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(57) ABSTRACT 

The present invention relates to polypeptides derived from 
single domain heavy chain antibodies directed to Tumor 
Necrosis Factor-alpha. It further relates to single domain 
antibodies that are Camelia'ae VHHs. It further relates to 
methods of administering said polypeptides. It further 
relates to protocols for screening for agents that modulate 
the TNF-alpha receptor, and the agents resulting from said 
screening. 
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SINGLE DOMAIN ANTIBODIES DIRECTED 
AGAINST TUMOR NECROSIS FACTOR ALPHA 

AND USES THEREFOR 

FIELD OF THE INVENTION 

[0001] The present invention provides polypeptides com 
prising one or more single domain antibodies directed 
toWards tumor necrosis factor alpha (TNF-alpha). The 
present invention further relates to their use in diagnosis and 
therapy. Such antibodies may have a framework sequence 
With high homology to the human framework sequences. 
Compositions comprising antibodies to tumor necrosis fac 
tor alpha (TNF-alpha) alone or in combination With other 
drugs are described. 

BACKGROUND TO THE INVENTION 

[0002] Tumor necrosis factor alpha (TNF-alpha) is 
believed to play an important role in various disorders, for 
example in in?ammatory disorders such as rheumatoid 
arthritis, Crohn’s disease, ulcerative colitis and multiple 
sclerosis. Both TNF-alpha and the receptors (CD120a, 
CD120b) have been studied in great detail. TNF-alpha in its 
bioactive form is a trimer and the groove formed by neigh 
boring subunits is important for the cytokine-receptor inter 
action. Several strategies to antagoniZe the action of the 
cytokine have been developed and are currently used to treat 
various disease states. 

[0003] A TNF-alpha inhibitor Which has suf?cient speci 
?city and selectivity to TNF-alpha may be an ef?cient 
prophylactic or therapeutic pharmaceutical compound for 
preventing or treating disorders Where TNF-alpha has been 
implicated as causative agent. Methods of treating toxic 
shock (EP 486526), tumor regression, inhibition of cytotox 
icity (US. Pat. No. 6,448,380, US. Pat. No. 6,451,983, US. 
Pat. No. 6,498,237), autoimmune disease such as RA and 
Crohn’s disease (EP 663836, US. Pat. No. 5,672,347, US. 
Pat. No. 5,656,272), graft versus host reaction (US. Pat. No. 
5,672,347), bacterial meningitis (EP 585705) by means of an 
antibody to TNF-alpha have been described. 

[0004] Yet none of the presently available drugs are com 
pletely effective for the treatment of autoimmune disease, 
and most are limited by severe toxicity. In addition, it is 
extremely dif?cult and a lengthy process to develop a neW 
chemical entitiy (NCE) With sufficient potency and selec 
tivity to such target sequence. Antibody-based therapeutics 
on the other hand have signi?cant potential as drugs because 
they have exquisite speci?city to their target and a loW 
inherent toxicity. In addition, the development time can be 
reduced considerably When compared to the development of 
neW chemical entities (NCE’s). HoWever, conventional anti 
bodies are dif?cult to raise against multimeric proteins 
Where the receptor-binding domain of the ligand is embed 
ded in a groove, as is the case With TNF-alpha. Heavy chain 
antibodies described in the invention Which are derived from 
Camelidae, are knoWn to have cavity-binding propensity 
(W097/49805; LauWereys et al, EMBO J. 17, 5312, 1998)). 
Therefore, such heavy chain antibodies are inherently suited 
to bind to receptor binding domains of such ligands as TNF. 
In addition, such antibodies are knoWn to be stable over long 
periods of time, therefore increasing their shelf-life (Perez et 
al, Biochemistry, 40, 74, 2001). Furthermore, such heavy 
chain antibody fragments can be produced ‘en-masse’ in 
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fermentors using cheap expression systems compared to 
mammalian cell culture fermentation, such as yeast or other 
microorganisms (EP 0 698 097). 

[0005] The use of antibodies derived from sources such as 
mouse, sheep, goat, rabbit etc., and humanised derivatives 
thereof as a treatment for conditions Which require a modu 
lation of in?ammation is problematic for several reasons. 
Traditional antibodies are not stable at room temperature, 
and have to be refrigerated for preparation and storage, 
requiring necessary refrigerated laboratory equipment, stor 
age and transport, Which contribute toWards time and 
expense. Refrigeration is sometimes not feasible in devel 
oping countries. Furthermore, the manufacture or small 
scale production of said antibodies is expensive because the 
mammalian cellular systems necessary for the expression of 
intact and active antibodies require high levels of support in 
terms of time and equipment, and yields are very loW. 
Furthermore the large siZe of conventional antibodies, 
Would restrict tissue penetration, for example, at the site of 
in?amed tissue. Furthermore, traditional antibodies have a 
binding activity Which depends upon pH, and hence are 
unsuitable for use in environments outside the usual physi 
ological pH range such as, for example, in treating gastric 
bleeding, gastric surgery. Furthermore, traditional antibodies 
are unstable at loW or high pH and hence are not suitable for 
oral administration. HoWever, it has been demonstrated that 
camelidae antibodies resist harsh conditions, such as 
extreme pH, denaturing reagents and high temperatures 
(Dumoulin et al, Protein Science 11, 500, 2002), so making 
them suitable for delivery by oral administration. Further 
more, traditional antibodies have a binding activity, Which 
depends upon temperature, and hence are unsuitable for use 
in assays or kits performed at temperatures outside biologi 
cally active-temperature ranges (e.g. 37:20° C.). 

[0006] Polypeptide therapeutics and in particular anti 
body-based therapeutics have signi?cant potential as drugs 
because they have exquisite speci?city to their target and a 
loW inherent toxicity. HoWever, it is knoWn by the skilled 
addressee that an antibody Which has been obtained for a 
therapeutically useful target requires additional modi?cation 
in order to prepare it for human therapy, so as to avoid an 
unWanted immunological reaction in a human individual 
upon administration thereto. The modi?cation process is 
commonly termed “humanisation”. It is knoWn by the 
skilled artisan that antibodies raised in species, other than in 
humans, require humanisation to render the antibody thera 
peutically useful in humans ( (1) CDR grafting: Protein 
Design Labs: US. Pat. No. 6,180,370, US. Pat. No. 5,693, 
761; Genentech US. Pat. No. 6,054,297; Celltech: 460167, 
EP 626390, US. Pat. No. 5,859,205; (2) Veneering: Xoma: 
US. Pat. No. 5,869,619, US. Pat. No. 5,766,886, US. Pat. 
No. 5,821,123). There is a need for a method for producing 
antibodies Which avoids the requirement for substantial 
humanisation, or Which completely obviates the need for 
humanisation. There is a need for a neW class of antibodies 
Which have de?ned frameWork regions or amino acid resi 
dues and Which can be administered to a human subject 
Without the requirement for substantial humanisation, or the 
need for humanisation at all. 

[0007] Another important draWback of conventional anti 
bodies is that they are complex, large molecules and there 
fore relatively unstable, and they are sensitive to breakdoWn 
by proteases. This means that conventional antibody drugs 
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cannot be administered orally, sublingually, topically, 
nasally, vaginally, rectally or by inhalation because they are 
not resistant to the loW pH at these sites, the action of 
proteases at these sites and in the blood and/or because of 
their large siZe. They have to be administered by injection 
(intravenously, subcutaneously, etc.) to overcome some of 
these problems. Administration by injection requires spe 
cialist training in order to use a hypodermic syringe or 
needle correctly and safely. It further requires sterile equip 
ment, a liquid formulation of the therapeutic polypeptide, 
vial packing of said polypeptide in a sterile and stable form 
and, of the subject, a suitable site for entry of the needle. 
Furthermore, subjects commonly experience physical and 
psychological stress prior to and upon receiving an injection. 
Therefore, there is need for a method for the delivery of 
therapeutic polypeptides Which avoids the need for injection 
Which is not only cost/time saving, but Which Would also be 
more convenient and more comfortable for the subject. 

[0008] Single domain antibody-based therapeutics have 
signi?cant potential as drugs because they have eXquisite 
speci?city to their target and a loW inherent toxicity. HoW 
ever, improving further their intrinsic and functional af?nity 
can lead to many bene?ts for a patient such as reduced dose 
of therapeutic, faster therapy, and reduced side effects. 

THE AIMS OF THE PRESENT INVENTION 

[0009] It is an aim of the present invention is to provide 
polypeptides comprising one or more single domain anti 
bodies Which bind to TNF-alpha, homologues of said 
polypeptides, functional portions of homologues of said 
polypeptides. Said polypeptides modify the biological activ 
ity of TNF-alpha upon binding. Such polypeptides might 
bind into the receptor-binding groove of TNF-alpha, or 
might not bind in the receptor binding groove. Such 
polypeptides are single domain antibodies. 

[0010] It is a further aim of the present invention to 
provide single domain antibodies Which may be any of the 
art, or any future single domain antibodies. EXamples 
include, but are not limited to, heavy chain antibodies, 
antibodies naturally devoid of light chains, single domain 
antibodies derived from conventional 4-chain antibodies, 
engineered antibodies and single domain scaffolds other 
than those derived from antibodies. According to one aspect 
of the invention, a single domain antibody as used herein is 
a naturally occurring single domain antibody knoWn as 
heavy chain antibody devoid of light chains (WO 9404678). 
For clarity reasons, this variable domain derived from a 
heavy chain antibody devoid of light chain Will be called 
VHH or nanobody to distinguish it from the conventional 
VH of four chain immunoglobulins. Such a VHH molecule 
can be derived from antibodies raised in Camelidae species, 
for eXample in camel, llama, dromedary, alpaca and gua 
naco. 

[0011] It is a further aim of the invention to provide a 
method of administering anti-TNF-alpha polypeptides intra 
venously, subcutaneously, orally, sublingually, topically, 
nasally, vaginally, rectally or by inhalation. 
[0012] It is a further aim of the invention to enhance the 
binding af?nity of monovalent single domain antibodies. 

SUMMARY OF THE INVENTION 

[0013] One embodiment of the present invention is an 
anti-TNF-alpha polypeptide comprising at least one anti 
TNF-alpha single domain antibody. 
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[0014] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above Wherein a 
single domain antibody corresponds to a sequence repre 
sented by any of SEQ ID NOs: 1 to 16 and 79 to 84. 

[0015] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above further com 
prising at least one single domain antibody directed against 
a serum protein. 

[0016] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above Wherein 
said serum protein is any of serum albumin, serum immu 
noglobulins, thyroXine-binding protein, transferring, or 
?brinogen. 

[0017] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above Wherein a 
single domain anti-serum protein single domain antibody 
correspond to a sequence represented by any of SEQ ID 
NOs: 26 to 29 and 85 to 97. 

[0018] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above correspond 
ing to a sequence represented by any of SEQ ID NOs: 30 to 
43. 

[0019] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above further com 
prising at least one single domain antibody selected from the 
group consisting of anti-IFN-gamma single domain anti 
body, anti-TNF-alpha receptor single domain antibody and 
anti-IFN-gamma receptor single domain antibody. 

[0020] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above, Wherein the 
number of single domain antibodies directed against TNF 
alpha is at least tWo. 

[0021] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above correspond 
ing to a sequence represented by any of SEQ ID NOs: 73 to 
76. 

[0022] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above, Wherein at 
least one single domain antibody is a humaniZed Camelia'ae 
VHHs. 

[0023] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above Wherein a 
humaniZed Camelia'ae VHH corresponds to a sequence 
represented by any of SEQ ID NOs: 17 to 19 and 21 to 24. 

[0024] Another embodiment of the present invention is a 
composition comprising an anti-TNF-alpha polypeptide as 
described above and at least one single domain antibody 
from the group consisting of anti-IFN-gamma single domain 
antibody, anti-TNF-alpha receptor single domain antibody 
and anti-IFN-gamma receptor single domain antibody, for 
simultaneous, separate or sequential administration to a 
subject. 

[0025] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above, or a com 
position as described above Wherein at least one anti-IFN 
gamma single domain antibody correspond to a sequence 
represented by any of SEQ ID NOs: 44to72. 
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[0026] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above, or a com 
position as described above, Wherein said single domain 
antibody is an homologous sequence, a functional portion, 
or a functional portion of an homologous sequence of the 
full length single domain antibody. 

[0027] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above, or a com 
position as described above, Wherein the anti-TNF-alpha 
polypeptide is an homologous sequence, a functional por 
tion, or a functional portion of an homologous sequence of 
the full length anti-TNF-alpha polypeptide. 

[0028] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above, or a com 
position as described above Wherein at least one single 
domain antibody is a Camelia'ae VHH. 

[0029] Another embodiment of the present invention is a 
nucleic acid encoding an anti-TNF-alpha polypeptide as 
described above. 

[0030] Another embodiment of the present invention is a 
method of identifying an agent that modulates the binding of 
an anti-TNF-alpha polypeptide as described above, to 
Tumor Necrosis Factor-alpha comprising the steps of: (a) 
contacting an anti-TNF-alpha polypeptide as described 
above With a target that is Tumor Necrosis Factor alpha, in 
the presence and absence of a candidate modulator under 
conditions permitting binding betWeen said polypeptide and 
target, and (b) measuring the binding betWeen the polypep 
tide and target of step (a), Wherein a decrease in binding in 
the presence of said candidate modulator, relative to the 
binding in the absence of said candidate modulator identi?ed 
said candidate modulator as an agent that modulates the 
binding of an anti-TNF-alpha polypeptide as described 
above and Tumor Necrosis Factor-alpha. 

[0031] Another embodiment of the present invention is a 
method of identifying an agent that modulates Tumor Necro 
sis Factor-alpha-mediated disorders through the binding of 
an anti-TNF-alpha polypeptide as described above to Tumor 
Necrosis Factor-alpha comprising: (a) contacting an anti 
TNF-alpha polypeptide as described above With a target that 
is Tumor Necrosis Factor alpha, in the presence and absence 
of a candidate modulator under conditions permitting bind 
ing betWeen said polypeptide and target, and (b) measuring 
the binding betWeen the polypeptide and target of step (a), 
Wherein a decrease in binding in the presence of said 
candidate modulator, relative to the binding in the absence 
of said candidate modulator identi?ed, said candidate modu 
lator as an agent that modulates Tumor Necrosis Factor 
alpha-mediated disorders. 

[0032] Another embodiment of the present invention is a 
method of identifying an agent that modulates the binding of 
Tumor Necrosis Factor alpha to its receptor through the 
binding of an anti-TNF-alpha polypeptide as described 
above to Tumor Necrosis Factor-alpha comprising: (a) con 
tacting an anti-TNF-alpha polypeptide as described above 
With a target that is Tumor Necrosis Factor-alpha, in the 
presence and absence of a candidate modulator under con 
ditions permitting binding betWeen said polypeptide and 
target, and (b) measuring the binding betWeen the polypep 
tide and target of step (a), Wherein a decrease in binding in 
the presence of said candidate modulator, relative to the 
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binding in the absence of said candidate modulator identi?ed 
said candidate modulator as an agent that modulates the 
binding of Tumor Necrosis Factor-alpha to its receptor. 

[0033] Another embodiment of the present invention is a 
kit for screening for agents that modulate Tumor Necrosis 
Factor-alpha-mediated disorders comprising an anti-TNF 
alpha polypeptide as described above and Tumor Necrosis 
Factor-alpha. 

[0034] Another embodiment of the present invention is an 
unknoWn agent that modulates the binding of an anti-TNF 
alpha polypeptide as described above to Tumor Necrosis 
Factor-alpha, identi?ed according to the method as 
described above. 

[0035] Another embodiment of the present invention is an 
unknoWn agent that modulates Tumor Necrosis Factor 
alpha-mediated disorders, identi?ed according to the meth 
ods as described above. 

[0036] Another embodiment of the present invention is an 
unknoWn agent as described above Wherein said disorders 
are one or more of in?ammation, rheumatoid arthritis, 
Crohn’s disease, ulcerative colitis, in?ammatory boWel syn 
drome and multiple sclerosis. 

[0037] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above, or a nucleic 
acid as described above, or a composition as described 
above, or an agent as described above for treating and/or 
preventing and/or alleviating disorders relating to in?am 
matory processes. 

[0038] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above or 
a nucleic acid as described above, or a composition as 
described above, or an agent as described above for the 
preparation of a medicament for treating and/or preventing 
and/or alleviating disorders relating to in?ammatory reac 
tions. 

[0039] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above or a com 
position as described above, for treating and/or preventing 
and/or alleviating disorders susceptible to modulation by a 
TNF-alpha modulating substance Which is able pass through 
the gastric environment Without the substance being inacti 
vated. 

[0040] Another embodiment of the present invention is an 
use of an anti-TNF-alpha polypeptide as described above or 
a composition as described above, for the preparation of a 
medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a 
TNF-alpha modulating substance Which is able pass through 
the gastric environment Without the substance being inacti 
vated. 

[0041] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above or a com 
position as described above, for treating and/or preventing 
and/or alleviating disorders susceptible to modulation by a 
TNF-alpha modulating substance delivered to the vaginal 
and/or rectal tract. 

[0042] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above or 
a composition as described above, for the preparation of a 
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medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a 
TNF-alpha modulating substance delivered to the vaginal 
and/or rectal tract. 

[0043] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above or a com 
position as described above, for treating and/or preventing 
and/or alleviating disorders susceptible to modulation by a 
TNF-alpha modulating substance delivered to the nose, 
upper respiratory tract and/or lung. 

[0044] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above or 
a composition as described above, for the preparation of a 
medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a 
TNF-alpha modulating substance delivered to the nose, 
upper respiratory tract and/or lung. 

[0045] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above or a com 
position as described above, for treating and/or preventing 
and/or alleviating disorders susceptible to modulation by a 
TNF-alpha modulating substance delivered to the intestinal 
mucosa, Wherein said disorder increases the permeability of 
the intestinal mucosa. 

[0046] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above or 
a composition as described above, for the preparation of a 
medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a 
TNF-alpha modulating substance delivered to the intestinal 
mucosa, Wherein said disorder increases the permeability of 
the intestinal mucosa. 

[0047] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above or a com 
position as described above, for treating and/or preventing 
and/or alleviating disorders susceptible to modulation by a 
TNF-alpha modulating substance Which is able pass through 
the tissues beneath the tongue effectively. 

[0048] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above or 
a composition as described above, for the preparation of a 
medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a 
TNF-alpha modulating substance Which is able pass through 
the tissues beneath the tongue effectively. 

[0049] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as described above or a com 
position as described above, for treating and/or preventing 
and/or alleviating disorders susceptible to modulation by a 
TNF-alpha modulating substance Which is able pass through 
the skin effectively. 

[0050] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above or 
a composition as described above, for the preparation of a 
medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a 
TNF-alpha modulating substance Which is able pass through 
the skin effectively. 

[0051] Another embodiment of the present invention is a 
method as described above, a kit as described above, a 
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nucleic acid or agent as described above, use of a nucleic 
acid or agent as described above, a composition as described 
above, use of a composition as described above, an anti 
TNF-alpha polypeptide as described above, use of an anti 
TNF-alpha polypeptide as described above Wherein said 
disorders are any of in?ammation, rheumatoid arthritis, 
Crohn’s disease, ulcerative colitis, in?ammatory boWel syn 
drome, multiple sclerosis, Addison’s disease, Autoimmune 
hepatitis, Autoimmune parotitis, Diabetes Type I, Epid 
idymitis, Glomerulonephritis, Graves’ disease, Guillain 
Barre syndrome, Hashimoto’s disease, Hemolytic anemia, 
Systemic lupus erythematosus, Male infertility, Multiple 
sclerosis, Myasthenia Gravis, Pemphigus, Psoriasis, Rheu 
matic fever, Rheumatoid arthritis, Sarcoidosis, Scleroderma, 
Sjogren’s syndrome, Spondyloarthropathies, Thyroiditis, 
and Vasculitis. 

[0052] Another embodiment of the present invention is a 
composition comprising a nucleic acid or agent as described 
above, an anti-TNF-alpha polypeptide as described above, 
or a composition as described above, and a suitable phar 
maceutical vehicle. 

[0053] Another embodiment of the present invention is a 
method of diagnosing a disorder characterised by the dys 
function of Tumor Necrosis Factor-alpha comprising: (a) 
contacting a sample With an anti-TNF-alpha polypeptide as 
described above, (b) detecting binding of said polypeptide to 
said sample, and (c) comparing the binding detected in step 
(b) With a standard, Wherein a difference in binding relative 
to said sample is diagnostic of a disorder characterised by 
dysfunction of Tumor Necrosis Factor-alpha. 

[0054] Another embodiment of the present invention is a 
kit for screening for a disorder as cited above, using a 
method as described above. 

[0055] Another embodiment of the present invention is a 
kit for screening for a disorder as cited above comprising an 
isolated anti-TNF-alpha polypeptide as described above. 

[0056] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above for 
the puri?cation of said Tumor Necrosis Factor-alpha. 

[0057] Another embodiment of the present invention is a 
use of an anti-TNF-alpha polypeptide as described above for 
inhibiting the interaction betWeen Tumor Necrosis Factor 
alpha and one or more Tumor Necrosis Factor-alpha recep 
tors. 

[0058] Another embodiment of the present invention is a 
method for producing an anti-TNF-alpha polypeptide as 
described above comprising the steps of: (a) obtaining 
double stranded DNA encoding a Camelia'ae VHH directed 
to Tumor Necrosis Factor alpha, (b) cloning and expressing 
the DNA selected in step 

[0059] Another embodiment of the present invention is a 
method of producing an anti-TNF-alpha polypeptide as 
described above comprising: (a) culturing host cells com 
prising nucleic acid capable of encoding an anti-TNF-alpha 
polypeptide as described above, under conditions alloWing 
the expression of the polypeptide, and, (b) recovering the 
produced polypeptide from the culture. 

[0060] Another embodiment of the present invention is a 
method as described above, Wherein said host cells are 
bacterial or yeast. 
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[0061] Another embodiment of the present invention is a 
kit for screening for any of in?ammation, rheumatoid arthri 
tis, Crohn’s disease, ulcerative colitis, in?ammatory bowel 
syndrome or multiple sclerosis comprising an anti-TNF 
alpha polypeptide as described above. 

BRIEF DESCRIPTION OF FIGURES AND 
TABLES 

[0062] FIG. 1 Alignment of anti-human TNF VHH’s as 
described in Example 1 

[0063] FIG. 2 Dilution series of anti-human TNF-alpha 
VHHs as tested in ELISA according to Example 1. 

[0064] FIG. 3 Antagonistic effect of VHH as determined 
in cytotoxicity assay using human cell line KYM according 
to Example 1. 

[0065] FIG. 4 In vitro receptor binding assay of Wild type 
VHH#12B and mutant A74S+Y76N+K83R+P84A 

[0066] FIG. 5 In vitro receptor binding assay of Wild type 
VHH#12B and mutant 1E+Q5LA74S+Y76N+K83R+P84A 

[0067] FIG. 6 Binding in ELISA of Wild type VHH#3E 
and mutant VHH’s 

[0068] FIG. 7 In vitro receptor binding assay of Wild type 
VHH#3E and mutant VHH’s 

[0069] FIG. 8 Alignment of antagonistic anti-mouse 
TNF’s as described in Example 3. 

[0070] FIG. 9 Antagonistic effect of anti-mouse TNF 
VHH as determined in cytotoxicity assay using murine cell 
line L929 according to Example 3. 

[0071] FIG. 10 EcoRI-HindIII insert of vector pAXll 
(pUC119 backbone) for production of bi-valent or bispeci?c 
VHH. 

[0072] FIG. 11 Coomassie-stained PAGE (15%) of 
IMAC-puri?ed mono-(lane 8), bi- (lane 1), tri- (lanes 2, 3 
and 5) and tetravalent (lanes 4, 6 and 7) anti- TNFa VHH. 

[0073] FIG. 12 Chromatogram of the analysis by gel 
?ltration on Superdex 75HR of the mono-, bi-, tri and 
tetravalent VHH. 

[0074] FIG. 13 Comparison of the antagonistic character 
istics of the mono-, bi-, tri- and tetravalent form of the 
anti-human TNF VHH With the clinically used products 
Remicade and Enbrel. 

[0075] FIG. 14 Antagonistic behaviour of the mono- and 
bivalent VHH’s directed against mouse TNFalpha. 

[0076] FIG. 15 Coomassie stained PAGE of VHH-Fc 
fusion derived from human IgG1 described in Example 4. 

[0077] FIG. 16 Antagonistic efficacy of VHH-Fc fusion 
derived from VHH#3E compared With bivalent format of 
VHH#3E as determined in bioassay. 

[0078] FIG. 17 ELISA of reference and pepsin-treated 
TNF3E at pH2.2, pH3.2 and pH4.2 (100% is the signal 
measured at a 1/ 100 dilution) 

[0079] 
[0080] Table 1 Amino acid sequence listing of the peptides 
of aspects of present invention directed against TNF-alpha. 

FIG. 18 Experimental setting 
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[0081] Table 2 List of mutagenesis reactions, mutagenic 
primers and templates used for mutagenesis of VHH#12B. 

[0082] Table 3 List of mutagenesis reactions, mutagenic 
primers and templates used for mutagenesis of VHH#3E. 

[0083] Table 4 OvervieW of humanised and Wild type 
VHH 

[0084] Table 5 Anti-mouse serum albumin/anti TNF-alpha 

[0085] Table 6 Amino acid sequence listing of VHH’s 
directed against human IFN-gamma. 

[0086] Table 7 Sequences of bivalent (BIV 3E, 
BIV#m3F), trivalent (TRI3E) or tetravalent (TETRA 3E) 
VHH directed against TNF-alpha. 

[0087] Table 8 Fractional homologies betWeen the amino 
acid sequences of anti-mouse serum albumin VHHs of the 
invention. 

[0088] Table 9 Fractional homologies betWeen anti-TNF 
alpha VHHs of the invention. 

[0089] Table 10 Percentage homologies betWeen anti 
IFN-gamma VHHs of the invention. 

[0090] Table 11 Treatment schedule 

DETAILED DESCRIPTION 

[0091] The present invention relates to an anti-tumour 
necrosis factor-alpha (TNF-alpha) polypeptide, comprising 
one or more single domain antibodies Which are directed 
against TNF-alpha. The invention also relates to nucleic 
acids capable of encoding said polypeptides. 

[0092] Single domain antibodies are antibodies Whose 
complementary determining regions are part of a single 
domain polypeptide. Examples include, but are not limited 
to, heavy chain antibodies, antibodies naturally devoid of 
light chains, single domain antibodies derived from conven 
tional 4-chain antibodies, engineered antibodies and single 
domain scaffolds other than those derived from antibodies. 
Single domain antibodies may be any of the art, or any future 
single domain antibodies. Single domain antibodies may be 
derived from any species including, but not limited to 
mouse, human, camel, llama, goat, rabbit, bovine. Accord 
ing to one aspect of the invention, a single domain antibod 
ies as used herein is a naturally occurring single domain 
antibody knoWn as heavy chain antibody devoid of light 
chains. Such single domain antibodies are disclosed in WO 
94/04678 for example. For clarity reasons, this variable 
domain derived from a heavy chain antibody naturally 
devoid of light chain is knoWn herein as a VHH or nanobody 
to distinguish it from the conventional VH of four chain 
immunoglobulins. Such a VHH molecule can be derived 
from antibodies raised in Camelia'ae species, for example in 
camel, dromedary, llama, alpaca and guanaco. Other species 
besides Camelia'ae may produce heavy chain antibodies 
naturally devoid of light chain; such VHHs are Within the 
scope of the invention. 

[0093] VHHs, according to the present invention, and as 
knoWn to the skilled addressee are heavy chain variable 
domains derived from immunoglobulins naturally devoid of 
light chains such as those derived from Camelia'ae as 
described in WO 94/04678 (and referred to hereinafter as 
VHH domains or nanobodies). VHH molecules are about 
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10><smaller than IgG molecules. They are single polypep 
tides and very stable, resisting extreme pH and temperature 
conditions. Moreover, they are resistant to the action of 
proteases Which is not the case for conventional antibodies. 
Furthermore, in vitro expression of VHHs produces high 
yield, properly folded functional VHHs. In addition, anti 
bodies generated in Camelia's Will recogniZe epitopes other 
than those recognised by antibodies generated in vitro 
through the use of antibody libraries or via immunisation of 
mammals other than Camelia's (WO 9749805). As such, 
anti-TNF-alpha VHH’s may interact more efficiently With 
TNF-alpha than conventional antibodies, thereby blocking 
its interaction With the TNF-alpha receptor more efficiently. 

[0094] According to the invention, TNF-alpha is derived 
from any species. Examples of species relevant to the 
invention include as rabbits, goats, mice, rats, coWs, calves, 
camels, llamas, monkeys, donkeys, guinea pigs, chickens, 
sheep, dogs, cats, horses, and preferably humans. 

[0095] TNF-alpha is also a fragment of TNF-alpha, 
capable of eliciting an immune response. TNF-alpha is also 
a fragment of TNF-alpha, capable of binding to a single 
domain antibody raised against the full length TNF-alpha. 

[0096] A single domain antibody directed against TNF 
alpha means single domain antibody that it is capable of 
binding to TNF-alpha With an affinity of better than 10'6 M. 

[0097] One embodiment of the present invention is an 
anti-TNF polypeptide, Wherein the single domain antibodies 
comprise Camelia'ae VHH directed against TNF-alpha. 

[0098] The one or more single domain antibodies of the 
anti-TNF polypeptide Which are directed against a TNF 
alpha may be of the same sequence. Alternatively they may 
not all have the same sequence. It is Within the scope of the 
invention that an anti-TNF polypeptide comprises anti-TNF 
alpha single domain antibodies Which do not all share the 
same sequence, but Which are directed against the same 
target, one or more antigens thereof. 

[0099] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide, Wherein a single domain anti 
body corresponds to a sequence represented by any of SEQ 
ID NOs: 1 to 16 and 79 to 84 as shoWn in Table 1. Said 
sequences are derived from Camelia'ae heavy chain anti 
bodies (VHHs) Which are directed against TNF-alpha. 

[0100] The present invention further relates to an anti 
TNF-alpha polypeptide, Wherein said single domain anti 
body is a VHH directed against TNF-alpha, Wherein the 
VHH belongs to a class having human-like sequences. The 
class is characterised in that the VHHs carry an amino acid 
from the group consisting of glycine, alanine, valine, leu 
cine, isoleucine, proline, phenylalanine, tyrosine, tryp 
tophan, methionine, serine, threonine, asparagine, or 
glutamine at position 45, such as, for example, L45 and a 
tryptophan at position 103, according to the Kabat number 
ing. The neW class of Camelia'ae single-domain antibodies 
described in this invention (Table 1, Example 1) is repre 
sented by VHH#2B (SEQ ID NO: 3) and VHH#12B (SEQ 
ID No. 14) containing the hydrophobic residues in FR2 in 
combination With the hydrophobic residue tryptophan at 
position 103. 

[0101] Another human-like class of Camelia'ae single 
domain antibodies represented by sequences VHH#1A 
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(SEQ ID NO. 1), VHH#4B (SEQ ID NO.12), VHH#8-29 
(SEQ ID NO. 81), VHH#8-41 (SEQ ID No. 82), VHH#8-42 
(SEQ ID NO. 83) and VHH#8-44 (SEQ ID NO. 84) (Table 
1, Example 1) have been described in WO03035694 and 
contain the hydrophobic FR2 residues typically found in 
conventional antibodies of human origin or from other 
species, but compensating this loss in hydrophilicity by the 
charged arginine residue on position 103 that substitutes the 
conserved tryptophan residue present in VH from double 
chain antibodies. As such, peptides belonging to these tWo 
classes shoW a high amino acid sequence homology to 
human VH frameWork regions and said peptides might be 
administered to a human directly Without expectation of an 
unWanted immune response therefrom, and Without the 
burden of further humanisation. The invention also relates to 
nucleic acids capable of encoding said polypeptides. 

[0102] Therefore, one aspect of the present invention 
alloWs for the direct administration of an anti-TNF-alpha 
polypeptide, Wherein the single domain antibodies belong to 
the humaniZed class of VHH, and comprise a sequence 
represented by any of SEQ ID NO:1, 3, 12, 14, 81, 82, 83, 
and 84 to a patient in need of the same. 

[0103] Any of the VHHs as used by the invention may be 
of the traditional class or of the classes of human-like 
Camelia'ae antibodies. Said antibodies may be directed 
against Whole TNF-alpha or a fragment thereof, or a frag 
ment of a homologous sequence thereof. These polypeptides 
include the full length Camelia'ae antibodies, namely Fc and 
VHH domains, chimeric versions of heavy chain Camelia'ae 
antibodies With a human Fc domain or VHH’s by themselves 
or derived fragments. 

[0104] Anti-serum albumin VHH’s may interact in a more 
efficient Way With serum albumin than conventional anti 
bodies Which is knoWn to be a carrier protein. As a carrier 
protein some of the epitopes of serum albumin may be 
inaccessible by bound proteins, peptides and small chemical 
compounds. Since VHH’s are knoWn to bind into ‘unusual’ 
or non-conventional epitopes such as cavities (WO 
97/49805), the affinity of such VHH’s to circulating albumin 
may be increased. 

[0105] The present invention also relates to the ?nding 
that an anti-TNF polypeptide as described herein further 
comprising one or more single domain antibodies directed 
against one or more serum proteins of a subject, surprisingly 
has signi?cantly prolonged half-life in the circulation of said 
subject compared With the half-life of the anti-TNF-alpha 
single domain antibody When not part of said construct. 
Examples of such polypeptides are represented in Table 5 by 
SEQ ID NOs: 30 to 43. Furthermore, the said polypeptides 
Were found to exhibit the same favourable properties of 
single domain antibodies such as high stability remaining 
intact in mice, extreme pH resistance, high temperature 
stability and high target af?nity. 

[0106] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide further comprising one or more 
single domain antibodies directed against one or more serum 
proteins, said anti-TNF alpha polypeptide comprising a 
sequence corresponding to any represented by SEQ ID NOs: 
30 to 43 (Table 5). 

[0107] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide, Wherein an anti-serum protein 
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single domain antibody corresponds to a sequence repre 
sented by any of SEQ ID NOs: 26 to 29 and 85 to 97 as 
shoWn in Table 5. 

[0108] The serum protein may be any suitable protein 
found in the serum of subject. In one aspect of the invention, 
the serum protein is serum albumin, serum immunoglobu 
lins, thyroXine-binding protein, transferrin, or ?brinogen. 
Depending on the intended use such as the required half-life 
for effective treatment and/or compartimentalisation of the 
target antigen, the VHH-partner can be directed to one of the 
above serum proteins. 

[0109] Another aspect of the invention is an anti-TNF 
alpha polypeptide as disclosed herein further comprising at 
least one polypeptide selected from the group consisting of 
an anti-IFN-gamma polypeptide, an anti-TNF-alpha recep 
tor polypeptide and anti-IFN-gamma receptor polypeptide. 

[0110] It is an embodiment of the invention that a single 
domain antibody directed against IFN-gamma corresponds 
to a sequence represented by any of SEQ ID NOs: 44 to 72 
as shoWn in Table 6. 

[0111] According to one aspect of the invention, a single 
domain antibody is directed against TNF-alpha receptor. 
Said single domain antibody may be a Camelia'ae VHH. 

[0112] According to one aspect of the invention, a single 
domain antibody is directed against IFN-gamma receptor. 
Said single domain antibody may be a Camelia'ae VHH. 

[0113] Another aspect of the invention is a method of 
treating an autoimmune disease or condition as cited herein, 
comprising administering to a patient an effective amount of 
an anti-TNF-alpha polypeptide further comprising a least 
one polypeptide selected from the group consisting of anti 
IFN-gamma polypeptide, anti-TNF-alpha receptor polypep 
tide and anti-IFN-gamma receptor polypeptide, such 
polypeptides joined to each other as described beloW. 

[0114] Such multi-speci?c constructs may have improved 
potency as in?ammatory therapeutic compound over mono 
speci?c constructs. 

[0115] One aspect of the invention is a composition com 
prising an anti-TNF-alpha polypeptide as disclosed herein 
and at least one polypeptide selected from the group con 
sisting of anti-IFN-gamma polypeptide, anti-TNF-alpha 
receptor polypeptide and anti-IFN-gamma receptor polypep 
tide, for simultaneous, separate or sequential administration 
to a subject. 

[0116] One aspect of the invention is a method for treating 
autoimmune disease comprising administering to an indi 
vidual an effective amount of an anti-TNF-alpha polypeptide 
and a least one polypeptide selected from the group con 
sisting of anti-IFN-gamma polypeptide, anti-TNF-alpha 
receptor polypeptide and anti-IFN-gamma receptor polypep 
tide, simultaneously, separately or sequentially. 

[0117] Another aspect of the invention is a kit containing 
an anti-TNF-alpha polypeptide and a least one polypeptide 
selected from the group consisting of anti-IFN-gamma 
polypeptide, anti-TNF-alpha receptor polypeptide and anti 
IFN-gamma receptor polypeptide for simultaneous, separate 
or sequential administration to a subject. It is an aspect of the 
invention that the kit may be used according to the inven 
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tion. It is an aspect of the invention that the kit may be used 
to treat the diseases as cited herein. 

[0118] By simultaneous administration means the 
polypeptides are administered to a subject at the same time. 
For eXample, as a miXture of the polypeptides or a compo 
sition comprising said polypeptides. Examples include, but 
are not limited to a solution administered intraveneously, a 

tablet, liquid, topical cream, etc., Wherein each preparation 
comprises the polypeptides of interest. 

[0119] By separate administration means the polypeptides 
are administered to a subject at the same time or substan 
tially the same time. The polypeptides are present in the kit 
as separate, unmiXed preparations. For eXample, the differ 
ent polypeptides may be present in the kit as individual 
tablets. The tablets may be administered to the subject by 
sWalloWing both tablets at the same time, or one tablet 
directly folloWing the other. 

[0120] By sequential administration means the polypep 
tides are administered to a subject sequentially. The 
polypeptides are present in the kit as separate, unmiXed 
preparations. There is a time interval betWeen doses. For 
eXample, one polypeptide might be administered up to 336, 
312, 288, 264, 240, 216, 192, 168, 144, 120, 96, 72, 48, 24, 
20, 16, 12, 8, 4, 2, 1, or 0.5 hours after the other component. 

[0121] In sequential administration, one polypeptide may 
be administered once, or any number of times and in various 
doses before and/or after administration of another polypep 
tide. Sequential administration may be combined With 
simultaneous or sequential administration. 

[0122] The medical uses of the anti-TNF-alpha polypep 
tide described beloW, also apply to the composition com 
prising an anti-TNF-alpha polypeptide as disclosed herein 
and at least one polypeptide selected from the group con 
sisting of anti-IFN-gamma polypeptide, anti-TNF-alpha 
receptor polypeptide and anti-IFN-gamma receptor polypep 
tide, for simultaneous, separate or sequential administration 
to a subject as disclosed here above. 

[0123] According to one aspect of the invention, an anti 
IFN-gamma polypeptide anti-TNF-alpha a single domain 
antibody directed against IFN-gamma. Said single domain 
antibody may be a Camelia'ae VHH. 

[0124] It is an embodiment of the invention that a single 
domain antibody directed against IFN-gamma corresponds 
to a sequence represented by any of SEQ ID NOs: 44 to 72 
as shoWn in Table 6. 

[0125] According to one aspect of the invention, anti 
TNF-alpha a single domain antibody directed against TNF 
alpha receptor. Said single domain antibody may be a 
Camelia'ae VHH. 

[0126] According to one aspect of the invention, an anti 
IFN-gamma receptor polypeptide anti-TNF-alpha a single 
domain antibody directed against IFN-gamma receptor. Said 
single domain antibody may be a Camelia'ae VHH. 

[0127] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as disclosed herein, Wherein the 
number of single domain antibodies directed against TNF 
alpha is tWo or more. Such multivalent anti-TNF-alpha 
polypeptides have the advantage of unusually high func 



US 2006/0034845 A1 

tional affinity for the target, displaying much higher than 
expected inhibitory properties compared to their monovalent 
counterparts. 

[0128] The multivalent anti-TNF-alpha polypeptides have 
functional af?nities that are several orders of magnitude 
higher than the monovalent parent anti-TNF-alpha polypep 
tides. The inventors have found that the functional affinities 
of these multivalent polypeptides are much higher than those 
reported in the prior art for bivalent and multivalent anti 
bodies. Surprisingly, anti-TNF-alpha polypeptides of the 
present invention linked to each other directly (SEQ ID No. 
77 and 78) or via a short linker sequence shoW the high 
functional af?nities eXpected theoretically With multivalent 
conventional four-chain antibodies. 

[0129] The inventors have found that such large increased 
functional activities can be detected preferably With antigens 
composed of multidomain and multimeric proteins, either in 
straight binding assays or in functional assays, e.g. cytotoX 
icity assays. 

[0130] Another embodiment of the present invention is an 
anti-TNF-alpha polypeptide as disclosed herein, Wherein the 
number of single domain antibodies directed against TNF 
alpha is tWo or more, said anti-TNF-alpha polypeptide 
comprising a sequence corresponding to any represented by 
SEQ ID NOs: 73 to 76. 

[0131] The single domain antibodies may be joined to 
form any of the polypeptides disclosed herein comprising 
more than one single domain antibody using methods knoWn 
in the art or any future method. For eXample, they may be 
fused by chemical cross-linking by reacting amino acid 
residues With an organic derivatising agent such as described 
by Blattler et al, Biochemistry 24,1517-1524; EP294703. 
Alternatively, the single domain antibody may be fused 
genetically at the DNA level ie a polynucleotide construct 
formed Which encodes the complete polypeptide construct 
comprising one or more anti-target single domain antibodies 
and one or more anti-serum protein single domain antibod 
ies. A method for producing bivalent or multivalent VHH 
polypeptide constructs is disclosed in PCT patent applica 
tion WO 96/34103. One Way of joining multiple single 
domain antibodies is via the genetic route by linking single 
domain antibody coding sequences either directly or via a 
peptide linker. For eXample, the C-terminal end of the ?rst 
single domain antibody may be linked to the N-terminal end 
of the neXt single domain antibody. This linking mode can 
be eXtended in order to link additional single domain anti 
bodies for the construction and production of tri-, tetra-, etc. 
functional constructs. 

[0132] According to one aspect of the present invention, 
the single domain antibodies are linked to each other 
directly, Without use of a linker. Contrary to joining bulky 
conventional antibodies Where a linker sequence is needed 
to retain binding activity in the tWo subunits, polypeptides of 
the invention can be linked directly (SEQ ID No. 77 and 78) 
thereby avoiding potential problems of the linker sequence, 
such as antigenicity When administered to a human subject, 
instability of the linker sequence leading to dissociation of 
the subunits. 

[0133] According to another aspect of the present inven 
tion, the single domain antibodies are linked to each other 
via a peptide linker sequence. Such linker sequence may be 
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a naturally occurring sequence or a non-naturally occurring 
sequence. The linker sequence is eXpected to be non 
immunogenic in the subject to Which the anti-TNF-alpha 
polypeptide is administered. The linker sequence may pro 
vide suf?cient ?exibility to the multivalent anti-TNF-alpha 
polypeptide, at the same time being resistant to proteolytic 
degradation. Anon-limiting eXample of a linker sequences is 
one that can be derived from the hinge region of VHHs 
described in WO 96/34103. 

[0134] According to another aspect of the invention, mul 
tivalent single domain antibodies comprising more than tWo 
single domain antibodies can be linked to each other either 
directly or via a linker sequence. Such constructs are difficult 
to produce With conventional antibodies and due to steric 
hindrance of the bulky subunits, functionality Will be lost or 
greatly diminished rather than increased considerably as 
seen With VHH’s of the invention compared to the monova 
lent construct (see FIG. 12 for gel ?ltration analyses of such 
multivalent VHH constructs). 

[0135] The polypeptide constructs disclosed herein may 
be made by the skilled artisan according to methods knoWn 
in the art or any future method. For eXample, VHHs may be 
obtained using methods knoWn in the art such as by immu 
nising a camel and obtaining hybridornas therefrom, or by 
cloning a library of single domain antibodies using molecu 
lar biology techniques knoWn in the art and subsequent 
selection by using phage display. 

[0136] According to an aspect of the invention an anti 
TNF-alpha polypeptide may be a homologous sequence of a 
full-length anti-TNF-alpha polypeptide. According to 
another aspect of the invention, an anti-TNF-alpha polypep 
tide may be a functional portion of a full-length anti-TNF 
alpha polypeptide. According to another aspect of the inven 
tion, an anti-TNF-alpha polypeptide may be a homologous 
sequence of a full-length anti-TNF-alpha polypeptide. 
According to another aspect of the invention, an anti-TNF 
alpha polypeptide may be a functional portion of a homolo 
gous sequence of a full-length anti-TNF-alpha polypeptide. 
According to an aspect of the invention an anti-TNF-alpha 
polypeptide may comprise a sequence of an anti-TNF-alpha 
polypeptide. 

[0137] According to an aspect of the invention a single 
domain antibody used to form an anti-TNF-alpha polypep 
tide may be a complete single domain antibody (e. g. a VHH) 
or a homologous sequence thereof. According to another 
aspect of the invention, a single domain antibody used to 
form the polypeptide construct may be a functional portion 
of a complete single domain antibody. According to another 
aspect of the invention, a single domain antibody used to 
form the polypeptide construct may be a homologous 
sequence of a complete single domain antibody. According 
to another aspect of the invention, a single domain antibody 
used to form the polypeptide construct may be a functional 
portion of a homologous sequence of a complete single 
domain antibody. 

[0138] As used herein, an homologous sequence of the 
present invention may comprise additions, deletions or 
substitutions of one or more amino acids, Which do not 
substantially alter the functional characteristics of the 
polypeptides of the invention. The number of amino acid 
deletions or substitutions is preferably up to 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
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24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69 or 70 
amino acids. 

[0139] A homologous sequence according to the present 
invention may a polypeptide modi?ed by the addition, 
deletion or substitution of amino acids, said modi?cation not 
substantially altering the functional characteristics com 
pared With the unmodi?ed polypeptide. 

[0140] A homologous sequence according to the present 
invention may be a polypeptide modi?ed by the addition, 
deletion or substitution of amino acids, said modi?cation not 
substantially altering the functional characteristics com 
pared With the unmodi?ed polypeptide. 

[0141] A homologous sequence according to the present 
invention may be a sequence Which eXists in other Camel 
idae species such as, for eXample, camel, dromedary, llama, 
alpaca, guanaco etc. 

[0142] Where homologous sequence indicates sequence 
identity, it means a sequence Which presents a high sequence 
identity (more than 70%, 75%, 80%, 85%, 90%, 95% or 
98% sequence identity) With the parent sequence and is 
preferably characterised by similar properties of the parent 
sequence, namely af?nity, said identity calculated using 
knoWn methods. 

[0143] Alternatively, an homologous sequence may also 
be any amino acid sequence resulting from allowed substi 
tutions at any number of positions of the parent sequence 
according to the formula beloW: 

[0144] Ser substituted by Ser, Thr, Gly, and Asn; 

[0145] Arg substituted by one of Arg, His, Gln, Lys, and 
Glu; 

[0146] Leu substituted by one of Leu, Ile, Phe, Tyr, Met, 
and Val; 

[0147] Pro substituted by one of Pro, Gly, Ala, and Thr; 

[0148] Thr substituted by one of Thr, Pro, Ser, Ala, Gly, 
His, and Gln; 

[0149] Ala substituted by one of Ala, Gly, Thr, and Pro; 

[0150] Val substituted by one of Val, Met, Tyr, Phe, He, 
and Leu; 

[0151] Gly substituted by one of Gly, Ala, Thr, Pro, and 
Ser; 

[0152] 
Leu; 

[0153] Phe substituted by one of Phe, Trp, Met, Tyr, Ile, 
Val, and Leu; 

[0154] Tyr substituted by one of Tyr, Trp, Met, Phe, Ile, 
Val, and Leu; 

[0155] His substituted by one of His, Glu, Lys, Gln, Thr, 
and Arg; 

[0156] Gln substituted by one of Gln, Glu, Lys, Asn, His, 
Thr, and Arg; 

[0157] Asn substituted by one of Asn, Glu, Asp, Gln, and 
Ser; 

Ile substituted by one of He, Met, Tyr, Phe, Val, and 
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[0158] Lys substituted by one of Lys, Glu, Gln, His, and 
Arg; 

[0159] Asp substituted by one of Asp, Glu, and Asn; 

[0160] Glu substituted by one of Glu, Asp, Lys, Asn, Gln, 
His, and Arg; 

[0161] Met substituted by one of Met, Phe, Ile, Val, Leu, 
and Tyr. 

[0162] A homologous nucleotide sequence according to 
the present invention may refer to nucleotide sequences of 
more than 50, 100, 200, 300, 400, 500, 600, 800 or 1000 
nucleotides able to hybridiZe to the reverse-complement of 
the nucleotide sequence capable of encoding the patent 
sequence, under stringent hybridisation conditions (such as 
the ones described by Sambrook et al., Molecular Cloning, 
Laboratory Manuel, Cold Spring, Harbor Laboratory press, 
NeW York). 

[0163] As used herein, a functional portion refers to a 
sequence of a single domain antibody that is of suf?cient 
siZe such that the interaction of interest is maintained With 
af?nity of 1x10“6 M or better. 

[0164] Alternatively, a functional portion comprises a 
partial deletion of the complete amino acid sequence and 
still maintains the binding site(s) and protein domain(s) 
necessary for the binding of and interaction With the target. 

[0165] As used herein, a functional portion refers to less 
than 100% of the complete sequence (e.g., 99%, 90%, 80%, 
70%, 60% 50%, 40%, 30%, 20%, 10%, 5%, 1 % etc.), but 
comprises 5 or more amino acids or 15 or more nucleotides. 

[0166] Targets as mentioned herein such as TNF-alpha, 
TNF-alpha receptor, serum proteins (e.g. serum albumin, 
serum immunoglobulins, thyroXine-binding protein, trans 
ferrin, ?brinogen) and IFN-gamma, IFN-gamma receptor 
may be fragments of said targets. Thus a target is also a 
fragment of said target, capable of eliciting an immune 
response. A target is also a fragment of said target, capable 
of binding to a single domain antibody raised against the full 
length target. 

[0167] A fragment as used herein refers to less than 100% 
of the sequence (e.g., 99%, 90%, 80%, 70%, 60%, 50%, 
40%, 30%, 20%, 10% etc.), but comprising 5, 6, 7, 8, 9, 10, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more 
amino acids. A fragment is of sufficient length such that the 
interaction of interest is maintained With af?nity of 1><10—6 
M or better. 

[0168] A fragment as used herein also refers to optional 
insertions, deletions and substitutions of one or more amino 
acids Which do not substantially alter the ability of the target 
to bind to a single domain antibody raised against the 
Wild-type target. The number of amino acid insertions 
deletions or substitutions is preferably up to 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69 or 70 
amino acids. 

[0169] A homologous sequence of the present invention 
may include an anti-TNF-alpha polypeptide Which has been 
humanised. The humanisation of antibodies of the neW class 


























































