sooe onte aasiesee rer vimsts rcrsosaseotes |INITUENRRIMAAINIIAE AN
AOJP DATE 24/12/98 PCT NUMBER PCT/DK98/00157 f
AU9870303
2T
(51) International Patent Classification 6 : (11) International Publication Number: WO 98/46642
CO7K 14/525, 19/0V Al
(43) International PPublication Date: 22 October 1998 (22.10.98)
!
(21) International Application Number: PCT/DK98/00157 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Bl, GB, GE,
(22 International Filing Date: 15 April 1998 (15.04.98} GH, GM, GW, HU, ID, IL, 1S, JP, KE, KG, KP, KR, KZ,

LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW,
MX, NO, NZ, PL, PT, RO, RU, SD, SE, 8G, S|, SK, Si,

(30) Priority Data: TI T™, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO

041897 15 April 1997 (15.04.97) DK patent (Gl1, GM, KE, LS, MW, SD, 87, UG, ZW), Eurasian
a0/044,187 24 April 1997 (24.04.97) us patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, T™), European

patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, .
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF,
(71) Applicant (for all designated States except US): TFARMA- CG, ClI, CM, GA, GN, ML, MR, NE, SN, TD, TG).

' CEUTISK LABORATORIUM FERRING A/S [DK/DK};

! Indertofien 10, DK-2720 Vanlgse (DK).
Published

(72) Inventors; and With international search report.

(75) Inventors/Applicants (for S only): JTJSEN, Martin, Roland
[DK/DK]; Srdskranten 6, DK-2844 “folte (DK), MOURIT-
SEN, Spren |DK/DK]J; Lindevangsvej 24, DK-3460 Birk -
crend (DK). ELSNER, Henrik [DK/DK]; Svend Ggngeswej
36, DK-2700 Brenshaj (DK). DALUM, Iben [DK/DK]; Ol-
gasvej 13, DK-2970 Harsholm (DK).

c 74 Agent: HOFMAN-BANG & BOUTARD, LEHMANN & 7. ]
A/S: Hans Bekkevolds Allé 7, DK-2900 Hellerup (Dh.-

(54) Title: MODIFIED TNFa MOLECULES, DNA ENCODING SUCH MODIFIED TNFae MOLECULES AND VACCINES COM-
PRISING SUCH MODIFIED TNFo MOLECULES AND DNA

~(57) Abstract

A modified human TNFo molecule capable of raising neutralizing antibodies towards wild-type human TNFe following administration
of said mndificd TNFn molecule to a human host, whercin at least one peptide fragment of the human TNFa molecule has been substituted by
at least one peptide known to contain an immuizodominant T cell epitope or a truncated form of said molecule containing an immunodominant
epitope ar. " one or both flanking regions of the human TNFa molecule comprising at least onc TNFo B cell epitope, wherein the substitution
introduces a substantial change in the amino acid sequence of the front S—sheet, in any one of the connecting loops and/or in any one of
the B', I or D strands of the back f-sheel. The modified human TNFo- molecules or DNA encoding them may be formulated as vaccines
against TNFa optionally with pharmaceutically acceptable adjuvants, for the prevention or treatment of chronic inflammatory diseases, such
as rheumatoid arthritis and inflammatory bowel diseases, cancer, disseminated sclerosis, diabetes, psoriasis, ostcoporosis or asthma. Human
body fluids may be tested for the presence of TNFer by contact with a composition containing the modified TNFa,




WO 98/46642

10

15

20

25

30

PCT/DKY8/00157
1
Modified TNF4A molecules, DNA encoding such modified TNFA moleculés
and vaccines comprising such modified TNEL molecules and DNA

Field of the Invention

The present invention relates to human cytokine Tumor Ne-
crosis Factor o (TNFa) molecules which has been modified
so that they are capable of raising neutralizing antibod-
ies towards wild-type human TNFo following administration
of the modified TNFo molecule to the human host. The in-
vention also relates to human TNFa vaccines based on said
modified TNFa molecules. Further aspects of the invention

will appear from the discussion below.

Background of the invention

Physiologically, the vertebrate immune system serves as a
defense mechanism against invasion of the body by infec-
tious objects such as microorganisms. Foreign proteins
are effectively removed via the reticuloendothelial sys-
tem by highly specific circulating antibodies, and vi-
ruses and bacteria are attacked by a complex battery of
cellular and humoral mechanisms including antibodies, cy-
totoxic T lymphocytes (CTL), natural killer cells (NK),
complement, etc. The leader of this battle is the T
helper (Ty) lymphocyte which, in collaboration with the
Antigen Presenting Cells (APC), regulate the immune de-

fense via a complex network of cytokines.

Ty lymphocytes recognize protein antigens presented on
the surface of the APC. They do not recognize, however,
native antigen per se. Instead, they appear to recognize
a complex ligand consisting of two components, a
“processed” (fragmented) protein antigen (the so-called T
cell epitope) and a Major Histocompatibility Complex
class II molecule (Q. Werdelin et al., Imm. Rev. 106, 181
(1988)). This recognition eventually enables the Ty lym-
phocyte specifically to help B lymphocytes to produce
specific antibodies towards the intact protein antigen

(Werdelin et al., supraj;. A given T cell only recognizes
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a certain antigen-MHC combination and will not recognize
the same or another antigen presented by a gene product
of another MHC allele. This phenomenon is called MHC re-

striction.

Fragments of self-proteins are also presented by tl APC,
but normally such fragments are ignored or not recognized
by the T helper lymphocytes. This is the main reason why
individuals generally do not harbour autcantibodies in
their serum eventually leading to an attack on the indi-
vidual’s own proteins (the sc-called self- or autopro-
teins). However, in rare cases the process goes wrond,
and the immune system turns towards the individual’s own

components, which may lead to an auvtoimmune disease.

The presence of some self-proteins is inexpedient in
situations where they, in elevated levels, induce disease
symptoms. Thus, tumour necrosis factor o (TNFa) is known
to be able to cause cachexia in cancer patients and pa-
tients suffering from other chronic diseases (H.N. Lang-
stein et al. Cancer Res. 51, 2302-2306, 1991). TNFo also
plays important roles in the inflammatory process (W.P.
Arend et al. Ar.hritis Rheum. 33, 305-315, 1890) and neu-
tralization of TNFo by the use of monoclonal antibodies
has thus been demonstrated to be heneficial in patients
with chronic inflammatory diseases‘such as rheumatoid ar-
thritis, BElliott et al., Lancet 1994, 344:1105-10 and
Crohn’s disease, van Dullemen et al., Gastroenterology
109(1):129-135(1985) . There is therefore a need for a
method for the induction of neutralizing antibodies
against such TNFa proteins, and the present invention
comprises a vaccine against TNFo which provide this prop-

erty.
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TUMOUR NECROSIS FACTOR

1. General Background

Tumour nhecrosis factor (TINF) is a member of the cytokine
family of regulatory proteins (see Walsh, G. and Headon,
D.E., Protein Biotechnology, 1994, John Wiley & Sons Ltd.
England, p. 257-267) which also include the interferons
and the interleukins. Two forms of TNF are now recog-
nized, TNFoa and TNIJ3, respectively. A. ~ugh both pro-
teins bind the same receptors and elicit oroadly similar
biological responses, they are distinct molecules and
share less than 30% homology. The original protein termed
tumour necrosis factor, referred to as THNI', is more prop-
erly termed TNFa; it is also known as cachectin. TNFf is

also referred to as lymphotoxin.

TNFo. 1s produced by a wide variety of cell types, moslL
notably activated macrophages, monocytes, certain T lym-
phocytes and NK cells, in addition to brain and liver
cells. The most potent known inducer of TNFo synthesis,
is a complex biomolecule termed lipopolysaccharide (LPS).
It contains both lipid and polysaccharide components, and
is alsc referred to as endotoxin. Lipopolysaccharide it-
self is devoid of any anti-tumour activity. The serum of
animals injected with lipopolysaccharide was found to
contain a factor toxic to cancerous cells, and this fac-
tor, produced by specific cells in response to lipopoly-
saccharide, was termed tumour necrosis factor. Various
other agents such as some viruses, fungi and parasites
also stimulate the synthesis and release of Lhis cy-
tokine. Furthermore, TNFo may act in an autocrine manner,

stimulating its own production.

Native human TNFo is a homotrimer, consisting of three
identical polypeptide subunits tightly associated around

a threefold axis of symmetry as will be further explained
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below. This arrangement resembles the assembly of protein
subunits in many viral capsid proteins. The individual
polypeptide subunits of human TNFo are non-glycosylated
and consist of 157 amino acids. The molecule has a wmo-
lecular weight of 17300 Da and contains a single in=
trachain disulphide 1linkage. Human TNFo is synthesized
initially as a 233 amino acid precursor molecule. Prote-
olytic cleavage of the -76 to -1 presequence including a
signal sedquence releases native TNFw. TNFo may also exist
in a 26000 Da membrane-bound form. Three TNFo monomeric
subunits associate noncovalently to form a trimer as fur-

ther explained below.

TNFa induces its biological effects by binding specific
receptors present on the surface of susceptible cells.
Two distinct TNFa receplors have been identified. One re-
ceptor (TNF-R55) has a molecular weight of 55000 Da,
whereas the second receptor (TNF-R75) has a molecular
weight of about 75000 Da. These two distinct receptor
types show no more than 25% sequence homology. TNF-R55 is
present on a wide range of cells, whereas the distribu-
tion of the TNF-R75 receptor is more limited. Both are
transmembrane glycoproteins with an extracellular binding
domain, a hydrophobic transmembrane domain and an intra-

cellular effector domain.

The exact molecular mechanisms by which TNFo induces ils
biological effects remain to be determined. Binding of
TNFo. to its receptor seems to trigger a variety of events
mediated by G-proteins in addition to the activation of
adenylate cyclase, phospholipase A and protein kinases.
The exact biological actions induced hy TNFo may vary
from cell type to cell type. Other factors, such as the
presence of additional cytokines, further modulate the
observed molecular effects attributed teo TNFo action on

sensitive cells.
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The TNFo gene has been cloned and inserted in a variely
of recombinant expression systems, both bacterial and eu-
karyotic. The resultant availability of large quantities
of purified, biologically active TNFa has facilitated
clinical evaluation a number of diseases, most notably
cancer. Many such trials, using TNFo either alone or in
combination with interferons, yielded, however, very dis-
appointing results. Large quantities of TNFa can not be
administered Lo patients owing to its toxic - if not le-

thal - side-effects.

As mentioned above prolonged production of inappropri-
ately elevated levels of TNFo has also been implicated in
the development of cachexia, the wasting syndrome often
associated with chronic parasitic or other infections,
and with cancer. TNFo is also involved in the metastasis
and growth of certain tumours as well as in induction of
anaemia. Furthermore, TNFo is also directly involved in
the development of certain chronic inflammatory disorders
in humans, including rheumatoid arthritis and Crohn’s
disease where administration of monoclonal anti-TNFo an-
tibodies has been shown to be beneficial. TNFo 1is also
involved in osteoporosis and Psoriasis. In addition, it
has been shown in animal models that administration of
anti-TNFo antibodies may decrease or prevent rejection of

grafted or Ltransplanted tissues.

2. Structure of TNFuo

I. Introduction

The three~dimensional structure of human tumour necrosis
factor (TNFa) has been solved (see "Tumor Necrosis Fac-
tors, Structure, Function and Mechanism of Action" edited
by Bharat B. Aggarwal and Jan Vilcek, 1992 Marcel Dekker,
Ind., New York, Chapter 5 “Crystal structure of TNFa ",
by Jones, BE.Y. Stuart, D.I. and Walker N.P.C.). The bic-
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logical action of TNFo is dependent on its interaction
with 1ts receptors. These interactions are governed by
the precise arrangement of the correctly folded tertiary
structure. Thus, Lo understand how the TNFo molecule per-
forms its biological function at the level of amino acid
interactions, one must not only know the amino acid se-

guence, but also the three-dimensional structure.

II. Three-dimensional structure

Biologically active TNFuw has been shown by analytical ul-
tracentrifugation, small angle x-ray scaltering, and gel
electrophoresis to be in a trimer conformation in solu-
tion, and cross-linking studies have indicated that this
is the active form of the protein (Smith and Baglioni,
1987, J. Biol. Chemistry 252, 6951-6954). Binding assays
showed that the trimer was at least B8-fold more active
than the monomer. The experimental evidence indicated
that both natural and recombinant 7TNFo exist predomi-
nantly as a trimer under physiclogical conditions. Analy-
sis of circular dichroism spectra placed TNFo in the all-
sheet class of proteins (Davis et al., Biochemistry 1987,
26, 1322-1326 who reported results of structure analyses
of purified recombinant TNFo by sulfhydryl titration,
gelfiltration and circular dichroism.). Several different
crystal forms have been reported for human recombinant
TNFo.. All the reported crystal forms exhibit crystallo-
graphic and/or non-crystallographic threefold symmetry
indicative of the presence of TNFw as a trimer within the
crystal. The TNFo trimers lie in loosely packed arrays
perforated by 100 A diameter solvenl channels. Only a
small proportion of the molecular surface is involved in
crystal packing contacts. Such contacts could sliightly
perturb a few side chains and perhaps even short portions
of inherently flexible main chain from their preferred

solution conformations.
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A. Main-Chain Fold of the TNFu Monomer

The overall shape of a single 157-amino-acid subunit of
the TNFo trimer is wedgelike with a height of approxi-
mately 55A and a maximum breadth of 35A near the base.
The main-chain tocpology is illustrated in Fig. la-c; it
is essentially a f}-sandwich structure formed by two anti-
parallel PB-pleated sheets. The main-chainfold conforms to
that of the classic jellyrcll motif (Fig. lc¢) {common in
viral capsid protein). The nomenclature adopted in Fig. 1
for the labels of the secondary structural units follows
the established convention for wviral structures. The
standard eight fJ~-strands (B tou I) are all present but
with an insertion between B and C that adds a short
strand onto the edge of both [J-sheets and truncates the
N-terminal half of C, so that each [}~pleated sheet con-
tains five antiparallel f-strands, the back [J-sheet com-
prising f-strands B’, B, I, D and G and the front sheet

comprising f-strands C’, C, H, E and F.

The N terminus is highly flexible. This region, as far as
residue 10 (see fig. 1b), is rather independent of the
rest of the molecule, with the first few residues free to
sample a variety of conformations in Lhe solvent. In con-
trast, the C terminus is embedded in the base of the back
f-sheet and forms an integral part of this relatively
flat secondary structural unit. The gradalion in B-strand
lengths and the insertion between [(j-strands B and C con-
spire to produce a front surface formed almosi entirely
of loops, and it is this “masked” side of the [}-sandwich,
which in the trimer is presented Lo the solvent. The
crystallographic data yield a measure of Lhe relative
flexibility of the various parts of the structure. The [}~
strands form a fairly inflexible scaffold; in particular,
the back fj-sheet is situated at the core of the trimer

and consequently is particularly rigid. As would be ex-
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pected, it is the loops that adorn the outer solvent-
accessible surface of the molecule, which exhibit high
levels of flexibility/mobility. Overall, there is a gen-
eral decrease in rigidity as the core becomes more

loosely packed in the upper half of the molecule.

B. General Topology of the TNFu Trimer

Three TNFa monomeric subunits associate noncovalently to
form a compact, conical trimer having a length of about
55 A and a maximum breadth of 50 A. The p-strands of the
three individual f-sandwiches lie approximately parallel
(the tilt is about 30°) to the threefold axis of the
trimer. The interaction between subunits related by the
three-fold axis is through a simple edge-to-face packing
of the P-sandwich; the edge of the f-sandwicli, consisting
of strands F and G from one subunit, lies across che back
f-sheet [GDIBB'] of a threefold relaled subunit (see Fig.
2). The carboxy termini lie close to the threefold axis.
The edge-to-face mode of packing produces an extremely
tight association between the subunits. Thus the core of

the trimer is completely inaccessible Lo solvent.

C. Amino Acid-Type Distribution

The overall distribution of residue types in the three-
dimensional structure of TNFo echoes the general rule for
proteins: namely, that hydrophobic residues cluster in
the core of the molecule while charged residues decorate
the surface. Thus the core of the TNFu sandwich has the
expected filling of tightly intercalatina large apolar

residues.

The energetics of the system do not favour the existence
of TNFo in a monomeric state. For a large interface area
composed of complementary residues (e¢.g., polar residues

matched against polar residues) the loss of solvent-
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advantage to formation of the oligomer (i.e., tLhe
trimer). The exposure to solvent of the large patch of
strongly hydrophobic residues normally buried in the
lower portion of the trimeric interface would also act to

destabilize the TNFo monomer.

3. Probes of structure-function

A. TNFo/Antibody Interactions

It has been observed that antibodies raised against TNFo
from one species (e.g., human) do not cross-react with
TNFo. from another species (e.g., mouse) despite a se-
quence identity in excess of 80" and the ability of TNFo
to bind to the TNFo receptors of other species. If the
degree of seguence variation is mapped ontco the three-
dimensional structure, it is immediately apparent that
the most sequence-variable regions of the molecule corre-
spond to the antibody-accessible surface loops. The re-
gions of highly conserved resicdues within the sandwich or
at the trimeric intexface are effectively invisible to
antibodies. Thus the epitope for an antibody against TNFo
will always contain some residues that will vary between
species, thus abolishing antibody binding. This implies
that the characteristics of the interaction between TNFo
and its receptor must somehow differ from Lhose reguired

for binding of an antibody Lo TNFo.

B. Site-Directed Mutagenesis

The role of various spzcific residues and regions of the
TNFo. molecule with regard to its Liological (cytotoxic)
activity and receptor binding has been probed by replace-
ment of those residues by different amino acids or dele-

tion of part of the sequence using the techniques of
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site-directed mutagenesis (Jones el al, op.cit. p. 113~
119).

The deletion of up to eight residues from the M-lLerminus
without any deleterious effect on biological activity
serves Lo emphasize the nonessential nature of this re-
gion for overall molecular stability. N-terminal residues
appear to exert an indirecl, second-order cffect on the

biclogical efficacy of the TNFa trimer.

Non-conservative substitutions of the normally highly
conserved residues which form the tightly packed core of
the [j~sandwich distort the structure and hence abrogate
the biological activity of TNIo (Yamagishi el al., Pro-
tein Engineering, Vol. 3, No. 8, p. 713-719 (1989)). Many
such mutated proteins (muteins) fail to form a stable,
correctly folded molecule. Some conservative substitu-
tions are permitted within the hydrophobic patch at the
bottom of the threefold axis; however, there appears to
be much greater leeway in the more loosely packed region
near the top of the trimer. In particular, Cys 69 and Cys
101, which form the disulphide bridge belween two con-
necting loops at the loosely packed top of the molecule,
are relatively insensitive to changes (see Fig. la). Gen-
erally, however, in order to retain some biological ac-
tivity of TNFo the mutations near the central axis of
TNFo must be highly conservative, preserving the overall

shape of TNFo.

The residues on the surface of the molecule have a con-
siderably greater freedom Lo mutate withoul incurring
disastrous structural penalties as witnessed by lhe pro-
liferation of variations of residues in this category be-
tween species. Thus drastic reductions in biological ac-
tivity of TNFo due to substitutions in this area points

to the direct involvement of such residuces in the func-
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tional interaction of the TNFo trimer with ils roceptor.
Residues comprising Arg 31, Arg 22 and Ala 33 situated in
the connecting loop between the B and B' strand of the
back [} sheet, Ser 86 and Tyr 87 situated in the connect-
ing loop between the E and [ strands ot the front [i-
sheet, and Glu 146 situated in the conneclting loop be-
tween the H strand of the front [} sheet and the T-strand
of the back [~sheet appear to be such amino acid residues
(see Fig.3). They appear to fall into two distinct
“hotspot” regions on the fronl and the back sides of the
TNFo monomer. The distribution of all deleterious muta-
tions regardless of structural category further rein-
forces this picture. The exislence of these “hot spols”
for sensitivity of biological function to mutation has
been reviewed by Yamagishi et al., op.cit., ancd Goh et

al. Protein Engineering, Vol. 4, No. 4, p. 385-389 (1991)

Studies on the mutation of human TNFu polypeptides have

been reported in a number of pateni applicalions.

Thus, Yamagishi et al. (EP 251 037) discloses numerous
site-specific mutated TNFa molecules which are soluble
and have the cytotoxic and antitumour activity character-

istic for human TNFo in vitro and/or in vivo.

Other muteing with TINFu activity are described in WO
90/07572. Muteins with higher binding affinity for Lhe
human p75-TNF receptor than for human p&5-TNF receptor

are described in EP-A-619 372.

None of these citations, which are incorporated herein by
reference discloses a modification of the TNFoa-molecule
in order to abrogate the biological activity of TNFa and
provide the ability to induce antibodies againsl wild-

type human TNFo.



WO 98/46642 PCT/DK98/00157

20

30

12

However, they provide useful background information wilh
regard to TNFo and its biological effect. Also production
and expression of TNFua~-analogs and their C[formulation are

disclosed as are receptor-binding assays.

4. Summary

A rich variety of data may now be brought to bear on the
specific relationship of structure Lo function for TNFo
All available evidence points to the importance of the
trimer as the stable natural unit. It is apparent that
the two hotspot regions situated on separate sides of the
TNFo monomer are brought close Lo each olher in terms of
neighbouring subunits in the trimer. Thus a region of
functional importance consisting of residues 31 to 35, 84
to 87, and 143 to 148 appears Lo be located at the inter-
face between two subunits on the lower half of the
trimer. Yamagishi et al. op.cit report loss of receptor
binding ability as well as cytotoxicily for the mutation
of Asp 143 to Tyr, and Tsujimoto et al., J. Biochem. 101,
p. 919-925 (1987) report a similar effect for Arg 31 and
Arg 32 to Asn and Thr. Thus the site may be associated
directly with receptor binding as weli as cytotoxicity.
It is interesting that the receptor binding region of
TNFo. appears Lo lie at the interface between two

subunits.

In summary, the detailed Lhree-dimensional structure for
TNFo. serves Lo explain a wide range of observations on
antibody binding, oligomerization, and site-directed
mutagenesis. When the structure is considered in combina-
tion with recent, extensive site-directed mutants, a re-
gion of biological importance with regard Lto receptor
binding is apparently atc the subunits on the lower halfl

of the trimer.
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Description of the prior artl

In WO 95/05849, some of the presenl inventors disclose a
method for the modification of self-proteins so as to in-
duce antibody response against the unmodified selfj
protein, wherein a self-protein analog is provided by mo-
lecular biological means. More specifically one or more
peptide fragments of the self-protein are substituted by
one or more peptide fragments containing immuncdominant,

foreign T-cell epitopes.

Before the invention which lead Lo WO 95/05849, it was
known to conjugate peplides or proteins, including self-
proteins, with carrier proteins comprising a T-cell epi-
tope. WO 92/19746 discloses a recombinant polypeptide
comprising the LHRH sequence, one or more T-cell cpitopes
and a purification site, which is useful in animal immu-

nocastration vaccines.

It is stated as preferable in WO 95/05849 that the immu-
nodominant T-cell epitope is inserted so that f[lanking
regions from the original protein comprising at least 4
amino acids are preserved on either side of the inserted
epitope. In other words the epitope should not be
conjugated with the self-protein as a fusion probtein.
Preferably, the subsltitution should be made so as to es-
sentially preserve the ftertiary structure of the original
protein. Apart from that no specific guidance is provided
as to the optimal intramolecular position of the inserted
epitope in order to create the most powerful antibody re-
sponse against the unmodified selfl-protein. Presumably,
this will vary from self-protein L¢ self-protein but
based on the general guidance in the specification the
most appropriate position(s) can be determined without
undue experimentation by seleclting peptides comprising

appropriate immuhodominant epitopes, exchanging peptide



WO 98/46642 PCT/DK98/00157

[Sal

—_—
Ui

20

14

sequences of essentially the same length in various parts
of the self-protein molecule and determining the raised

antibody response by suitable assay techniques.

It is probably very difficult by using current modellinq
tools, to predict whether substitution of one or more
peptide fragments in a protein results in a - ‘e in the
tertiary structure of the original protein. T: 1fore, in
a drug development program’s search for lead compounds,
it must be considered as a standard screening proceaure
early in the development phase to evaluate wtich modified
self~proteins have preserved the tertiary structure of
the original protein. This can be done using several ex-
perimental techniques as have heen described in numerous
text books on protein characterization, e.yg. fluorescence
spectroscopy, near-UV circular dichroism, Fourier trans-
formed infrared spectroscopy and multidimensional NMR
techniques (“Phys.<al Methods to Characterize Pharmaceu-
tical Proteins”, Pharmaceutical Biotechnology Vol. 7.
Ede. J.1. Herron, W. Jiskoot & D.J.A. Crommelin, Plenum
Press, New York (1995)). Ideally, in a screening process
for lead compounds, two or more of the experimental tech-
niques mentioned above should be combined in order to
evaluate whether a change in the tertiary structure has

occurred or not.
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Brief description of the drawings

Figure 1(a) illustrates the crystal structure of unative
TNFe monomer. The figure i1s a diagrammatic sketch of the
subunit fold, P strands are shown as thick arrows in the
amino-to-carboxy direction and connecting loops are de;
pict-:d as thin lines. The disulfide bridge is denoted by
a lightning flash and a region of high flexibility is
crosshatched. The trimer threefold axis would be vertical

for this orientation.

Figure 1{b) is a Co chain trace of Lhe TNFo monomer crys-
tal structure. This detailed representation should be
used in conjunction with Figuras 1(a) to give the precise
alignment of the amino acid serusnce with the clearer but

stylized representation of the subunit fold.

Figure 1(c) shows the TNFo structure as a jelly roll mo-
tif. The insertion between [} strands B and C is shown in
dashed lines; the connection between B and C would run

straight across at the top of the molecule.

Figure 2 shows the edge-to-face packing of f sandwiches
in the TNF trimer. The view, down the threefold axis,
shows a narrow slab of the trimer with [} strands repre-

sented by ribbons running intc and oul of the page.

Figure 3(a) illustrates the DNA sequence encoding tumor
necrosis factor (TNFa) having the amino acid sequence

shown in Fig. 3(b)

The DNA sequence is available from Gen Bank under acces-

sion no. M10988, SEQ ID NO:339737.

The sequence has been described by Wang et al., Science
228, 149-154 (1985). The sequence includes codons encod-

ing the -76--1 presequence of human TNFo..
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The complete gene sequence including introns has been de-
scribed by Nedwin et al., Nucleic Acids, Res. 13(17)
6361-6373 (1985), Shirai et al., WNature 313(6005), 803-
806 (1985) and Dennica et al., Nature 312 (5996), 724-729
(1984) . -

Figure 3(b) shows the amino acid sequence of human TNFo.

including the -76--1 presequence.

Figure 4(a) schematically illustrates the substitutions
of immunodominant epitopes P2 and P30 in a wild type TNFo
(WT') to form the TNFo analogs TNEF2-1 to 2-7 and TINF30-1
to 30-5.

Figure 4(b) shows the exact locations of the substitu-

tions in the WY sequence for the individual TNFo analogs.

Figures 5(a) and 5(b}) show the structure of the analogs
based on Fig. 1l(a), where the individual substitutions by
P2 and P30 in the strands of the [j~sheets and the connec-

tion loops, respectively, are marked in black.

Figure 6 shows the biological activity of the TNFo ana-
logs in the L929 assay(Meager, A., Leung, ., & Woolley,
J. Assays for Tumour Necreosis Factor and related cyltoki-
nes., J. Immunol. Meth. 116, 1-17 (1989)) compared with

recombinant TNFa.

Figure 7 shows the anti~human TNFo antibody response in
rabbits to vaccinatbion with the modifiled 7TNFo molecules

in rabbits.

Figure 8 show. the ability of P2/P30 modified human TNFo

molecules to induce neutralizing antibodies as measured

in the L929 cell assay.
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Figure 9 shows the ability - when administered Lo rabbits
- of P2/P30 modified human TNIFo molecules to induce neu-

tralizing antibodies as measured in receptor assay.

Figure 10 shows the Peripheral Blood Mononuclear Cell
(PBMC) response in three donors towards TT and the P2 and

P30 peptides.

igure 11 shows the polyclonal proliferalion response in
two donors using the different P2 and P30 modified TNFo

molecules.

Figure 12 shows the Proliferation Indexes(PIs) calculated
from 34 experiments for the P2 and P30 modified TNFu

molecules.

Figure 13 shows the PBMC response against P2 and P30
modified TNFa proteins in P2 and P30 specific responders,

respectively.

FFigure 14 shows a similar PBMC response in two other do-

nors.

Figure 15 shows the influence of flanking amino acids on

the T cell recognition of P2 and P30.

Figure 16 shows the mutation strategy used for the prepa-

ration of the modified TNFo molecules.

Summary of the invention

The purpose of the present invention is to provide guide-
lines as to how a particular self-protein within the gen-
eral scope of the above-mentioned WO 95/05849, viz. human
TNFo should be modified in order to be biologically inac-
tive as well as be able to induce a strong neutralizing
antibody response towards wild-type, biologically active

TNFo.. In the present context "biologically inactive" re-
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fers to the activities of the wild-type TNFo, mainly its

cytotoxic activity.

From the discussion of the tertiary structure of TNFo
given above, it is recalled that the biclogically active
TNFo is a trimer of three subunits. Due to the "edge-to-
face" packing the "back [}-sheel" represents the "hidden"
area of contact between the subunits which is completely
inaccessible to solvent. Significant substitutions in
this area will almost inevitably deprive the TNFu mole-
cule of all biological activity. On the contrary the
"front [-sheet" and the connecting regions provide LChe
accessible surface area which includes the areas inter-
acting with the TNFu receptors. Antibodies towards these
areas would therefore probably be able to interfere with
receptor binding and would hence possess TNFo neutraliz-

ing properties.

A person skilled in the art who wanted Lo construct a de-
toxified and yet immunogenic TNFo molecule according to
WO 95/05849 would therefore as the first choice insert
the immunodominant T cell epitope in the back f}-shect of
the TNFo monomer. Modifications of this area would thus
most probably interrupi the biological activity of ‘INFo
and leave the receptor-accessible front [}-sheet free for
interaction with antibodies. This is also consistent with
the discussion of the site-directed mutagenesis in the

tightly packed core of the f-sandwich discussed above.

However, surprisingly it is not so. As it will appear
from the test results below, the result was quite the
contrary, since substitutions involving the B and G
strands of the back f}-sheet surprisingly provided TNFo
analogs which were unable to induce neutralizing antibod-

ies against TNFa.
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Thus, the present invention seeks to provide a modified
human TNTo molecule capable of raising neutralizing anti-
bodies towards wild-type human TNFo following administra-
tion of said modified TNFa molecule to a human host,
wherein at least one peptide fragment of the human TNFo
molecule has been substituted by at least one peptide
known to contain an immunodominant T cell epitope or a
truncated form of said molecule containing an immunodomi-
nant epitope and one or both flanking regions of the hu-
man TNFo-molecule comprising at leasl one TNFo B cell
epitope, wherein the substitution introduces a substan-
tial change in the amino acid sequence of the front [i-
sheet, in any one of the coanecting loops and/or in any
one of the B’, I or D strands of the back [f~sheel. By in-
ference, substitution in the B and G strands of the back

f-sheet should be avoided.

Within the present context, “substantial change” is in-
tended to mean a change which goes beyond a mere conser-
vative substitution of the individval amino acids, and
beyond the point mutations which do not alter the secon-
dary and/or tertiary structure of the wild-type TNFo. In
other words, the 7T cell epitope introduced in the TNFu
sequence should preferably introduce a sequence which is

of very low homology with the wild-type TNFo sequence.

In accordance with the present invention is also pro-
vided, a modified human TNFo molecule capable of raising
neutralizing antibodies towards wild-type human TNFa fol-
lowing administration of said modified TNFo molecule to a
human host, wherein at least one peptide fragment of the
human TNFo molecule has been substituted by at least one
peptide known to contain an immunodominant T cell epitope
or a truncated form of said molecule containing an immu-
nodominant epitope and one or both flanking regions of

the human TNFo-molecule comprising at least one TNFo R
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cell epitope, wherein said modified TNFo molecule is sub-

stantially free from TNFo activity.

The term “substantially free from TNFo activity” is in
the present context intended to mean Lthat the administra-
tion to a human being of such a modified TNFo molecule
will not result in significant adverse effects due to the
known cytokine effects exerted by native 7THNFo. In other
words, the modified TNFo molecules of the invention are

pharmaceutically acceptable substances.

In order to test whether the modified human TNFo molecule
according to the invention is substantially free from
TNFo, activity, the LS29 bioassay as delined herein can be
applied. Furthermore, in order to confirm the immunogenic
character of the modified TNFa molecules, antibodies
raised against the modified TNFo molecule in a suitable
host will significantly inhibit the activity of wild-type
TNFo. in the L929 biocassay as defined herein, and/or said
antibodies will significantly inhibit the binding of
wild-type TNFo to the 55 kD TNFo receptor 1 (TNFa-R55) or
the to the 75 kD TNFo receptor (TNFa~-R75).

These suitable hosts can for instance by a primate such
as a Rhesus or Cynomuleus monkey, a rodent such a rat or

mouse or guinea piyg, or a lagomorph such as a rabbit.

The assays suitable for evaluating the potential of the
modified molecules according to the invention are carried
out using antibody or antiserum in a concentration rela-
tive to the assay setup and ought Lo reflect physiologi-
cal conditions with respect to the involved reactants, or
it ought to be possible to extrapolate to physological
conditions from the results obtained from the assay. In
other words, the results from the assay must indicate
that a physiological concentration of antibodies against

TNFo. in vivo is able to reduce the TNFo activity to an
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50%, 55%, 60%, 65%, 70%, 75%, 80%, 85", 90%, 95¢ or 100¢.
The person skilled in the art will readily know how to

determine such conditions.

It is to be understood that a “significant inhibition of
the wild-type TNFo” may suitably be such which resulls in
reduction or elimination of the adverse effects of wild-
type TNFa. Such inhibition may suitably be at least 107,
at least 15%, at least 25%, at least 30", at least 35%,
at least 40%, al least 45%, alL least 50, at least 55%,
at least 60%, at least 65%, al least 70, at least 75%,
at least 80%, at least 85%, at least 90", at least 95% cor

even 100%.

On this background the modified human 7TNFo molecules ac-
cording to the present invention are characterized in
that the substitution has been made in regions of the
TNFo. molecule, which involves the strands of the front f-
sheets and/or the connecting loops so as essentially pre-
serve the fJ-sheet structure of any of the strands of the

back f-sheet.

Although it has not yet been fully verified experimen-
tally, it must be assumed that this property is common to
the strands forming the back f-sheet, so that preferably
the substitutions should be made in regions of the TNFo
molecule which do not comprise any complete strand of the
back [f-sheet. In view of the discussion above of the
functional importance of the residues 31-35 1l can be as-
sumed that the connecting loops between the individual
strands of the back p-sheet should preferably also be

avoided.

However, it is permissible that the substitution is made
in regions of the TNFo molecule which only involve a seg-

ment of the D strand of the back f-sheetl.
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According to a preferred embodiment of the invention Lthe
substitution comprises at least a segment of the H strand
of the front [}-sheet and of the connecting loop to the 1
strand of the back [J-sheet, preferably amino acids 132 to
146. According to another embodiment of the invention the
substitution comprises segments of the H and I strands
and the entire connecting loop, preferably amince acids
132 to 152. According to yel another presently preferred
embodiment of the invention the substitulion comprises a
segment of the D strand of the back f-sheet, at least a
segqment of the E strand of the front fJ-sheet and the en-
Lire conneclting loop, preferably amino acids 65 to 79 or
64 to 84.

According to a further embodiment of the invention the
substitution comprises the entire C' and C strands of the
front f}-sheet and a segment of the D strand of the back

f-sheet, preferably amino acids 40 to 60.

According to a still further embodiment of Lhe invention
the substitution comprises at least a segment of the E
strand of the front p-sheet and of one or both of the

connecting loops, preferably amino acids 76 to 90.

The inserted T cell epitope should preferably be promis-
cuous and known to be immunogenic in a majority of human
HLA class II types. Applicable epitopes can be derived
e.g. from Tetanus toxoid, preferably epitope P2 and/or
P30, Panina-Bordignon et al., BEur. J. Immunol. 19:2237-
42, 1989. Also epitopes derived from diphtheria toxoid

may be used.

The preferred modified huwnan TNFo molecules (TNIFo ana-
logs) as referred to above with reference to the location
of the substitution are shown in the enclosed sequence
listing as SEQ ID NO:8 and SEQ ID NO:16.
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Other applicable TNFa analogs are listed as SEQ ID NO:4,
10, 14 and 16.

The invention also relates to truncated analogs of the
above-mentioned modified TNFo analogs according lo the
present invention. Thus, truncated analogs of TNFo mole-
cules containing a promiscuous and imoaunodominant T cell
epitope and one or both flanking regions comprising at
least one TNFo B cell epilope, preferably comprising at
least five amino acids, would also constitute a possible
active ingredient in a TNFo vaccine according to the in-
vention. The T cell epitope would induce the prolifera-
tion of T cells when presented to MHT class II molecules
by the APC, while the B cell epitope would potentially be
recognized by the immunoglobulin receptors on B cells,
and would subsequently be presented hy MHC class I mole-
cules on these cells. This constitutes the basis for
raising an immune response towards wild-type TNFo, har-
bouring the B cell epitope, according to WO 95/05849 and

the present invention.

B cell epitopes could be identified in the TNFo both
theoretically and experimentally. Algorithms for identi-
fication of potential linear B cell epitopes have been
published, and this would form the hasis of an experimen-
tally based invesligation of the nature of these poten-
tial epitopes. Antibodies raised in a heterologous system
(e.g. rabbits) in response to injections of such trun-
cated TNFa molecules comprising T cell epitopes could be
analyzed for in vitre capabilily to bind native human
TNFo, preferentially in neutralizing manner. Panels of
monoclonal antibodies known to be neutralizing could be
screened in vitro for capability to bind the potential B
cell epitopes of TNFo.. Both of these are strategies for

identifying the possible and best B cell apitopes.
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The above-mentioned INFu-analoygs are believed Lo remain
in monomer form, since the modification probably destroys
the inherent trimerization tendency of the wild-type

TNI'o.

However, the invention further relates to dimers, oli-
gomers, especially trimers or multimecrs of the claimed
modified TNFo molecules provided the are devoid of TNFou-
activity and also isolated DNA molecules that code for

the claimed modified TNFo molecules.

The isclated DNA molecules encoding the preferred TNFo
analogs have the sequences listed as SEQ 1D NO:7 and 15,
and the DNA molecules encoding the other applicable ana-
logs are listed as SEQ ID NO:3, 9, 13 and 15.

The invention further cowmprises vectors comprising the
isolated DNA molecules encoding the analogs and expres-
sion vectors comprising said DNA molecules operatively

linked to a suitable expression control sequence.

Another aspect of the invention is a host transformed

with an expression vector for said analoy.

Said host may be any of the hosts commnonly used for ex-
pression, e.g. a strain of bacteria, yeast or fungi or

insect, mammnalian or avian cell lines.

The invention further relates to a method of producing
the claimed TNFa analogs, whereby host cells transformed
with an expression vector for the analog i1s grown under
suitable conditions permitting production ol the analog,

and the produced analog is recovered.

If desired, the modified TNFo molecules according to the
invention may be expressed as or form part of a fusion

protein with a suilable adjuvant molecule, preferably au
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immunologically active adjuvant, such as GM-CSE,HSPT70 or

an interleukin, e.g. interleukin 2.

More specifically, the modified TNFo molecules are pro-
duced by substituting the appropriale gene segments en-
coding peptide containing or constituting immunodominant
T cell epitopes into the gene encoding the native human
TNFo molecule. Subsequently the modified TNI'w gene is ex-
pressed in an appropriate eukaryotic or prokaryotic ex-
pression vector. The expressed modified TNFx molecules

are purified and refolded as described below.

Although it may be preferred tc insert Lhe whole T cell
epitope, it may in some cases be advantageous to insert a
peptide sequence comprising both the epilope as well as
flanking regions from the protein from which the epitope

is derived.

According to the invention the modified human TNFo mole-
cules may be used in vaccines against TNPu. Strategies in
formulation development of vaccines based on purified
proteins, such as modulated self-proteins, generally cor-
respond to formulation strategies for any other protein-
based drug product. Potential problems and the guidance
required to overcome these problems - as [or instance
preservation of tertiary structure - are dealt with in
several textbooks, e.g. “Therapeutic Peptides and Protein
Formulation. Processing and Delivery S8ystems” Ed. A.K.
Banga; Technomic Publishing AG, Basel 1995. The use of an
adjuvant, e.g., aluminium hydroxide, aluminium phosphate
(Adju-Phos), calcium phosphate, muramyl dipeplide analog,
or some of the more recent developmenls in vaccine adiju-
vants such as biodegradable microparticles and Iscom’s is
a formulation challenge familiar to a pharmaceutical sci-

entist working in this area.
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Preparation of the vaccines according to Lhe invention
which contain peptide sequences as aclive ingredients is
generally well understood in the art, as exemplified by
U.S. Palents 4,608,251; 4,601,903; 4,599,231; 4,599,230;
4,596,792; and 4,578,770, all incorporated herein hy ref-
erence. Typically, such vaccines are prepared as in-
jectables either as liqguid solulions or suspensions;
solid forms suitable for solution in, or suspension in,
liguid prior to injection may also he prepared. The
preparation may also be emulsified. The active immuno-
genic ingredient is often mixed wilh excipients which are
pharmaceutically acceptable and compatible with the ac-
tive ingredient. Suitable excipients are, for example,
water, saline, dextrose, glycerol, etlhanol, or the like,
and combinations thereof. In addition, 1f desired, the
vaccine may contain minor amounts of auxiliary substances
such as wetting or emulsifying agents, pH buffering
agents, or adjuvants which enhance the effecliveness of

the vaccines.

The vaccines are conventionally administered parenter-
ally, by injection, for exaumple, either subcutaneously or
intramuscularly. Additional formulalions which are suit-
able for other modes of administration include supposito-
ries and, in some cases, oral formulations. For supposi-
tories, traditional binders and carriers may include, for
example, polyalkylene glycols or Lriglycerides; such sup-
positories may be formed from mixtures containing the ac-
tive ingredient in the range of 0.5 Lo 10, preferably
1-2%. Oral formulations include such normally employed
excipients as, for example, pharmaceutical grades ol man-
nitol, lactose, starch, magnesium stearate, sodium sac-
charine, cellulose, magnesium carbonate, and the like.
These composilions take the form of swolutions, suspen-

sions, tablets, pills, capsules, sustained release formu-
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lations or powders and contain 10-95' of active ingredi-

ent, preferably 25-70¢%.

The polypeptides may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceplable salts
include acid addition salts (formed with the free amino
groups of the peptide}) and which are formed with ino:r-
ganic acids such as, for example, hydrochloric or phos-
phoric acids, or such organic acids as acetic oxalic,
tartaric, mandelic, and the like. Salts lormed with the
free carboxyl groups may alsoc be derived from inorganic
bases such as, for example, sodium, potassium, amnonium,
calcium, or ferric hydroxides, and such organic bases as
isopropylamine, trimethylamine, 2-ethylamino elhanol,

histidine, procaine, and the like.

The vaccines are administered in a manhner compatible with
the dosage formulation, and in such amount as will be
therapeutically effective and immunogenic. The quantity
to be administered depends on the subject Lo be treated,
including, e.g., the capacity of the individual's immune
system to mount an immune response, and the degree of
protection desired which in turn depends on Lhe level of
TNFa in Lhe patient. Suitable dosage ranges are of the
order of several hundred microyrams aclive ingredient per
vaccination with a preferred range from about 0.1 npg to
1000 ng, such as in the range from about 1 pg to 300 ng,
and especially in the range from about 10 ng to 50 ug.
Suitable regimens for initial administration and booster
shote are also variable but are typified hy an initial
administration followed by subseguent inoculalions or
other administrations.

The manner of application may be varied widely. Any of
the conventional methods for administration of a vaccine

are applicable. These are believed to include oral appli-
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cation on a solid physiologically acceptable base or in a
physioleogically acceptable dispersion, parenterally, by
injection or the like. The dosage of the vaccine will de-
perd on the route of administration and will vary accord-
ing to the age of the person to he vaccinated and, to a

lesser degree, the size of the person to be vaccinated.

Some of the modified TNFo molecules according to the pre-
sent invention are sufficiently immunogenic in a vaccine,
but f{cr some of the others the immune response will be
enhanced if the wvaccine further comprises an adjuvant

substance.

Various methods of achieving adjuvani effect for the vac-
cine include use of agents such as aluminum hydroxide or
phosphate ({(alum), commcnly used as 0.ub to 0.1 percent
solution in phosphate buffered saline, admixture with
synthetic polymers of sugars (Carbopol) used as 0.25 per-
cent solution, aggregation of Lhe protein in the vaccine
by heat treatment with temperatures ranging between 707
to 101°C for 30 second to 2 minute periods respectively.
Aggregation by reactivating with pepsin treated (Fab) an-
tibodies to albumin, mixture with bacterial cells such as
C. parvum or endotoxins or lipopolysaccharide components
of gram-negative berteria, emulsion in physiologically
acceptable o0il wvehicles such as mannide mono-oleate
(Aracel A) or emulsion with 20 percent seolution of a per-
fluorocarbon (Fluosol-DA) used as a block substi : e may
also be employed. According to the inventicvn DDA
(dimethyldioctadecylammonium k. = :'7de) is an interesting
candidate for ar adjuvar .. h»ut oliso QuilA and RIBI are
interesting possibili’ies. Further possibilities are
monophosphoryl lipid A (MPL), and muramyl dipeptide
(i:70P) .Other suitable adjuvants are aluminium hydroxide,
aluminium phosphate (Adju-Phosi, calcium phosphate, mu-

ramyl dioeptide analog. Some of of the more recent devel-
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opments in vaccine adjuvants such as biodegradable mi-

croparticles and Iscom’s may also suitably be used.

Another highly interesting {(and thus, preferred) possi-
bility of achieving adjuvanlt effect is to employ the
technique described in Gosselin et al., 1992 (which is
hereby incorporated by reference herein). In brief, the
presentation of a relevant antigen such as a modified
TNFo. molecule of the present invention can be enhanced by
conjugating such antigen to antibodies (or antigen bind-
ing antibody fragments) against the Fcy receptors on
monocytes/macrophages. Especialiy conjugates between an-
tigen and anti~FcyRI have Dbeen demonstrated to enhance

immunogenicity for Lthe purposes of vaccinatbion.

Other possibilities involve the use of immune modulating
substances such as lymphokines (e.g. IFN-y, IL-2 and IL-
12) or synthetic IFN-y inducers such as poly 1:C in com-

bination with the above-mentioned adjuvants.

In many instances, it will be necessary to have multiple
administrations of the vaccine, usually not exceeding six
vaccinations, more usually not exceeding four vaccina-
tions and preferably one or more, usually at least about
three vaccinations. The vaccinations will normally be at
from two to twelve week intervals, more usually from
three to five week intervals. Periodic boosters al inter-
vals of 1-5 years, usually three years, will be desirable

to maintain the desired levels of protective immunity.

One reascn for admixinrg the polypeptides of the invention
with an adjuvant is to effectively activate a cellular
immune response. However, this effect <can also be
achieved in other ways, for instance by expressing the
effective antigen in a vaccine in a non-pathogenic micro-

organism. A well-known example of such a microorganism is
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Mycobacterium bovis BCG.

It is preferred that the non-pathogenic microorganism is
a bacterium, e.g. selected from the group consisting of
the genera Mycobacterium, Salmonella, Pseudomonas and Es~
chericia. It 1s especially preferred that the non-

pathogenic microorganism is Mycobacterium bovis.

The incorporation of one or more copies of a nucleotide
sequence encoding the molecule according Lo the invention
in a mycobacterium from a M. bovis BCG sirain will en-
hance the immunogenic effect of the BCG stirain. The in-
corporation of more than one copy of a nucleotide se-
quence of the invention is contemplated to enhance the
jmmune response even more, and consequently an aspect of
the invention is a vaccine wherein at leasl 2 copies of a
DNA sequence encoding a molecule is incorporated in the
genome of the microorganism, such as at least 5 copies.
The copies of DNA sequences may either be identical en-
coding identical molecule or be variants of the same DNA
sequence encoding identical or homologues of a polypep-
tide, or in another embodiment be differenlt DNA sequences
encoding different polypeptides where at least one of the

polypeptides is according to the present invention.

The living vaccine of the invention can be prepared by
cultivating a transformed non-pathugenic cell according
to the invention, and transferring these cells to a me-
dium for a vaccine, and optionally adding a carrier, ve-

hicle and/or adjuvant substance.

Apart from their use as starting points for the synthesis
of molecule of the invention and for hybridization probes
(useful for direct hybridization assays or as primers in
e.g. PCR or other molecular amplification methods) the

nucleic acid fragments of the invention may be used for
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effecting iIin vivo expression of antigens, i.e. the nu-~
cleic acid fragments may be used in so-called DNA vac-
cines. Recent research have revealed that a DNA fragment
cloned in a vector which is non-replicative in eukaryotic
cells may be introduced into an animal (including a human
being) by e.g. intramuscular injeclion or percutaneous
administration (the so-called "gene gun" approach). The
DNA is taken up by e.g. muscle cells and the gene of in-
terest is expressed by a promoter which is functioning in
eukaryotes, e.g. a viral promoter, and the gene product
thereafter stimulates the immune system. These newly dis-
covered methods are reviewed in Ulmer et al., 1993, which

hereby is included by reference.

The efficacy of such a "DNA vaccine" can possibly be en-
hanced by administering the gene encoding the expression
product together with a DNA fragment encoding a polypep-
tide which has the capability of modulating an immune re-
sponse. For instance, a gene encoding lymphokine precur-
sors or lymphokines (e.g. IFN-y, IL-2, or IL-12) could be
administered together with the gene encoding the immuno-
genic protein, either by administering two separate DNA
fragments or by administering both DNA fragments included

in the same vector.

The vaccines may be used for preventing/treating any of
the diseases described above, the pathophysiology of
which 1s characterised by TNFo release, in particular
chronic inflammatory diseases. As examples can be men-
tioned rheumatoid arthritis and inflammatory bowel dis-
eases (IBD). The latter includes ulcerative colitis and
Crohn's disease, in particular Crohn's colitis. Other ex-
amples are cancer, cachexia, often related to cancer,
disseminated sclerosis, diabetes, psoriasis, osteoporosis
and asthma. Cancers, which can preferably be treated or

prevented according to the invention can be histogeneti-
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cally classified as malignant epithelial tumours, includ-
ing carcinomas and adenocarcinomas, and as malignant non-
epithelial tumours, including liposarcomas, fibrosarco-
mas, chondrosarcomas, osteosarcomas, lelomyosarcomas,
rhabdomvosarcomas, gliomas, neuroblastomas, medulloblas~-
tomas, malignant melanoma, malignant meningioma, various
leukemias, various myeloproliferative disorders, various
lymphomas (Hodgkin’s lymphoma and non-Hodgkin lymphoma),
haemangiosarcoma, Kaposi’s sarcoma, lymphangiosarcoma,
malignant teratoma, dysgerminoma, seminoma, and choricar-

cinoma.

Carcinomas and adenocarcinomas arc the most abundant
(accounting for approximately 90% of deaths [rom cancer)
and are therefore interesting targel diseases Lo
treat/prevent according to the invention. The most impor-
tant carcinomas and adenocarcinomas are those of the air-
ways (espially of bronchial origin), of the breast, of
the colorectum and of the steomach. However, also carcino-
mas and adenocarcinomas of the prostate, the ovary, of
the lymphoid tissue and bone marrow, ol the uterus, of
the pancreas, of the esophagus, the uri-ary bladder, and
the kidney cause a significant number of deaths and are

therefore of interest.

Preferably the vaccines will be g¢given as a preventive
treatment, but in view of the chronic nature of these
diseases and their tendency to remission and recurvency,
they may also be administered to patienls, where one or
more of the above-mentioned diseases has been diagnosed,
and may serve to maintain the patient in a state of re-

mission.

Based on earlier studies in mice, it is believed that the
modified TNFo analogs according to the invention can also

be administered as part of a curative treatmenlt of the
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above-mentioned diseases in an acute state or at least
with a view to bringing the patient in remission and

maintain a steady state condition.

At present no specific effective dose range can be
stated, since the vaccines have not yel been tested in

human beings susceptible to any of the diseases.

At any rate the administered dose will he prescribed by

the responsible doctor.

According to one embodiment of the invention the vaccine
comprises a mixture of two differently modified TNFu
molecules containing two different T cell epitopes e.g.
P2 and P30 which are derived f£rom tetanus toxoid. This
mixture optionally contains appropriate amounts of a

pharmaceutically acceptable adjuvant

According to yet another aspect of the invention, the
vaccines do not comprise the modified human TNFo mole-
cules as such, but rather a construct comprising non-
infectious non-integrating DNA sequence encoding said
molecules operatively liked to a promolter segquence which
can control the expression of said DNA sequence in hu-
mans, in an amount sufficient that uptake of said con-
struct occurs, and sufficient expression occurs to induce

a neutralizing antibody response against TNFo.

The utility of this type of vaccines, the so-called DNA
vaccines, is illustrated e.g. in U$ patents nos.
5.589.466 and 5.580.859, both of which are incorporated
herein by reference, in particular in relation to the

methods of administration.

The DNA vaccines may comprise a viral expression vector,

such as a retroviral expression vector.
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Generally, the vaccines according to the invention may be
adapted for oral or parenteral, in particular subcutane-

ous, intramuscular or intradermal administration.

The invention further comprises the use ol antibodies
raised by administering a vaccine according to the inven-
tion, preferably monoclonal antibodies, particularly a

diagnostic use.

The invention further relates to a methed of testing hu-
man body fluids for tLhe presence of TNFu which comprises
contacting a composition containing modified TNFo accord-
ing to the invention with a sample of human body fluid

and determine, whether said antibodies bind to TNFw« in

salid sample.

The invention also relates to a diagnostic method for
TNFo-related diseases employing an in vitro immunoassay

to detect TNFa in human hody fluids.

Said methods may involve the use of a sandwich assay,
ELISA assay or equivalent assay, which can be unamplified

or amplified, e.g. using avidin/biotin technology.

The vaccines/recombinant proteins can be characterized
using the following assays familiar to a person skilled

in the art:

SDS-Page gels stained with coomassie or silver

(information on size and purity),

IEF (Isoelectric focusing) (information on isoelectric

point),
Endotoxin LAL assay (information on purity),

Host cell protein (information on purity),
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Mass spectroscopy (information on molecular mass),

SE-HPLC with UV detection profile (information on mole-

cule weight distribution),
N-terminal sequence (information on identity),
Circular Dichroism (information on tertiary structure),

SE~-HPLC with malls detection (information on tertiary

structure by light scatteringj,
Amino acid composition (information on identity),

Immunogenecity in heterologous species (mouse, ral or

rabbit),

Reactivity to antibodies in Western Blots,
NMR spectroscopy,

Crystal structure,

Compléte amino acid sequence determination.

EXPERIMENTAL PART WITH DESCRIPTION or PREFERRED
EMBODIMENTS

1. Introduction

In the previous application WO 95/05849 it was shown that
T cell epitope modified murine TNFo molecules could in-
duce high titers of antibodies cross-reactive with native
{(wild-type) murine TNFoa. These antibodies were able to
interfere with INFc¢ and its receptor in vitro as well as
in vive. Beneficial effects of immunization against TNIo
were demonstrated in several animal models of TNFo-~
induced disease such as experimental cachexia, collagen

arthritis and experimental aller¢gic encephalomyelitis
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(EAE) . These animal experimental results were obtained
despite the fact that the two modified murine TNFo mole-
cules used {denominated MR 103 and MR 106) were not opti-
mized to be immunogenic in the MHC class II haplotypes of
DBA/1 and SJL mice. These mouse strains were used for the
collagen arthritis and the EAL experiments, respectively.
In another experiment a differently modified murine TNTo
molecule (MR 105) was shown to provide a stronger immune
response that the recombinant murine TNFo conjugated to

E.coli proteins using formaldehyde.

MR 103, MR 105 and MR 106 were mouse molecules and based
on the prior appli .tion WO 95/05849 no specific conclu-
sions could be drawn with regard to the immunogenicity of
appropriately T cell substituted human modified TNFo
molecules nor about the potential ability of such mole-
cules to induce INFo neutralizing autoantibodies, since

they were all active.

2. Development of human TNFo constructs

In general terms in a TNFo vaccine for human use the
modified human INFPo molecules should fulfill the follow-

ing requirements:

a. They should be immunogenic in a large proportion

of the population

b. They should be optimally able Lo induce TNFo

ieutralizing antibodies

c. They should not possess any remaining biological

TNFo activity

Furthermore, in a selection process other practical pa-
rameters such as levels of recombinant expression, ease
of purification, solubility etc. could also be consid-

ered.
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2.1. Immunological promiscuity of the modified TNIo

molecules

During the development of the human TNFo vaccine the aim
was to produce modified human TNFa molecules which even-
tually will be immunogenic in the largest possible part
of the human population which of course represents a
large number of different HLA class 11 types. Therefore,
instead of Lhe MHC specific epitopes used in the previous
animal exXperiments, promiscuous T cell epitopes were
used. It was not known from the previous application WO
95/05849 how such epitopes could influence the capability

of such molecules to induce neutralizing antibodies.

The two tetanus toxoid (TT) derived T cell epitopes, P2
and P30, which have been well characterized in the scien-
tific literature were chosen. These epitopes are known to
be immunodominant in TT and to be able Lo bind to at
least 80 % of the HLA class Il molecules in the human

population.

Furthermore, by using these TT epitopes it was expecled
to be possible to test the immunogenicity of the TNFa
constructs in vitro on peripheral blood mononuclear cells
(PBMC} and T cell lines generated from TT immune blood

donors.

-

The amino acid sequence of the P2 epitope is
QYIKANSKFIGITEL and corresponds to TT amino acids 830-
844, and the sequence of the P30 epitope is
FNNFTVSEWLRVPKVSASHLE and corresponds to T7T amino acids
947-967. Substituting P2 and P30 into two different human
TNFo. molecules would exchange approximately 10 ? and 15
%, respectively, of the native TINFo sequence. In case
both epitopes were inserted inte a single TNFo molecule,
about 25 % of the molecule would be exchanged, and one

could fear that this would interfere too much with the
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remaining mnative parts of the TNFu molecule. It was
therefore decided to develop two TNFo molecules, each
containing either P2 or P30. Together, such two molecules
would be expected to be immunogenic in at least 80 % of
the human population. In addition, it is very likely that
truncated molecules composed partly of the P2 or P30 epi-
tope and partly of TNFo flanking regions also will con-
tribute to the immunogenicity resulting in the constructs

being immunogenic in almost 100 % of the population.

Althoudgh it was possible Lo induce antibodies with all
murine TNFo constructs in all mouse strains tested so
far, cf. discussion of MR 103, 105 and 106 above, one
would a priori expect, that inserlLion of the foreign T
cell epitope at certain positions in TNFe would be more
beneficial than other positions with regard to the pres-
entation of the epitope to T cells by MHC class TI1 mole-
cules. It was therefore decided to produce an array of
differently modified human TNFo molecules wilh the P2 and
P30 epitope inserted at different positions in the mole-
cule, see fig 4.. Subsequently, all molecules were tested
in vitro in T cell assays based on peripheral blood mono-
nuclear cells (PBMC) or P2/P30 specific T cell lines iso-

lated from a number of healthy 7T immune blood donors.

Contrary to what was expected, however, il was shown Lhal
although minor gquantitative differences were seen, the
intramolecular position of the P2 and P30 epitopes was
not essential for the ability to be processed by anligen
presenting cells and subsequently presented to T1 spe-
cific T cells. Thus, P2 inserted in positions 132 to 146,
65 to 79 and 76 to 90 and P30 inserted in positions 40 to
60 and 132 to 152 (TNF2-5, 2-3, 2-7, 30-2, 30-%) were all
processed and presented to ¥ cells. So from the discus-

sion above it is very likely, that these molecules even-
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tually will be universally immunogenic in the human popu-

lation.

2.2. The ability of the modified human THNFo molecules Lo

induce neutralizing antibodies

As mentioned above, it was not possible from the previous
mouse studies described in WO 95/05849 (o predict which
position would be most appropriate in order to be able to
induce neutralizing TNF¢ antibodies since the three ana-
logues MR 103, MR 105 and MR 106 were all able to induce
antibodies despite their different arcas of substitution.
An array of different human TNFo moleccules with P2 or P30
inserted at different positions was therefore produced.
The substitutions were randomly distributed over the en-
tire molecule. The antibodies induced in rabbits upon in-
jection of these molecules were subsequently tested in
biochemical as well as biological in vitro assays for

their ability to interfere with TNEFu biclogical aclivity.

It has been shown in non-published observations hy the
present inventors that depending on the intramolecular
position of the inserted epitope a different overall
specificity of the induced auloantibodies was observed.
Quite centrary to whal would be expected based on the
structural data of the TNFo molecule it was observed,
that substitutions wade in the front [~sheel with either
P2 or P30 totally deprived the molecules of biological
TNFo aclLivity, but at the same time preserved the ability
of the modified molecules to induce TWNFo neulralizing an-

tibodies.

The molecules containing P2 or P30, in the positions men-
tioned above, were shown to be particularly effective at
inducing neutralizing antibodies. Any of these molecules
are therefore potential candidates for use in human TNFo

vaccines.
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constructs

10

It would obviously not be feasible Lo use a molecule
which is as toxic as TNFo in a vaccine. The modified TNFu.
molecules would therefore have Lo be nen-toxic i.e. de-

void of any residual TNFo activity.

All mutant TNFo proteins were therefore tested in vitro
in TNFo dependent bhiocassays as well as receptor binding
assays in order Lo examine whether they are non-toxic. Tt
was shown clearly that the modified human TNFo molecules
(INF2-5, 2-3, 2-7, 30-2, and 30-5,) all were deprived of
TNFa biological activity. So all the nec¢essary require-
ments of these molecules Lo be part of a universally,
non-toxic vaccine capable of inducing anlti-human TNFu

neutralizing antibodies were fulfilled
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EXAMPLE 1

Genetic construction work

It was decided to produce 10 different modified human
TNFo. molecules - five containing the P2 and five contain-
ing the P30 epitope. The epitopes were distributed at
different posilions within the molecule. The genetic con-
structions were made by using various standard restric-
tion enzyme and PCR based mutagenesis techniques. The ge-
netic constructs are shown schematically in Fig. 4a and
4b. DNA sequences encoding the modified TNFo molecules
and the corresponding amino acid sequences are incorpo-
rated as SEQ ID NO:1 - SEQ ID NO:20. The wonstructions of
the mutant human TNF2-5 gene, the cloning and mutalion
strategy, and the subsequent expression, isolation and
purification of the TNIF2-5 analog is ezplained below by

way of example.
Construction and production of TNF2-5:

Genetic construction of the mutant human TNF2-5 ¢ene,

cloning and mutation strategy.

The genetic construction of the gene encoding the mutant
human TNF2-5 analog was based upon traditional PCR based
mutagenesis techniques, as were all the other genetic

constructions.

The native DNA sequence of human TNFo encoding lthe solu-
ble part of this molecule was -~bhtained by traditional PCE
cloning using synthetically synthesized primers 1 and II
(table 1 and SEQ ID NO:21 and 22) {from a human commer-
cially available c¢DNA library, CLONTECH Laboratories,
Palo Alto, CA, USA (Fig. 16,1). The native gene was in-
serted into a commercial E.coli expression vector pET28c

available from Novagen, Madison, WI 53711, USA, in such a
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way that the gene could 2 transzribed in frame rrom an

IPTG inducible promoter.

The genetic construction of the TNFo mutani analog TNF2-5
was performed by a PCR mutagenesis technique applied to
the native DNA sequence. The nucleic acid sequence enccd-
ing the T cell epitope was incorporated into a synthebti-
cally synthesized 75-mer’ oligonucleotide ({Primer “mut2-
57, table 1 and SEQ ID NO:27) between the two 3°- and 5 -
annea’ing stretches of TNF homologous DNA, the “mut”
primer is thus capable of annealing Lo the native human
TNFo. gene seqguence abt the defined site selecled for TNF2-
5, (see Fig 16,2a). In the “mul” oligonuclectide the num-
be:r of codons encoding the T cell epiltope exactly matched
the number of TNF-codons omitted between the two 3°~ and
57~ annnaling stretches of TNF homologous DNA. The
mutagenesis primer was used to produce a PCR product con-
taining the DNA encoding the T cell epitope and the TNFo
sequence below {or 3°) to the inserted epitope, (Fig. 16,
2a) . The stretch of TNFa DNA above (or 5°) to the point
of insertion of the epitope was provided by a second PCR
wroduct using primers I and III (Table 1, SEQ ID NO:23)
(Fig. 16, 2b). The two PCR products are eventually joined
together in a final PCR reaction, (Fiy. 16, 3) using the
two most distal primers, {I, 1I1) from the two reactions.
The complete mutant TNF2-5 DNA seqguence is then intro-
duced into a commercial F.coli expression vector in anal-
ogy to the expression cloning of the native gene in such
a way that the gene could be transcribed [rom an IPTG in-

ducible promoter from transformed cells.

The "mut" primers used for construction of the olher ana-
logs (TNF2-1, 2-3, 2-4, 2-7, 30-1, 30-2, 30-3, 30-4 and
30-5) are identified as SEQ TD NO:23-26 and 28-33, re-

spectively.
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Table 1

Primer | HumanTNF-alpha FW., 24"-mer.
Ncol-site
5-GAC AAG CCC ATG GTC AGA TCATCT-3°

Primer |l HumanTNF-alpha Rev 30 -mer.
Xbal-site.
5-TCT CTA GAG GGC AAT GAT CCC AAA GTA GAC-3’

Primer "mut2-5" Mutant oligo" P2-5 (11830-44), 75 -mer.
5-G AAG GGT GAC CGA CAG TAC ATT AAG GCC AAT TCG AAG
TTIC ATT GGC ATC ACT GAG CTG TCT GGG CAG GTC TAC TT-3°

Primer 1l HumanTNF-alpha Rev 2'nd. 21 -mer.
5-CCC AAA GTA GAC CTG CCC AGA-3’

Cultivation of Recombinant Bacteria, harvest and dissolve

inclusion bodies.

Protein purification of the TNF2-5 analog

The production of the TNF2-5 prolein was analogous Lo the

production of the other recombinant TNF molecules.

1. Inoculate 20 ml TB medium containing 50 ug/ml
Carbenicillin with the transformed E.coll strain carrying
the IPTG inducible plasmid vector harbouring the TNF gene
encoding the recombinant protein, grow the E.coli over

night at 37"C withk shaking.

2. Dilute the over night culture 1:25 in 250 ml TB
medium with 50 ug/ml Carbeninillin, and grow the culture
until ODyw, is 1. Induce the expression of the recombi-
nant protein by adding IPIG to a final concentration of 1

mM. Grow over night with vigorous shaking at 37 “C.
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3. Harvest the recombinant cells from the medium by
centrifugation at 3500 x g. Wash the pellet once in B3B

buffer. Use 150 ml BSB per 50 g wet weight bacteria.

4. Sonicate 4 times 30 seconds at maximal amplitude
until the bacterial suspension is compleltely homogeneous.
The sonication is performed using a MSE Soniprep 150
sonicator mounted with a 9.5 mm standard probe (Soniprep

05 38 121-1154)

5. Add 8 pl PMSF (50 mM) and 80 pl lysosyme solu-
tion (10 mg/ml) per gram of cell pellet. Incubate 30 min
at RT

6. Add 4 mg deoxycholic acid per gram pellet, mix

and store at 37 “C

7. When the solution has become viscous add 20 pl
DNAse (1 mg/ml) per gram pellel and MgCl. to a final
conc. of 5 mM, mix and store alt room temperature for 30

min.

8. Sonicate in ice 5 times 30 seconds with 30 sec-
onds intervals at maximum amplitude, until the solution

has become fluid and non-viscous.

9. Centrifuge at 20.000 x ¢ for one hour, preserve
the supernatant for later checking of the washing proce-
dure to check if all the inclusion bodies have been pre-

cipitated.

10. Resuspend the pellet in MiliQ water (1 wml H.0

per gram of E. coli), shake 1 hour.

11. Centrifuge at 20.000 x ¢g for one hour, preserve
the supernatant *o check if al! the inclusion bodies have

been precipitated.
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12, Resuspend the pellet in 1 M urea dissolve in 1

ml per gram of E. coli, shake 1 hour.

13 Centrifuge at 20.000 x g for one hour, preserve
the supernatant to check if all the inclusion bodies have

been precipitated.

14 Resuspend the pellet in 1 M guanidine dissolved

in 1 ml per gram of E. coli, shake 1 hour.

15 Centrifuge at 20.000 x g for one hour, preserve
the supernatant to check if all the inclusion bodies have

been precipitated.

16 Resuspend the pellet in 25 ml 6 M guanidine + 20

mM Tris pH 8.0, agitate over night.

17 Centrifuge at 20.000 x g for one hour, preserve
the supernatant containing the recombinant protein inclu-
sicn bodies, preserve the pellet to check if all the in-

clusion bodies have been dissolved

18 The protein solution is extensively dialyzed
against MilliQ water, and subsequently the solution is

freeze dried.

19 The freeze dried material is solubilized in 20
mM Tris, 6 M guanidine, 30 % 2-propanol (pH 8.0) at a
concentration of 20 mg/ml. It 1s allowed to solubilize
overnight under gentle agitation. The presence of mono-
mers 1s examined on a superdex 200 column (XK 16, Pharma-
cia, diameter: 1.6 cm, height: 750 cm.). Run in running
buffcr at 1 ml/min. Compared to standards in the same

buffer.

20 Protein purification is performed by gel filtra-
tion on a superdex 200 column (XK26, Pharmacia; height:

100 cm, diameter: 2.6 cm) which is equilibrated with
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equilibration buffer. Run in the equilibration buffer. A
sample volume of about 1% of total column volume is ap-

plied.

21 Refolding of the recombinault protein is per-
formed by dialysis. The protein is diluted to 0.1 mg/ml
in equilibration buffer, and this solution is placed in a
boiled dialysis bag and dialyzed against: 20 mM Tris, 4 M
urea (pH 8.5) with three changes, one night over at room
temperature. The dialysis bag is transferred to a Tris
buffer (20 mM Tris, 150 mM NaCl (pH 8.0)). Change three
times of which the firsi one takes place at room tempera-

ture. Overnight in the cold room.

Refolding is evaluated con a Superose 12 column cqguili-
brated in Tris buffer (20 mM Tris, 150 md NaCl (pH 8.0)).

Compare to standards.

Storage. The recombinant proteins are stored freeze

dried.

Large scale production of the modified TNFo molecules may

be carried out as described below:
Starting Material:

500 Liter fermented E.colii culture, diafiltrated with wa-

ter to approx. 50 Liter

1) Washing of the cells

A) Thaw the frozen cell slurry

B) Centrifuge the cells for 10 minutes at 4000 x g

C) Re-suspend the pellet in 50 mM Tris, 150 mM NaCl, pH
8.0

Repeat step B) and C) three times
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2) Homogenizing the cells

A) Homogenize the cells by a Rannie homogenizer, 5 cy-
clic at 700 bar.

B} Centrifuge the inclusion bodies for 30 minutes at
16.500%g

C) Wash the inclusion bodies three times with 3M gua-
nidine, 1M NaCl, 5 mM EDTA, 20% Sucrose, 50 mM Tris, pH
8. Centrifuge the dinclusion bodies for I minutes at

16.500*g
3) Solubilizing of inclusion bodies

Re~suspend the pellet in 6 M guanidine, 10 mM DTT, 150 mM

NaCl, 5% Ethanol, 50 mM Tris, pH 8. Use approx. 1 ml
buffer/100 mg pellet

4) Ultrafiltration of the inclusion bodies

A) Remove rough impurities by a 0.451 filter
B) Remove high molecular components by a 30 KD filter

I

C) Concentrate the inclusion bodies by a 5 KD filter.
5) Buffer change

Prepare the sample for ion-exchanger chromatography.
Change the buffer to 6 M Urea, 1 mM DTT in 50 mM Tris,
pH 8 by diafiltration

6) SP-Sepharose purification
Load the protein on a SP-Sepharose column. Wash the col-

umn with four volumes of A-buffer and Elute the protein

with 100% B-buffer and Pool all the fractions with TNIo
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A-buffer: 6 M Urea, 1 mM DTT, 50 mM Tris/Cl, pH 8.
B-buffer: 6 M Urea, 1 M NacCl, 1 mM DTT, 50 mM Tris/Cl,
pPH 8.

7} Refolding of human TNFo

Dilute the protein pool to approx. 0.1 mg TNFo/ml in 6 M
Urea, 1 mM DTT, 50 mM NacCl, 5¢% EtOIl in 20 mM Tris/Cl pH
8.8 and remove the Urea shtepwise by going to following

buffer composition - by diafiltration.

A) 2 M Urea, 1 mM DTT, 150 mM NaCl in 20 mM Tris/Cl, pH
8.8 - overnight at 5°C

B) 1M Urea,l1 mM DTT,150 mM NacCl in 20 md Tris/Cl pH 8.¢
- eight hours at 5°C

C) 1 mM DTT, 150 mM NaCl in 20 mM Tris/Cl pH 8.8 - over-
night at 5°C

D) 150 mM NaCl in 20 mM Tris/Cl pH 8.8 - overnight at 5°C

8) Storage of the human TNF o analogs

Concentrate the protein to 1.0 mg/ml and store the sample

at -20°C.

TB medium

Dissolve Terrific Broth (GIBCO BRL 22711-22) in MiliQ wa-
ter according to the manufacturers instruction. Aultoclave

at 121 C for 20 min.

Carbenicillin x 100 stock solution {50mg/ml)

Carbenicillin disodium salt (Sigma C1389) is dissolved in
MiliQ water at a concentration of 50 mg/ml. The solution
is filtersterilized through a 0.2 un filter (Sterifix
0409 9206)
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IPTG x 100 stock solution 100mM

isopropyl-beta-D-thiogalactopyranoside (1PTG, USB 17884)
1.19 g IPTG is dissolved in MiliQ water ad 50 ml. The so-

lution 1is filtersterilized Chrough a 0.2 pum filter

(Sterifix 0409 9206)

BSB buffer

Bacterial Suspension Buffer

50 mM TRIS (Trisma base, SigmaT1503)

0.5 M NaCl (Ridel-de.Haé&n 31434)

5 mM DTT (DL-dithiothretiol, Sigma DL-0632)
pH 8.0

PMSF

50 mM, phenylmethylsulfonylfluride, SIGMA # P-7626,

dissolved in 2-propanol
Lysosyme solution

10 mg/ml Grade IIT lysozyme from chicken eqg white, (EC
3.2.1.17) SIGMA # L-7001

Deoxycholic acid
(7-deoxycholic acid) Sigma # D-6750
DNAse

1 mg/ml Dnase I, Deoxyribonuclease 1, (EC.3.1.21.1) Boe-
hringer Cat i 1284932
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UREA
Urea (GibcoBRL 15716-020)
5 Guanidine
Guanidine hydrochloride (Sigma G4505)
2-Propanol
10
Running buffer
20 mM TRIS, (Trisma base, SigmaTl503)
8 M urea, (GibcoBRL 15716-020)

15 0.1% P-mercaptoethanol
pH 8.0

Equilibration buffer
20 20 mM TRIS, (Trisma base, SigmaTl503)

8mm urea, {GibcoBRL 15716-020)
0.1% B-mercaptoethanol
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EXAMPLE 2

Expression, purification and refolding of P2 and P30

modified TNFa molecules

It is well established that recowbinant proteins behave
differently during expression, purification and refold-
ing. All proteins were expressed in FE. coli and expres-
sion levels ranging from 2-20 % were obtained. All the
proteins were recognized in Western blotting experiments
using a commercially available polyclonal rabbit-anti hu-

man TNFo antibody.

The TNFo constructs were subsequently expressed one by
one in 250 ml cultures in batch sizes of 3-4 1. All modi-
fied TNFa proteins were expressed as inclusion bodies and
more than 85 % pure and refolded protein  preparations

were produced as described above.

The protein content was determined with standard BCA
analysis. All protein purifications were performed in at
least three separate runs for each molecule, and in all
cases the separate protein batches were tested and found
similar. The proteins were stored in concentrations from

0.2 - 1.0 mg/ml in PBS at -20 °C until use.

Standard quality contrel analyses included SDS gel elec-
trophoresis with both Coomassie blue staining and silver
staining of the individual protein preparations. In all
cases the proteins were found to be of the expected size

and to be more than 85 " pure.

Molecules with epitopes inserted al posilion 4 (TNF2-4
and TNF30-4) were only expressed at relatively low levels
(app. 2 %). These molecules were furthermorc very diffi-
cult to purify and especially their refolding was trou-

blesome. Both molecules, but in particular TNF30-4, werc
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not very soluble in PBS and tended Lo precipitate during

storage.
EXAMPLE 3.

Biological activilty of the differenl TNFu constructs

The direct biological activity of the purified TNFu mole-
cules was tested in the 1929 bioassay which is a standard
in vitro assay for determination of biological TNFa ac-
tivity. As seen in Fig. 6 none of the P2 or P30 modified
TNFo molecules were able to kill L929 cells in the con-
centration range tested (up to 60 myg/ml). A commercially
available recombinant TNFa molecule were fully active at
about 0.6 ng/ml. The wild type TNFo preparation was also

fully acltive in the entire concentratlion range tested.
EXAMPLE 4.

The ability of the modified TNFu molecules to induce neu-

tralizing antibodies

Rabbits were immunized with each of the ten constructs to
see whether these were able lo induce antibodies capable
of neutralizing biologically active human 'TNFa in vitro.
Groups of three rabbits were used and each rabbit re-
ceived 100 mg TNFo s.c. in Freunds Complete Adjuvant and
subsequently 100 mg approximately every third week in

Freunds Incomplete Adjuvant.

During the entire immunization period of 18 weeks blood
samples were collected at regular intervals and the sera
were tested for anti-TNFa activit in a conventional
ELISA assay where commercially availlable, pure and non-

modified human TNFo was used as the antigen.

All rabbits developed anti~TNFu antibodics during the im-

munization period and the maximum level o1 anlibody
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titers varied within a decade within each group. The av-
erage antibody titers are shown in Fig. 7. TNF2-5, TNF2-
7, TNF2-3, TNIF2-1 and WT-TNFa induced a titer of one hun-
dred within 2-4 weeks whereas T[NF2-4 gave a remarkably
slower response. Similar kinetics were observed for the
TNF30 proteins where a slower response also was obtained

with TNF20-4.

The ability of these sera to interfere wilth hwnan TNFg
and its receplor was tested in the L9929 assay as well as

in a solid phase receptor binding assay.

In the L929 assay dilutions of immune sera as well as a
non-immune control serum were added to commercially
available human TNFo prior to the addition of the mixture
to L929 cells. Sera from all three rabbits in each group
were tested in duplicates and the averaye values were
calculated. Since normal serum tended to increase the
background values of the color detecting system these
were subtracted from all values and the relative inhibi-
tion in percent was calculated. The results for the in-
hibitory capacity at week 14 in the imwmunization schedule

of all rabbits are shown in Fig. 8.

TNF2-5 which does not comprise subsltitutions in any seg-
ment of the back [J-sheet strands is clearly superilor com-
pared to the other constructs and Lhis molecule was com-
parable to the fully toxic WI-TNFo molecule with regard
to the ability to induce neutralizing antibodies (data
not shown). TNF2-3 which comprises a swmall subsiituled
segment in the D f-strand and TNF2-7 which does not com-
prise any substituted segment of the back [~sheel
strands, were also able to induce inhibitory antibodies,
and the neutralizing antibody titer towards TINF2-7 in-
creased significantly during the following three weeks
(data not shown). TNF2-4 and THF2-1, which comprise the G
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and B f-strands, respectively, of the back [-sheet, were
unable to induce neutralizing antibodies in the L 929 as-

say.

The results wilh regard to the TNF30 prcoteins were more
heterogeneous although TNF30-3 seemed to be best al week
14. TNF30-1 and TNF30-4, which comprise substitutions in
the G and B [}-strands of the back f-sheel, respectively,

did not induce neutralizing anlibodies in the L929 assay.

In the solid phase receptor binding assay recombinant hu-
man 55 kD TNFu receptor 1 (TNF~R5L) was immobilized on
microtiter plates and commercially avallable biolinylated
human TNFo was added in an appropriate dilution. Specific
binding to the receptor was subsequently detected with
horse radish peroxidase labeled streptavidin and a chro-
mogenic substrate. When Lesting sera from immunized rab-
bits these were added to the biotinylated human TNFo so-
lution prior to the addition c¢f Lhe mixture to the
TNF-R55 coated microtiter plate. Sera from all three rab-
bits in each group were tested and the average values
were calculated. Serum from a non-immunized rabbit was
used as negative control. The background values were very
low and the assay is highly sensitive. The resulls are

shown in Fig. 9.

It can be seen thal the results obtained from the L92¢
assay and the solid phase receptor binding assay, respec-
tively, are almost identical with regard to the TNFo 2
constructs. In the solid phase assay the difference be-
tween TNF30-2, 30-3 and 30-5 was not as pronounced as ob-
served in the L929 assay. The solid phase assay 1s, how-
ever, more reproducible due to its biochemical ralher
than cellular character, and normal serum values were not
subtracted in Lhis assay.
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The relative amounts of serum (in percent) by which half
maximum inhibition of TNFo binding was achieved (IC

values) were calculated for TNF2-3, TNIF2-5, TNF2-7,
TNF30-2, TNF30-3, TNF30-5 and WI-TNFo for each of the
corresponding antisera. Assuming that a similar curve.
shape would appear for antisera raised against TNF2-1,

TNF2~1, TNF30-1 and TNF30~4 extrapolations were per-
formed, and IC50 values were also calculated for these

sera. The results are shown in Table II.



IC50 values of rabbit-anti human TNFao

sera in the solid phase assay

o
SN
(W]
[\
h
o

§=

30-3

[€1]
(O3]
s
158
J

0,88%

.69%

99

ro9r/86 OM

LS100/8631U/LOd



.

WO 98/46642

10

20

25
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TNEF2-5 is equivalent to wild type

(WT) mouse TNFa with regard to the ability to induce neu-

tralizing anti-mouse

TNFo. antibodies in rabbits. TNF2-1,

TNF2-4, TNF30-1 and TNF30-4 which all comprise substitu-
tions in the B or G strand of the back [J-sheet are very-

poor or even totally unable to induce such antibodies.

This indicates surprisingly that although the strands B

and G of the back [-sheet are not inveolved in receptor

binding, the mutations represented in this area anyhow

lead to disturbance of the regions of human TNFa involved

in receptor binding.

TNF30-2 and TNF30-3 seem to induce

neutralizing antibodies equally well.

EXAMPLE 5.

The ability of the modified TNFo molecules to stimulate T

cells from P2 and P30 immune healthy blood donors

Since it was expected that the localization of the P2 and

P30 epitopes in the

modified TNFo molecules also would

affect the antigen processing and presentation of Lhe in-

serted epitopes - and thus their immunogenicity - all 10

molecules were tested in different T cell assays. A poly-
clonal Peripheral Blood Molecular Cell (PBMC) assay was

used, and a number of P2 and P30 specific T cell l.ines

were established using conventional immunclogical methods

to test TNFa peptides and recombinant proteins with in-

serted P2 and P30 epitopes.

Initially 28 healthy veolunteers (donors) were tested in a

conventional PBMC proliferation assay for their ability

to respond to TT and
sis of these results
significantly to TT,
lected for further

levels varied much,

the P2 and P30 peptides. On Lhe ba-
1¢ individuals capable of responding
P2 as well as P30 peptides were se-
experiments. Although the response

this clearly confirmed that F2 and



WO 98/46642 PCT/DK98/00157

10

20

30

58

P30 are promiscuous as well as immunodominant T cell epi-

topes.

In addition to the 28 donors, seven further donhors were
also selected. For reasons explained below some of these
were selected for their ability to respond either Lo P30
or to P2. Several of these were furthermore vaccinated
with TT in order to be able to give a strong T cell re-
sponse. Some cof the second group of donors were also used
to raise P2 or P30 specific 1 cell 1lines in order to
study the antigen presentation of P2 and P30 modified
synthetic TNFo peptides as well as the modified mole-
cules. In Fig. 10 representative examples of the poly-
clonal PBMC proliferative response in three donors Lo-

wards TT as well as the P2 and P30 peptides are shown.

All 10 recombinant proteins were tested in triplicate in
at least 6 different concentrations starting from about
100 mg/ml, and all PBMC experiments were repeated 2-3
times for each individual. Intracellular incorporation of
‘H-labelled thymidine was used to assess ' cell prolif-
eration, and the experiments were harvested and counted
in a 96-well format. The maximum proliferation indexes
(P1) from each titration curve was calculated as the re-
lation between the average number of CPMs in the experi-
mental wells divided by the average number of CPMs ob-
tained in the antigen free wells (PBS only). The T cell
proliferation data were made in triplicate and Con A as
well at the P2 and P30 were used as negalive and positive
controls, respectively. In Fig. 11 three examples are
shown from experiments with two different blood donors

using the different P2 and P30 modified TNFu molecules.

JH only responds to P2, whereas SR responds to both P2
and P30. This is also reflected in the proliferative re-

sponses to the P2 and P30 modified TNFo proteins which to
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a varying extent almost all are able to stimulate the

PBMCs.

In Fig. 12 the Proliferation Indexes (Pls) calculated
from 34 experiments are shown. Allhough it is very diffi-
cult to guantitatively compare PIs helween different ex-
periments due to varying PBS backgrounds it seems clear
that all constructs more or less are capable of eliciting

a proliferative response.

Among the second group of donors some individuals were
vaccinated against TT 1-2 months before the experiments.
The PIs obtained from these persons (HB, MR, KG, and MW)
were all among the highest Pls observed for all the modi-
fied INFo constructs and the dat.. were easy to evaluate.
Three other individuals (DL, ID, and LS) were vaccinated
more than 5 years back, and they all showed PI values be-
low average. This supports that Lhe observed PIs were an-
tigen specific. No data regarding the last TT vaccination
dates were available for the first group of donors, but

their immunization status was clearly very variable.

It is not possible to select a preferred TNFo 2 or TNFo
30 protein merely based on the average size of the PI
values. This may be due to the heterogeneous vaccination
status of the individual used and the variable nature of
PBMC assays obtained from individuals with variable re-
sponder status. It was anyway surprising, that P2 and P30
at all the inserted positions in TNFo seemed to be able
to be processed and presenled to T cells. In order to ex-
clude the possibility that despite repeated affinity
chromatography, gelfiltration and dialysis, the antigen
preparations could still contain significant concentra-
tions of non-specific mitogens, some further experiments

were performed.
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Donors from the second group known to be non-responders
to P2 and responders to P30 as well as donors with the
opposite response pattern were tested in PBMC assays. In
Fig. 13 the response to P2, P30 as well as the TNFa 2 and

TNFo 30 proteins are shown for DL and ID.

It can be seen that specific responses are obtained to
the respective T cell epitopes and the respectively modi-
fied TNFo molecules. However, no significant prolifera-
tive responses of DL against TNFo 30 proteins were ob-
served (upper panel) and no significant proliferative re-
sponses of ID to TNFo 2 proteins were observed {lower
panel) supporting that non-specific mitogens were absent

in the purified TNFo preparations.

This possibility was even further examined by the use of
P2 and P30 specific T cell lines isolated from the second
group of donors, which had been cultured for at least six
weeks in at least three rounds of stimulation with the
respective synthetic P2 and P30 peptides. 1 Fig. 14 the

results of two such experiments are shown.

It can bhe seen that the P2 and P30 specific T cell lines
were only stimulated by their corresponding P2 and P30
proteins. Furthermore, it can be seen again that all TNFo
constructs are able to induce T cell proliferation empha-
sizing that although antigen processing may be quantita-
tively important for presentation of P2 and P30, it does
not seem to be a significant qualitative limiting factor

for antigen presentation.

It has been reported in the literature that flanking re-
gions of T cell epiltopes can influence the binding of an-
tigenic peptides to MHC class II molecules. Since none of
the positions in TNFo, which were chosen for insertion of
P2 or P30, seemed to be prohibitive for antigen presenta-

tion, il was investigated whether Lhe different flanking
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TNFa sequences of the inserted epitopes could influence
the T cell response to P2 and P30 epitopes as a result of
differential binding to the human HLA class II molecules.
The peptides shown in Table III, which represent the in-

5 serted epitopes as well as the flanking human TNFo amino-
acids were therefore synthesized. These are designated
PP2-5, PP30-3, etc. The amino acid sequences are shown in
the sequence listing as SEQ ID NO:34 to SEQ ID NO:42 cdes-
ignated Pep2-1 to Pep30-5.

10
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Synthetic peptides representing P2 and P30 and their flanking TNFo regions

2-1 SRTPSOYIKANSKFIGITELQLOWL 30-1 SET2SFNNFTVEFWLRVPKVSASHLERPANA
2-3 SQVLFQYIKANSKFIGITELISRIA 30-2 ALLANFNNFTVSFWLRVPKVSASHLEQVLEFK
2-4 ARAKPQYIKANSKFIGITELGDRLS 30-3 YSQVLIENNFIVSEFWLRVPKVSASHLEVSYQT
2-5 EXKGDROYIKANSKFIGITELSGQVY 30-4 CPETPENNETVSEVILRVPKVSASHLEKGDPL
2-7 D 30-3 BXGDPEMNFTYVSFANLRVEKVSASELEGIIAL

29

Th999/86 OM

LS100/863104/LD0d



WO 98/46642 PCT/DK98/00157

63 ,

These peptides were used for stimulation of Pz and P30
specific T cell lines. The results from stimulation of
the P30 lines are shown in Fig. 15. It can be seen that
the P2 specific T cell lines from MR and KG shows paral-
5 lel stimulation patterns when stimulated either wilth the
peptide or with the corresponding TNFo 2 protein. It is
clear that TNF2-5 1is a good potential antigen and these
data further supports that the observed T cell prolifera-
tions are antigen specific. There was generally no quali-
10 tative differences in the stimulation pattern when the
P30 specific T cell lines from MR and KG were stimulated
either with peptides or proteins (data not shown). The
P30 specific T cell line from HC preferably recognized

with TNF30-3 and reacted to a wminor extent with TNF30-2.
15 CONCLUSION

Ten differently modified human TNFo proteins have been
produced and characterized. They were constructed to con-
tain two well known promiscuous 7T cell epitopes P2 and
P30 in order to be potentially immunogenic in at least

20 85% of the populations.

All proteins could be expressed and purified althouygh
TNF2-4 and TNF30-4 at low levels. Mutations at this posi-
tion in TNFo also seems to inlerfere with refolding which
results in proteins with poor solubilit;,. No biologlcal
25 TNFo activity could be detected in any of the modified

TNFo molecules.

Rabbits were immunized with all Len proteins as well as
with native TNFa. After 2-3 months of immunization it was
possible to detect high titers ol strongly cross-reactive

30 antibodies towards human, non-modified TNFo in all sera.

The ability of these antibodies to interfere with the

biological activity of native TNI'a was tested in two dif-
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ferent 1iIn vitro assays - the L929 bioassay and a solid
phase receptor binding assay. Both assays showed essen-
tially the same TNF2-1, 7TNF2-4, TNI30-1 and TNF30~4 was
not able to induce significant neutralizing antibodies,
whereas TNF2-5 was superior compared to the other con-
structs. TNEF30-2 and TNF30-3 were equally efficient at
inducing neutralizing antibodies and twice as good as

TNF30-5 which was reasonably gyood.

Somewhat surprisingly it was not possible Lo see signifi-
cant differences between the abilities of the molecules
to stimulate PBMC to proliferate. 1t could be demon-
strated that this was not due to the presence of mitogens
in the antigen preparations and based on these data, it
was concluded that the locations chosen for P2 and P30
all allowed presentation of the respective epitopes. The
specificity of the responses was further documented by
using testing the modified TNFu proteins using epitope
specific T cell lines as well as synthelic peptides rep-
resenting the inserted epitopes as well as the [lanking
TNFo sequences. From these experiments it was clearly
demonstrated that TNF2-5, TNF30-2 and 7TNF30-3 (among
other constructs) were the most powerful pctential imnu-

nogens.
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SEQUENCE LISTING

{1) GENERAL INMFORMATIOM:

{i)

{ii)

(iii)

{iv)

APPLICANT:
(A) NAME: Farmaceutisk Laboratorium Ferring A/3
(B) STREET: Indertoften 10
{C) CITY: Vanloese

(B)
(F)

COUN'TRY: Denmark
POSTAL CODE (ZIP): DK-2720

TITLE OF INVENTION: Modified human THF-alphsa molecules, DNA
encoding them, and vaccines containing said modified
THE-alpha or DMA

NUMBER OF SEQUENCES: 42

COMPUTER READABLE FORM:

(A)
{B)
(c)
(D)

MEDIUM TYPE: Floppy disk

COMPUTER: IBM PC compatible

OPERATING SYSTEM: PC-DQS/MS-DOR .
SOFTWARE: PatentIn Release #{L.U, Version }11.30 (FPO)

(2) INFORMATION FOR SEQ ID NO: 1:

(i)

(ii)
(1ii)
(iv)

(vi)

(ix)

(xi)

SEQUENCE CHARACTERISTICS:

(A)
(B)
(<)
(D}

(A)

LENGTH: 477 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

MOLECULE TYPE: c¢DNA

HYPOTHETICAL: MO

ANTI-SENSE: NO

ORIGINAL SOURCE:

ORGANISM: Homo sapiens

FEATURE:

(A)
(B)
()
(D)

NAME/KEY: CDS
LOCATION: L. .477
IDENTIFICATION METHOD: experimental
OTHER INFORMATION:/codonwstart= 1
/function= "Antigen"
/products= "THF-alpha analoy"
/evidence= EXPERIMENT/AL
/gane= "tnfPp2-1"
/standard_name= "“TNF2-1"

SEQUENCE DESCRIPTION: SEC ID NO: 1:

ATG GTC AGA TCA TCT TCI' CGA ACC CCG AGT CAG TAC ATT AAN GCC AAY
Met Val Arg Ser Ser Ser Arg Thr Pro Ser Glu Tyr lle Lys Ala Asn

1

5 10 15

TCT AAA TTC ATC GGT ATA ACT GAG CTG CAG CTC CAG TGG CTG AAC CGC
Ser Lys Phe Ile Gly Ile Thr Glu Leu @ln Leu Gln Tip Leu Asn Arg

20 25 30

BN
fut o

96
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CGG
Arg

CTG
Leu

TTC
Phe
65

ATC
Ile

GCC
Ala

AAG
Lys

l-ys

TTT
Phe
145

Met

Ser

Arg

Lieu

Phe

65

Ile

66

GCC AAT GCC CPTC CI'G GCC AAT GGC GTG GAG CTG
Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu
35 40

GTG GTG CCA TCA GAG GGC CTG TAC CTC ATC TAC
Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr
50 55 60

ANG GGC CAA GGC TGC CCC TCC ACC CAT GTG CTC
Lys Gly Gln Gly Cys Fro Ser Thr His Val leu
70 75

AGC CGC ATC GCC GTC TCC TAC CAG ACC AAG GTC
Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val
85 90

ATC AAG AGC CCC TGC CAG AGG GAG ACC CCA GMG
Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu
100 105

CCC TGG TAT GAG CCC ATC TAT CTG GGA GGG GTC
Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val
115 120

GGT GAC CGA CPTC AGC GCYT GAG ATC AAT CGG CCC
Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Dlro
130 135 140

GCC GAG TCT GGG CAG GTC TAC TI'1' GGG ATC ATT

Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile
150 155

INFORMATION TPOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 159 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Val Arg Ser Ser Ser Arg Thr Pro Ser Gln Tyr
5 10
Lys Phe 1le Gly Ile Thr Glu Leu Gln Leu Gln
20 25

Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu
35 40

Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr
50 55 60

Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu
70 75

Ser Arg Ile Ala Val Ser Tyr Gln Thr lLys Val
85 90

AGA
Arg
45

TCC

Sex

CTC
Leu

ANC
Asn

GGG
Gly

TTC
Phe

128

GAC
Asp

GCC
Ala

Asn

GAT
Asp

CAG
Gln

ACC
Thr

cre
Leu

GCT
Ala
110
CAG
Gln

TAT
" 123

cre
Leu

Lys

Leu
30

Asp

C 53In

Thr

PCT/DKY8/00157

ANC
Asn

GTC
val

CAC
His

cre
Leu
95

GAG
Glu

G
Leu

orce
Leu

TAG

Ala

15
Asn
Ash
val

His

Lau
a5

CAG
Gln

crce
Leu

ACC
Thr

80
TcT
Ser

GCC
Ala

GAG
Glu

GAC
Asp

Arg

Gln

Leuy

Thr

80

Ser

144

240

el
(o}
Pl

336

384

432
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Ala

Lys

Lys

Phe
145

ATG
Met
160

GTT
Val

CGG
Arg

CTG
Leu

TTC
Phe

lle

Pro

Gly

130

Ala

Lys
Trp
115

Asp

Glu

Ser
100
lll }, r

Arg

Ser

ITHFORMATION

(1)

(ii)
{iii)
(iv)

(vi)

{xi)

Pro Cys

Glu Pro

Leu Ser

Gly Gln
150

FFOR SEQ

Gln

Ile

Ala

135

val

67

Arg Glu Thr Pro Glu Gly Ala

105

Tyr Leu Gly Gly Val Phe

120

Glu Ile Asn Ary

Tyr Phe Gly Ile
155

ID HO: 3:

SEQUENCE CHARACTERISTICS:

(A)
{(B)
{c)
(D)

LENGTH:
TYPE;
STRANDEDNESS:
TOPOLOGY:

477 base pairs
nucleic acid

double

linear

MOLECULE TYPE: DHA (gencmic)

HYPOTHETICAL:

ANTI-SENSE: NO

MO

ORIGINAL SOURCE:
(A) ORGAMISM:

PEATURE:

(A)
(B)

NAME/KEY
LOCATION: 1. .477

Homo sapiens

Cbs

Pro Asp
140

Ile

(D) OTHER INFORMATION:/codon start- 1
/function= "Antigen"
/product= "I'NF-alpha analog"
/gene= "tnf{p2-3"

/standard_name= "PNI2-3"

SEQUENCE DESCRIPYTIOHN: SEQ ID NO: 3:

GTC AGA TCA

Val

GTA
Val

GCC
Ala

GTG
Val

CAG
Gln
225

Arg

GCA
Ala

AAT
Asn

GTG
Val
210

TAC
Tyx

Ser

AAC
Asn

GCC
Ala
195

CCA

Fro

ATA
Ile

TCT TCT
Ser Ser
165

CC'T' CAA
Pro Gln
180

cTC Cre
Leu Leu

TCA GAG
Ser Glu

ANG GCC
Lys Ala

CGA
Arg

GCT
Ala

GCC
Ala

GGC
Gly

AAC
Asn
230

ACC CCG AGT GAC
Thr Pre Ser Asp
170

GAG GGG CAG CTC
Glu Gly Gln Leu
185

AAT GG GTG GAG
Asn Gily Val 4lu
200

CTG TAC CTUC ATC
Leu Tyr Leu Tle
215

TCC AAG TIT AIC
Ser Lys Phe Ile

ANG
Lys

CAG
Gln

CT6G
Leu

TAC
Dlv y v

GGC
Gly

235

125

Ala

C (l ll'
Pro

TG
Trp

AGA
ALy

TCC
Ser

ey
230

ATC
Ile

110

Gln

T}'I’

Leu

GPA
val

TG
Lieu

GAT
Asp

205
CAG

Gin

ACC
Thr

PCT/DK98/00157

Glu Ala

Leu Glu

Leu Asp

GCC
Ala

N\C
Asn
190

AAL
Asn

GIe
Val

GAG
Glu

CAT
His
175
CGC
Arg

CAG
Gln

cre
Leu

cTe
Leu

48

90

lel

240
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ATC AGC CGC ATC GCC GTC TCC TAC CAG ACC AMG
Ile Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys
240 245 250

GCC ATC AAG AGC CCC TGC CAG AGG GAG NCC CCA
Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro
230 265

AAG CCC TGG TAT GAG CCC ATC TAT CI'G GGA GGG
Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly
275 280

AAG GGT GAC CGA CTC AGC GCT GAG ATC AAT QGG
Lys Gly Asp Arg Leu Ser Ala Glu Ile Asn Atrg
290 295
TTI GCC GAG TCT GGG CAG GTC TAC TTT GGG ATC
Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly lle
305 310
(2) INFORMATIOM FOR SEQ ID HO: 4:
(i) SEQUENCE CHARACTERISTICS:
{(A) LEMGTH: 159 amino acids
(B) TYPE: amino acid
TOPOLOGY: linear
(ii) MOLECULE 'TYPE: protein
(#1) SEQUENCE DESCRIPTIOM: 3SFQ 1D NO: 4:

Met Val Arg Ser Ser Ser Arg Thr Pro Ser Asp
1 5 0

Val Val Ala Asn Pro Gln Ala Glu Gly Gin Leu
20 25

Arg Ala Asn Ala Leu Leu Ala Asn Gly Val 6lu
35 10

Leu Val val Pro Ser Glu Gly Leu Tyr Leu Ile
Phe Gln 7Tyr Ile Lys Ala Asn Ser Lys Phe 1le
65 70 %

Ile Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys
85 aq

Ala lle Lys Ser Fro Cys GIn Arg Glu Thr Pro
100 1¢5

Liys Pro Trp Tyr Glu Pro Ile Tyr leu Gly Gly
115 120

Lys Gly Asp Avry Leu Ser Ala Glu Ile Asn Arc
130 135

Phe Ala Glu Ser Gly GIn Val Tyr Pne Gly Ile
145 150 155

GTC
Val

GN\G
Glu

GTC
Val

cee
Pro

ATT
Ile
315

Lys

Gln

Leu

Tyr

[

Gly

Val

Glu

Val

P'ro

144

lie

ANC
Asn

GGG
Gly

TTC
Phe

GAC
Asp
300

GCC
Ala

Pro
Trp
Arg
}
ser
Ile
Asn
Gly
Phe
125

Asp

Ala

cre

Leu

GeT
Ala

CAG
Gln
285

rl‘l‘\‘l‘

T_')“ T

cre
Lo

Val

Leu

30

Asp

oln

Thr

Leu

Ala

1io

Gin

'1'3'1’

Lt

PCT/DKY8/00157

cre
Licu

GAG
Glu
270

G

Leu

¢re
Leu

TAG
3

Ala

Asn

val

Glu

Leu
uh

ey
Ser
255

GCC

Ala

GAG
Glu

GAC
Asp

Hisg

Arg

Gln

Leu

Leu

g

Ser

Ala

Glu

Asp

288

330

384

132

4°17
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(2}

ATG
Met
160

GTT
Val

CGG
Arg

CTG
Leu

1rre
Phe

A'TC
Ile
240

GCC
Ala

ANG
Lys

CTC
Leu

(iidi)

INFORMATION FOR SEQ ID NO:

5:

(i) SEQUEHNCE CHARACTERISTICS:

(A)
{B)
(C)
{D)

LENGTH:
TYPE:
STRANDEDHESS :
TOPOLOGY:

nucleic acid
double
linear

477 base pailrs

(ii) MOLECULE TYPE: DNA (genomic)

(iv) AMNTI-SENSE:
(vi) ORIGIHNAL
(A)

(A
(B)

"EATURE :
NAME/KEY :
LOCATION:L..477

HYPOTHETICAL:

MO

NO

SOURCE:
ORGANISM:

Homo sapiens

CDS

(D} OTHER INFORMATION:/codon_starts |
/function= "Antigen"
/product= "TNF-alpha amalog"
/gene= "tnfpP2-4"
/standard_name= "THF2-4"

(xi) SEQUEHNCF DESCRIPTIOMN:

GTC AGA
Val Arg

GTA GCA
Val Ala

GCC AAT
Ala Asn

GTG GTG
Val Val
210

ANG GGC
Lys Gly

AGC CGC
Ser Arg

ATC AAG
Ile Lys

CCC CAG
Pro Gln

GGT GAC
Gly Asp
290

TCA
Ser

AAC
Asn

GCC
Ala
195

ccAa

Pro

CAA
Gln

TCT
Ser

ccr
Pro
180

cre
Leu

TCA
Ser

GGC
Gly

GCC
Ala

cee
Pro
260

ATC
Ile

cre
Leu

TCT
Ser
165

CAA
Gln

CTG
Leu

GAG
Glu

TGC
Cys

GTIC
Val
245

TGC
Cys

AAG
Lys

AGC
Setr

CCA ACC CCG

Arg

GCT
Ala

GCC
Ala

GGC
Gly

cce
Pro
230
Tec
Ser

CAG
Gln

GCC
Ala

Ger
Ala

Thr

GN\G
Glu

AANT
Asn

CTG
Leu
215

TCce
Ser

TAC
Tyr

AGG
Arg

AAT
Asn

GAG
Glu
2985

Pro

GGG
Gly

GGC
Gly
200

TAC
'lel:

ACC
Thy

CAG
Gln

GAG
Glu

TCG
Sex
280

ATC
Ile

AGT
Ser

CAG
Gln
185

GTG
Val

cre
Leu

CAT
His

ACC
Thr

ACC
Thr
265

Lys

AAT
Asn

5EQ ID NO: 5:

GAC
Asp
170

e
Leu

GAG
Glu

ATC
lle

GTG
Val

ARG
Lys
250

CCA

Pro

llllll ("
Phe

GG

Arg

ANG
Lys

CAL
Gln

CT6
Leu

TAC
II\ y 1_

cre
L,eu
235

GTC
Val

GAG
Glu

ATC
Ile

cod
Pro

ccrT
Pro

TGE
lj‘ l‘p

AGA
Arg

7ec
Ser

13}
.

cre
Leu

AAC
Asn

GGG
Gly

GGC

Gly

GAL
Asp
300

G'T'A
Val

cra
Lieu

GA'T
Asp

205

CAG
Gln

ACC
Thi

Cre
Lieu

cor
Ala

AlC
Ile
285

TAUP
llc Y ¥

PCT/DK98/00157

GCC
Ala

AAC
Asn
190

ANC
Asn

GTC
Val

CAC
His

cTC
Lou

GAG
Glu
270

AlG

Thr

e
Leu

CAT
His
175

cGl
Arg

CAG
Gln

cre
Leu

ACC
Thr

rl‘Cll\
Ser
255
GCC
Ala

GAG
Glu

GNC
Asp

L4

241

430



1o

WO 98/46642 PCT/DK98/60157

70 ‘
TTT GCC GAG TCT GGG CAG GTC TAC TTT GGG ATC ATYT GCC CTC TAG 477
Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu *
305 310 315

(2) THMFORMATIOIl FOR SEQ ID NO: 6:

{1} SEQUENHCE CHARACTITERISTICS:
(A} LEMGTH: 159 amino acids -
(B) TYPE: amino acid
(D} TOPOLOGY: linear

(ii) MOLECULE TYFE: protein
(»1) SEQUENCF DESCRIPTIOM: SEQ ID NO: 6:

Met Val Arg Ser Ser Ser Arg Thr Pr«w 3er Asp Lys Pro val Ala His
! 5 10 15

Val Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Tvp Leu Asn Arg
20 25 30

Arc Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gln
2 40 45

Leu Val val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Lleu
£e 55 60

I'he Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr
65 70 15 80

Jle Ser Arg Ile Ala Val Ser Tyrx Gln Thr Lys Val Asn Leu Leu Ser
85 90 95

Ala Jle Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala
100 105 110

hys Pro Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile G
1

y ITte Thr Glu
115 120 5

1
2
Leu Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp
130 135 140
Fhe Ala Glu Ser Gly Gln Val Tyr Phe Gly lle Ile Ala Leu *
145 150 155
(2) 1HNFORMATION FOR SEQ ID NO: 7:
') SEQUEMNCE CHARACTERISTICS:
(A) LENGTH: 477 base pairs
{R) TYPE: nucleic acid
{C) STRAMNDEDNESS: double
{hy TOPOLOGY: linear
{ii} MOLECULE TYPE: DHNA {genomic)
(1ity HYPOTHETICAL: HO

tiv) ANT1-SENSE: HO



e

WO 98/46642

ATG
Met
160

S

val

CGG
Arg

CTG
Leu

TTC
Phe

NTC
Ile
240

GCC
Ala

AAG
Lys

AAG
Lys

ACT
Thr

(2}

(vi)

(ix)

(x1)

G'TC
Val

GTA
Val

sCC
Ala

GTG
Val

AAG
Lys
225

AGC
Ser

ATC
Ile

ccc
Pro

GGT
Gly

GAG
Glu
305

ORIGINAL SOURCE:

(M)

FEATURE:

(A)
(B)

NAME/KEY: CDS
LOCATION: 1. .477

71

ORGANISM: Homo sapiens

(D) OTHER INFORMATION:/function= "Antigen"
/product= "TNF-alpha analog"
/gene= "tnfp2-5"
/standard name= "TNF2-5"

SEQUENCE DESCRIPTIONM:

AGA
Arg

GCA
Ala

AAT
Asn

GTG
val
210

GGC
Gly

cGC
Arg

ARG
Lys

TGG
Trp

GAC
Asp
290

CTG
Leu

TCA
Ser

AAC
Asn

GCC
Ala
195

CCA
Pro

CAA
Gln

ATC
Ile

AGC
Ser

fllAtP
Tyxn
275

CGA
Arg

TCT
Ser

TCT
Ser

ccr?
Pro
130

CTC
Leu

I'CA
Ser

GGC
Gly

GCC
Ala

cce
Pro
260

GAG
Glu

CAG
Gln

GGG
Gly

INFORMATION FOR

TCT
Ser
165

CAA
Gln

CTG
Leu

GAG
Glu

TGC
Cys

GTC
Val
245

TGC
Cys

CcccC
Pro

TAC
Tyr

CAG
Gln

CGA
Arg

GCT
Ala

GCC
Ala

GGC
Gly

C
Lo
230

TCce
Ser

CAG
Gln

ATC
Ile

ATT
Ile

GTC
Val
310

ACC
Thr

GAG
Glu

ANT
Asn

CTG
Leu
215

TCC
Ser

TAC
Tyr

AGG
Arg

TAT
Tyxr

AAG
Lys
285

TAC
Tyr

SEQ ID HNO:

SEQ ID NO: 7:

CccG
Pro

GGG
Gly

GGC
Gly
200

TAC
Tyr

ACC
Thr

CAG
Gln

GAG
Glu

[eli¥e]
Leu
280

GCC
Ala

T ll" lll
Fhe

g:

(i} SEQUENCE CHARACTERISTICS:

(A) LENGTH:
TYPE:
TOROLOGY:
(ii) MOLECULE TYPE: protein

(B}
(D)

amino acid
linear

AGT
Ser

CAG
Gln
185

GTG
Val

cre
Leu

CAT
His

ACC
Thr

ACC
Thr
265

GGA
Gly

AAT
Asn

GGG
Gly

159 amino acids

GAC
Asp
170

cre
Leu

GAG
Glu

ATC
Ile

GTG
Val

AAG
Lys
250

CCA

Pro

GGG
Gly

TCG
Ser

ATC
lle

ARG
Lys

CAG
Gln

CTG
Leu

TAC
Tyr

cie
Leu
235

GT'cC
Val

GNG
Glu

GTcC
Val

MAG
Lys

AT
Ile
315

cCcT
Pro

TGG
Trp

AGA
Arg

TCccC
Ser
220

cre
Leu

AAC
Asn

elele
Gly

TTC
Phe

'l‘ll\c
Phe
300

GCC
Ala

G'TA
Val

crG
Leu

GAT
Asp
205

CAl
Gln

ACC
Thr

crc
Leu

GCT
Ala

CAG
Gln

285

AT
Ile

cTC
Leu

PCT/DK98/00157

GCC
Ala

ANC
Asn
190

ARC

Asn

GT'C
Val

CAC
His

cre
Lieu

GAG
Glu
270

CcreG
Leu

GGC
Gly

TAG

CAT
His
175

cGC
Arg

CAG
Gln

cre
Leu

ACC
Thr

TCT
Ser
255

GCC
Ala

GArR
Glu

ATC
Ile

48

144

=
el
]

336

384



WO 98/46642 PCT/DK98/00157
72

(zi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Met Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His
1 5 10 15

Val Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg
20 25 30

Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gln
35 49 45

Leu Val Val Pro Ser Glu Gly Leu Tyr Leu lle Tyr Ser Gln Val Leu
50 55 60

Phe Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr
65 70 75 80

Ile Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser
85 90 85

Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala
100 105 1o

Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu
115 120 125

Lys Gly Asp Arg uln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile
130 135 40

Thr Glu Leu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu
145 150 155

(2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 477 base pairs
(B) TYPE: nucleic acid
(C}) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
{iv) ANTI-SEMSE: NO

(vi} ORIGIMAL SOURCE:
(A) ORGAMISM: Homo sapiens

(ix) FEATURE:

(A) NAME/KEY: CDS

(B) LOCATION:1..477

(D) OTHER INFORMATION:/codon_start= 1
/function= "Antigen"
/product= "INF-alpha analogy"
/geve= "enfip2-7"
/steadard names "TNF2-7"



.o

WO 98/46642

ATG
Met
160
GTT
Val

CGG
Arg

CTG
Leu

e
Phe

GCT
Ala
240

GCC
Ala

AAG
Lys

AAG
Lys

T
Phe

(2)

Met

Val

Arg

73

(xi}) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

GTC AGA TCA TCT TCT CGA ACC CCG AGT GAC AAG CCT
Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro
165 170

GTA GCA AAC CCT CAA GCT GAG GGG CAG CTC CAG TGG
Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gin Trp
180 185

GCC AAT GCC CTC CTG GCC AAT GGC GTG GAG UTG AGA
Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Argy
195 200

GT'G GTG CCA TCA GAG GGC CTG TAC CTC ATC TAC TCC
Val val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser
210 215 220

AAG GGC CAA GGC TGC CCC TCC ACC CAT GTG CTIC CAG
Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu Gln
225 230 235

AAC TCC AAA TTC ATC GGC ATC ACC GAA CTG GTT AAC
Asn Ser Lys Phe Ile Gly Tle Thr Glu Leu Val Asn
245 250

ATC AAG AGC CCC TGC CAG AGG GAG ACC CCA GAG GGG
Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly
260 265

CCC TGG TAT GAG CCC ATC TAT CTG GGA GGG GIC TTC
Prc Trp Tyr Glu Pro lle Tyr Leu Gly Gly Val Phe
275 280

GGT GAC CGA CTC AGC GCT GAG ATC AAT CGG CCC GAC
Gly Asp Aryg Leu Ser Ala Glu Ile Asn Arg Pro Asp
290 295 300

GCC GAG TCT GGG CAG GTC TAC TTT GGG ATC ATT GCC
Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ille Ala
305 310 315
INFORMATION FOR SEQ ID 1IO: 10:
(i) SEQUENCE CHARACTERISTICS:

(A) LEMGTH: 159 amino acicds

(B) TYPE: amino acid

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(i) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

Val Arg Ser Ser Ser Arg Thr TFro Ser Asp Lys Pro
5 10

Val Ala Asn Pro Gln Ala Glu Gly GIn Leu Gln Trp
20 25

Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Atg
35 40 45

PCT/DK98/00157

GTA GCC
Val Ala

CTG AAC
Leu Asn
190

GAT AAC
Asp Asn
20%

CAG GTC
Gln Vval

ll\]\ c" ]'\'.[‘ C
Tyr Ile

¢re Cre
Leu Leu

GCT GAG
Ala Glu
270

CAG CTG
Gln Leu
285

TAT CTC

Tyr Leu

CTC TAG
Leu *

Val Ala
15

Iieu Asn
30

Asp Asn

CAT
His
175
CGC
Arg

CAG
Gln

cTC
Leu

ANN
Lys

TCT
Ser
255

GCC
Ala

GAG
Glu

GAC
Asp

His

Arg

Gln

o
[a]

96

144

192

288

336

477



e
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WO 98/46642
74
Leu Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr
50 55 60
Phe Lys Gly Gln Gly Cys Pro Ser Thr liis Val Leu
65 70 75
Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu Val
85 90
Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu
100 105
Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val
115 120
Lys Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro
130 135 140
Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile
145 150 155
(2) INFORMATION FOR SEQ ID MNO: 11:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 477 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: HNO
(vi} ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens
(ix) FEATURE:
{A) NAME/KEY: CDS
(B) LOCATION:L,.477
(D) OTHER INFORMATION:/ccdonhstart= 1
/function= "Antigen”
/product= "TNF-alpha analog”
/gene= "tnfpP30-1"
/standard_name= "THF30-1"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11l:
ATG GTC AGA TCA TCT TCT CGA ACC CCG AGT TTC AAC
Met Val Arg Ser Ser Ser Arg Thr Pro Ser Phe Asn
160 165 170
AGC TTT TGG CTC CGT' GIA CClI AAG GI'G TCG GCC 'TCG
Ser Phe Trp Leu Arg Val Pro Lys Val Ser Ala Ser
180 185
CGG GCC AAT GCC CTC CTG GCC AAT GGC GTG GAG CTG
Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu
185 200

Ser Gln

GIln Tyr

Asn Lieu

Gly Ala
110

Phe
125

Gln
Asp Tyr

Ala Leu

ANT
Asn

P
Phe

CAC
His

Cre
Leu

AGA
Arg

GAT
Asp
205

PCT/DK98/00157

Val Leu

Ile Lys

80
Leu Ser
95

Glu Ala

Glu

Leu Asp

GTA
Val
175

ACC
Thr

caa
Arg

GAG
Glu
190

CAG 1
Gln

AANC
Asty

44



WO 98/46642

CTG
Leu

Tre
Phe

ATC
Ile
240

GCC
Ala

Lys

AAG
Lys

TTT
Phe

Met

Ser

Arg

Leu

Phe

65

Ile

Ala

Lys

GTG GTG CCA TCA GAG GGC CTG TAC CTC
Val Val Pro Ser Glu Gly Leu Tyr Leu
210 215

AAG GGC CAA GGC TGC CCC TCC ACC CAT
Lys Gly Gln Gly Cys Pro Ser Thr His
225 230

AGC CGC ATC GCC GTC TCC TAC CAG ACC
Ser Arg Ile Ala Val Ser Tyr Gln Thr
245

ATC AAG AGC CCC TGC CAG AGG GAG ACC
Ile Lys Ser Pro Cys Gln Arg Glu Thr
260 265

CCC TGG TAT GAG CCC ATC TAT CTG GGA
Pro Trp Tyr Glu Pro Ile Tyr Leu Gly
275 280

GGY GAC CGA CTC AGC GCT GAG ATC AAT
Gly Asp Arg Leu Ser Ala Glu Ile Asn
290 295

GCC GAG TCT GGG CAG GTC TAC TTT GGG
Ala Glu Ser Gly Gln Vval Tyr Phe Gly
305 310

INFORMATION ‘FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 159 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTIOI: SEQ ID MNO:

Val Arg Ser Ser Ser Arg Thr Pro Ser
10

Phe Trp Leu Arg Val Pro Lys Val Ser
20 25

Ala Asn Ala Leu Leu Ala Asn Gly Val
35 40

Val Val Pro Ser Glu Gly Leu Tyr Leu
50 55

Lys Gly Gln Gly Cys Pro Ser Thr His
70

Ser Arg Ile Ala Val Ser Tyr Gln Thr
85 20

Ile Lys Ser Pro Cys Gln Arg Glu Thr
100 105

Pro Trp Tyr Glu Pro Ile Tyr Leu Gly
115 la20

ATC
Ile

GG
Val

AAG
Lys
250

CCA

Pro

GGG
Gly

CGG
Axrg

ATC
Ile

Phe

Ala

Glu

I1le

Val

75

Lys

Pro

Grc
val

cece
Pro

AT
lle
315

12:

Asn

Ser

Lou

'l'yl.‘

60

Leu

Val

Glu

Val

TCC
Ser
220

ctc

Leu

AAC
Asn

5 GGG

Gly

rll 'l\ C:
Phe

GAC
Asp
300

GQCC
Ala

Asn

His

Arg

q5

Leu

Asn

Gly

Phe

125

CAG
Gln

ACC
Thr

CTC
Lieu

GCT
Ala

CAG
Gln
285
ll\ /\ill
Tyr

cCre
Leu

Phe

Leu

30

Asp

Gln

Thyr

Leu

Ala

110

Gln

PCT/DK98/00157

GTC
Val

CAC
His

CTC
Leu

GAG
Glu
270

CTG

Leu

cre
Leu

TAG

Thr
15

Glu

Val

His

Leu

cre
Leu

ACC
Thr

rI! c 111
Ser
255

GCC
Ala

GAG
Glu

GAC
Asp

Val

Arg

Gln

Leu

Thr

80

Ser

Ala

Glu

240

288

336

432

477
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Lys Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Aisp
130 135 140

Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu *
145 150 155

(2) INFORMATION FOR SEQ ID NO: 13:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 477 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DMNA {genomic)
(iii) HYPOTHETICAL: MO
(iv) ANTI-SENSE: NO

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(ix) FEATURE:

(A) NAME/KEY: CD3

(B} LOCATIOM:1..477

(D) OTHER IHFORMATION:/codon_start= 1
/function= "Antigen"
/product= "THi-alpha analog"
/gene= "tnfP30-2"
/standard_name= "TNF30-2"

(»i) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

ATG GTC AGA TCA TCT TCT CGA ACC CCG AGT GAC AAG CCT GTA GCC CAT 48
Met Val Arg Ser Ser Ser Arg Thr Pre Ser Asp Lys Pro Val Ala His
160 165 170 175
GTT GTA GCA AAC CCT CAA GCT GAG GGG CAG CTC CAG TGG CTG AAC CGC 96
val Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg
180 185 190
CGG GCC AAT GCC CTC CTG GCC AAT TTC AAC AAC T'MC ACA 4T AGC TTC 144
Arg Ala Asn Ala Leu Leu Ala Asn Phe Asn Asn Phe Thr Val Ser Phe
195 200 205
TGG TTG AGG GTA CCA AAG GTC TCG GCC AGC CAC OPC GAG CAG GTC CTC 1oz
Trp Leu Arg Val Pro Lys Val Ser Ala Ser ilis Leu Glu Gln Val Leu
210 215 220
TTC AAG GGC CAA GGC TGC CCC TCC ACC CAT GTG CTC CY'C AcC CAC ACC 244
Phe Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu Leu Thxr His Thr
225 230 235
ATC AGC CGC ATC GCC GTC TCC TAC CAG ACC AAG GTC AAC CTC CTC TCT 28¢
Ile Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Sel
240 245 250 255
GCC ATC AAG AGC CCC TGC CAG AGG GAG ACC CCA GAG GGG CGUT GAG GCC 336

Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pre Glu Gly Ala Glu Ala
260 265 270



WO 98/46642

AAG
Lys

Lys

TT'F
Phe

(2)

Met

Val

Arg

'rp

Phe

65

Ile

Ala

Phe
145

{2)

CcCccC
Pro

GGT
Gly

GCC
Ala
305

TGG
Trp

GAC
Asp
290

GAG

77

TAT GAG CCC ATC TAT CTG GGA GGG GI'C

r]!YL.

275

Glu Pro Ile Tyr Leu Gly Gly Val
280

CGA CTC AGC GCT GAG ATC AAT CGG CCC

Arg

TCT

Leu Ser Ala Glu Ile Asn Ary Pro
295

GGG CAG GTC TAC TIT GGG ATC ATT

Glu Ser Gly Gln Val Tyr Phe Gly Tle Ile

310 315

INFORMATION FOR SEQ ID MO: 14:

(1)

(ii)

{xi)

SEQUENCE CHARACTERISTICS:

(A)
(B)
(D)

LEMGTH: 159 amino acids
TYPE: amino acid
TOPOLOGY: linear

MOLECULLE TYPE: protein

SEQUENCE DESCRIPTIOM: SEQ ID NO: 14:

Val Arg Ser

Val

Ala

Leu

50

Lys

Ser

Ile

Pro

Gly

130

Ala

Ala
Asn

35
Arg
GIy
Arg
Lys
Trp
115

Asp

Glu

Asn

20

Ala

Val

Gln

Ile

Ser

100

Tyr

INFORMATIOMN

(i)

Ser Setv Arg Thr PFro Ser Asp Lys
5 10

Pro Gln Ala Glu Gly Gln Leu Gln

Leu Leu Ala Asn Phe Asn Asn Phe

Pro Lys Val Ser Ala Ser His leu
55 60

Gly Cys Pro Ser Thr His Val Leu
70 75

Ala Val Ser Tyr Cln Thr Lys Val
Pro Cys Gln Arg Glu Thr Pro Glu
105

Glu Pro Ile 'Tyr Leu Gly Gly Val
120

Leu Ser Ala Glu lle Asn Arg Pro
135 140

Gly Gln Val Tyr Phe Gly Ile Ile
150 155

FOR SEQ ID NO: LS

SEQUENCE CHARACTERISTICS:

(A
(B)
(Ch
(D)

LENGTH: 477 base pairs
TYPE: nucleic acid
STRANDEDHESS: double
TOPOLOGY: linear

T™re
Phe

GAC
Asp
300

GCC
Ala

Pro

Trp

Thr

45

Glu

Leu

Asn

Gly

Phe

125

Asp

Ala

CAG
Gln
285

TAT
Tyk

cte
Leu

Val

Leu
30

Val ¢

Gln

Thr

Leu

Ala

110

Gln

Ty

Leu

PCT/DK98/00157

CTG
Leu

cTe
Leu

TAG

Ala
15

Asn

o
D
|24

Val

His

Leu
a5

Glu

Leu

Leu

GAG
Glu

GAC
Asp

His

Arg

Phe

Leu

Thr

80

Ser

Ala

384

432

477
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ATG
Met
160

GTT
Val

CGG
Arg

CTG
Leu

TTC
Phe

GCT
Ala
240

GCC
Ala

Lys

TTT
Phe

(xi)

GTC
Val

GTA
val

GCC
Ala

GTG
val

ARC
Asn
225

AGC
Ser

ATC
Ile

ccceC
Pro

GGT
Gly

GCC
Ala
305

78

MOLECULE TYPE: DMA {genomic)

HYPOTHETICAL:

ANTI-SENSE:

NO

NGO

ORIGINAL SOURCE:
Homo sapiens

(A)

FEATURE:

(A)
(B)

ORGANISM:

NAME/KEY: CDS
LOCATION:L..477

(D) OTHER II\JFORMATIOI\I:/coclon_start*‘ 1
/function= "Antigen"
/product= "TNF-alpha analog"
/gene= "tnfpP30-3"
/standard name= "TNF30-3"

SEQUENCE DESCRIPTION:

AGA
Arg

GCA
Ala

AAT
Asn

GTG
Val
210

AAC
Asn

CAC
His

AAG
Lys

TGG
Trp

GAC
Asp
290

GAG
Glu

TCA
Ser

AACT
Asn

GCC
Ala
195

CCA
Pro

TTT
Phe

CcTC
Leu

AGC
Ser

TAT
Tyr
275

CGA
Arg

TCT
Ser

e
Ser

ccr
Pro
180

cTe
Leu

TCA
Ser

ACC
Thr

GAG
Glu

CcCC
Pro
260

GNG
Glu

c1'C
Leu

GGG
Gly

TC
Ser
165

CAN
Gln

CTG
Leu

GAG
Glu

GTC
Val

GTC
Val
245

TGC
Cys

cce
Pro

AGC
Sexr

CAG
Gln

CGA
Arg

GCT
Ala

GCC
Ala

GGC
Gly

TCcce
Ser
230

TCC
Ser

CAG
Gln

ATC
Ile

GCT
Ala

GIrC
val
310

ACC
Thr

GAG G

Glu

AAT
Asn

CTG
Leu
215

TTC
Phe

TAC
Tyr

AGG
Arg

TAT
Tyr

GAG
Glu
295

TAC
Tyr

SEQ ID NO:

CCG
Pro

GGC
Gly
200

TAC
Tyr

TGG
Trp

CAG
Gln

GAG
Glu

CTG
Leu
280

ATC
Ile

T
Phe

15:

AGT GAC AAG
Ser Asp Lys

CAG
Gln
185

GTG
Val

CcTC
Leu

CTT
Leu

ACC
Thr

ACC
Thr
265

GGA
Gly

AAT
Asn

GGG
Gly

170

cre
Leu

GAG
Glu

ATC
1le

CGG
Arg

AAG
Lys
250

cca

Pro

GGG
Gly

CGG
Arg

ATC
Ile

CAG
Gln

CTG
Leu

TAC
ll‘ }, r

GTA
Val
235

GTC
Val

GAG
Glu

G'rc
Val

[eleded
Pro

Afllll$
Iie
315

ccr
Fro

gyele
Trp

NCA
Arg

TCC
Ser
220

cce
Pro

ANC
Asn

GGG
Gly

fll flV C
Phe

GAC
Asp
300

GCC
Ala

GTA
Val

CrG
L=au

GAT
Asp
205

GCT
NMla

CAG
Gln
285

TAT
IIJ )’ .t

are
Leu

GCC
Ala

AAC
Asn
190

AAC
Asn

i GTC

Val

5 GTC

Val

: CTC

Leu

GG
Glu
270

CTG
Leu

cTe
Leu

TAG

PCT/DK98/00157

CAT
His
175

CGL
Ary

CAG
Gln

cTe
Leu

AGC
Ser

TCcT
Ser
255

GCC
Ala

GAG
Glu

GAC
Asp

a6

144

240

288

336

384

4132
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{2} INFORMATIOMN FOR SEQ ID MO: 16:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 159 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

Met Val Arg Ser Ser Ser Arg Thr Fro Ser Asp Lys Pro Val Ala His
1 5 10 15

Val Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg
20 25 30

Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gln
35 40 45

Leu Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu
50 55 60

Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro lLys Val Ser
G5 70 75 80

Ala Ser His Leu Glu Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser
85 90 85

Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala
100 105 110

Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu
115 120 125

Lys Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp
130 135 140

Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu
145 150 155
{2) INFORMATION FOR SEQ ID MO: 17:
(i) SEQUENCE CHARACTERILISTICS:
(A) LENGTH: 477 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {genomic)
(iii) HYPOTHETICAL: NO
{iv}) ANTI-SEMNSE: NO

{vi) ORIGIMAL SOURCE:
(A} ORGANISM: Hono sapiens

(ixr) PEATURE:
(A) HAME/KEY: CDS
(B) LOCATION:1..477
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(xni)

(D) OTHER INFORMATION:/function= "Antigen"

80

/product= "THF-alpha analog"
/gene= "tnfp30-4"
/standard_name= “"TNF30-4"

SEQUENCE DESCRIPTION:

ATG GTC AGA TCA

Met Val
160

GI'T GTA
Val Val

CGG GCC
Arg Ala

CTG GTG
Leu Val

TTC AAG
Phe Lys
225

ATC AGC
Ile Ser
240

GCC ATC
Ala Ile

GTG TCC
Val Ser

AAG GGT
Lys Gly

™' GCC
Phe Ala
305

Arg

GCA
Ala

AAT
Asn

GTG
val
210

GGC
Gly

CGC
Arg

ARG
Lys

TTC
Phe

GAC
Asp
290

GAG
Glu

Ser

AAC
Asn

GCC
Ala
195

CCA

Pro

CAA
Gln

ATC
lle

TCcT
Ser

ccr
Pro
180

cTC
Leu

TCA
Ser

GGC
Gly

GCC
Ala

ccc
Pro
260

erG

Leu

CTC
Leu

GGG
Gly

lPC'I\
Ser
165

CAA
Gln

CTG
Leu

GAG
Glu

TGC
Cys

GTC
val
245

TGC
Cys

CGC
Arg

AGC
Ser

CAG
Gln

CGA
Arg

GCr
Ala

GCC
Ala

GGC
Gly

cce
Pro
230

TCC
Ser

CAG
Gln

GTC
Val

GCT
Ala

GTC
Val
310

Thr

GAG
Glu

AAT
Asn

cre
Leu
215

TCC
Ser

TAC
'l‘ ), r

AGG
Arg

ceT
Pro

GAG
Glu
295

TAC
Tyr

(2) INFORMATION FOR SEQ ID HO:

(i)

(ii) MOLECULE TYPE: protedin

(i)

Met Val Arg Ser Ser Sexr Arg Thr Fro S
i [

SEQ ID NO: 1

GGC
Gly
200

TAC
ll\ y :

ACC
Thr

CAG
Gln

GAG
Glu

ANG
LYS
280

NTI'C
Ile

T
Phe

18:

SEQUENCE CHARACTERISTICS:

(A)
{B)
{m

LENGTH:
TYPE:
TOPOLOGY: linear

159

amino acid

SEQUENCE DESCRIZTION:

2

G AGT

Ser

CAG
Gln
185

GT1'G
Val

cre
Leu

CAT
His

NCC
Thr

ACC
Thr
265

G'TA
Val

AAT
Asn

GGG
Gly

amino acids

GNC
Asp
170

cTC
Leu

GAG
Glu

ATC
Ile

GT'G
Val

ANG
Lys
250

CCA

Pro

AGC
Ser

CGG
Arg

ATC
lle

7:

AAG
LYS

CAG
Gln

[eiie]
Leu

TAC
'll5’L

cre
Leu
235

GIC
Val

III 1! lll
Phe

Ger
Ala

coe
Ero

All\ '1\
lle
315

SEQ ID NO: 18:

10

ccr
Pro

TGG
Trp

AGA
ALy

TCC
Ser
220

cre
Leu

ANT
Asn

TCC

Ser

GAC
Asp
300

GQCe
Ala

G'TA
Val

Cl'G
Leu

GAT
Asp
205

CAG

Gin

ACC
Thr

s e

Leu

AAT
Asn

CAC
His

285
'l\l\tll
Tyr

CTC
Leu

PCT/DK98/00157

GCC
Ala

Asn
190

ANC
Asn

G'TC
Val

CAC
His

e
Leu

|1\'1|C
Phe
270

cra
Leu

cTe
Leu

TAG

3

15

CA'l'
His
175

Ielele
Arg

CAG
Gln

cTC
Leu

ACC
Thr

ll‘c!l\
Ser
255

ACC
Thr

GAG
Glu

GAC
Asp

er Asp Lys Pro Val Ala His

18

°6

14

Le2

240

288

336

384

432

477
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Gln Leu Gln Yrp Teu Asn Arg

30

Val Val Ala Asn Pro Gln Ala Glu G
20

v

2y =

Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu lLeu Arg Asp Asn Gln
35 40 15

Leu val Vval Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Scr Gln Val Leu
50 55 60

Phe Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu Leu Thi His Thr
65 70 75 a0

1le Ser Arg lle Ala Val Ser Tyr Gln Thr Lys Val Asn Leu lLeu Ser
85 a0 95

Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Phe Asn Asn Phe Thr
100 105 1ia

Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser Ala Ser His Leu Glu
115 120 125

Lys Gly Asp Ary Leu Ser Ala Glu Iie Asn Ary Pro Asp Tyr Leu Asp
130 135 140

Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly fle 1lle Ala Leu
145 150 155

(2) INFORMATION FOR SEQ ID HO: 19:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 477 base pairs
(BY TYPE: nucleic acid
{C) STRANDEDNESS: double
(I"Y TOPOLOGY: linear

(ii) MOLECULE TYPE: DHNA (genomic)
{iii) HYPOTHETICAL: 1O
(iv) ANTI-SENSE: HNO

{vi)} ORIGINAI, SQURCE:
(A) ORGANISHM: Homo sapiens

{(ix) FEATURE:

(A) HAME/KEY: CDS

(B) LOCATION:Ll..477

(D} OTHER 1HFPORMATION:/codon_start- 1
/function— "Antigen"
/product—~ "THF-alpha analoy
/genes "tnfp30-5"
/standard name= "TNF30. %"

(%1) SEQUENCE DESCRIFTION: SEQ ID NHO: 18:

NTG GTC AGA TCA TCT TCT COA ACC CCG NGT GAL AAG Q0T (PR GOC CAT
Met Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala lis
160 165 1774 175

G'I'T GTA GCA AAL CCT CAA GCT GAG GGG CAG CTC CAS ThHG TG AAC GG
Val Vval Ala Ash Pro Gln Ala Glu Giy Gln Leu Glu Trp Iwu Ash Arda
lgo 186 1ah
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CGG
Arg

CTG
Leu

TTC
Phe

ATC
Ile
240

GCC
Ala

ARG
Lys

Lys

CCT
Pro

Met

Val

Arg

Leu

Phe

65

Ille

82

GCC AAT GCC CTC CTG GCC NAT GGC GI'G GAG CTG
Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu
195 200

GTG GTG CCA TCA GAG GGC CTG TAC CTC ATC TAC
Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyt
210 215

AAG GGC CAA GGC TGC CCC 'T'CC ACC CAT GTG Cre
Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu
225 230 2395

AGC CGC ATC GCC GIC TCC TAC CAG ACC AMNG GTC
Ser Ary Ile Ala Val Ser Tyr Gln Thr Lys Val
245 250

ATC AAG AGC CCC TGC CAG AGG GAG ACC CCA GAG
1le Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu
260 265

CCC TGG TAT GAG CCC ATC TAT CTG GGA GNLG G
Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val
275 280

GGT GAC CGA T'TC AAC AAT TTC ACC GTA AGC TTC
Gly Asp Arg Phe Asn Asn Phe Thr Val Ser Phe
290 295

ANG GTG TCT GCG TCG CAC CTC GAA GGG ATC ATT

Lys Val Ser Ala Ser His Leu Glu Gly Tle Tle
305 310 315

INFORMATION FOR SEQ ID NO: 20:
(1) SEQUEHNCE CHARACTERISTICS:
(A) LENGTH: 159 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear
{ii) MOLECULF TY[PE: protein
(i) SEQUENCE DESCRIPTIOH: SEQ ID NO: 20:

Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys
5 10

Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln

20 25

Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu
35 40

Val Val Fro Ser Glu Gly Leu Tyr Leu Ile Tyi
50 55 00

it

Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu
70 78

Ser Arg lle Ala Val Ser Tyr Gln Thr Lys Val
85 ag

AGA
Arg

r‘[)(-: L‘
Ser
220
cre
Leu

ARC
Asn

GGG
Gly

TrC
I'he

TG
',lIL })
300

GL.C
Ala

Pro

Trp

AL

45

FAVTH

GAT
Asp

205
CIG
Gln

ACC
Thr

cre
Leu

GCT
Ala

(LA
Gin

2en
P

Liet

cre

Iru

Val

Leu
30

Asp

- Gin

Tht

I."U

PCT/DK98/00157

AAC
Asn

GTC
val

CALZ
His

c1e
Leu

GAG
Gl
270

CTG

Leu

G
Arg

TAG

Ala

15

Asn

Val

His

Leu
an

CAG
Gln

are
Leu

ACC
Thr

TCT
Ser
255

GCe
Ala

GAG
Glu

G'1'C
Val

His

Avry

Gln

Lieu

Thr

gu

Sel

Lad

240

288

432

477
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Ala Iie Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala
100 105 110

lys l'ro Urp Tyr Glu Pro Ile Tyr Leu Gly Gly Val Fhe &1n Leu Glu
115 120 125

Lys Gly Asp Arg Phe Asn Asn Phe Thr Val Setr Phe Trp Leu Arg Val
30 135 140

Fro Lys Val Ser Ala Ser His Leu Glu Gly Ile Ile Ala Leu *
145 150 155

12V INFOPMATION FOR SEQ ID NOs 271:

1) SEQUENCE CHARACTERISTICS:
(A} LEWMGTH: 2 base pairs
(R} TYPE: nucleic acid
(C) STRANDEDNESS: single
(I*) TOPOLOGY: linear

(i1 MOLE’ JLE TYPE: DMA (genom’ -
(iit) HYPCTHITICAL: HO
(ivy Ao T 0 iSE: HNO

{(ix) FPEATFE:

(A) NAME/KEY: misc feature

(B) LOCATIOM:1l..24

(C) IDENTIFICATION METHOD: experimental

("' OTHER INFORMATION:/function= "Primer for PCR cloning
of DNA encoding TNF-alpha
/product= "Primer binding to TNF-alpha gene"
/evidence= EXPERLMENTAL
/standard_name= "TNF-alpha Primer I"
/label= Primerl

(#i}) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

(Fa

CGACANGCCCA TGGTCAGATC ATCT

(20 INFOPMATION FOR SEQ ID MO: 22:

{1} SEQUENCE CHARACTERISTICS:
(A) LENGIH: 30 base pairs
(R) TYPE: nucleic acid
() STRANDEDMESS: single
(I} TOPOLOGY: linear

(ii} MOLECULE TYPE: DNA {genomic)
{(y13) HYPOTHETICAL: MO
fivy ANTL SENSE: NO
{i®) FEATYRE:
(A} NAME/KEY: misc feature

(B LOCATION:1..30
(C: 1DEHTIFICATION METHCD: experimental

PCT/DK98/00157
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(D) OTHER INFORMATION:/function= "Primer for PR cloning
of DNA encoding TNF-alpha"
/product= "Primer binding to TNF-alpha gene"
/evidence= EXPERIMENTAL
/standard_name= "THNF-alpha Primer IT"
/label= PrimerZ

(xi) SEQUEHCE DESCRIPTION: SEQ ID NG: 22:

TCTCTAGAGG GCAATGATCC CAAAGTAGAC

(2) IMNFORMATION FOR SEQ ID NO: 23:

(i} SEQUEHNCE CHARACTERISTICS:
(A) LEHGTH: 21 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DHNA (genomic)
(1ii) HYPFOTHETICAL: MO
{iv) ANTI-SEMNSE: NO

(ix) FEATURE:

{A) NAME/KEY: misc_feature

{B) LOCATION:1..21

(C) IDENTIFICATION METHOD: experimental

(D) OTHER INFORMATION:/function= "Primer for PCR cloning
of DMA encoding TNF-alpha"
/product= "Primer binding to THI-alpha gene"
/evidence= EXPERIMENTAL
/standard_name= "TNF-alpha Primer ITI"
/label= Primer3

(xi) SEQUEMNCE DESCRIPTIOM: SEQ ID NO: 23:

CCCAAAGTAG ACCTGCCCAG A

(2) IMNFORMATIOM FOR SEQ ID NO: 24:

(1} SEQUEHNCE CHARACTERISTICS:
‘A) LENGIH: 69 base pairs
(B) TYPE: nucleic acid
(C) STRAMNDEDMESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DMA {genomic)
(iii) HYPOTHETICAL: MO
(iv) ANTI-SENSE: NO

(vi} ORIGINAL SOURCE:
{A) ORGANISM: Homo sapiens

(ir) FEATURE:
(A} MAME/KEY: insertion seq
(B) LOCATIOM:7..51 B
{C) IDENTIFICATION METHOD: experimental

30
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(D} OTHER INFORMATION:/function— "Primer for PCR cloning
of DMNA encoding TMF-alpha analog"
/evidence= EXPERIMENTAL
/organism= "Homo sapiens"
/standard name= "Primer "mutL2-1""
/label= mut2-1
/note= "Primer "mut2-1" is a synthetically synthesised
GS-mer oligonucleotide comprising DHA encoding the hrman
T cell epitope P2 bhetween stretches of DIA homologoy Lo
stretches of the numan THF-alpha gene"

(zi) SEQUE'CE DESCRIPTIONW: SEQ ID NO: 24:
ACCCCGAGTC AGTACATTAA AGCCAATTCT AAATTCATCG GTAIAACTGH GCTGCAGCTC 60

CAGTGGCTG 68

(2) INFORMATION FOR SEQ ID NO: 25:

(1) SEQUEHCE CHARACYTERISTICS:
(A} LEMGTH: 73 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDMNESS: single
(D) TOPOLOGY: lineatr

{ii) MOLECULE TYPE: DMA (genomic)
(1ii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: MO

{(vi} ORIGIMNAL SOURCE:
{A}) ORGANISM: Homo sapiens

(ix) FEATURE:

(A} HAME/KEY: insertion_seq

{(B) LOCATION:1%. .59

(C) IDENTIFICATION METHOD: experimental

(D} OTHER INFORMAT'ION:/function= "Primer for PCR cloning
of DWA encoding TNF-alpha analog"
/evidence= EXPERIMENTAL
/organism= "Homoc sapiens"
/standard_name= "DPrimer "mut2-3""
/label= mut2-3
/note= "Primer "mut2-3" is a synthetically synthesised
73-mer oligonucleotide comprising DIA enccding the human
T cell epitope PZ between stretches of DHA homologous te
stretches of the human THF-alpha gene"

(xi} SEQUENCE DESCRIPTION: SEQ ID NC: 25:
CCCAGGTCCT CTTCCAGTAC ATAAAGGCCA ACTCCAAGTT TATCGGCAT(C ACCGAGCTCA 60
TCAGCCGCAT CGC 73
(2) INFORMATION FOR SEQ ID NO: 26:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 75 base pairs
(B} TYPE: nucleic acid

{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
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{ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: IO

(iv) ANTI-SEMNSE: NO

an

(vi} ORIGIMNAL SOURCE:
{A) ORGANISM: Homo sapiens

(ix) FEATURE:

{A) NAME/KEY: insertion_seq

(B} LOCATION:12..56

(C) IDEMTIFICATION METHOD: experimental

(D} OTHER INFORMATIOWN:/function= "Primer {cr FCR clonhing
of DMNA encoding TNF-alpha analog"
/evidence= EXPERIMENTAL
/organism= "Homo sapiens"
/standard_name= "Primer "mulLZ-4""
/label= mut2-4
/note= "Primer "mut2-4" is a synthetically synthesised
75-mer oligonucleotide comprising NiA encoding the human
T cell epitope P2 between stretches of DHA homologous to
stretches of the human THEF--alpha gene"

(i) SEQUENCE DESCRIPTION: SEQ ID MO: 2G:
AGTCGGTCAC CGAGCTCCGT GATGCCGATG AATTTCGAAT TGGCCTTGAT ATACTGGGGC 6uU

TTGGCCTCAG CCCCC 75

(2) IWFORMATION FOR SEQ ID HNO: 27:

(i)} SEQUENCE CHARACTERISTICS:
(A) LEHNGTH: 75 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDMESS: single
(D) TOFOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic)
(iii) HYPOTHETICAL: MU
(iv) AMNTI-SENSE: NO

(vi) ORIGINAL SOURCE:
{A) ORGANISM: Homo sapiens

(ix) FEATURE:
. {A) NAME/KEY: insertion seq
(B) LOCATION:8..52
(C) IDEHTIFICATION METHOD: experimental
(D) OTHER INFORMATION:/function= "Primer for PCR cloning
of DHNA encoding TNF-alpha analog"
/evidence= EXPERIMENTAL
/organism= "Homo sapiens"
/standard_name= "Primer "mut2-5""
/label= mut2-5
/note= "Primer "mut2-5" is a synthetically synthesised
75-mer oligonucleotide comprising DUA encoding the human
T cell epitope P2 between stretches of DNA homologous to
stretches of the human THF-alpha gene”

'y
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(x1) SEQUENMCE DESCRIPTION: SEQ ID NO: 27:
GAAGGGTGAC CGACAGTACA TTAAGGCCAA TTCGAAGTTC ATTGGCATCA CTGAGCTGTC 60

TGGGCAGGTC TACTT 75

(2) INFORMATION FOR SEQ ID MO: 28: -

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 80 base paizrs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE 7TYPE: DNA (genomic)
(iii} HYPOTHETICAL: MO
{(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A} ORGANMNISM: Homo sapiens

(ix) FEATURE:

(A} NAME/KEY: insertion_seq

(B) LOCATIOM:14..58

(C) IDENTIFICATION METHOD: experimental

(D) OTHER INFORMATION:/function= "Primer for PCR cloning
of DHA encoding THF-alpha analog"
/evidence= EXPERIMENTAL
/organism= "Homo sapiens"
/standard_name= “Primer "mut2-7""
/label= mut2-7
/note= "Primer "mut2-7" is a synthetically synthesised
80-mer oligonucleotide comprising DIA encoding the human
T cell epitope P2 between stretches of DHA homologous to
stretches of the human THF-alpha gene"

(xi) SEQUENCE DESCRIPTIOMN: SEQ ID NO: 28:
CACCCATGTG CTCCAGTACA TCAAAGCTAA CTCCAAATTC ATCGGCATCA CUCGAACTGGT 60

TAACCTCCTC TCTGCCATCA 80

(2) IMNFORMATION FOR SEQ 1D MNO: 29:
(i) SEQUENCE CHARACTERISTICS:

(A} LEMGTH: 96 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDHESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{vi} ORIGIMAIL SOURCE:
(A) ORGANISM: Homo sapiens
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{is) FEATURE:

{A) NAME/KEY: insertion_seq

(B) LOCATION:10..72

(C) IDENTIFICATION METHOD: experimental

(D) OTHER INFORMATION:/function= "Primer for PCR cloning
of DNA encoding TMF-alpha analog"
/evidence= EXPERIMENTAL
/organism= "lomo sapiens"
/standard_name= "Primer “"mut30-i""
/label= mut30-1
/note= "Primer "mut30-1" is a synthetically synthesised
96-mer oligonucleotide comprising DIA encoding the human
T cell epitope P30 between stretches of DNA homologous to
stretches of the human THF-alpha gene”

(xi) SEQUENCE DESCRIPTIOM: SEQ ID NC: 28:

ACCCCGAGTT TCAACAATTT TACCGTAAGC TTPIGGCTCC GTGTACCTAA GGTGTCGGCC 60

w
CY

TCGCACCYTGE AGCGCLGGGC CAATGCCCTC CTGGCC

(2) INFORMATION FOR SEQ ID NO: 30:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 100 base pairs
(B} TYPE: nucleic acid
{C)} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DWA {yenomic)
(iii) HYPOTHETICAL: MNO
{iv) AMTI-SEMSE: NO

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(ix) FEATURE:

(A) NAME/KEY: insertion_seq

(B) LOCATION:12..74

{C) IDENTIFICATION METHOD: experimental

(D) OTHER IMFORMATIOM:/function= "Primer for FCR cloning
of DNA encoding THF-alpha analog®
/evidence= EXPERIMENTAL
/organism= "Homo sapiens"
/standard _name= "Primer "mut30-2""
/label= mut30-2
/note= "Primer "mut30-2" is a synthetically synthesised
100-mer oligonucleotide comprising DA encoding human T
cell epitope P30 between stretches of DHA homologous to
stretches of the human THNF-alpha gene"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:
TCCTGGCCAA TTTCAACAAC TTCACAGTTA GCITCTGGTT GAGGGTACCA AAGGTCTCGG 60

CCAGCCACCT CGAGCAGGTC CTCTTCAAGG GCCAAGGCTG 100
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(2} INFORMATION FOR SEQ ID NO: 31:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 100 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii} MOLECULE TYPE: DHA (genomic)

(iii) HYPOTHETICAL: MNO

(iv) ANTI-SEMSE: NO

(vi) ORIGIMAL SOURCE:
(A) ORGANISM: Homo sapiens

{ix) FEATURE:

(A} MAME/KEY: insertion seq

(B) LOCATION:12..74 -

(C) IDENTIFICATION METHOD: experimental

(I} OTHER IHFORMATIOM:/function= "I'rimer for PCR cloning
of DHA encoding THF-~alpha analog"”
/evidence= EXPERIMENTAL
/organism= "Homc sapiens"
/standard_name= "Primer "mut3g-3""
/label= mut30-3
/note= "Primer "mut30-3" is a synthetically synthesised
100-mer oligonucleotide comprising DHA encoding human 7
cell epitope P30 between stretches of DNHA homologous to
stretches of the human TNF-alpha gene"

(xi) SEQUENCE DESCRIPTIOM: SEQ Ib MNO: 31l:
CCCAGGTCCT CTTCAACAAC TTTACCGTCT CCPTCIGGCT TCGGGTACCE NAGGTCAGCG 60

CTAGCCACCT CGAGGICTCC TACCAGACCNA AGGTCAACCT 100

(2) INFORMATION FOR SEQ ID NO: 32;:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 100 base pairs
(BY TYPE: nucleic acid
(C; STRANDEDMESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DWA {genomic)
(iii) HYPOTHETICAL: HNO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(izx) FEATURE:
{A) NAME/KEY: insertion_seq
(B) LOCATION:15..77
(C) IDENTIFICATION METHOD: experimental
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(D) OTHER INFORMATION:/function= "Primer for PFCR cloning
of DNA encoding THF-alpha analog”
/evidence= EXPERIMENTAL
/organism= "Homo sapiens"
/standard name= "Primer "mut30-4""
/label= mut30-4
/note= "Primer "mut30-4" is a synthetically synthesised
100-mer oligonucleotide comprising DIIA encoding human 7T
cell epitope P30 between stretches of DMA homologous to
N stretches of the human THF-alpha gene”

»r

(x1) SEQUEHCE DESCRIPTION: SEG ID NO: 32:
AGTCGGTCAC CCTTCTCCAG GTGGGAAGCG CTTACCTTAG CGACGCGUAN CCAGAAGGAC 60

ACGGTGAAAT TATTAAATGG GGTCICCCTC TGGCAGGGGC L0u

(2) INMFORMATION FOR SEQ ID NO: 33:

(i) SEQUEHCE CHARACTERISTICS:
(A} LENGTH: 100 base pairs
(B)Y TYPE: nucleic acid
(C) STRANDEDMNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DMA (genomic)
(iii) HYPOTHETICAL: IO
(iv) ANTI-SENSE: NO

(vi) ORIGIIAL SOURCE:
(A) ORGANISM: Homo sapiens

(ix} FEATURE:

(A} NAME/KEY: insertion_seq

(B) LOCATIOM:14..76

(C) IDENTIFICATION METHOD: experimental

(D) OTHER IMFORMATIOM:/function= "Primer fci PCR cloning
of DMA encoding TNE-alpha analog"
/evidence= EXPERIMENTAL
/organism= "Home sapiens"
/standard_name= "Primer "mut30-5""
/label= mut30-5
/note= "Primer "mut30-%5" is a synthetically synthesised
100-mer oligonucleotide comprising DHA encoding human T
cell epitope P30 between stretches of DNA homologous Lo
stretches of the human THF-alpha gene"

(xi) SEQUENCE DESCRIPTION: SEC ID MNO: 33:
GAAGGGTGAC CGATTCAACA ATTTCACCGT AAGCTTCTGG CIICGLGTCL CTAAGGTGTC 60

TGCGTCGCAC CTCGAAGGGA TCATTGCCCT CTAGAGTCGA 100

(2) INFORMATION FOR SEQ ID NO: 34:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids
(B} TYPE: amino acid
(C) STRANDEDMESS:
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() TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(1ii) HYPOTHETICAL: MO
(v} FRAGMEMT TYPE: internal

(vi) ORIGINAIL SOURCE
{A) ORGANISM: Homo sapiens

(ix) FEATURE:
{A] NAME/KEY: Peptide
(B} LOCATION:1..25
(D) OTHER INFORMATION:/label= Pep2-1
/note= "PepZ-1 is a synthetically prepared truncated form
of a TWF-alpha analog comprising the human T cell epitope
P2 and flanking portions of human TlHF-alpha"

(#1) SEQUENCE DESCRIPTIOH: BZEQ ID NO: 34:

Ser Arg Thr Pro Ser Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly
5 10 15

Ile Thr Glu Leu Gln Leu Gln Trp lLeu
20 25

(2) INFORMATION FOR SEQ ID NO: 35:

(i) SEQUENCE CHARACTERISTICS:
(A) LBEHNGTH: 25 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
{iii1}) HYPOTHETICAL: MO
(v) FRAGMENT TYPE: internal

(vi} ORIGINAIL SOURCE:
(A) ORGANISM: Homo sapiens

(ix) FBEATURE:
(A) NAME/KEY: Peptide
(B} LOCATIOM:l..25
{1 OTHER INFORMATION:/label= Pep2-3
/note= "Pep2-3 is a synthetically prepared truncated form
of a THF-alpha analog comprising the human T cell epitope
P2 and flanking portions of human THF-alpha"

(x.) SEQUENCE DESCRIPTION: SEQ TID NO: 35:

Ser Gln Val Leu Phe Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly
1 5 10 15

Ile Thr Glu Leu Ile Ser Arg Ile Ala
20 25



Py

WO 98/46642 PCT/DK98/00157
92

(2) INFORMATION FOR SEQ ID MO: 36:

{i) SEQUEMCE CHARACTERISTICS:
(A) LEMGTH: 25 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS:
(D) TOFOLOGY: linear

(ii) MOLECULE TYPE: peptide
(1ii) HYPOTHETICAL: lO
(v) FRAGMEMNT TYPE: internal

(vi) ORIGINAL SOURCE:
{(A) ORGANISM: Homo sapiens

(ix) FEATURE:
{A) NAME/KEY: Peptide
(B) LOCATION:1..25
(D) OTHER INFNRMATION:/label= Pep?--4
/note= "Pep2-4 is a synlhetically prepared truncated form
of a THWF-alpha analog comprising the human T cell epitope
P2 and flanking portions of human TiHF-alpha”

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:

Ala Glu Ala Lys Pro Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly
1 5 10 15

Ile Thr Glu Leu Gly Asp Arg Leu Ser
20 25

{2) INFORMATIOM FOR SEQ ID NO: 37:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids
(B} TYPE: amino acid
{C) STRANDEDMESS:
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide
{(iii) HYPOTHETILICAL: MO
(v} FRAGMENT TYPE: internal

(vi) ORIGIMAL SOURCE:
(A) ORGANISM: Homo sapiens

{ix) FEATURE:
(A} NAME/KEY: Feptide
(R} LOCATIOM:1..25
(D) OTHER INFORMATION:/label= Pep2-5
/note= "Pep2-5 is a synthetlcally prepared truncated form
of a TWF-alpha analeg comprising the human T cell epitope
P2 and flanking portions of human THF-alpha"

(xi) SEQUEHNCE DESCRIPTION: SEQ ID MO: 37:

Glu Lys Gly Asp Arg Gln Tyr Iie Lys Ala Asn Ser Lys Phe Ile Gly
1 5 10 15
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lle Thr Glu Leu Ser Gly Gln Val Tyr
20 25

(2) INFORMATION FOR SEQ 1D HO: 38:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3! amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(iii)} HYPOTHETICAL: MO
(v) FRAGMENT TYPE: internal

{vi) ORIGIMAIL SOURCE:
{A} ORGANISM: Homo sapiens

{ix) FEATURE:
(A) HAME/KEY: Peptide
(B) LOCATION:l..31
(D} OTHER INFORMATION:/label= Pep3n-1
/note= "Pep30-1 is a synthetically prepared truncated
form of a THF-alpha analog comprising human T cell
epitope P30 and flanking poxtions of human THF-alpha"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:

Ser Arg Thr Pro Ser Phe Asn Asn Phe 'hr Val Ser Phe Trp Leu Arg
1 5 10 15

Val Pro Lys Val Ser Ala Ser His Leu Glu Arg Arg Ala Asn Ala
20 25 30

(2) INFORMATION FOR SEQ 1D HO; 39:

(1) SEQUEMCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDMNESS:
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(v} FRAGMENT TYPE: internal

(vi) ORIGIIIAL SOURCE:
(A) ORGANISM: Homo sapiens

(ix) FEATURE:
{A) HAME/KEY: Peptide
{B) LOCATION:1..3l
(D) OTHER INFORMATION:/label= Pep30 2
/note= "Pep30-2 is a synthetically prepared truncated
form of a THF-alpha analog comprising the human T cell
epitope P30 and flanking portions of human THE-alpha"
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SEQUENCE DESCRIPITIOM: SEQ ID HO: 39:

Leu Leu Ala Asn Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg
5 Lo 15

Pro Lys Val Ser Ala Ser His Leu Glu Gln Val Leu Phe Lys
20 25 30

{2) INFORMATION FOR SEQ ID HNO: 40:

{1i)

(ii)
(iii)
(vi)

(ix)

(xi)

Tyr

Val

SEQUEINCE CHARACTERISTICS:
{(A) LENHGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:

{D) TOPOLOGY: linear

MOLECULE TYPE: peptide
HYPOTHETICAL: MO
FRAGMENT TYPE: internal

ORIGINAL SOURCE:
{A) ORGAINIISM: Homo sapiens

FEATURE:
{A) NAME/KEY: Peptide
(B) LOCATIONW:1..3l
(D) OTHER INFORMATIOHN:/label= Pep30-2
/note= "Pep30~3 is a synthetically prepared Lruncvaled
form of a THF-aipha analog comprising the human T cell
epitope P30 and flanking portions of human THF-alpha"

SEQUENCE DESCRIPTION: SEQ ID NO: 40:

Ser Gln Val Leu Phe Asn Asn Phe Thr Val Ser rhe Trp Leu Arg
5 10 15

Pro Lys Val Ser Ala Ser iHis Leu Glu Val Ser Tyr Gln Thr
20 25 30

(2) INFORMATION FOR SEQ ID HO: 41:

{i)

(ii)
(1ii)
(v)

{vi)

{ix)

SEQUENCE CHARACTERISTICS:
(A) LENGTIH: 31 amino acids
{B) TYPE: amino acid
(CY STRANDEDHNESS:

(D) TOPOLOGY: linear

MOLECULE TYPE: peptide
HYPOTHETICAL: NO
FRAGMENT TYPE: internal

ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

FEATURE:
{A) NAME/KEY: Peptide
(B) LOCATIOM:l..31
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(D) OTHER INEFORMATION:/label= Fep30-4
/note= "Pep30-4 is a synthetically prepared truncated
form of a THF-alpha analog comprising the human 7 cell
epitope P30 and flanking portions of human THF-alpha"

(i) SEQUENCE DESCRIPTIOM: SEQ ID NO: 41:

Gln Arg Glu Thr Pro Phe Asn Asn Phe Thr Val Ser Fhe Trp Leu Arg
1 5 10 15

Val Pro Lys Val Ser Ala Ser liis Leu Glu Lys Gly Asp Arg Leu
20 25 30

(2) INFORMATION FOR SEQ ID HNO: 42:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 31 amino acids
{B) TYPE: amino acid
(C) STRANDEDMNESS:
(D) TOPOLOGY: linear

{ii) MOLECULE TYPF: peptide
(1ii1) HYPOTHETICAL: 1O
(v) FRAGMENT TYPFE: internal

(vi) ORIGIHAL SOURCE:
(A) ORGANISM: :domo sapiens

(ix) FEATURE:
(A) MAME/KEY: Peptide
(B) LOCATION:L1..31
(D) OTHER INFORMATIOlN:/label= pbep3n-b
/note=~ "Pep30-5 is a synthetically prepared truncated
form of a THPF-alpha analog comprising the human T cell
epitope P30 and flanking portions of human THF-alpha"

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 42:

Glu Lys Gly Asp Ary Phe Asn Asn Phe Thr Val Seci Phe Trp Leu Arg
1 5 10 15

Val Pro Lys Val Ser Ala Ser His Leu Glu Gly lle Ile Ala Leu
20 25 30



WO 98/46642 PCT/DKI8/00157

10

20

30

PATENT CLAIMS

1. A modified human TNFo molecule capable of raising
neutralizing antibodies towards wild-type human TNFo fol-
lowing administration of saild wodified TNFu molecule to a
human hosl, wherein al lJeast one peptide [ragmenbL of the
human THNEFo molecule has been substituted by at leasbt ono
peptide known to contain an immunodominant 1T c¢ell epitope
or a truncated form of said molecule containing an immu-
nodominant epitope and one or both [lanking regions of
the human TNFo molecule cowmprising at least one TNFu B
cell epitope, wherein the substitulion introduces a sub-
stantial change in the amino acid scquence of any one of
the strands of the front fj-sheet, in any one of the con-
necting loops and/or in any one <% the B’, T or L strands

of the back [}-sheet.

2. A modified huwman TNFo molecule capable of raising neu-
tralizing antibodies towards wild-type human TNFo follow-
ing administration of saild modified TNFu molecule to a
human hosl, wherein at least one pepltide fragment of the
human TNFo molecule has been substiluled by at least one
peptide known to contain an immunodominant T cell epitope
or a truncated form of said molecule containing an immu-
nodominant epitope and one or both flanking regions of
the human TNFu-molecule comprising at least one TNFo B
cell epitope, wherein said modified TNFo molecule is sub-

stantially free from TNFu activity.

3. A modified human TNFu molecule according Lo claim Z,
wherein the modified INFo molecule, when tested in the
L92% bhicassay, is substantially free from TNFg activity,
and wherein antibodies raised againslt the wmodified TNFo.
molecule in a suitable host significantly inhibit the ac-
tivity of native 1INFo in the L92¢ biocassay, and/or

wherein said antibodies significanlly inhibit the bindinag
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of wild-type human TNFo to the 55 kD TNFo receptor 1
(TNFo-R55) or the to the 75 kD 'TNFo receplor (INFou-R75).

4, A modified human TNFa molecule capable of raising
neutralizing antibodies towards wild-lype human TNFu fol-
lowing administration of said modified TNlFw mol- = to a
human host, wherein at least one peptide fragme T the
human TNFo. molecule has been substicuted hy at least one
peptide known to contain an immunodominant T cell epitope
or a truncated form of said molecule containipy an immu-
nodominant epitope and one or bhoth flanking regions of
the human TNFoe-molecule comprising al lLeast one TNFa B
cell epitope, wherein the substituticn has been made in
regions of the TNFo molecule so as teo essentially pre-

serve the f~-sheet structure of the B and G strands.

5. Modified human THiw molecule according to claims 1-4,
wherein the substitution has been made in regions of the
TNFa molecule which involves the strands of Lhe front [3-
sheets and/or the connecting loops so as to essentially
preserve the fi~sheet structure of any of the strands of

the back P-sheet.

6. Modified human TNFo molecule according to claims 1-4,
wherein the substitution has been made in regions of the
TNFoo molecule which involve a segment of the D strand of

the back p-sheet.

7. Modified human TNFo molecule according Lo claims 1-4,
wherein the substitution comprises at least a segment of
the H strand of the front fJ-sheet and of the connecting

loop to the 1 strand, preferably amino acids 132 Lo 146.

8. Modified human TNFo melecule according to claims 1-4,
wherein the substitution comprises segments of the H and
I strands and the entire connecting loop, preferably
amino acids 132 to 152
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9. Modified human TNFa molecule according to claims 1-4,
wherein the substitution comprises a segmenL of the D
strard, at least a segment of the E strand and the entire
connecting loop, preferably amino acids 65 Lo 79 or 64 to

84. -

10. Modified human TNFu molecule according to claims 1-
4, wherein the substitution comprises the entire C' and C
strands and a segment of the D strand, preferably aminco

acids 40 to 60.

11. Mecdified human TNFo molecule according to claims 1-
4, wherein the substitution comp+ises at least a segment
of the E strand and of the front J-sheet of one or both

of the connecting loops, preferably amino acids 76 to 90.

12. Modified TNFo according to claims 1-4, having the

amino acid sequence shown in SEQ ID NO:8.

13. Modified TNFo according to claims 1-4, having the

amino acid sequence shown in SEQ ID NO:10.

14. Modified TNFo molecule according to claims 1-4, hav-
ing the amino acid sequence shown in SLEQ ID NO:4 or SEQ

ID NO:16.

15. Modified TNFa according to claims 1-4, having the

aminc acid sequence shown in S&Q ID NO:20.

16. Modified TNFo according to claims 1-4, having the

amino acid sequence shown in SEQ ID NO:14.

17. Modified human TNFo molecule according to any of
claims 1-11, wherein the inserted T cecll epitope is pro-
miscuous and known to be immunogenic in a majority of hu-

man HLA class II types.
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18. Modified human TNFo molecule according to claim 17,
wherein the epitope is derived from Tetanus toxoid, pref-

erably epitope P2 and/or P30.

19. Dimers, oligomers or multimers of the modified human

TNFo'molecule according to any one of claims 1-18.

20. An isolated DNA molecule thal codes for a modified

TNFo. molecule according to any one of claims 1-18.

21. A vector which comprises the isolated DNA molecule

according to claim 20.

22. An expression vector which comprises the lisolated
DNA molecule according to claim 20 operatively linked to

an expression control sequence.

23. A host, which 1is transformed with the expression

vector of claim 22.

24. A host according to claim 23 which is selected [rom
strains of bacteria, yeast, or other fungi and insect,

mammalian or aAvian cell lines.

25. A method of producing a modified human TNFo molecule
according to any one of claims 1-18, which comprises
growing the host cells of claim 22 under suitable condi-
tions permitting production of the modified TNFo and re-

covering the modified TNFa so produced.

26, A modified human TNFo molecule according to any of
claims 1-18 in the form of a fusion protein with an adju-
vant melecule, preferably an immunologically active adju-
vant, such as GM-CSIF, HSP70 or interleukin.

27. A vaccine against TNFo, comprising an immunogenic
amount of one or more modified human TNFo molecules ac-

cording to any of claims 1-18 and optionally a pharmaceu-
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tically acceptable adjuvant, such as aluminium phosphate,
aluminium hydroxide, calcium phosphate, muramyl dipeplide

or iscom.

28. A vaccine according Lo claim 27 for the prevention
or treetment of diseases promoted by TNIFu release or ac-
tivity such as chronic inflammatory diseases, such as
rheumatoid arthritis and inflammatory bowal diseases, in-
cluding Crohn's disease and Colitis Ulcerosa, and cancer,
disseminated sclerosis, diabetes, psoriasis, osteoporosis

and asthma.

29. A vaccine against TNFo comprising isolated DNA which
codes for the modified human TNFo molecule according to
any one of claims 1-18 inserted in a suitable expression

vector.

30. A vaccine according to claim 29 containing a con-
struct comprising a non-infecltious non-integrating DNA
sequence encoding a modified TNFo molecule according to
any of claims 1-18 operatively lianked to a promoter se-
quence which can control the expression of said DNA se-
quence in humans, in an amount sufficient that uptake of
said construct occurs, and sufficient expression occurs

to induce a neutralizing antibody response against TNFo.

31. A vaccine according to claim 29, comprising a viral

expression vector, such as a retroviral expression vec-

tor.

32. A vaccine according to any one of claims 27-31 for
oral or parenteral, e.¢g. subcutaneous, intramuscular or

intradermal administration.

33. The use of antibodies raised by administering a vac-
cine according to any one of claims 27-32, preferably

monoclonal antibodies.
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34. Diagnostic use c¢f antibodies according Lo claim 33.

35. A method of testing human body fluids for Lhe pres-
ence of TNFo which comprises contacting a composition
containing modified TNFo according to any one of claims
1-18 with a sample of human body fluid and determining

whether saild antibodies bind to TNFo in said sample.

36. A diagnostic method for TNPFo-relaled diseases e~
ploying an in vitro immunoassay to deteclt TNFo in human

body fluids.

37. The method of claim 35 or 36 which comprises the use
of a sandwich assay, ELISA assay or equivalenl assay,
which can Dbe unamplified or awmplified, e.yg. using

avidin/biotin technology.

38. A method for the treatment or prevention of diseases,
the pathophysiology of which is al leasl partially due tc
TNFa release or activity comprising administering to an
animal, including a human being, an effective amount of
at least one modified TNFa molecule according to claim 1I-
18 cptionally in combination with a suitable adjuvanlt or

carrier melecule.,

39. Use of a modified TNFo molecule for the preparation
of a medicament for the treatment or prevention of dis-
eases the pathophysiology of which is at least partially

due to TNFo release or activity.
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Amino acid sequence for human TNFa 8
Accession code: Swissprot P01375

-716 HMSTESMIRDV ELAREEALPKK
-26 LHEGVIGPQR EEFPRDLSLI
1 VRSSSRTPSD KPVAHVVANP
51 PSEGLYLIYS QVLFKGQGCP
101 CQRETPEGAE AKPWYEPIYL
151 YFGIIAL

Conflicting sequence F->s at position ~14. Disulphide bond between
Cys69-101. Signal anchor sequence —41 to —21 {underlined]. Myristylation

on Lys-58/-57.

TGGPQGSRRC
SPLAQA

QAEGQLQWLN
STHVLLTHTI
GGVFQLEKGD

Fig.

LELSLESELI VAGATTLECL

RRANALLANG VELRDNQLVV
SRIAVSYQTK VNLLSAIKSP
RLSAEINRPD YLDFAESGQV

3b

82/S

TP99p/86 OM

LS100/86H A/ LI
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51
101
151
201

251
301
351
401
451

501
5351
601
651
701

751
801
851
301
as1l

1001
1051
1101
1151
1201

1251
1301
13351
1401
1451

1501
1551

cacaccctga
cacggctcca
atgatccggg

ggggcceeag
tgatcgtgge

atcggcecec
tctggcceag
tagcccatgt

aaccgecggg
ccagctggtyg

tettecaaggg
gtcagccgcea
catcaagagc
cctggtatga
gaccgactca

gtctgggcag
ccaaccttec

ttcagacacc
ggtcggaacc
cctgggattc

aagaattcaa
ccctgacate
tgctgeagga
taggcettcc
cagecctece

tatttartat
tgggagaccy
agacatgttt
agccecctqg
ctgattaagt

tgetgaggcce
tcagtggcga

6/28

Fig. 3a

caagctgeca
cccbetetee
acgtggagcet
ggctccaggce
aggcgccracc

agagggaaga
gcagtcagat
tgtagcaaac
ccaatgecct
gtgccatcag

ccaaggctgc
tcgeegtetce
ccctgccaga
gcecatcetat
gegctgagat

gtctactttg
cadacgecte
ctcaacctet
caagcttaga
aggaatgtgt

actggggect
tggaatctgg
cttgagaaga
tectetecaga
catggagcca

ttatttakta
gggtatcctyg
tccgtgaaaa
cctetgtygee
tgtctaaaca

tctgcteece
gaaataaagg

ggcaggttct
cctggazagg
ggccgaggag
ggtgcttgtt
acgctecttet

gtccceeagg
catcttcteg
ccteaagetg
cctggecagt
agggcctyta

cccotecacee
ctaccagacg
gggagaccco

ctgggagggqg
caatcggece

ggatcattge
ccetgeccea
tctggctceaa
actttaagca
ggecchgcaca

ccagaactca
dagaccaggga
cctcacctag
tgtttccaga
gcteceeteta

treatttatt
ggggacceaa
cggaggctga
ttctttegat
atgrectgattt

agggagttgt
ttgcttagga

ctftcctctea
acaccatgag
gcgctcecees
cctecagectc
gcctgctgea

gacctctctc
aaccccgagt
aggggcaget
ggegtggage
cctecatctac

atgtgctcct
aaggtcaace
agagggggcet
tcttccaget
gactatcteg

cctgtgagga
atccctttac
aaagagaatt
acaagaccac
gtgaagtget

ctggggceta
gectttggre
agattgacac
cttcctrgag
tttatgtttg

tacagatgaa
tgtaggagct
acagtaggct
tatgrttttt
ggtgaccaac

gtetgtaate
aagaa

SUBSTITUTE SHEET (RULE 26)

PCT/DK98/00157

catactgacc
cactgaaagqge.
agaagacagg
ttctecttee
Ctttggagtg

taatcagccce
gacaagcctyg
ccagtggetg
tgagagataa
tCC%aggtcc

cacccacacce
tcctctetge
gaggccaagce
ggagaagggt
actttgccga

ggacgaacat
taccccecetece
gggggcttag
cacttcgaaa
ggcaaccact

cagctttgat
ctggccagaa
aagtggacct
acacggagcc
cacttgtgat

tgtatttatt
gccttggete
gttcccatgt
aaaatattat
tgtcactcat

ggectactat
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Location of inserted epitopes

— TNF-WT

— TNF2-1

—— TNF2-3

“— +— TNF2-4

weneem——— | NF2-5

— TNF2-7

——1— TNF30-1

— TNF30-2

— TNF30-3

— — TNF30-4

s —— TNF30-5

. 4a

8z/L

r99¥/86 OM

LSTO0/861A/LDd
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The anti human TNF« antibody responce in rabbits.
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The ability of P2/P30 modified human TNFamolecules to induce
neutralizing antibodies as measured in the receptor assay
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