. Such Sequence regions are topographically represented 
in FIG. 24. 

0020. In a further preferred embodiment of the second 
aspect of the present invention the ligand binds to human 
TNF in the topographic regions of residues 56-79, 110-127 
and 136-155. Such Sequence regions are topographically 
represented in FIG. 25. 
0021. In a particularly preferred embodiment of the first, 
Second and third aspects of the present invention the ligand 
is a monoclonal antibody Selected from the group consisting 
of the monoclonal antibodies designated MAb 1, MAb 47 
and MAb 54. Samples of the hybridoma cell lines which 
produce MAb 1, MAb 54 and MAb 47 have been deposited 
with the European Collection of Animal Cell Cultures 
(ECACC), Vaccine Research and Production Laboratory, 
Public Health Laboratory Service, Centre for Applied 
Microbiology and Research, Porton Down, Salisbury, Wilt 
shire SP4 OJG, United Kingdom. MAb 1 was deposited on 

1. Tumour regression; 
2. Induction of endothelial procoagulant; 
3. Induction of tumour fibrin deposition; 
4. Cytotoxicity; and 
5. Receptor binding. 
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Aug. 3, 1989 and accorded accession No. 89080301; MAb 
54 was deposited on Aug. 31, 1989 and accorded accession 
No. 89083103; MAb 47 was deposited on Dec. 14, 1989 and 
accorded accession No. 89121402. 

0022. In a fourth aspect the present invention consists in 
a composition comprising TNF in combination with the 
ligand of the first, Second or third aspect of the present 
invention, characterised in that the ligand is bound to the 
TNF 

0023. In a fifth aspect the present invention consists in a 
method of treating toxic shock comprising administering 
either the ligand of the first, Second or third aspect of the 
present invention or the composition of the fourth aspect of 
the present invention. 
0024. In a sixth aspect the present invention consists in a 
ligand capable of binding to human TNF, the ligand being 
characterised in that when it binds to TNF the induction of 
endothelial procoagulant activity of the TNF is inhibited; 
binding of TNF to receptors on endothelial cells is inhibited; 
the induction of tumour fibrin deposition and tumour regreS 
sion activities of the TNF are enhanced; the cytotoxicity is 
unaffected and tumour receptor binding activities of the TNF 
are unaffected or enhanced. 

0025. In a seventh aspect the present invention consists in 
a ligand capable of binding to human TNF, the ligand being 
characterized in that when it binds to TNF the induction of 
endothelial procoagulant activity of the TNF is inhibited; the 
binding of the TNF to receptors on endothelial cells is 
inhibited, the induction of tumour fibrin deposition and 
tumour regression activities of the TNF are enhanced; and 
the cytotoxicity and receptor binding activities of the TNF 
are unaffected; the ligand binding to the TNF such that the 
epitope of the TNF defined by the topographic regions of 
residues 1-30, 117-128 and 141-153 is substantially pre 
vented from binding to naturally occurring biologically 
active ligands. 
0026. In an eighth aspect the present invention consists of 
a ligand which binds to human TNF in the topographic 
regions of residues 1-30, 117-128 and 141-153. 
0027. In a preferred embodiment of the eighth aspect of 
the present invention the ligand binds to human TNF in the 
topographic regions of residues 1-26, 117-128 and 141-153. 
Such Sequence regions are topographically represented in 
FIG. 26. 

0028. In a preferred embodiment of the sixth, seventh and 
eighth aspects of the present invention the ligand is the 
monoclonal antibody designated MAb 32. A sample of the 
hybridoma producing MAb 32 was deposited with The 
European Collection of Animal Cell Cultures (ECACC), 
Vaccine Research and Production Laboratory, Public Health 
Laboratory Service, Centre for Applied Microbiology and 
Research, Porton Down, Salisbury, Wiltshire SP4 OJG, 
United Kingdom on Aug. 3, 1989 and was accorded acces 
Sion No. 8908O3O2. 

0029. In a ninth aspect the present invention consists in a 
composition comprising TNF in combination with a ligand 
of the Sixth, Seventh or eighth aspects of the present inven 
tion characterised in that the ligand is bound to TNF. No 
previous documentation of administering MAbs with TNF 
in order to modify activity of the administered cytokine 
exists. 
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0.030. In a tenth aspect the present invention consists in a 
method of treating tumours the growth of which is inhibited 
by TNF, comprising administering either the ligand of the 
Sixth, Seventh or eighth aspects of the present invention or 
the composition of the ninth aspect of the present invention. 

0031. In an eleventh aspect the present invention consists 
in a ligand which binds to residues 1-18 of human TNF 
(peptide 301). 

0032. In a twelfth aspect the present invention consists in 
a ligand capable of binding to human TNF, the ligand being 
characterized in that when it binds to TNF the induction of 
endothelial procoagulant activity of the TNF is inhibited; the 
binding of TNF to receptors on endothelial cells is inhibited; 
the induction of tumour fibrin deposition and tumour regreS 
sion activities of the TNF are enhanced; the cytotoxicity of 
the TNF are unaffected and tumour receptor binding activi 
ties of the TNF are unaffected or enhanced, the ligand 
binding to TNF such that the epitope of the TNF defined by 
the topographic region of residues 1-18 is Substantially 
prevented from binding to naturally occurring biologically 
active ligands. 

0033. In a thirteenth aspect the present invention consists 
in a composition comprising TNF in combination with a 
ligand of the eleventh or twelfth aspects of the present 
invention characterized in that the ligand is bound to the 
TNF 

0034. In a fourteenth aspect the present invention consists 
in a method of treating tumours the growth of which is 
inhibited by TNF, comprising administering either the ligand 
of the eleventh or twelfth aspect of the present invention or 
the composition of the thirteenth aspect of the present 
invention. 

0035) In a fifteenth aspect the present invention consists 
in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the cyto 
toxicity and tumour regression activities of the TNF are 
unaffected; the induction of endothelial procoagulant and 
induction of tumour fibrin deposition activities of the TNF 
are inhibited and receptor binding activities of the TNF are 
unaffected. 

0036). In a sixteenth aspect the present invention consists 
in a ligand capable of binding to human TNF, the ligand 
being characterized in that when it binds to TNF the cyto 
toxicity and tumour regression activies of the TNF are 
unaffected; the induction of endothelial procoagulant and 
induction of tumour fibrin deposition activities of the TNF 
are inhibited and the tumour receptor binding activities of 
the TNF are unaffected, the ligand binding to TNF such that 
the epitope of the TNF defined by the topographic regions of 
residues 22-40, 49-97, 110-127 and 136-153 is substantially 
prevented from binding to naturally occurring biologically 
active ligands. 

0037. In a seventeenth aspect the present invention con 
sists in a ligand which binds to human TNF in the topo 
graphic regions of residues 22-40, 49-97, 110-127 and 
136-153. Such Sequence regions are topographically repre 
Sented in FIG. 27. 

0.038. In a preferred embodiment of the seventeenth 
aspect of the present invention the ligand binds to human 
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TNF in the topographic regions of residues 22-40, 49-96, 
110-127 and 136-153. These regions being proximate in the 
3D structure of TNF alpha. 
0039. In a preferred embodiment of the fifteenth, six 
teenth and Seventeenth aspects of the present invention the 
ligand is the monoclonal antibody designated MAb 42. A 
sample of the hybridoma cell line producing MAb 42 was 
deposited with The European Collection of Animal Cell 
Cultures (ECACC), Vaccine Research and Production Labo 
ratory, Public Health Laboratory Service, Centre for Applied 
Microbiology and Research, Porton Down, Salisbury, Wilt 
shire SP4 OJG, United Kingdom on Aug. 3, 1989 and was 
accorded accession No. 89080304. 

0040. In an eighteenth aspect the present invention con 
Sists in a composition comprising TNF in combination with 
the ligand of the fifteenth, Sixteenth or Seventeenth aspects 
of the present invention, characterized in that the ligand is 
bound to the TNF 

0041. In a nineteenth aspect the present invention con 
Sists in a method of treating tumours inhibited by the action 
of TNF comprising administering the ligand of the fifteenth, 
Sixteenth or Seventeenth aspects of the present invention or 
the composition of the eighteenth aspect of the present 
invention. 

0042. In a twentieth aspect the present invention consists 
in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the tumour 
fibrin deposition activity of the TNF is enhanced; the induc 
tion of endothelial procoagulant activity of the TNF is 
unaffected and the cytotoxicity, tumour regression and 
receptor binding activities of the TNF are inhibited. 
0043. In a twenty-first aspect the present invention con 
Sists in a ligand capable of binding to human TNF, the ligand 
being characterized in that when it binds to TNF the tumour 
fibrin deposition activity of the TNF is enhanced; the induc 
tion of endothelial procoagulant activity of the TNF is 
unaffected and the cytotoxicity, tumour regression and 
tumour receptor binding activities of the TNF are inhibited, 
the ligand binding to TNF such that the epitope of the TNF 
defined by the topographic regions of residues 12-22, 36-45, 
96-105 and 132-157 is substantially prevented from binding 
to naturally occurring biologically active ligands. 

0044) In a twenty-second aspect the present invention 
consists in a ligand which binds to human TNF in the 
topographic regions of residues 12-22, 36-45, 96-105 and 
132-157. These regions are proximate in the 3D structure of 
TNF and are topographically represented in FIG. 28. 

0045. In a preferred embodiment of the twentieth, 
twenty-first and twenty-Second aspects of the present inven 
tion the ligand is the monoclonal antibody designated MAb 
25. A sample of the hybridoma cell line producing MAb 25 
was deposited with the European Collection of Animal Cell 
Cultures (ECACC), Vaccine Research and Production Labo 
ratory, Public Health Laboratory Service, Centre for Applied 
Microbiology and Research, Porton Down, Salisbury, Wilt 
shire SP4 OJG, United Kingdom on Dec. 14, 1989 and was 
accorded accession No. 89121401. 

0046. In a twenty-third aspect the present invention con 
Sists in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the tumour 
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fibrin deposition activity of the TNF is enhanced and the 
cytotoxicity, tumour regression, induction of endothelial 
procoagulant and receptor binding activities of the TNF are 
inhibited. 

0047. In a twenty-fourth aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
ligand being characterized in that when it binds to TNF the 
tumour fibrin deposition activity of the TNF is enhanced and 
the cytotoxicity, tumour regression, induction of endothelial 
procoagulant and tumour receptor binding activities of the 
TNF are inhibited, the ligand binding to the TNF Such that 
the epitope of the TNF defined by the topographic regions of 
residues 1-20 and 76-90 is substantially prevented from 
binding to naturally occurring biologically active ligands. 
0.048. In a twenty-fifth aspect the present invention con 
sists in a ligand which binds to human TNF in the topo 
graphic regions of residues 1-20 and 76-90. These regions 
are proximate in the 3D structure of TNF and are topo 
graphically represented in FIG. 29. 
0049. In a preferred embodiment of the twenty-fifth 
aspect of the present invention the ligand binds to TNF in the 
topographic regions of residues 1-18 and 76-90. 
0050. In a preferred embodiment of the twenty-third, 
twenty-fourth and twenty-fifth aspects of the present inven 
tion the ligand is the monoclonal antibody designated MAb 
21. A sample of the hybridoma cell line producing MAb 21 
was deposited with the European Collection of Animal Cell 
Cultures (ECACC), Vaccine Research and Production Labo 
ratory, Public Health Laboratory Service, Centre for Applied 
Microbiology and Research, Porton Down, Salisbury, Wilt 
shire SP4 OJG, United Kingdom on Jan. 25, 1990 and was 
accorded accession No. 90012432. 

0051. In a twenty-sixth aspect the present invention con 
Sists in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the fibrin 
deposition activity of the TNF is unaffected and the cyto 
toxicity, tumour regression, induction of endothelial proco 
agulant and tumour receptor binding activities of the TNF 
are inhibited. 

0.052 In a twenty-seventh aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
ligand being characterized in that when it binds to TNF the 
tumour fibrin deposition activity of the TNF is unaffected 
and the cytotoxicity, tumour regression, induction of endot 
helial procoagulant and receptor binding activities of the 
TNF are inhibited, the ligand binding to the TNF Such that 
the epitope of the TNF defined by the topographic regions of 
residues 22-40, 69-97, 105-128 and 135-155 is-substantially 
prevented from binding to naturally occurring biologically 
active ligands. 
0053. In a twenty-eighth aspect the present invention 
consists in a ligand which binds to human TNF in the 
topographic regions of residues 22-40, 69-97, 105-128 and 
135-155. These regions are proximate in the 3D structure of 
TNF and are topographically represented in FIG. 30. 
0054. In a preferred embodiment of the twenty-sixth, 
twenty-Seventh and twenty-eighth aspects of the present 
invention the ligand is the monoclonal antibody designated 
MAb 53. A sample of the hybridoma cell line producing 
MAb 53 was deposited with the European Collection of 
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Animal Cell Cultures (ECACC), Vaccine Research and 
Production Laboratory, Public Health Laboratory Service, 
Centre for Applied Microbiology and Research, Porton 
Down, Salisbury, Wiltshire SP4 OJG, United Kingdom on 
Jan. 25, 1990 and was accorded accession No. 90012433. 
0055. In a twenty-ninth aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
ligand being characterised in that when it binds to the TNF 
tumour fibrin deposition, induction of endothelial procoagul 
lant, cytotoxicity, tumour regression and receptor binding 
activities of the TNF are unaffected. 

0056. In a thirtieth aspect the present invention consists 
in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the tumour 
fibrin deposition, induction of endothelial procoagulant, 
cytotoxicity, tumour regression and receptor binding activi 
ties of the TNF are unaffected, the ligand binding to TNF 
such that the epitope of the TNF defined by the topographic 
regions of residues 22-31 and 146-157 is substantially 
prevented from binding to naturally occurring biologically 
active ligands. 
0057. In a thirty-first aspect the present invention consists 
in a ligand which binds to human TNF in the topographic 
regions of residues 22-31 and 146-157. These regions are 
proximate in the 3D structure of TNF and are typographi 
cally represented in FIG. 31. 
0058. In a preferred embodiment of the twenty-ninth, 
thirtieth and thirty-first aspects of the present invention the 
ligand is the monoclonal antibody designated MAb 37. A 
sample of the hybridoma cell line producing MAb 37 was 
deposited with the European Collection of Animal Cell 
Cultures (ECACC), Vaccine Research and Production Labo 
ratory, Public Health Laboratory Service, Centre for Applied 
Microbiology and Research, Porton Down, Salisbury, Wilt 
shire SP4 OJG, United Kingdom on Aug. 3, 1989 and was 
accorded accession No. 8908O303. 

0059. In a thirty-second aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
ligand being characterised in that when it binds to TNF the 
induction of endothelial procoagulant activity of the TNF is 
unaffected and the cytotoxicity, tumour regression, tumour 
fibrin deposition, and receptor binding activities of the TNF 
are inhibited. 

0060. In a thirty-third aspect the present invention con 
Sists in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the induc 
tion of endothelial procoagulant activity of the TNF is 
unaffected and the cytotoxicity, tumour regression, tumour 
fibrin deposition and receptor binding activities of the TNF 
are inhibited, the ligand binding to the TNF such that the 
epitope of the TNF defined by the topographic regions of 
residues 22-40 and 49-98 is substantially prevented from 
binding to naturally occurring biologically active ligands. 
0061. In a thirty-fourth aspect the present invention con 
sists in a ligand which binds to human TNF in at least one 
of the regions Selected from the group consisting of the 
topographic region of residues 22-40, the topographic region 
of residues 49-98 and the topographic region of residues 
69-97. 

0062. In a preferred embodiment of the thirty-fourth 
aspect of the present invention the ligand binds to human 
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TNF in the topographical region of residues 49-98. This 
region is topographically represented in FIG. 32. 
0.063. In a further preferred embodiment of the thirty 
fourth aspect of the present invention the ligand binds to 
human TNF in the topographic regions of residues 22-40 and 
70-87. These regions are proximate in the 3D structure of 
TNF and are topographically represented in FIG. 33. 
0064. In a preferred embodiment of the thirty-second, 
thirty-third and thirty-fourth aspects of the present invention 
the ligand is monoclonal antibody MAb 11 or MAb 12. 
0065. In a thirty-fifth aspect the present invention con 
Sists in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the induc 
tion of endothelial procoagulant activity of the TNF is 
inhibited. 

0.066. In a thirty-sixth aspect the present invention con 
Sists in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the induc 
tion of endothelial procoagulant activity of the TNF is 
inhibited, the ligand binding to TNF such that the epitope of 
the TNF defined by the topographical region of residues 
108-128 is prevented from binding to naturally occurring 
biologically active ligands. 
0067. In a thirty-seventh aspect the present invention 
consists in a ligand which binds to human TNF in the 
topographical region of residues 108-128. 
0068. In a preferred embodiment of the thirty-fifth, thirty 
Sixth and thirty-seventh aspects of the present invention the 
ligand is Selected from the group consisting of monoclonal 
antibodies designated MAb 1, MAb 32, MAb 42, MAb 47, 
MAb 53 and MAb 54. 

0069. The biological activities of TNF referred to herein 
by the terms “Tumour Regression”, “Induction of Endothe 
lial Procoagulant”, “Induction of Tumour-Fibrin Deposi 
tion”, “Cytotoxicity” and “Receptor Binding” are to be 
determined by the methods described below. 
0070 The term “single domain antibodies” as used herein 
is used to denote those antibody fragments Such as described 
in Ward etal (Nature, Vol. 341, 1989, 544-546) as suggested 
by these authors. 
0071. In order that the nature of the present invention 
may be more clearly understood, preferred forms thereof 
will now be described with reference to the following 
example and accompanying figures in which: 
0.072 FIG. 1 shows the results of a titration assay with 
MAb 1 against TNF; 
0073 FIG. 2 shows TNF MAb 1 scatchard plot and 
affinity determination; 

0074 FIG. 3 shows the effect of anti-TNF mono 
clonal antibodies 1 and 32 on TNF cytotoxicity in 
WEHI-164 cells; 

0075 FIG. 4 shows the effect of MAb 1 on TNF-induced 
regression of a Meth A Solid tumour, 
0076 FIG. 5 shows the effect of MAbs 1 and 25 on 
TNF-induced Meth AAScites tumour regression; 
0077 FIG. 6 shows the effect of anti-TNF MAbs on 
induction of endothelial cell procoagulant activity by TNF; 
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0078 FIG. 7 shows incorporation of labelled fibrinogen 
into tumours of tumour-bearing mice and the effect of 
anti-TNF MAbs; 
0079 
TNF; 

0080 FIG. 9 shows the effect of anti-TNF MAbs on 
TNF-induced regression of WEHI-164 tumours; 
0081 FIG. 10 shows the enhancement of TNF regression 
activity by MAb 32 in two experiments; 
0082 FIG. 11 shows the enhancement of TNF-induced 
tumour regression by MAb 32-dose response at day 1 and 
day 2, 
0.083 FIG. 12 shows binding of radio labelled TNF to 
receptors on bovine aortic endothelial cells, 
0084 FIG. 13 shows receptor binding studies of TNF 
complexed with MAb 32 (-0-), control antibody (----) 
and MAb 47 (--) on melanoma cell line NM418E; 
0085 FIG. 14 shows receptor binding studies of TNF 
complexed with MAb 32 (-0-), control antibody (----) 
0and MAb 47 (--) on melanoma cell line IGR3; 
0.086 FIG. 15 shows receptor binding studies of TNF 
completed with MAb 32 (-0-), control antibody (----) 
and MAb 47 (--) on bladder carcinoma cell line 5637; 
0087 FIG. 16 shows receptor binding studies of TNF 
completed with MAb 32 (-0-), control antibody (----) 
and MAb 47 (--) on breast carcinoma cell line MCF7; 
0088 FIG. 17 shows receptor binding studies of TNF 
complexed with MAb 32-0- control antibody -- and 
MAb 47 -- on colon carcinoma cell line B10; 

0089 FIG. 18 shows the effect on TNF-mediated tumour 
regression in vivo by MAb 32N control MAb D and MAb 
47 (*); 
0090 FIG. 19 shows the effect on TNF-mediated tumour 
regression in vivo by control MAb, MAb 32 and univalent 
FAb' fragments of MAb 32; 
0091 FIG. 20 shows the effect on TNF induced tumour 
regression by control MAb MAb 32 Z and peptide 301 
antiserum; 

0092 FIG. 21 shows MAb 32 reactivity with overlap 
ping peptides of 10 AA length; and 

0093 FIG. 22 shows a schematic three dimensional 
representation of the TNF molecule. 
0094 FIG. 23 shows topographically the region of resi 
dues 1-20, 56-77, 108-127 and 138-149; 

FIG. 8 is a schematic representation of epitopes on 

0095 FIG. 24 shows topographically the region of resi 
dues 1-18 and 108-128; 
0096 FIG. 25 shows topographically the region of resi 
dues 56-79, 110-127 and 136-155; 
0097 FIG. 26 shows topographically the region of resi 
dues 1-26, 117-128 and 141-153; 
0098 FIG. 27 shows topographically the region of resi 
dues 22-40, 49-97, 110-127 and 136-153; 
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0099 FIG. 28 shows topographically the region of resi 
dues 12-22, 36-45, 96-105 and 132-157; 
0100 FIG. 29 shows topographically the region of resi 
dues 1-20 and 76-90; 
0101 FIG. 30 shows topographically the region of resi 
dues 22-40, 69-97, 105-120 and 135-155; 
0102 FIG. 31 shows topographically the region of resi 
dues 22-31 and 146-157; 
0103 FIG. 32 shows topographically the region of resi 
dues 49-98; 
0104 FIG. 33 shows topographically the region of resi 
dues 22-40 and 70-87; 

0105 FIG. 34 shows results of an ELISA using samples 
containing varying levels of TNF; and 

01.06 FIG. 35 shows the effect of VHP3-VA2 on anti 
tumour activity of TNF. 
0107 Animals and Tumour Cell Lines 
0108. In all experiments BALB/C female mice aged 
10-12 weeks obtained from the CSIRO animal facility were 
used. Meth A Solid tumour and Meth A ascites tumour cell 
lines were obtained from the laboratory of Dr. Lloyd J. Old 
(Sloan Kettering Cancer Centre) and the WEHI-164 fibro 
sarcoma line was obtained from Dr. Geeta Chauhdri (John 
Curtin School of Medical Research, Australian National 
University). 

0109 Fusions and Production of Hybridomas 
0110 Mice were immunised with 10 ug human recom 
binant TNF intra-peritoneally in Freund's complete adju 
vant. One month later 10 ug TNF in Freund's incomplete 
adjuvant was administered. Six weeks later and four days 
prior to fusion selected mice were boosted with 10 ug TNF 
in PBS. Spleen cells from immune mice were fused with the 
myeloma Sp2/0 according to the procedure of Rathjen and 
Underwood (1986, Mol. Immunol. 21,441). Cell lines found 
to secrete anti-TNF antibodies by radioimmunoassay were 
Subcloned by limiting dilution on a feeder layer of mouse 
peritoneal macrophages. Antibody Subclasses were deter 
mined by ELISA (Misotest, Commonwealth Serum Labo 
ratories). 
0111 Radioimmunoassay 
0112 TNF was iodinated using lactoperoxidase accord 
ing to Standard procedures. Culture Supernatants from hybri 
domas (50 ul) were incubated with 125I TNF (20,000 cpm 
in 50 ul) overnight at 4 C. before the addition of 100 ul 
Sac-Cel (donkey anti-mouse/rat immunoglobulins coated 
cellulose, Wellcome Diagnostics) and incubated for a further 
20 minutes at room temperature (20° C.). Following this 
incubation 1 ml of PBS was added and the tubes centrifuged 
at 2,500 rpm for 5 minutes. The Supernatant was decanted 
and the pellet counted for bound radioactivity. 
0113 Antibody-Antibody Competition Assays 
0114. The comparative specificites of the monoclonal 
antibodies were determined in competition assays using 
either immobilized antigen (LACT) or antibody (PACT) 
(Aston and Ivanyi, 1985, Pharmac. Therapeut. 27, 403). 
PACT 
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0115 Flexible microtitre trays were coated with mono 
clonal antibody (Sodium Sulphate precipitated globulins 
from mouse ascites fluid, 100 micrograms per ml in Sodium 
bicarbonate buffer, 0.05M, pH 9.6) overnight at 4 C. prior 
to blocking non-specific binding Sites with 1% bovine Serum 
albumin, in PBS (BSA/PBS). The binding of 125I TNF to 
immobilised antibody was determined in the presence of 
varying concentrations of a Second anti-TNF monoclonal 
antibody. Antibody and TNF were added simultaneously and 
incubated for 24 hours prior to washing with PBS (0.4 times) 
and counting wells for bound radioactivity. 100% binding 
was determined in the absence of heterologous monoclonal 
antibody while 100% competition was determined in the 
presence of exceSS homologous monoclonal antibody. All 
dilutions were prepared in BSA/PBS. 
0116 Lact 
0117 The binding of protein A purified, radiolabelled 
monoclonal antibodies to TNF coated microtitre wells was 
determined in the presence of varying concentrations of a 
Second monoclonal antibody. Microtitre plates were coated 
with TNF (50 micrograms per ml) as described above. 
Quantities of competing antibodies (50 microlitres) were 
pre-incubated on plates for 4-hour at 4 C. prior to addition 
of 125I monoclonal antibody (30,000 cpm) for a further 24 
hours. Binding of counts to wells was determined after four 
washes with PBS. 100% binding was determined in the 
absence of competing antibody while 100% competition was 
determined in the presence of exceSS unlabelled monoclonal 
antibody. 

0118 WEHI-164 Cytotoxicity Assay 
0119) Bioassay of recombinant TNF activity was per 
formed according to Espevik and Nissen-Meyer (1986, J. 
Immunol. Methods 95, 99). The effect of the monoclonal 
antibody on TNF activity was determined by the addition of 
the monoclonal antibody to cell cultures at ABT90. 
0120 Tumour Regression Experiments 

0121 Modulation of TNF-induced tumour regression 
activity by monoclonal antibodies was assessed in three 
tumour models: the Subcutaneous tumours WEHI-164 and 
Meth. A sarcoma and the asciitic Meth. A tumour. Subcuta 
neous tumours were induced by the injection of approxi 
mately 5x10 cells. This produced tumours of between 
10-15 mm approximately 14 days later. Mice were injected 
intra-peritoneally with human recombinant TNF (10 micro 
grams) plus monoclonal antibody (200 microlitres ascites 
globulin) for four consecutive days. Control groups received 
injections of PBS alone or TNF plus monoclonal antibody 
against bovine growth hormone. At the commencement of 
each experiment tumour size was measured with caliperS in 
the case of Solid tumours or tumour-bearing animals 
weighed in the case of ascites mice. These measurements 
were taken daily throughout the course of the experiment. 
0.122 Radio-Receptor Assays 
0123 WEHI-164 cells grown to confluency were scrape 
harvested and washed once with 1% BSA in Hank's bal 
anced salt solution (HBSS, Gibco). 100 ul of unlabelled TNF 
(1-10,000 ng/tube) or monoclonal antibody (10 fold dilu 
tions commencing 1 in 10 to 1 in 100,000 of ascetic 
globulin) was added to 50 ul 125ITNF (50,000 cpm). WEHI 
cells were then added (200 microlitres containing 2x10' 
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cells). This mixture was incubated in a shaking water bath at 
37 C. for 3 hours. At the completion of this incubation 1 ml 
of HBSS was added and the cells spun at 16,000 rpm for 30 
Seconds. The Supernatant was discarded and bound 125I 
TNF in the cell pellet counted. All dilutions were prepared 
in HBSS containing 1% BSA. 
0.124 Procoagulant Induction by TNF on Endothelial 
Cells 

0125 Bovine aortic endothelial cells (passage 10) were 
grown in RPMI-1640 containing 10% foetal calf serum 
(FCS), penicillin, Streptomycin, and 2-mercaptoethanol at 
37 C. in 5% CO. For induction of procoagulant activity by 
TNF the cells were trypsinised and plated into 24-well 
CoStar trays according to the protocol of Bevilacqua et al., 
1986 (PNAS 83, 4533). TNF (0-500 units/culture) and 
monoclonal antibody (1 in 250 dilution of ascitic globulin) 
was added after Washing of the confluent cell monolayer 
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of 125I fibrinogen into mouse tissue was determined by 
removing a piece of tissue, weighing it and counting the 
Sample in a gamma counter. 
0128. In all 13 monoclonal antibodies reacting with 
human TNF were isolated. These monoclonal antibodies 
were designated MAb 1, MAb 11, MAb 12, MAb 20, MAb 
21, MAb 25, to MAb 31, MAb 32, MAb 37, MAb 42, MAb 
47, MAb 53 and MAb 54 The effect of these monoclonal 
antibodies on the bioactivity of human TNF is set out in 
Table 2. 

0129. As can be seen from Table 2, whilst some mono 
clonal antibodies inhibit both anti-tumour activity and acti 
vation of coagulation by human TNF (MAb 1, 47 and 54) 
not all antibodies which inhibit the anti-tumour activity 
inhibit activation of coagulation either in vitro or in vivo 
(MAb 11, 12, 25 and 53). Indeed MAb 21 which inhibited 
tumour regression enhanced the activation of coagulation in 
WVO. 

TABLE 2 

EFFECT OF MONOCLONAL ANTIEODIES ON TNF BOACTIVITY 

MONOCLONAL ANTIBODY 

TNF BOACTIVITY 1 11 12 20 21 25 31 32 37 42 47 53 54 

Cytotoxicity - - - O - - O O O O - - - 
Tumour Regression - - - O - - 0 + 0 O - - - 
Induction of - O O - - O O - O - - - - 
Procoagulant 
(Endothelial 
Fibrin Deposition - - - + + + + + 0 - - O - 
(tumour) 
Receptor Binding - - - O - - 0 +f O O - - - 
(WEHI-164) O: 

+ Enhancement 
ONo effect 
- Inhibition 
* Depending on MAb concentration in the case of WEHI - 164 tumour cells and tumour 
type (see FIGS. 3, 13-17). 

with HBSS. After 4 hours the cells were scrape harvested, 
frozen and Sonicated. Total cellular procoagulant activity 
was determined by the recalcification time of normal donor 
platelet-poor plasma performed at 37 C., 100 microlitres of 
citrated platelet-poor plasma was added to 100 ul of cell 
lysate and 100 ul of calcium chloride (30 mM) and the time 
taken for clot formation recorded. In Some experiments 
tumour cell culture Supernatant was added to endothelial 
cells treated with TNF and/or monoclonal antibody (final 
concentration of 1 in 2). 
0.126 Incorporation of 125I Fibrinogen into Tumours of 
Mice Treated with TNF and Monoclonal Antibody 

0127. In order to examine the effect of TNF and mono 
clonal antibodies on fibrin formation in vivo, BALB/c mice 
were injected subcutaneously with WEHI-164 cells (10 
cells/animal). After 7-14 days, when tumours reached a size 
of approximately 1 cm in diameter, animals were injected 
intra-peritoneally with TNF (10 ug/animal) and 125I human 
fibrinogen (7.5 ug/animal, 122 uCi/mg Amersham) either 
alone or in the presence of monoclonal antibody to human 
TNF (200 ul/animal ascitic globulin). Monoclonal antibody 
against bovine growth hormone was used as control mono 
clonal antibody. Two hours after TNF infusion incorporation 

0130 MAbs 1,47 and 54, which have been shown in to 
competition binding Studies to share an epitope on TNF, can 
be Soon to have highly desirable characteristics in treatment 
of toxic shock and other conditions of bacterial, Viral and 
parasitic infection where TNF levels are high requiring 
complete neutralisation of TNF. Other monoclonal antibod 
ies Such as Mb 32 are more appropriate as agents for 
coadministration with TNF during cancer therapy Since they 
do not inhibit tumour regression but do inhibit activation of 
coagulation. This form of therapy is particularly indicated in 
conjunction with cytotoxic drugs used in cancer therapy 
which may potentiate activation of coagulation by TNF (e.g. 
vinblastin, acyclovir, IFN alpha, IL-2, actinomycin D, AZT, 
radiotherapy, adriamycin, mytomycin C, cytosine arabino 
Side, dounorubicin, cis-platin, Vincristine, 5-flurouracil, 
bleomycin, (Watanabe N et al 1988 Immunopharmacol. 
Immunotoxicol. 10 117-127) or in diseases where at certain 
stages TNF levels are low (e.g. AIDS) and where individuals 
may have AIDS associated cancer e.g. Kaposi Sarcoma, 
non-Hodgkins lymphoma and Squamous cell carcinoma. 
0131 Monoclonal antibody MAb 1 has been found to 
have the following characteristics: 

0132 1. Binds human recombinant TNF alpha, but 
not human lymphotoxin (TNF beta) or human inter 
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feron. Similarly MAb 1 does not cross-react with 
recombinant murine TNF (FIG. 1). 

0.133 2. MAb 1 is of the immunoglobulin type 
IgG1, K with an apparent affinity of 4.4x10 moles/ 
litre (FIG. 2). 

0.134 3. MAb neutralises the cytotoxic effect of 
recombinant human TNF on WEHI-164 mouse fib 
rosarcoma cells in culture. One microgram of MAb 
1 neutralizes approximately 156.25 units of TNF in 
vitro (FIG. 3). 

0.135 4. MAb 1 neutralises the tumour regression 
activity of TNF in the following mouse tumour 
models in vivo; WEHI-164 Subcutaneous Solid 
tumour, the Meth A Subcutaneous Solid tumour and 
the Meth A ascites tumour (FIGS. 4, 5 and 9). 

0.136 5. MAb1 prevents cerebral damage caused by 
human TNF in mice infected with malarial parasites. 

0.137 6. In radioreceptor assays MAb 1 prevents 
binding of TNF to receptors on WEHI-164 cells 
(Table 3). 

0.138 7. MAb 1 inhibits the induction of procoagul 
lant activity (tissue factor) on cultured bovine aortic 
endothelial cells (FIG. 6). 

0139 8. MAb 1 reduces the uptake of 125I fibrino 
gen into tumours of mice treated with TNF (FIG. 7). 

0140) 9. MAb 1 competes for binding of 125I TNF 
and thus shares an overlapping epitope with the 
following monoclonal antibodies: 21, 25, 32, 47, 54 
and 37. 

0141 10. MAb 1 does not compete for binding of 
125ITNF with the following monoclonal antibodies: 
11, 12, 42, 53, 31 and 20 (FIG. 8). 

TABLE 3 

RADIORECEPTOR ASSAY: 
INHIBITION OF TNF BINDING TO 

WEHI-164 CELLS BY Mab 1 

TREATMENT % SPECIFIC BINDING 

MAb, 1 1/10 O 
1/100 21 
1/1,000 49 
1/10,000 73 
1/100,000 105 
cold TNF (ng/tube) 

10,000 O 
5,000 O 
1,000 O 
500 1O 
1OO 11 
1O 64 
1. 108 
O 1OO 

0142 MAb32 is an IgG2b, Kantibody with an affinity 
for human TNF alpha of 8.77x10 moles/litre as deter 
mined by Scatchard analysis. This monoclonal antibody 
does not react with either human TNF beta (lymphotoxin.) 
or mouse TNF alpha. 
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0143. As shown in FIG.3 MAb 32 does not inhibit TNF 
cytotoxicity in vitro as determined in the WEHI-164 assay. 
0144) Monoclonal antibody 32 variably enhances TNF 
induced tumour regression activity against WEHI-164 fib 
rosarcoma tumours implanted Subcutaneously into BALB/c 
mice at a TNF dose of 10 ug/day (see FIGS. 10 and 11). 
This feature is not common to all monoclonal antibodies 
directed against TNF (FIG. 9) but resides within the binding 
site specificity of MAb 32 (FIG. 8) which may allow greater 
receptor mediated uptake of TNF into tumour cells (see 
Table 4). 

TABLE 4 

BINDING OF TNFTO RECEPTORS ON WEHI-164 CELLS 
IN THE PRESENCE OF MAb 32 

% BINDINGI-TNF 

MAB DLUTION CONTROL MAB MAB 32 

1/10 36 141 
1/100 74 88 
1/1OOO 101 83 
1/10,000 92 82 
1/100,000 97 93 

0145 Enhancement of TNF activity by MAb 32 at lower 
doses of TNF is such that at least tenfold less TNF is 
required to achieve the same degree of tumour regression 
(see FIGS. 11 and 18). The results for day 1, 2.5ug and lug 
TNF and day 2, 5 ug, 2.5 ug and lug are statistically 
significant in a t-test at p-0.01 level. This level of enhance 
ment also increases the Survival rate of recipients Since the 
lower dose of TNF used is not toxic. F.G. 19 shows that 
univalent Fab fragments of MAb 32 also cause enhancement 
of TNF-induced tumour regression in the same manner as 
whole MAb 32 (see below). 
0146 MAb 32 inhibits the expression of clotting factors 
on endothelial cells normally induced by incubation of the 
cultured cells with TNF (see FIG. 6). This response may be 
mediated by a previously unidentified TNF receptor which 
is distinct to the receptor found on other cells. 

0147 Conversely, MAb 32 enhances the in vivo activa 
tion of coagulation within the tumour bed as shown by the 
incorporation of radiolabelled fibrinogen (FIG. 7). This may 
be due to activation of monocytes/macrophage procoagulant 
and may provide further insight into the mechanism of 
TNF-induced tumour regression. 

0148. The results obtained with MAb 32 are shown in 
comparison to other anti-TNF MAbs in Table 2. 

0149 The ability of MAb 32 and MAb 47 to inhibit the 
binding of TNF to endothelial cells was also assessed. 
Bovine aortic endothelial (BAE) cells (passage 11) were 
plated in 24-well culture dishes (Corning) which had been 
pre-coated with gelatin (0.2%) and grown to confluence in 
McCoys 5A (modified) medium supplemented with 20% 
foetal calf Serum. For the radio-receptor assay all dilutions 
(of cold TNF and MAbs) were made in this medium. The 
RAE cells were incubated for one hour in the presence of 
either cold TNF (0 to 100 ng) or MAb (ascites globulins 
diluted /100 to /100,000) and iodinated TNF (50,000 cpm). At 
the end of this time the medium was withdrawn and the cells 
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washed before being lysed with 1M sodium hydroxide. The 
cell lysate was then counted for bound radioactive TNF. 
Specific binding of labelled TNF to the cells was then 
determined. 

0150. The results obtained in this assay with-MAb 32, 
MAb 47 and a control MAb are set out in FIG. 12. 

0151. The results obtained in the clotting assay using 
BAE cells cultured in the presence of TNF and anti-TNF 
MAb correlate with the results obtained in the BAE radiore 
ceptor assay i.e. MAbs which inhibit the induction of 
clotting factors on the Surface of endothelial cells (as shown 
by the increase in clotting time compared to TNF alone) also 
inhibit the binding of TNF to its receptor. This is exemplified 
by MAbs 32 and 47. 
0152 MAb 32, which does not inhibit TNF binding to 
WEHI-164 cells, does inhibit binding of TNF to endothelial 
cells. This result provides support for the hypothesis that 
distinct functional sites exist on the TNF molecule and that 
these Sites interact with distinct receptor Subpopulations on 
different cell types. Thus ligands which bind to defined 
regions of TNF are able to modify the biological effects of 
TNF by limiting its binding to particular receptor subtypes. 

0153. As shown in FIG. 12 MAb 47 is a particularly 
potent inhibitor of TNF interaction with endothelial cells, 
the percentage Specific binding at a dilution of /100 to /10,000 
being effectively Zero. 

0154) Receptor Binding Studies of Human TNF Com 
plexed with MAb 32 on Human Carcinoma Cell Lines in 
vitro 

0155 MAb 32 has been shown to enhance the anti 
tumour activity of human TNF. The mechanisms behind the 
enhancement may include restriction of TNF binding to 
particular (tumour) receptor Subtypes but not others (endot 
helial) with Subsequent decrease in TNF toxicity to non 
tumour cells. This mechanism does not require enhanced 
uptake of TNF by tumour cells in in vitro assays. In addition, 
MAb 32 also potentiates the binding of human TNF directly 
to TNF receptors on certain human carcinoma cell lines. 
0156) Materials and Methods 
O157 The following human carcinoma cell lines have 
been assayed for enhanced receptor-mediated uptake of TNF 
in the presence of MAb 32; B10, CaCo, HT 29, SKCO1 (all 
colon carcinomas), 5637 (Bladder carcinoma), MM418E 
(melanoma), IGR3 (melanoma), MCF7 (breast carcinoma). 
The cells were propogated in either RPMI-1640 (MM418E) 
DMEM (CaCo and IGR 3) or Iscoves modified DMEM 
(B10 HT 29, SK01, S637, MCF 7) supplemented with 10% 
foetal calf Serum, penecillin/streptomycin and L-glutamine. 
Receptor assays were performed as previously described for 
endothelial cells except that the incubation time with iodi 
nated TNF was extended to 3 hours for all but the B10 cells 
for which the radiolabel was incubated for 1 hour. 

0158 Results 
0159. Enhanced TNF uptake was observed in the pres 
ence of MAb32 by the melanoma cell lines tested MH418E 
and IGR 3 (FIGS. 13 and 14), the bladder carcinoma 5637 
(FIG. 15), and the breast carcinoma MCF7 (FIG.16). MAb 
32 did not affect TNF-receptor interaction in any of the other 
cell lines as shown by B 10 (FIG. 17) MAb 47, which has 
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been shown to inhibit TNF binding to WEHI-164 cells and 
endothelial cells, and which also inhibits TNF-mediated 
tumour regression was found to markedly inhibit TNF 
binding to all the cell lines tested (FIGS. 13-17). 
0160 Conclusions 
0.161 Receptor binding analyses have indicated a second 
mechanism whereby MAb 32 may potentiate the anti 
tumour activity of TNF. This second pathway for enhance 
ment of TNF results from increased uptake of TNF by 
tumour all receptors in the-presence of MAb 32. 
0162 Enhancement of TNF-Mediated Tumour Regres 
sion in vivo MAb 32 or Univalent Fab'Fragments of MM32 
0163 Tumour regression studies were carried out as 
described above in mice carrying WEHI-164 Subcutaneous 
tumours (N=5 animals/group). Tumour size was determined 
daily during the course of the experiment. The results 
obtained using MAb 32 are set out in FIG.22 and show the 
mean +/- SD 76 change in tumour area at the completion of 
treatment (day 2) ( MAb 32: &control MAb: *MAb 47). 
Differences observed between control MAb-TNF and MAb 
32-TNF treated groups are statistically significant in a T-test 
at the p--0.01 level. 
0164. The results using the univalent FAb' fragments of 
MAb 32 are shown in FIG. 19. Tumour size was determined 
daily during the course of the experiment. The results show 
the mean SD 7% change in tumour area at the completion of 
treatment (day 2). Differences between the control MAb 
10F and MAb 32-TNF treated groups are statistically sig 
nificant in a T-test at the P-40.01 level 

0165 TNF Induced Tumour Regression Effect of Anti 
Peptide 301 Sera 
0166 FIG. 20 shows the percent change in tumour area 
in tumour-bearing mice treated for three days with TNFplus 
control MAb (antibody against bovine growth hormone), 
TNFplus MAb 32 or TNFplus antiserum (globulin fraction) 
against peptide 301. In an unpaired T-test the control group 
is significantly different from both of the test groups (MAb 
32, antiserum 301) while the MAb32 and peptide antiserum 
301 groups are not significantly different from each other. 
(control vs MAb 32, p<0.002; control vs antipeptide 301, 
p<0.025). Thus antisera raised using a peptide which com 
prises part of the MAb 32 specificity, also causes TNF 
enhancement of tumour regression. 
0.167 As shown in FIG. 9 competition binding studies 
has shown that the thirteen monoclonal antibodies can be 
Sub-divided into two main groups, namely MAbs 1, 21, 47, 
54, 37, 32 and 25 and MAbs 11, 12, 53 and 42. Experiments 
were then conducted-to identify-the regions on human TNF 
recognised by these monoclonal antibodies. 
0168 Identification of Regions on Human TNF Recog 
nised by Monoclonal Antibodies 
0169 Methods 
0.170) 1. Overlapping peptides of 7 and 10 amino acid 
residues long were Synthesized on polypropylene pins 
according to the method of Geysen et al., 1984, PNAS 81, 
3998-4002. The overlap was of 6 and 9 residues respectively 
and collectively the peptides covered the entire TNF amino 
acid Sequence. The peptides were tested for reactivity with 
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the MAbs by ELISA. MAbs which had TNF reactivity 
absorbed from them by prior incubation with whole TNF 
were also tested for reactivity with the peptides and acted as 
a negative control. 
0171 2. Longer peptides of TNF were synthesized as 
described below. These peptides were used to raise antisera 
in sheep using the following protocol. Merino sheep were 
primed with TNF peptide conjugated to ovalbumin and 
emulsified in Freunds Complete adjuvant and boosted at 4 
weekly intervals with peptide-ovalbumin and Sera assayed 
for the presence of anti-TNF antibody by radioimmunoas 
say. Of the peptides shown only peptides 275,301, 305,306 
and 307 elicited Sera reacting with whole TNF. The positive 
Sera were then used in competitive binding assays (PACT 
assays) with the MAbs. 
0172 The following peptides were synthesised and are 
described using the conventional three letter code for each 
amino acid with the TNF Sequence region indicated in 
brackets. 

0173 Peptide 275 
0174 H-Ala-Lys-Pro-Trp-Tyr-Glu-Pro-Ile-Tyr-Leu 
OH (111-120) 

0175 Peptide 301 
0176 H-Val-Arg-Ser-Ser-Ser-Arg-Thr-Pro-Ser-Asp 
Lys-Pro-Val-Ala-His-Val-Val-Ala-OH (1-18) 

0177 Peptide 302 
0.178 H-Leu-Arg-Asp-Asn-Gln-Leu-Val-Val-Pro-Ser 
Glu-Gly-Leu-Tyr-Leu-Ile-OH (43-58) 

0179 Peptide 304 
0180 H-Leu-Phe-Lys-Gly-Gln-Gly-Cys-Pro-Ser-Thr 
His-Val-Leu-Leu-Thr-His-Thr-Ile-Ser-Arg-Ile-OH (63 
83) 

0181 Peptide 305 
0182 H-Lou-Ser-Ala-Glu-Ile-Asn-Arg-Pro-Asp-Tyr 
Leu-Asp-Phe-Ala-Glu-Ser-Gly-Gln-Val-OH (132-150) 

0183) Peptide 306 

0.184 H-Val-Ala-His-Val-Val-Ala-Asn-Pro-Gln-Ala 
Glu-Gly-Gln-Leu-OH (13-26) 

0185. Peptide 307 
0186 H-Ala-Glu-Gly-Gln-Leu-Gln-Trp-Leu-Asn 
Arg-Arg-Ala-ASn-Ala-Leu-Leu-Ala-ASn-Gly-OH (22 
40) 

0187 Peptide 308 
0188 H-Gly-Leu-Tyr-Leu-Ile-Tyr-Ser-Gln-Val-Leu 
Phe-Lys-Gly-Gln-Gly-OH (54-68) 

0189 Peptide 309 
0190. H-His-Val-Leu-Leu-Thr-His-Thr-Ile-Ser-Arg 
Ile-Ala-Val-Ser-Thr-Gln-Thr-Lys-Val-Asn-Leu-Leu 
COOH (73-94) 

0191) Peptide 323 
0192 H-Thr-Ile-Ser-Arg-Ile-Ala-Val-Ser-Thr-Gln 
Thr-OH (79-89) 
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0193 These peptides were synthesised using the follow 
ing general protocol. 

0194 All peptide were synthesised using the Fmoc 
polyamide method of Solid phase peptide Synthesis (Ather 
ton et al., 1978, J. Chem. Soc. Chem. Commun., 13, 537 
539). The solid resin used was PepSyn KA which is a 
polydimethylacrylamide gel on Kieselguhr Support with 
4-hydroxymethylphenoxy-acetic acid as the functionalised 
linker (Atherton et al., 1975, J. Am. Chem. Soc. 2, 6584 
6585). 
0.195 The carboxy terminal amino acid was attached to 
the solid support by a DCC/DMAP-mediated symmetrical 
anhydride esterification. 

0.196 All Fmoc-groups were removed by piperidine/ 
DMF wash and peptide bonds were formed either via 
pentafluorophenyl active esters or directly by BOP/NMM/ 
HOBt (Castro's reagent) (Fournier et al., 1989, Int. J. Peptide 
Protein Res., 3, 133-139) except for certain amino acids as 
specified in Table 5. 

0197) Side chain protection chosen for the amino acids 
was removed concomittantly during cleavage with the 
exception of Acm on cysteine which was left on after 
Synthesis. 

TABLE 5 

Amino Acid Protecting Group Coupling Method 

Arg Mtr or Pmc Either 
Asp OBut Either 
Cys Acm (permanent) Either 
Glu OBut Either 
His Boc OPfp only 
Lys Boc Either 
Ser But BOP only 
Thr But BOP only 
Tyr But Either 
Trp Ole Either 
Asn Ole OPfp only 
Glin Ole OPfp only 

0198 Cleavage and Purification 

0199 Peptide 301, 302, 305 are cleaved form the resin 
with 95% TFA and 51 thioanisole (1.5 h) and purified on 
reverse phase C4 column, (Buffer A-0.1% aqueous TFA, 
Buffer B-80% ACN 20% A). 
0200 Peptide 303, 304 are cleaved from the resin with 
95% TFA and 5% phenol (5-6 h.) and purified on reverse 
phase C4 column. (Buffers as above). 
0201 Peptide 306, 308 are cleaved from the resin with 
95% TFA and 5% water (1.5 h) and purified on reverse phase 
C4 column. (Buffers as above). 
0202) Peptide 309 Peptide was cleaved from the resin 
with 95% TFA and 5% thioanisole and purified on reverse 
phase C4 column. (Buffers as above). 
0203 Peptide 307 Peptide was cleaved from the resin 
with a mixture of 93% TFA, 3.1% Anisole, 2.97% Ethylm 
ethylsulfide and 0.95%. Ethanedithiol (3 h) and purified on 
reverse phase C4 column. (Buffers as above). 
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0204 Results 

0205 Typical results of MAb ELISA using the 7 and 10 
mers are shown in FIG. 21. Together with the results of 
PACT assays using the sheep anti-peptide Sera (shown in 
Table 6) the following regions of TNF contain the binding 
Sites of the anti-TNF MAbs. 

0206 MAb 1: residues 1-18, 58-65, 115-125, 138 
149 

0207 MAb 11: residues 49-98 

0208 MAb 12: residues 22-40, 70-87 

0209 MAb 21: residues 1-18, 76-90 

0210 MAb 25: residues 12-22, 36-45,96-105, 132 
157 

0211 MAb 32: residues 1-26, 117-128, 141-153 

0212 MAb 37: residues 22-31, 146-157 

0213 MAb 42: residues 22-40, 49-96, 110-127, 
136-153 

0214) MAb 47: residues 1-18, 108-128 

0215 MAb 53: residues 22-40, 69-97, 105-128, 
135-155 

0216) MAb 54; residues 56-79, 110-127, 136-155 

TABLE 6 

COMPETITIVE BINDING OF TNF 
BY ANT-TNF MONOCLONES 

INTHE PRESENCE OF ANTIPEPTIDE SERA 

MAB/PEPTIDE SERA 275 3O1 305 306 307 

1. -- 

11 +f- 
12 -- ---- 

21 ---- 

25 -- 
32 -------- -- 

37 -- +f- -- 

47 -- 

53 -- -- 

54 -- 

42 -- -- 

Note 1: 

- indicates no competition, + indicates slight competititon at high concen 
tration of anti-peptide antisera (1/50), ++++ indicates trong competition by 
anti-peptide sera equal to that of the homologous MAb. 
Note 2: 

Only peptide which elicited sera recognising whole TNF were used in this 
assay. 

0217. As will be understood by persons skilled in this 
field the ligands of the present invention can be used in 
assays of biological fluids for detecting the presence of and 
quantifying the concentration of TNF in a Sample. One 
means by which this may be achieved is by using the ligands 
of the present invention in conventional ELISAS. Set out 
below is an example of Such an assay. 
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TNF ELISA 
REAGENTS 

CARBONATE COATING BUFFER, pH 9.6 

Na,CO. 1.6 g. 
NaHCO 2.9 g Add 800 mL dH.O, pH to 9.6 

then make to 1 L with dHO 
BLOCKING BUFFER 

BSA 1 g 
PBS 100 mL. Add BSA to PBS and allow 

to dissolve fully before 
using. Store at 4 C. 

WASH BUFFER (0.05% Tween/PBS) 

Tween 20 0.5 g. 
PBS 1 L Add Tween to PBS and mix 

thoroughly before use 
CITRATE BUFFER 

Citric Acid. 2.1 g in 50 mL Add solutions together 
1HO dHO and adjust 
TriSodium 1.47 g in 50 mL pH to 4.0–4.2 
Citrate 2HO dHO 

NB: All incubations can be carried out at 4 C. overnight OR at room 
temperature for 2 hrs OR at 37 C. for 1 hr. 

0218 Method 
0219 Coat ELISA plates with equal proportions of 
MAb1, MAb32 and MAb54 to human TNF in car 
bonate coating buffer. The total immunoglobulin 
concentration should be 20 tug/mL and 100 till is 
added to each well. Cover plates and incubate. 

0220 Wash plates 3x with PBS/Tween. 

0221) 
buffer 

Incubate plates with 250 u/well blocking 

0222 Wash plates 3x with PBS/Tween. 
0223) Add 100 till sample or TNF standards, diluted 
in blocking buffer where required, to plates, then 
cover and incubate. 

0224 Wash plates 3x with PBS/Tween. 
0225. Add 100 uL biotinylated antibody mix (equal 
proportions of biotinylated monoclonal antibodies 
11 & 42 to human TNF) at a final concentration of 10 
tug/mL in blocking buffer to each well, cover and 
incubate. 

0226 Wash plates 3x with PBS/Tween. 
0227 Add 100 u/well streptavidin-peroxidase 
(Amersham product no. RPN 1231) at /3,000 in 
blocking buffer, then cover and-incubate. 

0228 Wash plates 3x with PBS/Tween. 
0229. Add 100 u/well biotinylated anti-stretpavi 
din monoclonal antibody (Jackson Immunoresearch) 
at /40,000 in blocking buffer, cover and incubate. 

0230 Wash plates 3x with PBS/Tween. 
0231. Add 100 u/well streptavidin-peroxidase at 

/2,000 in blocking buffer, cover and incubate. 
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0232 Wash plates 3x with PBS/Tween. 
0233 Add 100 u/well peroxidase substrate 
(ABTS) at 1 mg/mL in citrate buffer containing 0.3 
tul /ml H2O and leave to incubate at room tempera 
ture for up to 1 hour. 

0234 NB: Substrate solution should be prepared imme 
diately prior to use. 

0235 Read absorbance at 405 mm, and compare 
sample readings with TNF standard curve to deter 
mine TNF levels. 

BIOTINYLATION OF IgG 

50 mM BICARBONATE BUFFER, pH 8.5 

Na2CO 
NaHCO 

1.6 g. 
2.9 g In 1 L dH2O, adjust pH 

with HC 
0.1 PHOSPHATE BUFFER, pH 7.0 

0236 Method 
0237 Prepare immunoglobulins by purifying on a 
protein A column, then freeze-drying. 

0238 Reconstitute the immunoglobulins with 50 
nM bicarbonate buffer to a concentration off 20 
mg/mL in a clean glass test tube. 

0239). Add 0.4 mg biotin per 20 mg Ig directly to the 
tube. 

0240 Place the test tube on ice and incubate for 2 
hours. 

0241 Remove the unreacted biotin by centrifuging 
at 1000 g for 15-30 minutes in a Centricon-30 
microconcentrator. Dilute the sample in 0.1M phos 
phate buffer and repeat the centrifugration twice. 

0242 Make the sample up to the original volume 
with phosphate buffer, add 0.1% NaN, and store at 4 
C. until used. 

0243 The results obtained in Such an assay using Samples 
containing known amounts of TNF is shown in FIG. 34. 
0244. As mentioned above the specific mouse mono 
clonal antibodies disclosed in this application can be huma 
nised if required. A number of methods of obtaining huma 
nised antibodies are set out in PCT/GB92/01755 (WO93/ 
06213). A humanised version of MAb32 designated VHP3 
V?A2 was produced by the method disclosed in PCT/GB92/ 
01755. Briefly, this antibody was produced as follows: 
0245] 1 Cloning and Display of the V Genes of MAb 32 
on Phage 
0246 Cloning of the V-Genes of MAb32: 
0247 The genes of the mouse MAb32 antibody (IgG2b, 
Kappa) were rescued by PCR essentially as described 
(Clackson et al., 1991, Supra, Clackson et al in “PCR: a 
practical approach, eds Mr Phenox et al, IRL Press, Oxford 
pp. 187-214) using the primers VH1BACk and VH1 FOR2 
for the VH gene and Vk2BACK and VK4FOR for the VL 
gene and the polymerase chain reaction (PCR, R. K. Saiki et 
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al., 1985, Science 230, p1350). The mouse VH and Vk genes 
were assembled for expression as scFv fragments by PCR 
assembly (Clarckson et al., Supra) amplified with 
VH1 BACKSfi and VFFOR4NOT and ligated into phagemid 
pHEN1 (H. R. Hoogenboom et al., 1991 Nucl. Acids. Res. 
19, pp4133-4137) as a Sfil-NotI cut restriction fragment, and 
electroporated into E. coli HB2151 cells. Of 96 clones 
analysed by ELISA (see below), 9 secreted TNF-binding 
Soluble ScFv fragments. Sequencing revealed in all clones a 
mouse VH of family IIB and a mouse Vk of family VI (E. 
A. Kabat et al., 1991 Sequences of Proteins of Immunologi 
cal Interest, US Public Health Services). Nucleotide muta 
tions which were probably introduced by the PCR were 
detected by comparing the 9 Sequences, and a clone with 
consensus sequence and binding activity (ScFV-MAb32) 
chosen for further cloning experiments. 
0248 Recloning of the MAb32 V-Genes for Soluble 
Expression: 

0249. The murine V-genes were recloned for soluble 
expression of heavy (Fd, VHCH1) or light chain, by linking 
the mouse V-genes to the human CH1 (of the mu-isotype) or 
human Ck gene respectively by Splice overlap extension. 
The mouse Vk gene was amplified from Scriv-MAb32 DNA 
with oligonucleotides MOJK1FORNX (binds in joining 
region of V-gene and MVKBASFI (binds in 5' region and 
adds Sfil restriction site); the human Ck was obtained by 
PCR from a mouse-human chimaeric light chain gene (of 
NQ10.12.5, described in Hoogenboom et al., 1991 Supra), 
with oligonucleotides MOVK-HUCK-BACK (binds in 5' of 
human Ck and is partially complementary with mouse Jk 1 
region) and HUCKNOT16NOMYC (sits in 3' end of human 
Ck, retains the terminal cysteine, and tags on a Not restric 
tion site) as in Clarkson et al., 1991 using a two fragment 
assembly. For linkage of the DNA fragments, the two PCR 
fragments were mixed and amplified with MVKBASFI and 
HUCKNOT16NOMYC. The chimaeric VkCk gene was 
Subsequently cloned as a Sfil-Not fragment in pUC19 
derivative containing the pelB Signal peptide Sequence and 
appropriate cloning Sites for Soluble expression of the light 
chain (pUC19-pel B-myc). Similarly, the mouse VH gene 
(amplified from scFv-MAb32 with LMB3 and VH1 FOR-2) 
was combined by splicing by overlap extension PCR with 
the human u-CH1 domain (amplified from human IgM 
derived cDNA (Marks et al., 1991, supra WO 92/01047) 
with Mo-VH-Ku-CH1 and HCM1FONO, and cloned as 
Sfil-Not fragment into a puC19-pel B-myc for soluble 
expression of a tagged chain. 
0250) Display of the MAb32 Antibody on Phage: 
0251 The chimaeric light chain was displayed on phage 
fa by reamplification of the mouse/human chimaeric chain 
with HUCKCYSNOT and MVKBAAPA and cloning into 
fd-tet-DOG1 as an ApaII-Not fragment. Cells harbouring A 
plasmid with the heavy Fd chain gene were grown in 2xTY 
containing AMP-GLU (1%) to logarithmic phase (OD600 of 
0.5) and infected with a 20-fold excess of light-chain dis 
playing phage. After 45 min at 37 C. without shaking and 
45 min at 37° C. with shaking in the 2xTY, amplicillin (100 
Aug/ml). Glucose it medium, a Sample was diluted into 
50-fold volume of prewarmed (37° C) 2xTY, amplicillin 
(100 tug/ml) and tetracyclin (15ug/ml), grown for 1 hr at 37 
C. and then overnight at 30° C. (shaking). Phage particles 
collected from the Supernatant of Such culture displayed 
TNF-binding Fab fragments anchored through the light 
chain on their Surface. 
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0252 Similarly, the reversed configuration was made. 
The heavy chain VHCH1 fragment was cloned into fl-tet 
DOG1 (after amplification of the Fd chain gene from the 
mouse/human chimeric construct with VH1 BACKAPA and 
HCM1FONO), and phage used to infect cells capable of 
producing Soluble light chain. Phage particles collected from 
the Supernatant of Such culture displayed TNF-binding Fab 
fragments anchored through the heavy chain VHCH1 frag 
ment on their Surface. 

0253) Properties of MAb 32 Fragments Displayed on 
Phage: 

0254 The V-genes of the murine antibody MAb32 were 
cloned by amplifying the hybridoma V-genes, cloning the 
VH and Vk genes as scFv fragments in phagemid pHEN1 as 
above. Antibody scFv fragments which bind to TNF were 
identified by ELISA. The mouse VH gene was recloned in 
pUC19-pelB-myc for soluble expression as a mouse VH 
linked to human mu-CH1, while the light chain was recloned 
with the human Ck domain in vector fl-tet-DOG1 as a 
fusion with g3p. When cells harbouring the heavy chain 
construct were infected with the fa-phage carrying the light 
chain, phage particles emerged which carried light chain 
g3p associated with the fa heavy chain. Indeed, binding to 
TNF and the 301 peptide was retained, as judged by ELISA 
with phage displaying the mouse-human chimaeric Fab 
fragment. In the phage ELISA, the background Signal of 
phage carrying the light chain only was a lightly higher than 
wild-type fa-tet-DOG1 phage, but always lower than the 
signal obtained with Fab-displaying phage. Similarly, TNF 
binding phage was made with the heavy chain VHCH1 
fragment anchored on phage, and the light chain provided as 
a soluble fragment. Hence, MAb32 is functional in the dual 
combinatorial format in both display orientations. 
0255] 2 Chain Shuffling by Epitope Imprinted Selection 
(EIS) Construction of One Chain-Libraries: 
0256 Kappa, lambda light chain and Mu-specific cDNA 
was made from the mRNA prepared from the peripheral 
blood lymphocytes from two healthy donors essentially as in 
Marks et al., 1991, Supra. The first-strand cDNA synthesis 
was performed with oligonucleotides RCM1FO, 
HUCLCYS and HUCKCYS for Mu-specific, lambda and 
kappa libraries respectively. The VH-CH 1 repertoire was 
amplified from this cDNA with oligonucleotides HCM1FO 
and six family specific VHBACK primers (as in Marks et al., 
1991, Supra), reamplified with a Noti-tagged forward primer 
(HCM1FONO) and ApaLI tagged VHBACK primers (6 
primers HuVH1 BAAPA to HuVH6BAAPA). Similarly, the 
light chain repertoires were amplified with HUCLCYS or 
HUCKCYS forward primers and HUV)1 BACK to 
HuV6BACK or HuVk1 BACK to HuVk6BACK back 
primers described in Marks et al., 1991, Supra and PCT/ 
GB91/01134 (WO92/01047). In each case described in this 
Section the lambda and kappa chain variable repertoires 
were amplified Separately. The amplified repertoires were 
reamplified with Apal I and Not tagged versions of these 
oligonucleotides (13 back primers HuV)1BAAPA to 
Hu2.6BAAPA or HuVk1BAAPA to HuVkBAAPA and two 
forward primers HuCLCYSNOT and HuCKCYSNOT, 
respectively). All three repertoires were cloned into vector 
fd-tet-DOG1 as ApaLI-Not fragments, and electroporated 
into E. coli MC1061 cells, to obtain libraries of 1.0x107 
clones for V). CA, 1.4x10 clones for VkCk, and 5x10 
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clones for IgM-derived VHCH1. The presence of insert was 
checked and the frequency of inserts in the library found to 
be higher than 95% in all three cases. 
0257 Selecting a Human VL Using the Mouse VH 
Domain as Docking Chain: 
0258. In a first chain shuffling experiment, the mouse VH 
(linked to the human CH1 domain), expressed from puC19 
pel B-myc, was paired an Fab fragment with a library of 107 
different human V.C. domains. Phage displaying the anti 
body fragments were Subjected to rounds of panning on 
TNF-coated tubes. By following the titre of the eluted 
phage, the extent of Selection was monitored. After 4 rounds 
(with a 100-fold increase in the titre of eluted phage), 24 out 
of 28 individual clones were found to be binding to TNF in 
an ELISA with phage expressing Fab fragments (all with the 
mouse VH-human CH1). Phage only displaying the selected 
human VoC) domains gave a background Similar to phage 
displaying only the chimaeric mouse Vk-human Ck. Sixteen 
clones taken after the first round of selection were found to 
be negative. 
0259 Only three different BstN1 fingerprints were found 
amongst the 24 binders, with one pattern dominating (21/ 
24). Light chains V), A2, V.C4 and V), D1 were found with 
frequencies of 21/24, 2/24 and 1/24 respectively. Sequenc 
ing revealed that all three light chains are derived from the 
Same germline gene, a human V01-1-1. Clone VoC4 has 1, 
clone V.D1 has 2 and clone VA2 7 amino-acid residue 
differences from the germline. However, clone V0A2 uses a 
framework-1 region which more closely resembled the ger 
mline sequence of a related V21, humv1117, and therefore 
may be the result of a croSS-Over. The germline character of 
the clones was also noted in the CDR3 sequence, with 
minimal variation in Sequence and no length variation 
between the three clones. Apparently, only a very limited 
number of genes with very Similar Sequences fix the Strin 
gent requirements (being compatible with the mouse VH 
and forming an antigen-binding pair). 

Selecting a Human VH Using the Selected Human 
VL Domains as Docking Chains: 

0260 Three selected V2 genes were recloned in puC19 
pelB-myc for soluble expression as V.C. chains. E. coli 
cells harbouring the three light chain plasmids were mixed, 
infected with a phage library of human VHCH1 genes, 
expressed from the fa-tet-DOC1 library described earlier 
and the library Subjected to rounds of panning on TNF 
coated Immuno tubes. Clones were picked after 5 rounds, 
when the titre of eluted phage increased 100-fold. Fifteen 
out of 20 clones analysed by BstNI fingerprint of the DNA 
insert used one of two pattens (with approximately the same 
frequency). The 15 clones when combining their heavy 
chain VHCH1 fragments with the V0A2 light chain gave 
Stronger phage ELISA Signals than when combined with the 
V2C4 or VOD1 light chain. Background signals obtained 
with phage displaying the heavy chain VHCH1 fragment 
only were similar to the signal of the murine VH-human 
CH1. 

0261 Sequencing revealed that the two patterns could be 
assigned to three unique human VH sequences (clones 
VHP1/2/3, with clone VHP1 having a BstNI fingerprint 
which is nearly identical to that of clone VHP2). Like the 
Selected light chain genes, the Selected heavy chain genes 
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are derived from the same germline VH gene (germline 
DP-51 from the VH3 family, Tomlinson et al., J. Mol. Biol. 
227, pp.776-798 1992), with minimal residue differences. 
The Selected human V-genes were aligned to their closest 
germline homologue; identical residues in the Selected genes 
are represented by hyphens. Framework 4 of the V genes 
was truncated at 4th residue. Clone VHP1 was most likely 
a cross-over between DP-51 and a related germline, DP-47. 
All three selected VH-genes had relatively short CDR3 
loops (8, 9 and 10 residues), but shared little homology in 
this Sequence. 
0262 Specificity of Binding of the Selected V-Gene 
Pairs: 

0263 Aspecificity ELISA with MAb32 and soluble Sclv 
fragments on a number of antigens showed that MAb32, its 
ScFV-derivative and three of the humanised TNF-binders (as 
ScFV-fragments) bind specifically to TNF. No significant 
binding was obtained to ELISA plates coated with keyhole 
limpet haemocyanin, Ovalbumin, cytochrome c. bovine 
Serum albumin, human thyroglobulin, or 2-phenyloxazol-5- 
one-BSA or to plastic only. Fully humanized clones were 
obtained which bound to both peptide 301 and TNF. 
0264. In addition, to show that the human scFv fragments 
compete with the original antibody for binding to TNF, the 
binding of the scFv constructs in a competition ELISA with 
the Fab fragment derived by proteolytic cleavage of MAb32 
was analysed. Single chain FV fragments were incubated on 
a TNF-coated surface with increasing amounts of the Fab 
fragment and the amount of bound scFv detected in ELISA. 
Each of the scFv fragments competed with the FabMAb32 
for binding to TNF, including both the original scFV-MAb32 
and the humanised ScFv fragments. 
0265 Thus the fine specificity of MAb32 for peptide 301 
of TNF was retained through the humanisation process. 
0266 Affinity of Binding of the Selected V Gene Pairs: 
0267 MAb32 and purified, monomeric forms of the 
recombinant mouse ScFv-MAb32 and the human ScFv anti 
bodies VHP1-V), A2. VHP2-V?A2 and VHP3-V?A2, were 
subjected to competition ELISA for the determination of the 
relative affinity for TNF. Antibodies were incubated on a 
TNF-coated Surface in the presence of increasing amounts of 
soluble TNF. All the clones showed a roughly similar 
decrease in the ELISA signal over the same range of 
increasing TNF concentrations (with an IC50 in the 10 nM 
to 100 nM range). 
0268 MAb32 and VHP3V) A2 fragments were also 
analysed for binding properties using the Pharmacia BIA 
core. TNF was indirectly immobilised on the surface, and 
the binding of antibody monitored. On the TNF surface, the 
Fab fragment from MAb32 by proteolytic cleavage and the 
scFv MAb32 showed very similar fast off rates (approxi 
mately 10°s'). The human VHP3-V?A2 antibody has an 
off rate in the same range as the original scFV-MAb32. On 
rates for antibody protein interactions were in the range Seen 
for the interaction between other proteins and their recep 
tors, and cover a 100 fold range between 10 and 10 M'S' 
(Mason D. W. and Williams, A. F., 1986, Kinetics of 
Antibody Reactions and the Analysis of Cell Surface Anti 
gens, Blackwell, Oxford; Pecht, I., 1992 in Sela, M. (ed), 
Dynamic Aspects of Antibody Function, Academic Press 
Inc., New York, Vol. 6 pp 1-68). Assuming the on rates of the 
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antibody TNF interactions are typical of antibody protein 
interactions, the off rate derived by the BIACore analysis is 
consistent with the affinity indicated by the competition 
ELISA (Kas107 to 10M. 
0269. Thus, these determinations are consistent with 
ScFvMAb32 and the humanised ScFv clone VHP3-VA2 
having a similar affinity and thus with the retention of 
affinity, as well as Specificity, through epitope imprinted 
Selection. 

0270 Conclusion 
0271 We have shown that a mouse antibody can be 
rebuilt into a human antibody with the same specificity by 
the process of epitope imprinted Selection (EIS). 
0272. A library of human light chains were shuffled with 
a mouse VH domain, binding combinations Selected and 
then used in a Second shuffle as "docking domains' for a 
library of human VH genes. Completely human antibodies 
were isolated from such “genuine' human library. The 
antibodies were shown to bind retain binding Specificity. 
Alternatively, the mouse VL was used as docking chain for 
selecting human VH partners. Such VH domains can be used 
to find human VL genes, or alternatively, can be combined 
with human VL domains selected with the mouse VH 
domain. Indeed, binding activity was obtained by combining 
two independently Selected V-genes, pointing towards 
potential additivity of the EIS procedure. 

0273. The EIS approach may serve to humanise antibod 
ies more rapidly than by CDR-grafting (Riechmann et al., 
1988, Supra), as this method requires very often a detailed 
knowledge of the 3-D structure of the antibody. However, 
the EIS method can be extended to for example antibody 
repertoires obtained by phage Selection from immunised 
rodents. Following immunisation with antigen, a repertoire 
of V-genes with high affinity and Specificity may be Selected 
and then used in an epitope imprinted Selection (see example 
4) to generate a range of human antibodies of high affinity 
and enriched for the desired Specificity. 

Enhancement of TNF-Induced Tumour Regression 
by Antibody VHP3-V?A2, the Human Equivalent 

of MAb 32 

0274 BALB/c mice were inoculated with WEHI-164 
tumour cells as described above. After development of 
subcutaneous tumours the mice were treated daily with TNF 
(1 or 10 ug) alone or in combination with purified P3A2 
(501) by intraperitoneal injection. Tumour size was mea 
Sured throughout the course of the treatment period. 

0275 Results are shown in FIG. 35. 
0276 VHP3-V), A2 enhanced the anti-tumour activity of 
TNF at both the 1 and 10 ug levels. 
0277 Conclusions 
0278 Mapping of the regions recognised by each of the 
MAbs has indicated that MAbs in group I (MAbs 1, 21, 47, 
54, 37, 32 and 25) as shown on the schematic diagram bind 
TNF in-the region of residues 1-18 with the exception of 
MAbs 37 and 54, while MAbs in group II of the schematic 
diagram (MAbs 11, 12, 53 and 42) bind TNF in the region 
of residues 70-96 which encompasses a so-called pallendro 
mic loop on the TNF 3-D structure. MAbs which inhibit the 
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induction of endothelial cell procoagulant activity (MAbs 1, 
32, 42, 47, 54 and 53) all bind in the region of residues 
108-128 which again contains a loop structure in the 3-D 
model and may indicate that this region interacts with TNF 
receptors which are found on endothelial cells but not 
tumour cells. MAb 32 which potentiates the in vivo tumour 
regression and anti-viral activity of TNF is the only antibody 
which binds all the loop regions associated with residues 
1-26, 117-128, and 141-153 and hence binding of these 
regions is crucial for enhanced TNF bioactivity with con 
committant reduction of toxicity for normal cells. 
0279. As is apparent from Table 2 MAb 1,47 and 54 have 
the same effect on the bioactivity of TNF. From the results 
presented above it is noted that these three monoclonals bind 
to similar regions of the TNF molecule. Accordingly, it is 
believed that a ligand which binds to TNF in at least two 
regions Selected from the group consisting predominately of 
the region of residues 1-20, the region of residues 56-77, the 
region of residues 108-128 and the region of residues 
138-149 will effect the bioactivity of TNF in a manner 
similar to that of MAbs 1, 47 and 54. Similarly, it is believed 
that a ligand which binds to TNF predominately in the 
regions of residues 1-20 and 76-90 will have the same effect 
on the bioactivity of TNF as MAb 21. A ligand which binds 
to TNF predominately in the regions of residues 22-40 and 
69-97 will have the same effect on bioactivity of TNF as 
MAb 12. A ligand which binds to TNF predominately in the 
regions of residues 1-30, 117-128, and 141-153 would be 
expected to have the same effect on the bioactivity of TNF 
as MAb 32 and a ligand which binds to TNF predominately 
in the regions of residues 22-40, 49-97, 110-127 and 136 
153 would be expected to have the same effect on the 
bioactivity of TNF as MAb 42. Aligand which binds to TNF 
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predominately in the regions of residues 22-31 and 146-157 
would be expected to have the same effect on the bioactivity 
of TNF as MAb 37 and a ligand which binds to TNF 
predominately in the regions of residues 22-40, 69-927, 
105-128 and 135-155 would be expected to have the same 
effect on the bioactivity of TNF as MAb 53. 
0280 The present inventors have quite clearly shown that 
the bioactivity of TNF can be altered by the binding of a 
ligand to the TNF, and that the effect on the bioactivity is a 
function of the Specificity of the ligand. For example, the 
binding of MAb 32 to TNF in the regions of residues 1-26, 
117-128 and 141-153 results in the induction of endothelial 
procoagulant activity of the TNF and binding of TNF to 
receptors on endothelial cells being inhibited; the induction 
of tumour fibrin deposition and tumour regression activities 
of the TNF being enhanced; the cytotoxicity being unaf 
fected and the tumour receptor binding activities of the TNF 
being unaffected or enhanced. It is believed that this effect 
on the bioactivity of the TNF may be due to the prevention 
of the binding of the epitope of the TNF recognised by MAb 
32 to naturally occurring biologically active ligands. 
Accordingly, it is believed that a similar effect to that 
produced by MAb 32 could also be produced by a ligand 
which binds to a region of TNF in a manner such that the 
epitope recognised by MAb32 is prevented from binding to 
naturally occurring biologically active ligands. This preven 
tion of binding may be due to Steric hindrance or other 
mechanisms. 

0281. Accordingly, it is intended that the prevention of 
the binding of epitopes recognised by the various mono 
clonal antibodies described herein to naturally occurring 
biologically active ligands is within the Scope of the present 
invention. 
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FASN 
Dockot No. 273.4020O2303 

in THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the application of: Examiner: J. Roark 
Deborah A. RATHJEN and Roger Group Art Unit. 1644 
ASTON 

Serial No: 09/364,039 d 

Filing Date: July 30, 1999 
For TUMCRNECROSS FACTOR 

BINDING LIGANDS 

DECLARATION OF DEBORAHARATHEN 
PURSUANT TO 37 C.F.R.S 1.132 

‘Columnissiouor for Patcats 
Washington, D.C. 20231 

Dear Sir: 

Deborah A. Rathjon, dcclare as follows: 
I am an inventor of the above-reforenced patent application, and am familiar with 

the contents thereof. h - 

56 ay?... staced, 12az Yes24 °7'? 2. I currently reside at (INSERT]. Se'?asa-e-6- . 1-sa-e-, sao Q 
3. I have reviewed the publication Socharet al. (1985) Proc. Natl. Acad. Sci., USA 

84-8829-3833, cited in the specification of the above-listed application Scial No. OS/364,039 
and submitted in the Supplemental IDS filed April 20, 2001. The cited publication lists the 
complete doduced sequence of matattrocombinant humantumarnocrosis factora. ÖhrnF-o) 
Grage 8830. Figure 1A), which is a 157-residue protein of molecular weight approximately 
17,000 kD. The &ource (page 8832, coluulu 1, 1st full paragraph) citcd for this sequence is 
Footnica at al. (1984) Nature 312:724-729 "Hiruantumorinecrosis factor:precursor structure, 
Oxpression and homology to lymphotoxin" (Appendix). The primary amino acid sequence listed 

f 

pa-590-032 
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in Socher et all is the mature fom of the protein, as distinguished fiom the preoursor protein 
which has an open reading frame of 233 amino acids in length (Peanica et al.). 

4. Thc hNF-oc amino acid scquence listcd in Socher et al., agrees with the auino 
acids listed in the peptide sequences in thc application specification Serial No. 09/364,039 on 
pago 31 (incl6) through page 32 (line 7) for all residues, with the cxception of amino acid 
residues 59 and 87, victifying that the numbered peptidc sequences in application Serial No. 
O9/364,039, and therefore the hTNF-out unbeating used throughout the specification, Correspond 
to the numbering of the mature hINF-c protein. 

5. Rcgarding residues 59 aud 87. Sochcrat al., lists these residues as Thr-59 and 
Tyr-87, whilic application Scrial No. 09/364,039 lists these residues as Tyr-59 and Thr-87. In 
Peunica et al., both of these residues are showu as the amino acid Tyr (pagc 725, Figure l; pagc 
728, Figure 4). Onc of ordinary skill in the art would calize that thc Ty->ir switches at 
position 59 in Socher et al., and position 87 of application Serial No. 09/364,039 are . 
typographical ctrors, as the earlier Pennica et al., (cited in Socher et al) is in agiccacaut with 
SCaucuCCs of the human TNF-ct, precursor (additional 76 residues at N-terminus) deposited in 
publicly acces?ible databases in, for example, 1985 (piraccession number QWHUN) and 1986 
(SWISS-PROT accession number PO1375) (see Appendix) and references cited theroin, 

Ihereby declare that all statements made herein of my own knowledge are true and that 
all atatenaeutsuade on information and bolicfare believed to be truc; and further that those 
stateinents were made with thc knowledge that willful false statements and the like go made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Codo, and that such willfid false statements may jeopardize the validity of the application, any 
patcat issuing thercon, or any patent to which this verified statemetitis directed. 

v (? 9do / la G. Pau 
Oatic Deboth SUBN 

Seri I No. 09/364,039 
doctno. 273.4020.023O3 
pa-590032 
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d appears to have distinct biochemical properties'". Fur- potent antitumour activity of Y-interferon or lymphotoxin in 
atuore, the lymphotoxin cDNA probe failed to hybridize on natural preparations may be a result of the synergistic activity 
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Human tumour necrosis factor: precursor 
tructure, expression and homology to lymphotoxin 
iane Pennica, Glenn E. Nedwin, Joel S. Hayflick, Peter H. Seeburg, Rik Derynck, 
(ichael A. Palladino, William J. Kohr', Bharat B. Aggarwal' & David V. Goeddel 
partments of Molecular Biology, ' Pharmacological Sciences and t Protein Biochemistry, Genentech, Inc., 460 Point San Bruno Boulevard. 

South San Francisco, California 94080, t. JSA 

unan turnour necrasis factor has about 30% homology in its antino acid sequence with lymphotoxin, a lymphokine that 
is similar biological properties. Recombinant tumour necrosis factor can be obtained by expression of its complementary 
NA in Escherichia coli and induces the haemorrhagic necrosis of transplanted methylcholarithrene-induced sarcomas 
syngeneic mice. 

:Mour necrosis factor (TNF) has bc.cn associated with in with cnidotoxin'. Serum from such animals causcs haemor 
ro and in vivo killing of tumour cells. This activity was rhagic necrosis and in some cases complete regression of certain 
covered originally in the sera of mice and rabbits injected transplanted tumours in mice'. TNF-like activity has also bec 
with Mycobacterium bowls strain bacillus Calracte-Guérin detected in the ncodia of BCG/cnidotoxin-induced monocytic 

cG) or other immunostimulatory agents. and subsequently cultures (revicwcd in re?. 2) and mitogen-stimulated peripheral 
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Fig.1 TNF cDNA sequences and predicted mino acid sequence; 
aSchematic representation of human TNF cDNAdones.Overlaps. 
ping dones A42-4 and 16-4 used in Kquence determination and:; 
a schematic diagram of the complete cDNA tructure are show us lineutranslated Sequcaces; boxes, coding tequences; white part ionoquences encoding the signal peptideshadegions 
for are rNF. The blackboro, the endodois indicate that this done was obtained by specific printings: Nucleotide sequence and deduced aming acid equence of human 
TNFedNA. Numbers above eachine refer to amino acid positi and aumbers below each line refer tonicleotideposition. The 
simiao acid labelied 1 represents the first Emigacid of nature 
NF". The 76 amino acids preceding this position art indicated: by lower case lettering. Sequence undedined gig po is, adenylation recognition site is... 23:SS RNA.iii.fi.ii.5igi: 

after PMA induction ind poly(A)-containing RNA was purified oaoligo(dT-cellute. Double-straded cDNA.iris prepared by 
oligocar priming' using 7.5g mRNA and fractionated otha, 6% 

(dege.700 ag conA>600 bp was recovered by elec 
trocitution. Synthetic EooRI adaptors' were ligated to20 ngcDNAs it. 
before listing into Agt (rc 26), 200,000 cDNA cloucs were: 
obtained. The same conditions were used to preparts specifically 

endencicotide didGATGTrcarciccomplementary 
to nucleotides 855-870). Plaque screening'P-radiolabelling of synthetic 42-mer probe' and hybridization' were performed. E 
DNA sequencing was performed by the dideoxynudeotide chain 
termination procedure''. The cDNA insert of A42-4 consists of 3 
nudeotides 337-1643 and thc cDNA insert of 6-4 concists of: - . 

. . . nucleotides 1-870, ra 

. . . . . . ... ." 

lood leukocytes (PBLs)'. . . . . ... ii. is is 139 is 
TNF activity is cytolytic or cytostatic against many transfor 

aed cell lines tri vitro without obvious species specificity, yet 
as no known cffect on normal mouse Cambryo fibroblasts or 
on-transformcd cell lines'''. Activated pacrophages may 
onstitute the major cellular origin of TNF'', providing an 
aportaat criterion for distinguishing this factor from the lym 
hold cell-derived cytotoxin, lymphotoxin'. The primary struc-. 
ure of lymphotoxin was determined recently by protein 
aquencing" and complementary DNA cloning (see icoom. 
anying article'). y is . . . . . . . . ; 

Tube bus oct populations and cell Human TNFproduction - 
lines 

Cytotoxic activity 
inducing (Um) 

Cell sourcc agent(s) TNF Lymphotoxin 
Unfractionatcd None a8 {8 

PBig LPS 20 a8 
BCG 82 <8 
BCG/LPS 86 c8 
BCG/LPs/PMA 40 as 
PMA 280 <8 
SEB/Ta 00 O 
SEB/TaffMA 600 200 

BIs (adhertn1 ccils) None -8 a8 
BCG/LPs 350 < 
SEB/TafpMA S90 e8 

Plls (non-adhcrent None -8 <8 
cells BCG/LPS tg8 

SEB/Ta/PMA <8 Y. 350 
HL-60 Nouc a8 \ <8 

PMA 380 <8 
J-937 Nonic <8 8 

PMA 32 <8 

PBLs were obtained from platcletpheresis (csidues (Boston Red 
Cross) by Ficoll-Hypaque centrifugation'. Separation of PBLs into 
adherent and non-adherent populations was performed as described 
previously". HL-60 (CCL240) and U-937 cclf lines (CRL 1593) were 
obtained from the AmericanType Culture Collection. Cells were suspen 
ded at 5x10 ccLls ml in RPMI 1640 media containing 10% fetal 
bovine serum. Cultures were induced with one or more of the following. agents: 2x10 organisms per ml of BCG (Calbiochem-Behring) 
20 grai' Salmorella opkfriatrium lipopolysaccharide (LPS, Sig 
1 g ml staphylococcal enterotoxin B (SEB, Sigma), girl thy 
mosin a (Tal)' and 10ngmi PMA (P-L. Biochemicais). Cell-free 
supernatants were collected 24 h after induction except for th 
BCG/LPS and BCG/LES/PMA treatments; for these two inductions 
24-h. BCG stimulation was followed by an additional 24-h treatment 
with LPS and LPS/PMA respectively. Samples werc assayed for 
cytolytic activity on mouse L-929 fibroblasts as described previously 
The activitics shown represeat TNR specific or lymphotoxin-specifi 
units as determined after antibody acutralization at 4C for 4h before 
assay. The units indicated were obtained from oncrepresentative donor 
in the case of the PBLs and from a single experiment when ceilines 
were used. Rabbit anti-human TNF satiseum was prepared against 
partially purified TNF from PBL (L. Svodersky and T. Bringman, 
unpublished results). Rabbit anti-human lymphotoxin antiserum was 
prepared against purificd human lymphotoxin from RPMI 1788 lym 
phoblastoid cells'. . . . 

Here we identify a cell line with monocyte-like characteristics 
providing a source for human TNF and its messenger RNA 
cDNA clones were isolated that cncode a polypeptide related 
structurally toymphotoxin. This cDNA was engineered to direct 
the synthesis of a relative molecular mass (M) 17,000 protein 
in E. coli with the immunological characteristics as well as in 
vitro and in vivo biological properties of natural human TNF. 
A human TNF-producing cell line 
Weisolated PBLs by Ficoll-Hypaque density centrifugation and 
fractionated them into adherent monocytic and non-adherent 
lymphocytic fractions. After stimulation with BCG and 
cndotoxin (tipopolysaccharide, LPS), we detccted an activity 
cytotoxic to nurine L-929 cells in the culture media of unfrac 
tionated mononuclear cells and monocytes (Table 1). No 
cytotoxic activity was produced by the non-adherent cells fol 
lowing the same BCG/LPS induction procedure. The failure of 
rabbit anti-human lymphotoxin antibodies to neutralize the 
cytotoxic activity demonstrates its difiercnce from lymphotoxin. 
Moreover, the results of previous r. odoo studies using BCG/LPS 
induction procedures' demonstrate that the activity can prob 
ably be attributed to TNF. Antiserum raised against partially 
purifica PBL-produced TNF completely neutralized this activity 
(Table ). 
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E. E. Coastriction of plisonid coding for ".. 
the direct expressiou of taature human NF in 
E. coli. The recombinant phage A42-4 (10) is digested with EcoRI ind the 800-bp ?ing." 
sent coatsining the entire TNFooding region 
was isolted NF digestion with Da and 
Friad II gave s 578-bp fragment coding for 
niao acids 8-57. Two synthetic couplicacn 
try deoxyoligoaucleotides'. 5'-dCTAGAAT 
AGGTACGTCTCTCCGTACT and 
scggAGTACGAGAAGAAGAACGTA 
CCATAAT, were designed to code for a mino 
cids I-7 of TNF, preceded by an ATG transia 

tional initiation codon, and to contain an Xbi 
cohesive cruinus. The choice of codons of the 
first six annino acids of TNF was based of E. 
coli codon usage preferences'. An AATT 
scqucrace was incorporated upstream of the 
ATG to maximize expression by giving optimal 
spacing between thc initiation codon and the in leader Shine-Dalgarno sequence. The 
par322-derived plasmid ptrpETA' was 
cleaved with Hird and Xba and the large 
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fragacat recovered by electroelution. The Adal-HindIII fragment and the two synthetic deoxyoligonucleotides were inscrtcd into the plasmid 
pTNFrp expression vector to give the plastaidpTNI-trip. The methods used to assemble the fragments and verify the construction of pTNFrp 
have beca described previously'. E. coli W3: 10/pTNFrp was grown in M9 mediurn containing 5 g ml tetracycline to 02 a unit 
adole acrylic acid was added to a concentration of 20tg ml. The cells were collected at AF 10 and washed with cold PBS. i. final 

cell pellet was resuspended in 1 ml PBS, sonicated on ice for 30s and the resulting extract diluted in PBS for assay on L-929 cells'. 

Yields of adherent cells from peripheral blood were low and 
levels of TNFproduced were variable and donor-dependent; 
therefore tested alternative induction schemes for the produc 
a of TNF from total PBLs (Table (). An increase in cytotoxic 
tivity was obseryed when the PBLs were co-stimulated with 
aphylococcus enterotoxin B, desacetyl-thymosin-ori and the - 
onour-promoting agent 4B-phorbol 23-myristate 13 a-acetate . 
MA). However, antibody neutralization experiments demon-. 
ated that isignificant portion of measured activity was lyn 
totoxin. Therefore, we screened a number of transformed cell 
tes of haematopoietic origin for their ability to synthesize 
F. Activity which could be neutralized by anti-TNF anti: 

?ui was detected following PMA treatment in two monocyte. 
-ecclines, HL-60, derived from a promyelocyticleukaemia', 
d U-937, derived from a histiocytic lymphoma (Tables). 
e HL-60 cell line consistently produced higher TNF titres 
00-400 Um' 24th after induction) thari the U-937 cell line: 
:00 Um). A time course of TNF synthesis by HL-60 cul 
restadicated that nucasurable activity was detected 2 si?ter 
MAtreatment (data not shown). Therefore the HL-60 cell line 
is selected for future experiments; supernatants were collected 
-24 h after inductign for protein purification and 4-h indic 
as were used when cells were collected for RNA isolation. 
- - - - - - - - - - - - - - : . . . . . . . ri: : - . : : - . . . . . 
NF cDNA clone identification. . . 
unan TNF was purified to homogeneity from filtrates of 
MA-tiraulated HL-60 cell cultures (see ref. 16). A single 
imponent of M. 17,000 was observed when the purified TNF 
as analysed by SDS-gel electrophoresis in reducing conditions. 
obtain amino acid sequence information, tryptic peptides of 
WF were prepared and separated by rever sc-phase HPLC. The preliminary scquence Glu-ihr-Pro-Glu-Gly-Ala-Glu 
-Lys-Pro-Trp-Tyr-Glu-Lys was determined for the first tryp 

: fragment (TD-6) analysed. A single synthetic 42-base long 
oxyoligonucleotide (42-mer) which could code for this a mino idcquence was chemically synthesized' for usc as a hybridiz 
on probe. The design of the probe sequence (dGAAACCCCT 
AAccKGCOAAGCCAAGCCCTGGTAGAAAAG) was 
ised on published human codon usage frequencies' and the 
-don bits of human y-inter?cron', tissue-type plasminogen 
tivator" and lymphotoxin'. The general usefulness of this 
tag probe" approach has been demonstrated recently by the 
entification of several cloned genomic DNA sequenccs'' 
d cDNAs. . . . . . . . . . . . .. 

An oligo(dT)-primed HL-60 cDNA library of -200,000 cones 
prepared in Agt 10 (ref. 26) was screened with the 'P-labelled 
42-mer. The nine distinct phage which gave positive signals with 
this probe were hybridized with "induced" and "non-induced' 
P-labelled cDNA probes' prepared using poly(A) mRNA 

obtained from 4-h PMA-treated and untreated HL-60 cultures, 
respectively. Seven of these recombinant phage DNAs hybrid. 
ized weakly to the induced probe but did not hybridize to the 
uninduced probe, as expected for authentic TNF cDNAs. 
Restriction endonuclease mapping indicated that these seven 
cDNA clones were related to each other and that the phage 
42-4 contained the longest cDNA insert. ... ', 
TNF cDNA sequence - 
We determained the sequence of the 1,300 base pair (bp) cDNA 
insert of phage A42-4 (nucleotides 337-1643; Fig. 1). Alignment 
of the cDNA sequence with the 42-mer probe sequence gave 
the proper reading frame of the cDNA and demonstrated that 
it did indeed encode TN.F. Of the 14 amino acids (residues 
104-17, Fig. 1) assigned to tryptic peptide"TD-6 on the basis 
of preliminary protein sequence, 13 were correct; the only dis 
crepancy was in the last amino acid (position 117 where the 
cDNA sequence encodes a proline residue rather than the pre 
dicted lysine. Despite this difference, the hybridization of the 
synthetic probe to the TNF cDNA cone was successful, as the 
42-mer natched the cDNA sequence in 34 of the first 38 posi 
tions, including a stretch of 17 consecutive honologous nucleo 
tides (nucleotides 71-727: Fig.1). 
The assignincint of valinic (residue 1, Fig. 1) as the first residue 

of mature TNF was based on NH-terminal procin sequence 
analysis of the intact molecule (Wal-Arg-Ser-Ser-Ser---)'. Therc 
are 56 annino acids encoded after this valine before an in-phasic 
termination codon occurs. The coding region of TNF is followed 
by 792 nucleotides of 3' untranslated sequence containing the 
hexanucleotide AATAAA (position 1630–1635) which pre 
cedes the site of polyadenylation in most eukaryotic mRNAs'. 

Additional confirmation that this sequence codes for TNF 
was obtaincid by determining the amino acid sequence of nine 
tryptic peptides of natural HL-60 TNF and several peptides 
gcnerated by digestion with S. aureus V8 protease and chy 
notrypsin'. The M of 7,356 calculated for the nature TNF 
monomer from the cDNA sequence agrees closely with the value 
obtainca for natural TNF by SDS-polyacrylamide gel elec 
trophorcsis and amino acid composition'. These' results and 
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Table 2 Necrosis of Metha sarcotia in oix, NF 
Necrotic response 

p ---- . . . -- . . v.- -- 3: 
Treatmeat . . No. of allock ' 

rBS, i. . . . . . . 
PBS, i.p. 
PBS, i.m. 
E. coli LPS, i.l. 
HL-60 TNF, i.l. 
TNF, i. 
TNF, i.p. 
TNF, i.n. 

(BALB/cxC57BL/6)F female mice were injected intradcrmally with 
sxo BALB/c Metha sarcoma cells. Tca days later, thc tumours 
(0.75 can average diameter) were injected intralasionally (i.l. x0 U). 
intraperitorically (i.p. 5x10'U) or intramuscularly (i.m., 5x 10'U) with 
TNF in a total volume of 0.1 ml PBS. At 24 h after TNF treatment the 
tumours were excised, sectioned and scored for hacnorrhagic recrosis 
by visual and histological examination as described previously". In the 
maximum response (+++) 50-75% of the tumour mass is mark cdly 
necrotic after 24 h; ++ denotes a moderate response, that is 25-50% 
hacnorrhagic necrosis; +, a minimal responsc of 32.5% haemorrhagic 
necrosis; -, tumours showed no visible inccrosis. Natural TNF was 
purified from HL-60 cultures as described clsewhere". Recombinant 
TNF (TNF) was purified from E. coli W3110/pTNFrp to a purity of 
>95% and a specific activity of 10' units png (T. Bringtuan, unpub 
tished results). . " '' . . . . . . itti' S. . . . . . 

the absence of any potential N-glycosylation sites in the deduced 
amino acid sequence suggest that TNF is not a glycoprotein. 
These data suggest also that TNF may occur naturally in multi 
meric form, as the M, estimatcd previously for human TNF 
ranged from 34,000-140,000 (re?s 6,28). There are two cysticine 
residues (positions 69 and 101) in TNF which are probably 
involved in a single intramolecular disulphide bond'." 
The cDNA clone A42-4 contains the entire coding region of 

mature TNF but lacks a complete signal piptide coding sequence. 
and initiation codon. To obtain the missing'sequence informa 
tion, a specifically-primed cDNA library was prepared (see Fig. 
1 legend) and screcacd with the 'P-labelled A42-4cDNAinsert: 
AcDNA clone (A164) was identified which contained an insert 
extending 337 bp further 5' than the A42 insert (Fig. 1):2',3's 

... From an analysis of the TNF cDNA sequeice, it seems that 
TNF is synthesized initially as part of a larger precursor (pre 
TNF). Starting at the 5' end of the cDNA, 125 nucleotides of 
non-translated sequence are followed by a methionine codon 
and an open reading frame of 233 amino acids. This AUG is 
preceded by termination codons in a three frames, suggesting 
that it is the initiation codon. Furthermore, theiquence context 
of this AUG conforms closely to the CCCCAUGG proposed 
as a consensus sequence for eukaryotic initiator sites.-- - - 

:... The presequence of 76 residues is most probably involved in 
the secretion of TNF as it is not observed on the mature TNF polypeptide and contains an unusually long hydrophobic region 
of 26 amino acids (residues -46 to -21). Typically signal 
peptides involved in protein secretion are only 20-30 amino 
acids long'. However, a sign sequence for the Roussarcoma 
virus envelope glycoprotein' is atypically long (63 residues) 
and contains also many charged amino acids at its amino ter 
minus, such as pre-TNF. It is interesting to note the presence 
of Arg-Arg and Lys-Lys dipeptides in the first 30 amino acids 
of the TNF pre-sequence, as pairs of basic amino acids often 
scrve as cleavage sites for thc release of physiologically-impor. 
tant peptides from precursor molecules''..."f 
we used the 'P-labelled A42-4 cDNA insert to examinc TNF 

gene structure and mRNA size. Results from Southcrn' 
hybridizations indicatc that only a single gene for TNF is prescint 
in the human genome. Northern hybridization analysis' shows 

... that a single mRNA species - 18S in size is synthesized in 
PMA-induced HL-60 cultures v and BCG/LPS-treatcd 
macrophages. isolated from human PBLs. This provides addi. 
tional evidence that the same cytotoxin is produced from both 

: 

dcmonstration that it can direct the synthesis of a gene product 

Furthermore, this protein co-migrates with authentic TNF (lanc 

Fig. 3 SDS-polyacrylamide gel electrophoresis of human TNF 
synthesized in E. coli. E. coli K-12 strain WiO, transformed with 
pTNFtrp or pBR322, was grown in M9 medium containing 
5 g ml tetracyclinic. Cells were collected, lysed in 2% SDS, 1% 
A-mercaptoethanol and precipitated with 0 volunacs of cold. 
acetone. Samples were electrophorcsed on a 12.5% SDS-polyacryl 
amide slab gel using the bu?ier system of Maizels' and the gel - 
stained with Coomassie brilliant blue. The left lanc contains protein 
M. standards (x10): phosphorylase b (92,500), bovine scrum 
albumin (66.200), ovalbumin (45,000), cartoonic anhydrase . . 
(3,000), soybean trypsin inhibitor (21.500) and lysozyme (14,500). 
Lancs a, cell lysates of E. coli W3110/pbr22; lanes b, e, cell 
lysates of E. coli W30/pTNFrplant c, partially purified human 
NF isolated from the iL60 cell line"; laned, mixture of the E. . 

coli W3110/pTNFtrp cell lysate and the HL60-derived, purified 
TNF. . . . . . 

cell sources and suggests that the TNF cDNA sequence shown 
in Fig. 1 represents a nearly full-length copy of TNF mRNA. 
No hybridization was detected to mRNA isolated from unin 
duced cultures (data not shown). 

TNF synthesis in E. coli . . . 
Proof that the cDNA described here encodes TNF requires the 

with the properties of authentic human TNF. To allow charac 
terization of the protein cncoded by the cloned cDNA, we 
cngineered the TNF cDNA scquence for direct expression in 
E. coli (Fig. 2). In the resulting cxpression plasmid, ptn Frp, 
the TNF-DNA sequence is under the transcriptional control of 
a 300-bp DNA fragment of the E. coli trp operon containing 
the ?p promoter, operator and Shine-Dalgarno sequence of the 
trip leader peptide. 
Total extracts of E. coli K-12 strain W3110 transformed with 

pTNFrp contained a prominent polypeptide with an apparent 
M, 7,000 (Fig. 3, lanes b, e). This protein is not visible in cells 
transformed with pb R322 (lanes a, f), strong evidence that it 
rcprescnts the translational product of the TNF cDNA sequence. 

c) isolated from the HL-60 cell line (lane d), suggesting that 
no significant post-translational processing of TNF occurs in 
the Et L-60 cell line. This is unlike lymphotoxin and y-interferon, 
both of which occur naturally as heterogeneous glycoproti 
as a conscquence of N-terminal' and C-terminal' proteolysis, 
respectively. 
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ig. 4 Comparison of the amino acid sequence of human TNF 
with humaniymphotoxin'. The sequences have bccn aligned 
o give maxims homology by introducing two gaps (indicated by 
lated tines) into the lymphotoxin Scquence. Identical amino acids 
are boxed. The numbers above each row (1-157) and below each 
ow C-17) indicate the amino acids of mature TNF and lyn 

- photoxin (LT), respectively. 

verification of the bacterial production of biologically-active 
IF was obtained by assaying extracts of E. coli 
19/pTNRR for cytolytic activity in the murine L-929 
oblast assay'. Approximately 300,000 units of activity were 
cated per ml of culture at Asso. Ei, whereas no activity was 
served in E cali W3 1.0/p3R322 controls. This corresponds 
-3 mg of active TNF per 1 (Assa F) or about 300,000 
lecules of active TNF per cell if a specific activity of 10' 
its mg (ref. 16) is assumed. The activity was neutralized by 
iserum prepared against partially purified PBL-derived TNF, 
t was not neutralized by preimmune Scrum or rabbit anti 
anan lymphotoxin antibodies (data not shown). . . . . . 
tivo necrosis activity .: ... ' - 

iFis generally defined as a cytotoxin released by BCG/LPS 
atcd macrophages which induces the hacmorrhagic necrosis 
aethylcholanthrene-induccd (MethA) sarcomas in BALB/c 
ce'. Therefore, we examined recombinant human TNF 
rified from E. coli and natural human TNF from PMA 
luced HL-60 cultures for in vivo tumour necrosis activity in 
: MethA assay'. Both recombinant and natural TNF samples 
ited significant necrotic responses, regardless of whether the 
IF was injected intralesionally or systemically (Table 2). 
nimal or no necrosis of the Metha sarcoma tumours was 
served in mice injected with either phosphate-buffered saline 
3S) or 100 g E. coli LPS. These results, taken with the 
ibody neutralization and Northern hybridization data, pro 
c further evidence that the cytotoxin described here is human 
F. 

omology to lymphotoxin 
e known in pivo and in vitro biological activities of TNF and 
photoxia are very similar'. TNF and ymphotoxin te 
w known to be antigenically distinct molecules'. It has thus 
xome common to distinguish thicsc two lymphokines on thc 
is of the cell populations responsible for their synthesis. We 
ve compared the amino acid Sequences of human TNF and 
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lymphotoxin to determine wheth. : similaritics in their bio 
logical properties might be attributed to common structural 
features (Fig. 4). By introducing two gaps, the lymphotoxin 
-Sequence can be aligned with the TNF scquence so that distinct 
hoaologies arc apparent; we find 44 of the 157 TNF residues 
(28%) are identical to corresponding lymphotoxin amino acids 
with many of the remaining di?crences between the two poly. 
peptides resulting from conservative amino acid changes. The 
nucleotide homology over this coding region is 46% (data not 
shown). Two particularly conscrved regions occur at amino 
acids 35-66 and 110-133 (TNF numbering) where 50% of the 
residues (28 of 56) are identical for TNF and lymphotoxin. The 
hydrophobic cartooxy-termini of the two molecules are also 
significantly conserved. It is probable that the conserved regions 
are crucial to the shared cytotoxic activitics of TNF and lyin. 
photoxin, perhaps through interaction with a common receptor 
cxpressed on the surface of transformed cells. Support for this 
hypothesis is provided by the lack of cytotoxic activity in a 
truncated lynphotoxin polypeptide lacking its last 16 amino 
acids'. 
Lymphotoxin has 8 more NH2-terminal amino acids than 

TNF (Fig. 4), suggesting that this region is not required for 
cytotoxic activity. In fact, a 48 fesidue lymphotoxin, consisting 
of amino acids 24-17 of mature lymphotoxin, and having 
similar cytotoxic effects on L-929 ccs, has been isolated from 
the RPMI-1788 cell line'. It is also interesting that amino 
acids 67-109 of TNF are unrelated to the corresponding region 
of lymphotoxin; only two of 43 residues are identical. This 
cgion includes all of the amino acids spanned by the Cys69-Cys 
101 disulphide bridge of TNF. One possible role for this non 
conserved region could be to position correctly the two sur 
rounding hornologous regions in a conformation essential for 
cytotoxic activity. Such positioning, which could be achieved 
by a TNF disulphide bond, may require a very different sequence 
of amino acids in lymphotoxin, where no disulphide bond exists. 
These apparently unrelated regions of TNF and lymphotoxin 
night specify also as yet undiscovered differences in biological 
activities and/or target sites between the two molecules. The 
availability of efficient expression systems for TNF and lym 
photoxin', in combination with the techniques of site-directed 
mutagenesis', will make it possible to address questions of this 
type directly. 
We thank Phil Hass for growing HL-60 cells; Dr Lloyd 

Swedersky and Tim Bringman for preparing TNF antiserum; 
Mark Wasser, Parkash Jhurani and Peter Ng for deoxyoligonu 
cleotide synthesis; Irenc Figari and Refaat Shalaby for assist 
athcc with the tumour necrosis assays; Roxanne Chang and the 
Genentech Bioassay Group for performing in titro TNF assays: 
and Dr Richard Harkins for helpful suggestions. G.E.N. dedi 
cates this work to the late Jack L. Levenson. 
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Tissue-specific generation of two preprotachykinin 
mRNAs from one gene by alternative RNA splicing 

W.3 - is w 

A novel mammalian neuropeptide, th 

-- . . . . . 

Hiroyuki Nawa, Hirokazu Kotani & Shigetada Nakanishi \ 
institute for immunology, Kyoto University Faculty of Medicine, Kyoto 606, Japan 

e tachykinin substance K, is specifica by a discrete genomic segment, Alternative 
RNA splicing generates two distinct mRNAs encoding the neuropeptide substance P alone or with substance K from a 
single preprotachykinin gene. Relative amounts of the mRNAs vary in different tissues, suggesting that the substance 
K-encoding sequence is regulated in a tissue-specific manner, 

- 2. Wi. 1. -- - 

Substance P is one of the best characterized neuropeptides 
in mammalian tissues: several lines of evidence suggest that it 
acts as a neurotransmitter or neuromodulatorin primary sensory 
neurones'. Substance P belongs to a family of related peptides, 
the tachykinins, and is thought to be the only member of this 

f family preseat in mammalian tissues'. Recently, we elucidated 
the entire primary structures of two types of bovine brain subst 
ance P precursors (a- and f-propotachykinins) by determining 
their cloued cDNA sequences. R-reprotachykinin (g-PPT) 
contains not only the substance P sequence but also a novel 
tachykinin sequence designated substance K, whereas or-prepro 
tachykinia.(a-PPI) lacks the latter sequence, containing ouly 
substance P. The decapeptide substance K has been found 
independently as neurokinia o a gut-contracting peptide in 
portine spinal cord. The chemically synthesized substance K. 
peptide possesses biological activities characteristic of the 
tachykinin family, but is considerably more poteat than sub 
stance P in some pharmacological tests. Substance K thus 
represents a second type of mammalian tachykinin which may 
have a physiological role different from that of substance P in 
mammalian organisms. 's tria. . . . . . 
. The two PPTuRNAs exhibit rainteresting structural relatian 
ship. They have complete identity in their 5' and 3' sequences 
und differ only in the insertion/deletion of the sequence coding 
for the substance K region. This characteristic structural 
relationship poses intriguing questions about the genc organiz 
ation for these two mRNAs and the regulation for the generation 
of the two biologically different mammalian tachykinins. Our 
present investigations thus coice a he structural organization 
of the PPT gene and the distribution and regulation of the two 
PPT mRNAs in the nervous system and peripheral tissues. We 
report here that the sequence specifying the substance K region 
is encoded by a discrete genomic segment, and that both a - and 
B-PPT mRNAs arise from a single gene by alternative RNA 
splicing events. We also present evidence indicating the tissue 
specific regulation of the PPT gene for the differential generation 
of the two PP mRNAs. 

PPT gene organization ... 
Genomic clones containing the bovine preprotachykinin gent 
were isolated from a bovine genomic library by hybridization 

in situ with a bovine B-PPT cDNA probe, and all the isolated 
genomic DNA fragments were arranged into an approximately 
36 kilobase-pair (kbp) length of a continuous genomic DNA 
(Fig. 1a; sec Fig. 1 legend for cxperimental details of cloning). 
Nucleotide sequence analysis was performed on DNA fragments 
containing exons and their surrounding regions (Fig. b-f). 
Comparison of the genomic DNA sequence with the cDNA 
scquence enabled us to construct a structural organization of 
the bovine PP gene (Fig. 1g). Intron A (403base pairs, bp) is 
inserted within the segment encoding the 5'-untranslated region 
of the mRNA,9-10 bp upstream from the translational initiation 
site. Introns B (-1.0 kbp), C (-450 bp), D (-460 bp), E 
(~1.4 kbp) and F (-3.6 kbp) all interrupt the protein-encoding 
region of the gene. The scquences at the exon-intron boundaries 
are consistent with the splice junction sequences observed for 
other genes. Exons 2-7 consist of 32,97,4524,54 and 596 bp, 
each eacoding the protein sequence corresponding to the signal 
peptide, substance P, two spacer scquences, substance K, and . 
the C-terminal sequence, respectively. It is remarkable that exon 
6 precisely specifies the substance K region missing in ot-PPT. 
Because blot-hybridization analysis of total cellular DNAs (data 
not shown) as well as the genomic cloning described above 
showed that no more than one PPT gene is present in the bovine 
genome, we conclude that both a- and S-PPT mRNAs are 
produced from a single gene as a consequence of alternative 
RNA splicing events. 
The 5' termini of the PPT mRNAs were identified by S. 

nuclease mapping and primer extension analyses (Fig. 2). Both 
analyses revealed a length heterogencity at the 5' end of 
the PPT transcripts. The major 5’ termini of the PPT mRNAs 
mapped at 106-08, 10 and 11 bp upstream from the 3' end 
of exon 1 (Fig. 1g). Several minor mRNAspecies starting further 
upstream were also observed and these 5' termini Inapped at 
roughly 132, 133, 37 and 146 bp upstream from the 3' end of 
exon . In support of these assignments, we ?ound that three of 
tle four cDNA clones isolated previously (clonics pSP30, 302 
and 306) contained the extreme 5' sequences corresponding to 
the major S' ends, while the remaining one (clone pSF307) 
extended its 5'-terminus up to one of the minor S" ends. Based 
on the assignments of the 5' termitti of the PPT nr.NAs, we 
conclude that thc bovine PPT gene is -8.4 kbp long. 
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ES55; Defaut View E HTML E. 
f 1. QWHUN tumor necrosis factor alpha 

precursor - unan 
BLink, PubMed, Related Sequences. Taxonony. OMIM 

LoCUS OWHUN 233 a a PR O4 - FE3 - OOO 
DEFINITION tumor necrosis factor alpha precurs Or - huma I). 
ACCESSION OWHUN 

O g694 O 5 
VERSION OWHUN G : 69405 
DBSOURCE pir: locus QWHUN; - 

summary : length 233 molecular-weight 25644 checksum 6900; 
genetic : #gene GDB : INF; TNFA ##cross-references GDB : 12044; 
OMIM: 191160 map position 6p21.3-6p21.3 flintrons 62/3; 78/1; 94/1 
COMPLEX homotrimer, 
superfamily: tumor necrosis factor; 
PIR dates: 28-Aug-1985 #Sequence revision 28 -Aug-1985 # text change 
O4- Feb-2000. 

KEYWORDS cytokine; cytotoxin; glycoprotein; homotricter; lipoprotein; 
lymphokine; macrophage; membrane protein; Illyristylation. 

SOURCE hutman . 
ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chordata, Craniata; Vertebrata; Euteleostomi, 
Mammalia; Eutheria; Prituates; Catarrhini; Hominidae; Homo . 

REFERENCE (residues 1 to 233) 
ATHORS Pennica, D. Nedwin, G. E. Hayflick, J.S., Seeburg, P. H. Derynck, R. , 

Palladino, M.A., Kohr, W.J. Aggarwal B. B. and Goeddel, D.W. 
TE Human tumour necrosis factor: precursor structure expression and 

homology to lymphotoxin. 
JOURNAL Nature 312 (5996) . 724-729 (1984) 
MEDLINE 85 OB 6,244 

REFERENCE 2 (residues 1 to 233 
AHORS Aggarwal, B.B., Kohr, W.J., Hass, P.E., Moffat, B., Spencer, S.A., 

Henzel, W.J., Bringilan, T. S. , Nedwin, G. E., Goeddel, D.W. and 
Harkins, R.N. 

TITLE Human tumor necrosis factor. Production, purification, and 
characterization 

JOURNA J. Biol. Chem - 260 (4), 2345-2354 (1985) 
MEDLINE 853 O974 
RENARK annotation; disulfide bond 

REFERENCE 3 (residues l to 233) 
AUHORS Wang, A. M. Creasey, A. A. , Ladner, M.B., Lin, L. S. , Strickler, J - , Van 

Arsdell J. N. Yamamoto, R. and Mark D. F. 
TITLE Molecular cloning of the complementary DNA for human tumor necroS is 

factor 
JOURNAL Science 228 (4 696) 149 - 154 (985) 
MEDLINE 85 42.90 

REFERENCE 4 resides to 233 } 
AUTHORS Ned win, G. E. , taylor, S. L., Sakaguchi, A. Y., Smith, D. , 

Jarrett - Nedwin, J. Pennica, D. Goeddel, D. W. and Gray, P. W. 
TE Human lymphotoxin and tumor necrosis factor genes; structure, 

honology and chromosomal localization 
JOURNAL Nucleic Acids Res. 13 (17), 6361 - 63 73 (1985) 
MEDLINE 860 u 093 

http://www.ncbi.n.../clutcry.fcgi?cmd=Rctricve&db= Protein&ist uids: 69405&dopt-Gen Pep 5/14/200 
Tamaalaalaala-l. . . . . . . . . . . . . 
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REFERENCE 5 ( residues 1 to 233) 
AUTHORS Marmenout. A . . Fransen, L., Tavernier, J., Van der Heyden, J. , 

Tizard R. Kawashima, E. Shaw A. Johnson, M. J., Seton, D., Muller R. 
et al. 

TITLE Molecular cloning and expression of human tumor necrosis factor and 
comparison with mous c tumor necrosis factor 

JOURNAL Eur, J. Biochem 152 (3) 515-522 (1985) 
MEDLINE 860 30.296 

REFERENCE 6 (residues 1 to 233) 
AUTHORS Fukuda S., Ando, S., Sanou, O Taniai, M., Fujii, M. , Masaki, N., 

Nakamura, K. I. , Ando, O. , Tori goe, K. , Sugimoto, T - and Kurimoto, 
M. 

TITLE Simultaneous production of natural human turnor Ile cros is 
factor-alpha, bota and interferon-alpha from BALL - cells 
stimulated by HVJ 

JoURNAL, Lymphokine Res. 7 (2), 175 - 189 (1988) 
MEOLINE 883 () 6 

REFERENCE 7 (residues 1 to 233) 
AUTHORS Stevens on F. T., Bursten, S. L. Locksley R. M. a 1d Lovett, D. H. 
TTE Myristyl acylation of the tumor necrosis factor alpha precursor on 

specific lysine residues 
JOURNAL, J. Exp. Mcd. 176 (4) 1053 - 062 (1992) 
MEDLINE 9 301882 () 
REMARK annotation, identification of myristy lated lysines 

REFERENCE 8 (residues l to 233) 
AUTHORS Iris, F. J. M. Bougucleret, I, , , Prieur, S., Caterila, D., Primas, 

G., Perrot, V., Jurka, J., Rodriguez - Tome, P., Claverie, J. M., 
Dausset, J. and Cohen, D. 

TTLE Dense Alu clustering and a potential Ilew member of the NFkappaB 
family within a 90 kilobase HLA class III segment 

JOURNA, Nature Genet. 3, 137 - 145 (1993) 
REFERENCE 9 (residues 1 to 233) 
AUTHORS D'Alfonso, S. and Richiardi, P. M. 
TITLE A polymorphic variation in a putative regulation box of the TNFA 

promoter region 
JOURNAL Immunogenetics 39 (2), 150 - 154 (1994). 
MEDLINE 94.102.809 

REFERENCE 10 (residues 1 to 233) 
AUTHORS Takakura-Yamamoto, R. , Yaanamoto S., Fukuda, S. and Kurimoto, M. 
TITLE O-glycosylated species of natural human tumor-necrosis factor-alpha 
JOURNAL Eur. J. Biochem. 235 (1-2) 431–437 (1996) 
MEDLINE 96202967 COMMENT Secreted from mitogen-activated macrophages within 4-24 hours after 

induction, TNF-alpha can cause cytolysis of certain tumor cell 
lines and have an antiproliferative effect on- others without 
detriment to normal cells. It can also act synergistically with 
interferon gamma to kill certain transformed - cell lines. 

FEATURES Location/Qualifiers 
source . , 233 

/organisms "Homo sapiens" 
A db xref="taxon: 9606" 

Region . . . 6 
A region name="domain" 
A note= "propeptide" 

Protein . . 233 
/product = "tumor necros is factor alpha precursor " 
A note= "cachecti; TNFA" 

Site 9 
/site types "binding" 
/note = "myristate (Lys) (covalent) " 

Site 20 
/site type = "binding" 
/notes "myri state (Lys) (covalent) " 

Region 77 . .233 

. . . A -- - - r ... . . . . . .''.... - or rivra (th-drairin & tic it its=604 (5 A ?inn i = (Gen P. S/4/20() 
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& NCB 0. ooooo SErotein 
PubMed Niccotic Protein Gconce Structure PopSet Taxonomy OMM 

Search Protein for g 
Limits Index History UW-m Clipboard 

SESSEDefault view sia HTML is Eš SSES a 
polys TUMOR NECROSIS FACTOR FBI ink, PubMed. Related Sequences, axonomy, OMIM 

PRECURSOR (TNF-ALPHA) 
(CACHECTIN) d 

OCUS TNFA HUMAN 23 a & O - O('I'- 20 OO 
of INITION 'UMOR NECROSIS FACTOR PRECURSOR (INE'. ALHA) (CACHECTIN) . 
ACCESSION O3 FS 
pD g135934 
WERSION PO1375 GI : 135934 

SOURCE Swiss prot: locus TNFA HUMAN, accession PO 1375; 
class : standard, 
Created: Jul 2, 1986 
scouence updated : Jul 2 l, 1986 . 
annotation updated: Oct 1, 2 OOO . 
x refs: gi: gi : 37209, gi: gi: 3720, gi : di : 339.739, gi: gi: 
33 9741, gi: gi: 372 is gi: gi : 3722O, gi: gi : 339.737, gi: gi: 
339.738, gi: , gi : 339763, gi: gi : 339764, gi: gi : 372)l, gi : gi: 
372 12, gi: gi : 433,095, di: gi : 433), gi : gi : 6940, gi: gi: 
280871, gi: gi: 63.1484, , , , , 
x refs (Inon-sequence databases) : GlycoSuite DB PO1375, MIM 1960, 
InterPro PROOO 478, Pfam PFOO229, PRINTS PRO 234, PRINTS PRO1235 
PROSITE PSOO251 PROSITE PSSO 049 

KEYWORDS Cytokine; Cytotoxin; Transmembrane; Glycoprotein; Signal-anchor; 
Myristate; 3D-structure. 

SOURCE human. 
ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
Matutalia; Eutheria; Prituates; Catarrhini; Hortinidae; Homo. 

REFERENCE (residues 1 to 233 
AUTHORS NedoSpasov, S.A., Shakhov, A. N., Turetakaya, R. L. , Mett, W. A. , 

Azizov, M.M. Georgiev, G. P. Korobko, V.G., Dobrynin, V. N. , 
Filippov, S.A. Bystrov, N. S., Boldyreva, E. F., Chuvpilo, S.A., 
Chunakov, A.M., Shingarova, L. N. and Ovchinnikov, Y.A. 

TITLE Tandetta arrangement of genes coding for tumor necrosis factor 
(TNF-alpha) and yuphotoxin (TNF-beta) in the human genote 

JOURNAL Cold Spring Harb. Syrup. Quant. Biol. 51 Pt. 1, 611 - 624 (1986) 
MEDLINE 87.217060 
REMARK SEQUENCE FROM N.A. 

REFERENCE 2 (residues 1 to 233) 
AUTHORS Pennica, D., Nedwin, G. E. , Hayflick, J. S. , Seeburg, P. H. , Derynck, R - , 

Palladino, M. A - , Kohr, W. J . , Aggarwal, B. B. and Goeddel, D. V. 
TITLE Human tumour necrosis factor : precursor structure, expression and 

honology to lymphotoxin 
OURNAL Nature 312 (5996) . 724 - 729 (lg84) 
MEDLINE 85086 244 
REMAR SEQUENCE FROM N.A. 

REFERENCE 3 (residues to 233 } 
AUTHORS Shirai, T. Yamaguchi, H., I to, H., Todd, C. W. and Wallace, R. B. 
TITLE Cloning and expression in Escherichia coli of the gene for human 

tumour necrosis factor 
ORNA Nature 313 (6005) 803 – 8 O 6 (985) 
MEDLINE 3378.98 -- 

hitn://www.ncbi... ?aucry.fcgi?cmd=Rctricvc&ch Procin&ist Lids- 35934&dopt-Gcnic 5/4/2001 
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REMARK SEQUENCE FROM N.A. 
REFERENCE 4. (residueg 1 to 233) 

AUTHORS Nedwin, G. E., Naylor, S. L. . . Sakaguchi, A. Y. . Smith, D. , 
Jarrett-Nedwin, J., Pennica, D., Goeddel, D. W. and Gray, P. W. 
Human lymphotoxin and tumor necros is factor genes : structure 
honology and chromosomal localization 

JOURNAL Nucleic Acids Res. 13 (17), 636 - 63 73 (1985) 
MEDLINE 860 16093 

TITLE 

REMARK SEQUENCE FROM N. A. 
REFERENCE 5 (residues 1 to 233) 
AUTHORS Wang, A. M., Creasey, A. A . , Ladner, M. B., I, II, L.S., St. rickler Wan 

Arsdell, J. N. Yamamoto, R. and Mark, D. F. 
TITLE Molecular cloni (g of the complementary DNA for human tu'nor in Cross 

factor 
JOURNAL, Science 228 (4 696) 49 - 54 (1985) 
MEDLINE 85.1421.90 
REMARK SEQUENCE FROM N. A. 

REFERENCE 6 (residues; ) to 233} 
AUTHORS Marmenout, A., Fransen, L., Tavernier, J., van de I Heyde 

Tizard, R., Kawashima, E., Shaw, A., Johnson, M. J., Scrnon 
! Mueller, R., Ruysschaert, M. R. van Vlict, A. and Fiers, w 

TITLE Molecular cloning and expression of huma I tumor necross 
comparison with mouse tumor necros is factor - 4...is 

TOURNAL, Eur. J. Biochen. 152 (3), 's 5-522 (1985) 
MEDLINE 86 O 30296 
REMARK SEQUENCE FROM N. A. 

REFERENCE (residues l to 233) 
AUTHORS Iris, F. J. M., Bouguele ret, L., Prieur, S , , Caterina, D., Primas G., 

Perrot, V., Jurka, J . , Rodriguez-Torne, P - , Claverie, J. - M., Daus.set J . 
and Cohen, D. 
Dense Alu clustering and a potential new member of the NF kappa B 
family within a 90 kilobase HLA class III segment 

JOURNAL, Nat Genet. 3 (2) 137 - 45 (1993) 
MEDLINE 93.272O29 
REMARK SEQUENCE FROM N.A. 

REFERENCE 8 (residues 1 to 233) 
AUTHORS Rowen, L. Madan. A. , Qin, S., Shaffer, T., Jattles, R., Ratcliffe, A. , 

Abbasi, N., Dickhoff, R., Loretz, C., Madan, A., Dors, M. , Young, J., 
Lasky, S. and Hood, L- - 

TITLE Direct Submission 
JOURNAL, Submitted (?? -OCT-1999) to the EMBL/GenBank/DDBJ databases 
REMARK SEQUENCE FROM N.A. 

REFERENCE 9 (residues l to 233) 
AUTHORS Jones, E.Y., Stuart, D.I. and Walker, N. P. - 
TITLE Structure of turnour lecrosis factor 
JOURNAL Nature 338 (622), 225-228 (1989) 
MEDLINE 89.1594.09 
REMARK X-RAY CRYSTALLOGRAPHY (2.9 ANGSTROMS) - 

REFERENCE 10 (residues 1 to 233} 
AUTHORS Jones E. Y. Stuart D. I. and Walker, N. P. 
TTLE The structure of tumour necrosis factor -- implications for 

biological function 
JOURNA, J. Cell Sci. Suppl. 13, 11-18 (1990) 
MEDLINE 9, 1932 76 
REMARK X-RAY CRYSTALLOGRAPHY (2.9 ANGSTROMS) . 

REFERENCE 11 (reasidues to 233) 
AUTHORS Eck, M . J. and Sprang, S - R. 
TITLE The structure of tumor necrosis factor - alpha at 2. 6 A resolution. 

Implications for receptor binding 
JOURNAL, J - Biol. Chern - 264 (29) 17595 - 17605 (1989) 
MEDLINE 90.008932 
REMARK X-RAY CRYSTALLOGRAPHY (2 - 6 ANGSTROMS) . 

REFERENCE 12 (residues 1 to 233 } 
AUTHORS Reed, C. , Fu 2. Q., wu, J. , Xue Y. v . , 

far or and 

TITLE 

Harrison R. W. Chen, M.J. and 
--- 

http://www.ncbi..../query.fcgi?cmd=Retricve&db=Protein&list uids=135934&dopt-Genpep 5/1 4/200 
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Weber, I.T. 
TTLE Crystal structure of TNF-alpha mutant R31D with greater affinity 

for receptor R1 compared with R2 
JOURNAL, Protein Eng. 10 (10), 1 1 0 1 - 11 o' (1997) 
MEDLINE 98l47459 
REMARK X-RAY CRYSTALLOGRAPHY (2.3 ANGSTROMS OF MUTANT ARG-107. 

REFERENCE 13 (residues 1 to 233) 
AUTHORS Cha, S. S., Kim, J. S., Cho, H. S., Shin, N. K., Jeong, W., Shin, H. C. , 

Kim Y - J., Halhi. J. H. and Oh, B. H. 
TITLE High resolution crystal structure of a huana in tumor necrosis 

factor-alpha mutant with low systemic toxicity 
JOURNAL, J. Biol. Chem. 273 (4), 21.53 - 2160 (1998) 
MEDLINE 98.13 78 - 

REMARK X-RAY CRYSTALLOGRAPHY ( .. 8 ANGSTROMS) OF MUTANT M3S 
REFERENCE l 4 (residues 1 to 233) A 

At UTHORS Van Ostade, X . , Tavernier, J., Prange, T. and Fiers, W. 
TITLE Localization of the active site of human tumour necrosis factor 

(hTNF) by mutational analysis 
JOURNAL, EMBO J. 10 (4) 827-83 e5 (99) 
MEDLINE 9.1842.8 
REMARK MUTAGENFESIS. 

REFERENCE 15 (residues 1 to 233) 
AUTHORS Stevenson, F.T. Bursten, S. L., Locksley, R. M. and Lovett, D. H. 
TITLE Myristy a Cylation of the tumor ne Cros is factor alpha precursor on 

specific lysino residues 
JOURNA, J. Exp Med. 176 (4) 1053 - 1062 (1992) 
MEDLINE 9 3018820 
REMARK MYRSOYATION 

COMMENT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

This SWISS-PROT entry is copyright. It is produced through a 
collaboration between the Swiss Institute of Bioinformatics and 
the EMBL, outstation the European Bioinformatics Institute. 
The original entry is , available from http://www.expasy.ch/sirot 
and http://www.ebi.ac.uk/sprot 

FUNCTION TNF LS MAINLY SECRETED BY MACROPHAGES IT IS A CYTOKINE 
WITH A WIDE WARETY OF FUNCIONS: 'I' CAN CAUSE CYTOLYSIS OF CERTAIN 
TUMOR CELL LINES, IT IS IMPLICATED IN THE INDUCTION OF CACHEXTA, IT 
IS A POTENT PYROGEN CAUSING FEVER BY DIRECT ACTION OR BY 
STIMULATION OF INTERLEUKIN 1 SECRETION IT CAN STIMULATE CELL 
PROLIFERATION AND INDUCE CELL DIFFERENTIATION UNDER CERTAIN 
CONDITIONS. 
SUBUNIT HOMOTRIMER. 
SUBCELLULAR LOCATION TYPE II MEMBRANE PROTEIN - ALSO EXISTS AS AN 
EXTRACELLULAR SOLUBLE FORM. 
(PTM) THE SOLUBLE FORM DERIVES FROM THE MEMBRANE FORM BY 
PROTEOLYTIC PROCESSING 
DISEASE CACHEXA ACCOMPANIES A VARIETY OF DISEASES, INCLUDING 

CANCER AND INFECTION AND IS CHARACTERIZED BY GENERAL, ILL, HEALTH 
AND MAILNUTRTON. . 

SIMIJARITY BELONGS TO THE TUMoR NECROSIS FACTOR FAMILY 
FEAURES Location/Qualifiers - 

source 1. . 233 
A organism="Homo sapiens" 
/db xref="taxon: 96 06' 

Region . . . 6 
/region name="Propeptide" 

Prote in - 233 
/product = "TUMoR NEC Ros Is FACTOR PRECURSOR" 

- . . 233 

Site 19 
/site type = "lipid-binding" 
A note = MYRISTATE. " 

Site 20 

httn://www.ncbi ../qut crvi?cogi?cmd=Retricvcé clb: Protcin list idst 594& cont-?in p < 1 14/2()() 
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/site type = "lipid-binding" 
Anote - "MYRISTATE." 
36 - S6 
/ region name="Transmembrane region" 
Anot e="SIGNAL - ANCHOR (TYPE - I MEMBRANE PROTEIN) ... " 
63 
/ region name="Conflict" 
Anote = "F - > S (EN REF - 5). " 
77 . .233 
/ region name="Mature chain" 
A note = ''UMOR NECROSS FACTOR. " 
85. - 86 
/region name - "Hydrogen bonded turn" 
89 . . 94 - . 

/ region name="Beta - strand region" 
99 OO 
/ regioi name="Hydrogen bonded turn." 
O4. . . . () , 

/region name="Beta-strand region" 
() 

/site type = "mutagenized" 
A note="L-> S : LOW ACTIVITY." 
TO 8 
/site type = "mutagenized" 
Anote = "R -> W. BIOLOGICALLY ENACTIVE." 
O9. O 

/ region name="Hydrogen bonded turn" 
ll2 - . 13 
/region name="Beta-strand region" 
12 

/site type = "mutagenized" 
Anote="L- > F : BIOLOGICALLY INACTIVE." 
15 . . il 6 
/region name="Hydrogen bonded turn" 

8 . . .19 
/region name="Beta-strand region." 
24 - 125 
/region name="Beta-strand region" 
132 - 38 
/region name="Beta-strand region" 
140 . . 142 
A region name="Beta-strand region" 
bond (145,177) 
/bond type="disulfide" 
192 - . 159 
/region name="Beta-strand region" 
160 
/site type= "mutagenized" 
Anote= "A->V: BIOLOGICALLY INACTIVE . " 
162 
W site type="raut agenized" 
A note= "S->F: BIOLOGICALLY NACTIVE." 
66 - 174 
/region name="Beta-strand region" 
167 
/site type = "mutagenized" 
A note - "W-> A D : BIOLOGICALLY INACTIVE." 
190 - . 191 
f region name="Beta-strand region" 
1.94 - 200 
/region name="Beta-strand region" 
20 - - 212 , 

A region name="Beta-strand region" 
19 . . 27 

Sep. 11, 2003 

Page 4 of 5 
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/region name="Helical region" 
Region 28 

/region name="Beta-strand region." 
Site 222 

/site type = "mutagenized" 
Anot e="E - > K: BIOLOGICALLY INACTIVE." 

Region 224 . . 225 
/region name="Hydrogen bonded turn" 

Region 226 . . 232 
A region name="Beta-strand region" 

ORIGIN 
l ms tesmird v elaee alpkk taggpggs rro ) f l slfs fli vagattlf Cl lhfov igpgr 

61 ee?p rols l i Solaqa v rss Srtps dkpva hv wanpdaeg q) qwl in Iran all a novel 
12 1 dnd VVp Seg lyliy sqvlf kggg cps thv llth t is ria v Syct k V in l l Sai Ksp carc 

- ... l 8 tpega eakpw yepiy liqg v f qlekgdrl sa e in Ipdy df aes gavy fig i ial A. 
A / 
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We claim: 
1. A ligand capable of binding to human TNF, the ligand 

being characterised in that when it binds to TNF the in vivo 
tumour regression activity of the TNF is enhanced. 

2. A ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the in vivo 
tumour regression activity of the TNF is enhanced; the 
ligand binding to the TNF such that the epitope of the TNF 
defined by the topographic region of residues 1-30, 117-128 
and 141-153 is substantially prevented from binding to 
naturally occurring biologically active ligands. 

3. A ligand which binds to human TNF in the topographic 
regions of residues 1-30, 117-128 and 141-153. 

4. Aligand as claimed in claim 3 in which the ligand binds 
to human TNF in the topographic regions of residues 1-26, 
117-128 and 141-153. 
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5. A ligand as claimed in claim 1 in which the ligand is 
Selected from the group consisting of antibodies, F(ab) 
fragments, Single domain antibodies (dABs) restructured 
antibodies, Single chain antibodies and Serum binding pro 
teins. 

6. A ligand as claimed in claim 5 in which the ligand is a 
monoclonal antibody or F(ab) fragment thereof. 

7. A ligand as claimed in claim 1 in which the ligand is 
MAb 32 (ECACC 89080302). 

8. A composition comprising TNF in combination with a 
ligand as claimed in claim 1 in which the ligand is bound to 
the TNF. 


