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Antibody-based therapy of transthyretin (TTR) amyloidosis and human-

derived antibodies therefor

FIELD OF THE INVENTION

The present invention generally relates to antibody-based therapy of transthyretin (TTR)
amyloidosis. In particular, the present invention relates to novel molecules specifically binding to
human transthyretin (TTR) and antigens thereof, particularly human-derived recombinant
antibodies as well as fragments, derivatives and variants thereof that recognize the misfolded,
misassembled or aggregated forms of TTR or a fragments thereof, and which are useful in the

treatment of discases and conditions induced by such pathogenic TTR isoforms.

In addition, the present invention relates to pharmaccutical and diagnostic compositions
comprising such binding molecules, antibodies and mimics thereof valuable both as a diagnostic
tool to identify diseases associated with TTR amyloidosis and also a passive vaccination strategy
for treating disorders related to diseases associated with TTR amyloidosis such as Familial
Amyloid Polyneuropathy (FAP), Familial Amyloid Cardiomyopathy (FAC), Senile Systemic
Amyloidosis (SSA), systemic familial amyloidosis, leptomeningeal / Central Nervous System
(CNS) amyloidosis including Alzheimer disease, TTR-related ocular amyloidosis, TTR-related
renal amyloidosis, TTR-related hyperthyroxinemia, TTR-related ligament amyloidosis including

carpal tunnel syndrome, rotator cuff tears and lumbar spinal stenosis, and preeclampsia.

Furthermore, the present invention relates to a method of diagnosing a disease or condition induced
by pathogenic TTR isoforms, such as misfolded and/or aggregated TTR present in amyloid
deposits, wherein levels of pathological TTR isoforms are assayed in a sample of a body fluid from
a subject after administration of an anti-TTR antibody, wherein when compared to a control sample
taken before administration the presence or alteration in the level ofthe pathogenic TTR isoforms,
for example as determined by the presence of an immuno-complex of TTR and the anti-TTR

antibody indicate the disease and/or condition.
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BACKGROUND OF THE INVENTION

Transthyretin (TTR), previously named prealbumin, is a soluble protein of 127 amino-acids (NCBI
reference sequence: NP_000362.1) which is involved in thyroxin and retinol transport in the body.
TTR is secreted in the blood by the liver and in the cerebrospinal fluid by the choroid plexus, and
is also expressed in specific tissues like the pancreatic alpha cells or retinal epithelium. TTR
synthesis starts at embryonic ages and continues during the whole life. It is present at high
concentration in the plasma (3.6-7.2 uM) and CSF (0.04-0.4 uM) and typically forms under

physiological conditions a soluble homotetramer of ~55 kDa.

Under specific conditions which have been poorly clucidated and may include acidic pH, oxidative
stress and local factors, the TTR protein adopts an alternative tridimensional conformation and

becomes toxic.

The toxicity of misfolded TTR protein has been discovered by investigating a rare, autosomal
dominant, neurodegenerative disorder named Familial Amyloid Polyneuropathy (FAP), which
affects adult people in their midlife (Planté-Bordencuve et al., Lancet Neurol. 10 (2011), 1086—
1097). FAP is characterized by progressive sensory, motor and autonomic impairments leading to
death a decade after diagnosis. Nerve lesions are associated with the deposition of amorphous
aggregates and amyloid fibrils made of TTR protein. The Val30Met substitution is the most
frequent mutation causing FAP, especially in areas where the disease is endemic such as northern
Portugal, but more than 100 different mutations have been already identified in the TTR gene; see
Table IV below. The pathophysiological mechanism at play is identical for all the pathogenic
mutations, in that the mutations alter the structural stability of TTR tetramer, promoting TTR
misfolding and leading to the formation of toxic TTR species (Saraiva et al., Curr. Med. Chem. 19
(2012), 2304-2311).

TTR toxicity is also observed as a consequence of the Vall22Ile mutation, which is found with
high frequency (3-5%) in the African-American and West African populations. This mutation is
associated with Familial Amyloid Cardiomyopathy (FAC), a condition where massive TTR
accumulation in the myocardium leads to cardiac weaknesses and ultimately cardiac failure

(Ruberg et al., Circulation. 126 (2012), 1286-1300).
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Mutations in the TTR protein sequence are not a strict requirement for TTR toxicity, and the wild-
type TTR protein is also prone to misfolding and formation of toxic aggregates. For example,
Senile Systemic Amyloidosis (SSA) is characterized by cardiac weakness and the accumulation of
wild-type TTR aggregates in the myocardium (Ikeda, Amyloid. 18 Suppl 1 (2011), 155-156; Dungu
et al., Heart. 98 (2012), 1546-1554). Wild-type TTR deposits are also observed in multiple cases
of ligament and tendon inflammations including carpal tunnel syndrome, rotator cuff tears and
lumbar spinal stenosis (Sueyoshi ef al., Hum. Pathol. 42 (2011), 1259-1264; Gioeva et al.,
Amyloid. 20 (2013), 1-6). Furthermore, TTR amyloidosis has been recently reported in the placenta
of mothers suffering from preeclampsia (Kalkunte ez al., Am. J. Pathol. 183 (2013) 1425-1436).

Treatments for diseases with TTR amyloidosis are limited and mainly invasive, wherein primarily
the treatment is due to the symptoms. In the case of FAP, treatments rely on analgesics for the
management of neuropathic pain, on liver transplantation to remove the main source for mutated
TTR protein, and on treatment with Tafamidis. Tafamidis is a small molecule which binds to TTR
tetramer and stabilizes its conformation. It acts against the dissociation of the TTR tetramer, the
rate limiting step in the misfolding pathway leading to the formation of toxic TTR species.
Tafamidis has been approved for the treatment of FAP in Europe but has not been approved in the
USA, and its therapeutic efficacy is limited, in the best of cases, to slowing down discase

progression. There is currently no treatment available targeting misfolded TTR protein.

In view of the above, novel therapeutic strategies are needed for an efficacious and safe therapy of

discases associated with TTR amyloidosis.

This technical problem is solved by the embodiments characterized in the claims and described
further below and illustrated in the Examples and Figures.
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SUMMARY OF THE INVENTION

The present invention provides anti-transthyretin (TTR) antibodies and equivalent TTR-binding
molecules for use in the prophylactic or therapeutic treatment of diseases and conditions associated
with TTR amyloidosis. More specifically, therapeutically useful human-derived recombinant
antibodies as well as fragments and derivatives thereof that recognize misfolded, misassembled or

aggregated forms of TTR are provided.

Misfolded TTR aggregates are associated with markers of cellular stress, oxidative stress,
inflammatory response and apoptosis many years before symptom onset (Macedo et al., Mol. Med.
13 (2007), 584-91). The natural capacity of the body to recognize abnormally folded proteins and
degrade them is a protective factor, and differences between patients in their capacity to eliminate
toxic TTR proteins certainly contribute to differences in age of disease onset and speed of discase
progression. In support of this hypothesis, it has been shown that patients receiving a liver
transplantation from a FAP donor quickly develop antibodies against the pathogenic TTR protein
(Ando et al., Transplantation. 73 (2002), 751-755), and that FAP patients with high antibody titers
against the mutated TTR protein have a later disease onset than patients without such antibodies
(Obayashi et al., Clin. Chim. Acta. 419 (2013), 127-131). In addition, active immunization against
the pathogenic TTR conformation has been shown to almost completely remove TTR depositions

in FAP transgenic mice (Terazaki et al., Lab. Invest. 86 (2006), 23-31).

However, though it might have seem tempting to investigate an immune-based strategy for
therapeutic intervention hitherto the use of anti-TTR antibodies for the treatment of TTR related
discases has not been pursued. For example, in international application W02010/030203 a
particular isolated mouse monoclonal antibody for TTR has been described and proposed for use
in screening for FAP and in research and treatment of associated diseases. However, since mouse
monoclonal antibodies induce human anti-mouse antibody (HAMA) response they are not suitable
for therapy in human. Hence, since the international application lapsed and no subsequent
development published yet, apparently a therapeutic antibody-based approach has not been
followed. Rather, so far for anti-TTR antibodies only their diagnostic utility for patients with TTR
amyloidosis has been further investigated; see, e.g., Phay M. et al., Rejuvenation Res. 2013 Oct
28. [Epub ahead of print].
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In contrast, experiments performed in accordance with the present invention were successful in the
isolation of human-derived monoclonal TTR-specific antibodies which maturated in the human
body and are specific for misfolded, misassembled, mutated, and/or aggregated TTR species and/or
fragments thereof. The human subjects and patients, respectively, being the source of the B cells
from which the human-derived monoclonal anti-TTR antibodies and the cDNA encoding their
variable domain, respectively, have been isolated, did not show a substantial amount of misfolded
TTR and were symptom-free of conditions associated with pathogenic isoforms. However, in
another embodiment of the present invention, the source of the B cells from which the human-
derived monoclonal anti-TTR antibodies and the ¢DNA encoding their variable domain,
respectively, might be isolated are patients showing symptoms of a disecase and/or disorder
associated with TTR amyloidosis. Therefore, it is prudent to expect that the human monoclonal
anti-TTR antibodies of the present invention and derivatives thercof besides being non-

immunogenic in human exhibit a therapeutically beneficial effect.

The present invention is thus directed to human-derived recombinant antibodies, antigen-binding
fragments and similar antigen-binding molecules which are capable of specifically recognizing
TTR. If not indicated otherwise, by "specifically recognizing TTR", "antibody specific to/for TTR"
and "anti-TTR antibody" antibodies are meant which specifically, generally, and collectively binds
to the native monomeric form of TTR; antibodies binding specifically to either forms of TTR, e.g.
mutated TTR, oligomeric, fibrillar and/or non-fibrillar TTR. Provided herein are human-derived
antibodies selective for full-length and/or fragments and/or misfolded, misassembled and/or

aggregated forms of TTR.

As mentioned before, preferably the anti-TTR antibody of the present invention is a recombinant
antibody, wherein at least one, preferably two or more preferably all three complementarity
determining regions (CDRs) of the variable heavy and/or light chain, and/or substantially the entire
variable region are encoded by a cDNA derived from an mRNA obtained from a human memory
B cell which produced an anti-TTR antibody. In a preferred embodiment, the anti-TTR antibody
of the present invention displays, in any combination one more of the binding and biological

properties as demonstrated for the subject antibodies illustrated in the appended Examples and
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Figures, preferably one more of the binding and biological properties as demonstrated for

exemplary antibodies NI-301.59.F1, NI-301.35G11, and NI-301.37F1.

In a particularly preferred embodiment of the present invention, the anti-TTR antibody or TTR-
binding fragment thereof demonstrates the immunological binding characteristics of an antibody

characterized by the variable regions Vu and/or Vi as set forth in Fig. 1.

The antigen-binding fragment of the antibody can be a single chain Fv fragment, an F(ab')
fragment, an F(ab) fragment, and an F(ab'). fragment, or any other antigen-binding fragment. In a
specific embodiment, infra, the antibody or fragment thercof is a human IgG isotype antibody.
Alternatively, the antibody is a chimeric human-rodent or rodentized antibody such as murine or
murinized, rat or ratinized antibody, the rodent versions being particularly useful for diagnostic

methods and studies in animals.

Furthermore, the present invention relates to compositions comprising the antibody ofthe present
invention or active fragments thercof and to immunotherapeutic and immunodiagnostic methods
using such compositions in the prevention, diagnosis or treatment of disorders associated with TTR
amyloidosis, wherein an effective amount of the composition is administered to a patient in need

thereof,

The present invention also relates to polynucleotides encoding at least a variable region of an
immunoglobulin chain of the antibody of the invention. Preferably, said variable region comprises
at least one complementarity determining region (CDR) of the Vi and/or V1, of the variable region
as set forth in Fig. 1. In a preferred embodiment of the present invention, the polynucleotide is a
cDNA, preferably derived from mRNA obtained from human memory B cells which produce

antibodies reactive with mutant, misfolded, misassembled and/or aggregated TTR species.

Accordingly, the present invention also encompasses vectors comprising said polynucleotides and
host cells transformed therewith as well as their use for the production of an antibody and
equivalent binding molecules which are specific for TTR. In a further embodiment of the present
invention, the antibodies or binding molecules are capable of binding misfolded, misassembled or

aggregated TTR species or fragments thereof. Means and methods for the recombinant production
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of antibodies and mimics thercof as well as methods of'screening for competing binding molecules,
which may or may not be antibodies, are known in the art. However, as described herein, in
particular with respect to therapeutic applications in human the antibody of the present invention
is a human antibody in the sense that application of said antibody is substantially free of an immune
response directed against such antibody otherwise observed for chimeric and even humanized

antibodies.

Furthermore, disclosed herein are compositions and methods that can be used to identify TTR, in
particular mutated, misfolded, misassembled, or aggregated TTR species or fragments in samples
and/or in vivo. The disclosed anti-TTR antibodies and binding fragments thercof can be used to
screen human blood, plasma, serum, saliva, peritoneal fluid, cerebrospinal fluid ("CSF"), and urine
for the presence of TTR and/or mutated, misfolded, misassembled, or aggregated TTR species or
fragments thereof in samples, for example, by using ELISA-based or surface adapted assay. In one
embodiment the present invention relates to a method of diagnosing or monitoring the progression
of a disorder related to mutated, misfolded, misassembled, or aggregated TTR species or fragments
thereof in a subject, the method comprising determining the presence of mutated, misfolded,
misassembled, or aggregated TTR species or fragments in a sample from the subject to be
diagnosed with at least one antibody of the present invention or an TTR binding molecule and/or
binding molecules for misfolded, misassembled, or aggregated TTR species or fragments having
substantially the same binding specificities of any one thereof, wherein the presence of misfolded,

misassembled, or aggregated TTR species or fragments is indicative of the disorder.

Furthermore, in one embodiment of the present invention the anti-TTR antibodies and TTR-
binding molecules comprising at least one CDR of an antibody of the present invention are
provided for the preparation of a composition for in vivo detection (also called in vivo imaging) of
or targeting a therapeutic and/or diagnostic agent to TTR, in particular mutated, misfolded,
misassembled, or aggregated TTR species or fragments in the human or animal body. The methods
and compositions disclosed herein can aid in disorders associated with TTR amyloidosis and
characterized, e.g., by the occurrence of forms of TTR and can be used to monitor disease
progression and therapeutic efficacy of the therapy provided to the subject, for example in in vivo
imaging related diagnostic methods. Therefore, in one embodiment the anti-TTR antibody and/or

TTR binding molecule of the present invention is provided, wherein said in vivo detection
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(imaging) comprises scintigraphy, positron emission tomography (PET), single photon emission

tomography (SPECT), near infrared (NIR) optical imaging or magnetic resonance imaging (MRI).

Hence, it is a particular object of the present invention to provide methods for treating, diagnosing
or preventing a disease associated with TTR amyloidosis. The methods comprise administering an
effective concentration of a preferably human antibody or antibody derivative to the subject where
the antibody targets TTR or fragments thereof, preferably misfolded, misassembled, or aggregated
TTR species or fragments thereof.

In a further aspect the present invention provides a peptide having an epitope of TTR, preferably
of misfolded, misassembled, or aggregated TTR species or fragments thercof specifically
recognized by an antibody of the present invention. Said peptide comprises or consists of an amino
acid sequence as indicated below in the detailed description and in the examples or a modified
sequence thereof in which one or more amino acids are substituted, deleted and/or added, with the
proviso that the peptide is still recognized by the cognate antibody. As mentioned, such peptide
can be used as an antigen, i.e. being an immunogen and thus useful for eliciting an immune
response in a subject and stimulating the production of an antibody of the present invention ix vivo.

Accordingly, the peptide of the present invention is particularly useful as a vaccine.

Additionally, the present invention provides a method for diagnosing diseases associated with TTR
amyloidosis in a subject, comprising a step of determining the presence of an antibody that binds

to said peptide in a biological sample of said subject.

In a further aspect, the present invention relates to a method of diagnosing a discase associated
with TTR amyloidosis, monitoring the treatment of the disease with an anti-TTR antibody or
determining the diagnostic or therapeutic utility of an anti-TTR antibody comprising assaying the
level of misfolded and/or aggregated TTR in a sample, for example blood obtained from a subject
following administration of an anti-TTR antibody to the subject, wherein the presence or elevated
the level of misfolded and/or aggregated TTR in the sample of the subject compared to the control
such as a sample obtained from the subject prior to administration of the anti-TTR antibody

indicates a discase associated with TTR amyloidosis.
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In one preferred embodiment ofthe present invention, in particular when using non-human animals
for testing recombinant human-derived antibodies as illustrated in Example 13 and other anti-TTR
antibodies intended for use in humans in general the level of misfolded and/or aggregated TTR in
the sample is assayed by determining a complex formed between the anti-TTR antibody and the
misfolded and/or aggregated TTR, for example by immuno-precipitation with an anti-human IgG

or anti-idiotypic antibody.

With respect to the diagnostic aspect in particular for a human subject and patient, the presence
and elevated level of misfolded and/or aggregated TTR and complex thereof with the anti-TTR
antibody, respectively, indicates the presence of TTR amyloid deposits in the human body, for
example in the heart, peripheral nervous system (PNS), eyes, muscles, gastro-intestinal tract,
kidneys, vascular system and the central nervous system (CNS) of a patient or subject. Thus, the
method of the present invention allows the identification and determination of a disease associated
with TTR amyloidosis in the subject body on the one hand and removal of TTR deposits from
patient's body on the other, thereby also indicating the therapeutic progress of a given treatment

and efficacy ofa drug for the treatment of TTR amyloidosis such as an anti-TTR antibody.

Hence, as demonstrated in Example 13 the anti-TTR antibody of the present invention is capable
of binding misfolded and/or aggregated TTR with sufficient affinity to alter the stability of
pathological TTR deposits such as to capture and remove misfolded and/or aggregated TTR from
the deposits into a body fluid, in particular blood. The specified time interval following
administration, i.e. the time frame after which the level of pathological TTR and complex with the
anti-TTR antibody, respectively, is measured is determined by a practicing physician. Normally, a
time interval less than a week is used. In a preferred embodiment, the level of pathological TTR in
a sample from a patient or subject after administration of an anti-TTR antibody or antigen-binding
fragment thereof'to the patient or subject is determined after less than or equal to 48 hours; see also

Example 13.

The present invention also relates to the use of any anti-TTR antibody and TTR-binding molecule
in the method described above. However, due to the advantageous properties and in particular
because being human-derived the use of an anti-TTR antibody of the present disclosed herein is

preferred. In a preferred embodiment, the antibody shows substantially the same binding and
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biological activities as any antibody selected from NI-301.59F1, NI-301.35G11, NI-301.37F1, NI-
301.2F5, NI-301.28B3, NI-301.119C12, NI-301.5D8§, NI1-301.9DS5, NI-301.104F5, NI-301.21F 10,
NI-301.9G12,NI-301.12D3, NI-301.37F1-PIMC, NI-301.44E4, NI-301.18C4, NI-301.11A10, NI-
301.3C9,NI-301.14D8, NI-301.9X4, and NI-301.14C3. The anti-TTR antibody can also be altered

to facilitate the handling of the method of diagnosing including the labeling of the antibody as

described in detail below.

Further embodiments of the present invention will be apparent from the description and Examples

that follow.

Fig. 1:

Fig. 2:

BRIEF DESCRIPTION OF THE DRAWINGS

Amino acid sequences of the variable regions of human antibodies NI-301.59F1, NI-
301.35G11, NI-301.37F1, NI-301.2F5, NI-301.28B3, NI-301.119C12, NI-301.5D§, NI-
301.9D5, NI-301.104F5, NI-301.21F10, NI-301.9G12, NI-301.12D3, NI-301.37F1-
PIMC, NI-301.44E4, NI-301.18C4, NI-301.11A10, NI-301.3C9, NI-301.14D§, NI-
301.9X4, and NI-301.14C3.

Framework (FR) and complementarity determining regions (CDRs) are indicated with the
CDRs being underlined. The Kabat numbering scheme was used (cf.

http://www .bioinf.org.uk/abs/).

Binding to aggregated, wild-type and mutant TTR by direct ELISA.

A, B, C: ELISA plates were coated with aggregated human wild-type TTR (e), aggregated
recombinant V30M-TTR () and bovine serum albumin (BSA) (m) at 10 ug/ml, and
incubated with the following human monoclonal antibodies at a concentration range from
4 pM to 400 nM: A) NI-301.59F1, B) NI-301.35G11 and C) NI-301.37F1.

ECso values were estimated by fitting data points with the least square method.
NI-301.59F1: aggregated wt-TTR ECso= 3.0 nM, aggregated V30M-TTR ECso- 15.5 nM
NI-301.35G11: aggregated wt-TTR ECso= 3.9 nM, aggregated V30M-TTR ECso- 5.0 nM
NI-301.37F1: aggregated wt-TTR ECso=0.35 nM, aggregated V30M-TTR ECsp- 0.15 nM
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Specificity for aggregated TTR on dot blot.

Human wild-type TTR protein in native (1) or aggregated (2) conformations, and
aggregated recombinant V30M-TTR protein (3) were deposited on a nitrocellulose
membrane and incubated with the following antibodies: A) commercial rabbit polyclonal
antibody against TTR (Dako-A0002; 150 ng/ml), B) NI-301.59F1 C) NI-301.35G11 and
D) NI-301.37F1 (B, C and D: human monoclonal antibodies at 50 nM).

Specificity for aggregated TTR on western blot.

Human wild-type TTR protein (300 ng) in native (1) or aggregated (2) conformations, and
wild-type mouse liver extract (10 ug total protein) (3) were loaded on a SDS-PAGE gel
and processed for western-blot with the following antibodies: A) commercial rabbit
polyclonal antibody against TTR (Dako-A0002; 150 ng/ml), B) NI-301.59F1 C) NI-
301.35G11 and D) NI-301.37F1 (B, C and D: human monoclonal antibodies at 50 nM).
To prevent dissociation of the high molecular weight aggregates, the aggregated TTR

sample was crosslinked with glutaraldehyde (1%, 5 min) prior to loading on the gel.

Absence of binding to human plasma TTR on western blot.

Plasma samples (0.5 ul) from controls (n=5), asymptomatic mutation carriers (n=5) and
FAP patients (n=4) were loaded on a SDS-PAGE gel and processed for western blot with
the following antibodies: A) commercial rabbit polyclonal antibody against TTR (Dako-
A0002; 150 ng/ml), B) secondary antibody only (anti-human IgG-HRP, 1/10 000
dilution), C) NI-301.35G11 and D) NI-301.37F1 (C and D: human monoclonal antibodies
at 50 nM).

Absence of binding to human plasma TTR on dot blot.

Pure wild-type and mutant TTR protein in native and aggregated conformations, and
plasma samples from controls, asymptomatic mutation carriers and FAP patients were
deposited on a nitrocellulose membrane and incubated with the following antibodies: A)
commercial rabbit polyclonal antibody against TTR (Dako-A0002; 150 ng/ml), B)
secondary antibody only (anti-mouse 1gG2a-HRP, 1/10 000 dilution), and C) mouse
chimeric antibody NI-301.mur35G11 (10 nM).
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Samples 1-6: 150 ng of 1) aggregated wt-TTR, 2) native wt-TTR, 3) BSA, 4) native
V30M-TTR, 5) native L55P-TTR and 6) native Y78F-TTR.

Samples 7-18: 2 ul of plasma collected from 7-10) controls (n=4), 11-14) asymptomatic
mutation carriers (n=4) and 15-18) FAP patients (n=4).

Specific binding to aggregated TTR in solution.

Human wild-type and recombinant TTR protein in native and aggregated conformations,
and a human plasma sample at 3 different dilutions were used for TTR
immunoprecipitation (IP) using the following antibodies: A) commercial rabbit polyclonal
antibody against TTR (Dako-A0002), B) NI-301.35G11 and C) NI-301.37F1. The
immunoprecipitated proteins were submitted to SDS-PAGE and detected by western blot
(WB) with the Dako-A0002 antibody (150 ng/ml).

Lanes 1-2: WB loading controls: 300 ng of 1) human wt-TTR, 2) recombinant wt-TTR
Lanes 3-6: IP on pure TTR protein: 3) human native wt-TTR, 4) human aggregated wt-
TTR, §) recombinant native wt-TTR and 6) recombinant aggregated wt-TTR

Lanes 7-10: IP on human plasma diluted 7) 10 times, 8) 100 times, 9) 1000 times with
PBS, and 10) PBS only

Specific binding to TTR on FAP mouse tissue.

Transgenic mice expressing the human V30M-TTR allele on a TTR knock-out (KO)
background reproduce the histopathological hallmarks of FAP, including amorphous and
amyloid TTR deposits in various tissues. Liver and intestine tissue sections collected from
A) FAP mice and B) TTR-KO mice were processed for immunohistochemistry using the
following antibodies: 1) commercial rabbit polyclonal antibody against TTR (Dako-
A0002; 1/1000 dilution), 2) NI-301.35G11 and 3) NI-301.37F1 (2 and 3: human

monoclonal antibodies at 50 nM).

Specific binding to misfolded TTR deposits but not native TTR in human tissue.

Antibodies were characterized for their capacity to bind TTR on sections from FAP patient
skin biopsy and healthy control pancreas: the misfolded TTR accumulations that are
characteristic for FAP are present in the patient skin biopsy, whereas pancreatic alpha

cells show endogenous expression of TTR. Sections were processed for
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immunohistochemistry using the following antibodies: 1A) commercial rabbit polyclonal
antibody against TTR (Dako-A0002; 1/1000 dilution), 1B) HRP-coupled anti-rabbit IgG
antibody (1/125 dilution), 2A) mouse chimeric antibody NI-301.mur35G11 (50 nM), 2B)
HRP-coupled anti-mouse IgG2a antibody (1/125 dilution), 3A) NI-301.37F1 (50 nM), and
3B) HRP-coupled anti-human IgG (1/125 dilution).

TTR binding epitopes assessed by pepscan analysis.

The antibody binding epitopes on TTR were determined using the peptide scan method.
In addition to the peptides covering the full human wild-type TTR sequence (spots 1 to
29), selected TTR mutations were also represented on the membrane (spots 30 to 44). The
peptide scan membrane was incubated with the following antibodies at 50 nM: A) NI-
301.59F1, B) NI-301.35G11 and C) NI-301.37F1. As summarized in Table D):
NI-301.59F1 binds EEEFVEGIY (TTR 61-69); NI-301.35G11 binds GELHGLTTEEE
(TTR 53-63); the L55P mutation prevents antibody binding; and

NI-301.37F1 binds WEPFA (TTR 41-45); the E42G mutation prevents antibody binding.
In order to determine the sequence requirements of the mentioned epitopes, the antibody
binding epitopes on TTR were further identified using the alanine scan method. The whole
sequence of human wild-type TTR protein was represented on the membrane as a set of
151 successive peptides of 15 amino-acids in length, starting at every amino-acid of the
TTR protein. For each peptide, the amino-acid in position 10 was replaced by an alanine,
or by glycine or proline when the initial amino-acid was an alanine. The peptide scan
membrane was incubated with the following antibodies at 20 nM: E) NI-301.59F 1, F) NI-
301.35G11 and G) NI-301.37F1. As summarized in Table H):

NI-301.59F1 binds EEFXEGIY (TTR 61-68).

NI-301.35G11 binds ELXGLTXE (TTR 54-61).

NI-301.37F1 binds WEPFA (TTR 41-45), wherein X denotes amino acid; Replacement
of E42 by alanine did not disrupt binding but replacement by guanine prevented antibody
binding as reported in C.
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Antibody binding kinetics to TTR protein in solution assessed by surface plasmon
resonance.

The binding kinetics of antibody NI-301.37F1 to TTR protein was measured by surface
plasmon resonance (SPR). Antibody NI-301.37F1 was captured on the sensor by means
of an anti-human IgG antibody, and TTR protein solution was flown over the sensor
surface, at concentrations ranging from 3.2 to 316 nM. A simple 1:1 binding model was
used to fit the data and derive the respective association (ka) and dissociation (kd)
constants and the affinity (KD). Binding properties were determined for A) human wild-
type TTR protein in native conformation, B) denaturated, human wild-type TTR protein
(misfolded conformation), and C) recombinant mutant TTR-L55P protein.

Native wild-type TTR: ka= not determined, kd=not determined, KD>316 nM
Denaturated wild-type TTR: ka=2.1 104 M-1s-1,kd=2.6 10-5 s-1, KD=1.2 nM
Recombinant TTR-L55P: ka=3.3 104 M-1s-1, kd=4.6 10-5 s-1, KD=1.4 nM

Chronic treatment with anti-TTR antibody reduces pathological TTR deposition in FAP
mouse model.

FAP mice (Tg(6.0hMet30) x muTTR-KO) received weekly administration of mouse
chimeric NI-301.37F1 or isotype control antibody at 3 mg/kg i.p. for 12 weeks. At the end
of the treatment period, tissues were collected and the extent of TTR deposition was
quantified by immunofluorescence. A) Effect of treatment in 7-month old mice (n=14-15
mice per group); B) Effect of treatment in 17-month old mice (n=10 mice per group).

Group comparisons with two tailed, unpaired t-test.

Antibody binding to pathological TTR deposits in vivo.

Target engagement was characterized in adult FAP mice (7 months) 48 hours after
administration of a single dose of antibody NI-301.37F1 at 30 mg/kg i.p, or PBS.
Pathological TTR deposits and localization of the injected antibody were detected
simultancously by immunofluorescence.

A, D) Pathological TTR deposits in the kidneys of (A) NI-301.37F1- or (D) PBS- injected
mice. B, E) Detection of human antibody in (B) NI-301.37F1- or (E) PBS- injected mice.
C, F) Overlayed images showing TTR and NI-301.37F1 (C) colocalization and (F)

absence of unspecific staining.
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Fig. 14: Tissue-free detection of misfolded TTR in vivo.
Adult FAP mice received a single administration of NI-301.37F1 or isotype control
antibody at 3 mg/kg i.p. Blood samples were collected prior antibody injection (t=0) and
48 hours after antibody injection (t=48h). Plasma samples were processed by
immunoprecipitation with an anti-human IgG antibody, and analyzed by western blot
using for detection: A) a conformation-independent, anti-TTR polyclonal antibody (Dako
A0002, 150 ng/ml), and B) NI-301.37F1 (20 nM). In parallel, a plasma sample obtained
from an uninjected FAP mouse was incubated with antibody NI-301.37F1 in vitro, before

processing.

Fig. 15: Antibody specificity evaluated against aggregating proteins by ELISA
Antibody specificity for TTR protein was evaluated by measuring binding to sclected
aggregating proteins by direct ELISA. Antibody binding was evaluated at 4 and 20 nM
and signal intensity was expressed in fold change relative to background levels, measured
for each assay in absence of anti-TTR antibody.
A-B) NI-301.37F1 binding assayed at 20 (A) and 4 nM (B)
C-D) NI-301.44E4 binding assayed at 20 (C) and 4 nM (D).

DETAILED DESCRIPTION OF THE INVENTION

The present invention generally relates to immunotherapy and non-invasive methods for the
detection of diseases and conditions associated with the presence of pathologic, often mutant and/or
misfolded isoforms of transthyretin (TTR). More specifically, the present invention relates to
recombinant human-derived monoclonal antibodies and antigen binding fragments thereof, which
have been generated based on sequence information obtained from selected human donor
populations and are capable of binding to such TTR isoforms and antigens thercof. The
recombinant human-derived monoclonal antibody of the present invention is advantageously
characterized by specifically binding to misfolded, misassembled, mutated, and/or aggregated TTR
species and/or fragments thereof allowing a targeting for treatment and/or diagnosis of pathological

altered TTR species. Due to their human derivation, the resulting recombinant antibodies of the
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present invention can be reasonably expected to be efficacious and safe as therapeutic agent, and
highly specific as a diagnostic reagent for the detection of pathological TTR without giving false

positives.

In addition, the antibody of the present invention as well as the derivatives thereof can be used for
combination therapy of patients after organ transplantations who nevertheless bear the risk of
developing a TTR amyloidosis due to e.g. their deposition, e.g. inheritable mutations in the TTR
or a defect in the production of TTR in the liver. Thus, as a particular advantageous embodiment,
the present invention relates to the human monoclonal antibody and any derivatives thercof
described herein for use in the treatment of patients either alone or in the treatment of patients
receiving e.g. immunosuppressive drugs after organ transplantation or other agents utilized for
symptoms associated with TTR amyloidosis, wherein the antibody of the present invention and any
of its derivatives is designed to be administered concomitantly with the immunosuppressive drug
and/or the agent suppressing further side effects or sequentially before or after administration of
the same. In this context, the anti-TTR antibody and TTR-binding fragment ofthe present invention
arc preferably substantially non-immunogenic in human. In one embodiment of the present
invention, pharmaceutical compositions are provided comprising both a human monoclonal
antibody of the present invention or any derivatives thereof and one or more immunosuppressive

drugs and/or utilized for symptoms associated with TTR amyloidosis.

L. Definitions

Unless otherwise stated, a term as used herein is given the definition as provided in the Oxford
Dictionary of Biochemistry and Molecular Biology, Oxford University Press, 1997, revised 2000
and reprinted 2003, ISBN 0 19 850673 2.

It is to be noted that the term "a" or "an" entity refers to one or more of that entity; for example,
y Y p
"an antibody," is understood to represent one or more antibodies. As such, the terms "a" (or "an"),

"one or more," and "at least one" can be used interchangeably herein.

If not specifically indicated otherwise, the term "TTR", is used interchangeably to specifically refer
to the different forms of transthyretin (TTR). The term "TTR" is also used to generally identify

other conformers of TTR, for example, oligomers and/or misfolded, misassembled and/or
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aggregated forms of TTR. The term "TTR" is also used to refer collectively to all types and forms
of TTR, such as mutated TTR. Added letters in front of the terms TTR are used to indicate the
organism the particular ortholog is originating from, e.g. hTTR for human TTR or mTTR for
murine origin. In addition, unless indicated otherwise the numbering system for TTR amino acid
sequence used herein refers to the mature TTR protein, i.e. the TTR protein as secreted by the cells
after cleavage of the signal peptide. This numbering is the one used to define TTR mutations found
in patients, such as TTR-V30M or TTR-L55P, but differs from the one used for transthyrethin
precursor protein sequence (NCBI reference sequence: NP_000362.1). In this context, the position
and substituted amino acid in a mutant TTR may be indicated in different but equivalent ways; see,

e.g., "TTR-V30M" and "V30M-TTR".

The anti-TTR antibodies disclosed herein specifically bind TTR and epitopes thereof and to various
conformations of TTR and epitopes thereof. For example, disclosed herein are antibodies that
specifically bind pathologically altered TTR species or fragments thereof, such as oligomers/fibrils
and/or mutated, misfolded, misassembled and/or aggregated forms of TTR or fragments thereof.
The term (pathologically) mutated, misfolded, misassembled aggregated/aggregates of TTR is used
interchangeable to specifically refer to the aforementioned forms. The term (pathological)
"aggregated forms" or "aggregates" as used herein describes the products of an accumulation or
cluster formation due to TTR erroneous/pathological interaction with one another. These
aggregates, accumulations or cluster forms may be, substantially consist or consist of both TTR
and/or TTR fragments and of non-fibrillar oligomers and/or fibrillar oligomers and fibrils thereof.
As used herein, reference to an antibody that "specifically binds", "selectively binds", or
"preferentially binds" TTR refers to an antibody that does not bind other unrelated proteins. In one
example, a TTR antibody disclosed herein can bind TTR or an epitope thercof and show no binding
above about 2 times background for other proteins. In a preferred embodiment, the antibody of the
present invention does not substantially recognize unrelated amyloid-forming proteins selected
from the group consisting of alpha-synuclein (a-syn), Tau, transactive response DNA binding
protein 43 (TDP-43), serum amyloid A (SAA), huntingtin protein (HTT); see, e.g. Fig. 15 . An
antibody that "specifically binds" or "selectively binds" a TTR conformer refers to an antibody that

does not bind all conformations of TTR, i.e., does not bind at least one other TTR conformer.
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For ecxample, disclosed herein are antibodies that can preferentially bind to misfolded,
misassembled and/or aggregated forms of TTR both i vitro and in tissues obtained from patients
with discases associated with TTR amyloidosis or with a risk to develop diseases associated with
TTR amyloidosis. Since the sequences of the TTR antibodies of the present invention have been
obtained from human subjects, the TTR antibodies of the present invention may also be called
"human auto-antibodies" or "human-derived antibodies" in order to emphasize that those
antibodies were indeed expressed initially by the subjects and are not synthetic constructs
generated, for example, by means of human immunoglobulin expressing phage libraries, which

hitherto represented one common method for trying to provide human-like antibodies.

The term "peptide" is understood to include the terms "polypeptide"” and "protein"” (which, at times,
may be used interchangeably herein) within its meaning. Similarly, fragments of proteins and
polypeptides are also contemplated and may be referred to herein as "peptides”. Nevertheless, the
term "peptide” preferably denotes an amino acid polymer including at least 5 contiguous amino
acids, preferably at least 10 contiguous amino acids, more preferably at least 15 contiguous amino
acids, still more preferably at least 20 contiguous amino acids, and particularly preferred at least
25 contiguous amino acids. In addition, the peptide in accordance with present invention typically
has no more than 100 contiguous amino acids, preferably less than 80 contiguous amino acids,
more preferably less than 50 contiguous amino acids and still more preferred no more than 15

contiguous amino acids of the TTR polypeptide.

Polypeptides:

As used herein, the term "polypeptide" is intended to encompass a singular "polypeptide" as well
as plural "polypeptides," and refers to a molecule composed of monomers (amino acids) linearly
linked by amide bonds (also known as peptide bonds). The term "polypeptide" refers to any chain
or chains of two or more amino acids, and does not refer to a specific length of the product. Thus,

"non

protein,

"nn

"peptides,” "dipeptides,” "tripeptides, "oligopeptides, amino acid chain," or any other
term used to refer to a chain or chains oftwo or more amino acids, are included within the definition
of "polypeptide," and the term "polypeptide” may be used instead of, or interchangeably with any

of these terms.
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The term "polypeptide" is also intended to refer to the products of post-expression modifications
of the polypeptide, including without limitation glycosylation, acetylation, phosphorylation,
amidation and derivatization by known protecting/blocking groups, proteolytic cleavage, or
modification by non-naturally occurring amino acids. A polypeptide may be derived from a natural
biological source or produced by recombinant technology, but is not necessarily translated from a
designated nucleic acid sequence. It may be generated in any manner, including by chemical

synthesis.

A polypeptide of the invention may be of a size of about 3 or more, 5 or more, 10 or more, 20 or
more, 25 or more, 50 or more, 75 or more, 100 or more, 200 or more, 500 or more, 1,000 or more,
or 2,000 or more amino acids. Polypeptides may have a defined three-dimensional structure,
although they do not necessarily have such structure. Polypeptides with a defined three-
dimensional structure are referred to as folded, and polypeptides which do not possess a defined
three-dimensional structure, but rather can adopt a large number of different conformations, and
are referred to as unfolded. As used herein, the term glycoprotein refers to a protein coupled to at
least one carbohydrate moiety that is attached to the protein via an oxygen-containing or a nitrogen-

containing side chain of an amino acid residue, e.g., a serine residue or an asparagine residue.

By an "isolated" polypeptide or a fragment, variant, or derivative thereof is intended a polypeptide
that is not in its natural milieu. No particular level of purification is required. For example, an
isolated polypeptide can be removed from its native or natural environment. Recombinantly
produced polypeptides and proteins expressed in host cells are considered isolated for purposed of
the invention, as are native or recombinant polypeptides which have been separated, fractionated,

or partially or substantially purified by any suitable technique.

"Recombinant peptides, polypeptides or proteins” refer to peptides, polypeptides or proteins
produced by recombinant DNA techniques, i.e. produced from cells, microbial or mammalian,
transformed by an exogenous recombinant DNA expression construct encoding the fusion protein
including the desired peptide. Proteins or peptides expressed in most bacterial cultures will
typically be free of glycan. Proteins or polypeptides expressed in yeast may have a glycosylation

pattern different from that expressed in mammalian cells.
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Included as polypeptides of the present invention are fragments, derivatives, analogs or variants of
the foregoing polypeptides and any combinations thereof as well. The terms "fragment,” "variant,"
"derivative", and "analog" include peptides and polypeptides having an amino acid sequence
sufficiently similar to the amino acid sequence of the natural peptide. The term "sufficiently
similar" means a first amino acid sequence that contains a sufficient or minimum number of
identical or equivalent amino acid residues relative to a second amino acid sequence such that the
first and second amino acid sequences have a common structural domain and/or common
functional activity. For example, amino acid sequences that comprise a common structural domain
that is at least about 45%, at lcast about 50%, at lcast about 55%, at least about 60%, at least about
65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or at least
about 100%, identical are defined herein as sufficiently similar. Preferably, variants will be
sufficiently similar to the amino acid sequence of the preferred peptides of the present invention,
in particular to TTR, variants, derivatives or analogs of either of them. Such variants generally
retain the functional activity of the peptides of the present invention. Variants include peptides that
differ in amino acid sequence from the native and wt peptide, respectively, by way of one or more
amino acid deletion(s), addition(s), and/or substitution(s). These may be naturally occurring

variants as well as artificially designed ones.

Furthermore, the terms "fragment," "variant," "derivative", and "analog" when referring to
antibodies or antibody polypeptides of the present invention include any polypeptides which retain
at least some of the antigen-binding properties of the corresponding native binding molecule,
antibody, or polypeptide. Fragments of polypeptides of the present invention include proteolytic
fragments, as well as deletion fragments, in addition to specific antibody fragments discussed
clsewhere herein. Variants of antibodies and antibody polypeptides of the present invention include
fragments as described above, and also polypeptides with altered amino acid sequences due to
amino acid substitutions, deletions, or insertions. Variants may occur naturally or be non-naturally
occurring. Non-naturally occurring variants may be produced using art-known mutagenesis
techniques. Variant polypeptides may comprise conservative or non-conservative amino acid
substitutions, deletions or additions. Derivatives of TTR specific binding molecules, e.g.,

antibodies and antibody polypeptides of the present invention, are polypeptides which have been
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altered so as to exhibit additional features not found on the native polypeptide. Examples include
fusion proteins. Variant polypeptides may also be referred to herein as "polypeptide analogs”. As
used herein a "derivative"” of a binding molecule or fragment thereof, an antibody, or an antibody
polypeptide refers to a subject polypeptide having one or more residues chemically derivatized by
reaction of a functional side group. Also included as "derivatives" are those peptides which contain
one or more naturally occurring amino acid derivatives of the twenty standard amino acids. For
example, 4-hydroxyproline may be substituted for proline; 5-hydroxylysine may be substituted for
lysine; 3-methylhistidine may be substituted for histidine; homoserine may be substituted for

serine; and ornithine may be substituted for lysine.

Determination of similarity and/or identity of molecules.:

"Similarity" between two peptides is determined by comparing the amino acid sequence of one
peptide to the sequence of a second peptide. An amino acid of one peptide is similar to the
corresponding amino acid of a second peptide if it is identical or a conservative amino acid
substitution. Conservative substitutions include those described in Dayhoff, M.O., ed., The Atlas
of Protein Sequence and Structure 5, National Biomedical Research Foundation, Washington, D.C.
(1978), and in Argos, EMBO J. 8 (1989), 779-785. For example, amino acids belonging to one of
the following groups represent conservative changes or substitutions: -Ala, Pro, Gly, Gln, Asn, Ser,
Thr; -Cys, Ser, Tyr, Thr; -Val, Ile, Leu, Met, Ala, Phe; -Lys, Arg, His; -Phe, Tyr, Trp, His; and -
Asp, Glu.

"Similarity" between two polynucleotides is determined by comparing the nucleic acid sequence
of one polynucleotide to the sequence of a polynucleotide. A nucleic acid of one polynucleotide is
similar to the corresponding nucleic acid of a second polynucleotide if it is identical or, if the
nucleic acid is part of a coding sequence, the respective triplet comprising the nucleic acid encodes

for the same amino acid or for a conservative amino acid substitution.

The determination of percent identity or similarity between two sequences is preferably
accomplished using the mathematical algorithm of Karlin and Altschul (1993) Proc. Natl. Acad.
Sci USA 90: 5873-5877. Such an algorithm is incorporated into the BLASTn and BLASTp
programs of Altschul er al (1990) J. Mol. Biol. 215: 403-410 available at NCBI
(http://www.ncbi.nlm.nih.gov/blast/Blast.cge).
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The determination of percent identity or similarity is performed with the standard parameters of
the BLASTn programs for BLAST polynucleotide secarches and BLASTp programs for BLAST
protein scarch, as recommended on the NCBI webpage and in the "BLAST Program Selection

Guide" in respect of sequences of a specific length and composition.

BLAST polynucleotide searches are performed with the BLASTn program.

For the general parameters, the "Max Target Sequences" box may be set to 100, the "Short queries"
box may be ticked, the "Expect threshold" box may be set to 1000 and the "Word Size" box may
be set to 7 as recommended for short sequences (less than 20 bases) on the NCBI webpage. For
longer sequences the "Expect threshold" box may be set to 10 and the "Word Size" box may be set
to 11. For the scoring parameters the "Match/mismatch Scores" may be set to 1,-2 and the "Gap
Costs" box may be set to linear. For the Filters and Masking parameters, the "Low complexity
regions" box may not be ticked, the "Species-specific repeats" box may not be ticked, the "Mask
for lookup table only" box may be ticked, the "DUST Filter Settings" may be ticked and the "Mask
lower case letters" box may not be ticked. In general the "Search for short nearly exact matches"
may be used in this respect, which provides most of the above indicated settings. Further
information in this respect may be found in the "BLAST Program Sclection Guide" published on

the NCBI webpage.

BLAST protein searches are performed with the BLASTp program. For the general parameters,
the "Max Target Sequences" box may be set to 100, the "Short queries" box may be ticked, the
"Expect threshold" box may be setto 10 and the "Word Size" box may be set to "3". For the scoring
parameters the "Matrix" box may be sct to "BLOSUM®62", the "Gap Costs" Box may be set to
"Existence: 11 Extension: 1", the "Compositional adjustments” box may be sect to "Conditional
compositional score matrix adjustment”. For the Filters and Masking parameters the "Low
complexity regions"” box may not be ticked, the "Mask for lookup table only" box may not be ticked

and the "Mask lower case letters" box may not be ticked.

Modifications of both programs, e.g., in respect of the length of the searched sequences, are
performed according to the recommendations in the "BLAST Program Selection Guide" published

in a HTML and a PDF version on the NCBI webpage.
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Polynucleotides:

The term "polynucleotide" is intended to encompass a singular nucleic acid as well as plural nucleic
acids, and refers to an isolated nucleic acid molecule or construct, e.g., messenger RNA (mRNA)
or plasmid DNA (pDNA). A polynucleotide may comprise a conventional phosphodiester bond or
a non-conventional bond (e.g., an amide bond, such as found in peptide nucleic acids (PNA)). The
term "nucleic acid" refers to any one or more nucleic acid segments, e.g., DNA or RNA fragments,
present in a polynucleotide. By "isolated" nucleic acid or polynucleotide is intended a nucleic acid
molecule, DNA or RNA, which has been removed from its native environment. For example, a
recombinant polynucleotide encoding an antibody contained in a vector is considered isolated for
the purposes of the present invention. Further examples of an isolated polynucleotide include
recombinant polynucleotides maintained in heterologous host cells or purified (partially or
substantially) polynucleotides in solution. Isolated RNA molecules include in vivo or in vitro RNA
transcripts of polynucleotides of the present invention. Isolated polynucleotides or nucleic acids
according to the present invention further include such molecules produced synthetically. In
addition, polynucleotide or a nucleic acid may be or may include a regulatory element such as a

promoter, ribosome binding site, or a transcription terminator.

As used herein, a "coding region" is a portion of nucleic acid which consists of codons translated
into amino acids. Although a "stop codon" (TAG, TGA, or TAA) is not translated into an amino
acid, it may be considered to be part of a coding region, but any flanking sequences, for example
promoters, ribosome binding sites, transcriptional terminators, introns, and the like, are not part of
a coding region. Two or more coding regions of the present invention can be present in a single
polynucleotide construct, e.g., on a single vector, or in separate polynucleotide constructs, e.g., on
separate (different) vectors. Furthermore, any vector may contain a single coding region, or may
comprise two or more coding regions, e.g., a single vector may scparately encode an
immunoglobulin heavy chain variable region and an immunoglobulin light chain variable region.
In addition, a vector, polynucleotide, or nucleic acid of the invention may encode heterologous
coding regions, either fused or unfused to a nucleic acid encoding a binding molecule, an antibody,
or fragment, variant, or derivative thereof. Heterologous coding regions include without limitation
specialized elements or motifs, such as a secretory signal peptide or a heterologous functional

domain.
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In certain embodiments, the polynucleotide or nucleic acid is DNA. In the case of DNA, a
polynucleotide comprising a nucleic acid which encodes a polypeptide normally may include a
promoter and/or other transcription or translation control elements operable associated with one or
more coding regions. An operable association is when a coding region for a gene product, e.g., a
polypeptide, is associated with one or more regulatory sequences in such a way as to place
expression of the gene product under the influence or control of the regulatory sequence(s). Two
DNA fragments (such as a polypeptide coding region and a promoter associated therewith) are
"operable associated" or "operable linked" if induction of promoter function results in the
transcription of mRNA encoding the desired gene product and if the nature of the linkage between
the two DNA fragments does not interfere with the ability of the expression regulatory sequences
to direct the expression of the gene product or interfere with the ability of the DNA template to be
transcribed. Thus, a promoter region would be operable associated with a nucleic acid encoding a
polypeptide if the promoter was capable of effecting transcription of that nucleic acid. The
promoter may be a cell-specific promoter that directs substantial transcription of the DNA only in
predetermined cells. Other transcription control elements, besides a promoter, for example
enhancers, operators, repressors, and transcription termination signals, can be operable associated
with the polynucleotide to direct cell-specific transcription. Suitable promoters and other

transcription control regions are disclosed herein.

A variety of transcription control regions are known to those skilled in the art. These include,
without limitation, transcription control regions which function in vertebrate cells, such as, but not
limited to, promoter and enhancer segments from cytomegaloviruses (the immediate ecarly
promoter, in conjunction with intron-A), simian virus 40 (the early promoter), and retroviruses
(such as Rous sarcoma virus). Other transcription control regions include those derived from
vertebrate genes such as actin, heat shock protein, bovine growth hormone and rabbit 3-globin, as
well as other sequences capable of controlling gene expression in eukaryotic cells. Additional
suitable transcription control regions include tissue-specific promoters and enhancers as well as

lymphokine-inducible promoters (e.g., promoters inducible by interferons or interleukins).

Similarly, a variety of translation control elements are known to those of ordinary skill in the art.

These include, but are not limited to ribosome binding sites, translation initiation and termination
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codons, and elements derived from picomaviruses (particularly an internal ribosome entry site, or

IRES, also referred to as a CITE sequence).

In other embodiments, a polynucleotide of the present invention is RNA, for example, in the form

of messenger RNA (mRNA).

Polynucleotide and nucleic acid coding regions of the present invention may be associated with
additional coding regions which encode secretory or signal peptides, which direct the secretion of
a polypeptide encoded by a polynucleotide of the present invention. According to the signal
hypothesis, proteins secreted by mammalian cells have a signal peptide or secretory leader
sequence which is cleaved from the mature protein once export of the growing protein chain across
the rough endoplasmic reticulum has been initiated. Those of ordinary skill in the art are aware that
polypeptides secreted by vertebrate cells generally have a signal peptide fused to the N-terminus
of the polypeptide, which is cleaved from the complete or "full-length" polypeptide to produce a
secreted or "mature” form of the polypeptide. In certain embodiments, the native signal peptide,
e.g., an immunoglobulin heavy chain or light chain signal peptide is used, or a functional derivative
of that sequence that retains the ability to direct the secretion of the polypeptide that is operable
associated with it. Alternatively, a heterologous mammalian signal peptide, or a functional
derivative thereof, may be used. For example, the wild-type leader sequence may be substituted

with the leader sequence of human tissue plasminogen activator (TPA) or mouse B-glucuronidase.

A "binding molecule" as used in the context of the present invention relates primarily to antibodies,
and fragments thereof, but may also refer to other non-antibody molecules that bind to TTR
including but not limited to hormones, receptors, ligands, major histocompatibility complex
(MHC) molecules, chaperones such as heat shock proteins (HSPs) as well as cell-cell adhesion
molecules such as members of the cadherin, intergrin, C-type lectin and immunoglobulin (Ig)
superfamilies. Thus, for the sake of clarity only and without restricting the scope of the present
invention most of the following embodiments are discussed with respect to antibodies and
antibody-like molecules which represent the preferred binding molecules for the development of

therapeutic and diagnostic agents.
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Antibodies:

The terms "antibody" and "immunoglobulin" are used interchangeably herein. An antibody or
immunoglobulin is a binding molecule which comprises at least the variable domain of a heavy
chain, and normally comprises at least the variable domains of a heavy chain and a light chain.
Basic immunoglobulin structures in vertebrate systems are relatively well understood; see, e.g.,
Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed.
1988).

As will be discussed in more detail below, the term "immunoglobulin" comprises various broad
classes of polypeptides that can be distinguished biochemically. Those skilled in the art will
appreciate that heavy chains are classified as gamma, mu, alpha, delta, or epsilon, (y, u, o, 0, €)
with some subclasses among them (e.g., y1-y4). It is the nature of this chain that determines the
"class" ofthe antibody as IgG, IgM, IgA IgG, or IgE, respectively. The immunoglobulin subclasses
(isotypes) e.g., 1gG1, IgG2, 1gG3, IgG4, IgA1, ete. are well characterized and are known to confer
functional specialization. Modified versions of cach of these classes and isotypes are readily
discernible to the skilled artisan in view of the instant disclosure and, accordingly, are within the
scope of the instant invention. All immunoglobulin classes are clearly within the scope of the
present invention, the following discussion will generally be directed to the IgG class of
immunoglobulin molecules. With regard to IgG, a standard immunoglobulin molecule comprises
two identical light chain polypeptides of molecular weight approximately 23,000 Daltons, and two
identical heavy chain polypeptides of molecular weight 53,000-70,000. The four chains are
typically joined by disulfide bonds in a "Y" configuration wherein the light chains bracket the

heavy chains starting at the mouth of the "Y" and continuing through the variable region.

Light chains are classified as either kappa or lambda (k, A). Each heavy chain class may be bound
with either a kappa or lambda light chain. In general, the light and heavy chains are covalently
bonded to each other, and the "tail" portions of the two heavy chains are bonded to each other by
covalent disulfide linkages or non-covalent linkages when the immunoglobulins are generated
either by hybridomas, B cells or genetically engineered host cells. In the heavy chain, the amino
acid sequences run from an N-terminus at the forked ends of the Y configuration to the C-terminus

at the bottom of each chain.
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Both the light and heavy chains are divided into regions of structural and functional homology.
The terms "constant" and "variable" are used functionally. In this regard, it will be appreciated that
the variable domains of both the light (Vi) and heavy (Vu) chain portions determine antigen
recognition and specificity. Conversely, the constant domains ofthe light chain (CL) and the heavy
chain (CH1, CH2 or CH3) confer important biological properties such as secretion, transplacental
mobility, Fc receptor binding, complement binding, and the like. By convention the numbering of
the constant region domains increases as they become more distal from the antigen-binding site or
amino-terminus of the antibody. The N-terminal portion is a variable region and at the C-terminal
portion is a constant region; the CH3 and CL domains actually comprise the carboxy-terminus of

the heavy and light chain, respectively.

As indicated above, the variable region allows the antibody to selectively recognize and specifically
bind epitopes on antigens. That is, the Vi domain and Vy domain, or subset ofthe complementarity
determining regions (CDRs), of an antibody combine to form the variable region that defines a
three dimensional antigen-binding site. This quaternary antibody structure forms the antigen-
binding site present at the end of each arm of the Y. More specifically, the antigen-binding site is
defined by three CDRs on each of the Vi and VL chains. Any antibody or immunoglobulin
fragment which contains sufficient structure to specifically bind to TTR is denoted hercin

interchangeably as a "binding fragment” or an "immunospecific fragment."
g y g Irag p g

In naturally occurring antibodies, an antibody comprises six hypervariable regions, sometimes
called "complementarity determining regions" or "CDRs" present in each antigen-binding domain,
which are short, non-contiguous sequences of amino acids that are specifically positioned to form
the antigen-binding domain as the antibody assumes its three dimensional configuration in an
aqueous environment. The "CDRs" are flanked by four relatively conserved "framework" regions
or "FRs" which show less inter-molecular variability. The framework regions largely adopt a -
sheet conformation and the CDRs form loops which connect, and in some cases form part of, the
-sheet structure. Thus, framework regions act to form a scaffold that provides for positioning the
CDREs in correct orientation by inter-chain, non-covalent interactions. The antigen-binding domain
formed by the positioned CDRs defines a surface complementary to the epitope on the
immunoreactive antigen. This complementary surface promotes the non-covalent binding of the

antibody to its cognate epitope. The amino acids comprising the CDRs and the framework regions,
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respectively, can be readily identified for any given heavy or light chain variable region by one of
ordinary skill in the art, since they have been precisely defined; see, "Sequences of Proteins of
Immunological Interest," Kabat, E., et al., U.S. Department of Health and Human Services, (1983);
and Chothia and Lesk, J. Mol. Biol., 196 (1987), 901-917.

In the case where there are two or more definitions of a term which is used and/or accepted within
the art, the definition of the term as used herein is intended to include all such meanings unless
explicitly stated to the contrary. A specific example is the use of the term "complementarity
determining region" ("CDR") to describe the non-contiguous antigen combining sites found within
the variable region of both heavy and light chain polypeptides. This particular region has been
described by Kabat et al., U.S. Dept. of Health and Human Services, "Sequences of Proteins of
Immunological Interest" (1983) and by Chothia and Lesk, J. Mol. Biol., 196 (1987), 901-917,
which are incorporated herein by reference, where the definitions include overlapping or subsets
of amino acid residues when compared against ecach other. Nevertheless, application of either
definition to refer to a CDR of an antibody or variants thereof is intended to be within the scope of
the term as defined and used herein. The appropriate amino acid residues which encompass the
CDRs as defined by cach of the above cited references are set forth below in Table I as a
comparison. The exact residue numbers which encompass a particular CDR will vary depending
on the sequence and size of the CDR. Those skilled in the art can routinely determine which
residues comprise a particular hypervariable region or CDR of the human IgG subtype of antibody

given the variable region amino acid sequence of the antibody.

Table I: CDR Definitions' Kabat Chothia
VH CDR1 31-35 26-32
VH CDR2 50-65 52-58
VH CDR3 95-102 95-102
VL CDRI 24-34 26-32
VL CDR2 50-56 50-52
VL CDR3 89-97 91-96

"Numbering of all CDR definitions in Table I is according to the numbering conventions
set forth by Kabat ez al. (see below).
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Kabat et al. also defined a numbering system for variable domain sequences that is applicable to
any antibody. One of ordinary skill in the art can unambiguously assign this system of "Kabat
numbering" to any variable domain sequence, without reliance on any experimental data beyond
the sequence itself. As used herein, "Kabat numbering" refers to the numbering system set forth by
Kabat et al., U.S. Dept. of Health and Human Services, "Sequence of Proteins of Immunological
Interest" (1983). Unless otherwise specified, references to the numbering of specific amino acid
residue positions in an antibody or antigen-binding fragment, variant, or derivative thereof of the
present invention are according to the Kabat numbering system, which however is theoretical and
may not equally apply to every antibody of the present invention. For example, depending on the

position of the first CDR the following CDRs might be shifted in either direction.

Antibodies or antigen-binding fragments, immunospecific fragments, variants, or derivatives
thereof of the invention include, but are not limited to, polyclonal, monoclonal, multispecific,
human, humanized, primatized, murinized or chimeric antibodies, single chain antibodies, epitope-
binding fragments, e.g., Fab, Fab' and F(ab"),, Fd, Fvs, single-chain Fvs (scFv), single-chain
antibodies, disulfide-linked Fvs (sdFv), fragments comprising cither a Vi, or Vg domain, fragments
produced by a Fab expression library, and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-
Id antibodies to antibodies disclosed herein). ScFv molecules are known in the art and are
described, e.g., in US patent 5,892,019. Immunoglobulin or antibody molecules of the invention
can be of any type (e.g., IgG, IgE, IgM, IgD, IgA, and IgY), class (e.g., IgG1, IgG2, 1gG3, 1gG4,

IgAl and IgA2) or subclass of immunoglobulin molecule.

In one embodiment, the antibody of the present invention is not IgM or a derivative thereof with a
pentavalent structure. Particular, in specific applications of the present invention, especially
therapeutic use, IgMs are less useful than IgG and other bivalent antibodies or corresponding
binding molecules since IgMs due to their pentavalent structure and lack of affinity maturation

often show unspecific cross-reactivities and very low affinity.

In a particularly preferred embodiment, the antibody of the present invention is not a polyclonal
antibody, i.e. it substantially consists of one particular antibody species rather than being a mixture

obtained from a plasma immunoglobulin sample.
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Antibody fragments, including single-chain antibodies, may comprise the variable region(s) alone
or in combination with the entirety or a portion of the following: hinge region, CH1, CH2, and
CH3 domains. Also included in the invention are TTR binding fragments which comprise any
combination of variable region(s) with a hinge region, CH1, CH2, and CH3 domains. Antibodies
or immunospecific fragments thereof of the present invention may be from any animal origin
including birds and mammals. Preferably, the antibodies are human, murine, donkey, rabbit, goat,
guinea pig, camel, llama, horse, or chicken antibodies. In another embodiment, the variable region

may be condricthoid in origin (e.g., from sharks).

In one aspect, the antibody of the present invention is a human monoclonal antibody isolated from
a human. Optionally, the framework region of the human antibody is aligned and adopted in
accordance with the pertinent human germ line variable region sequences in the database; see, e.g.,
Vbase (http://vbase.mrc-cpe.cam.ac.uk/) hosted by the MRC Centre for Protein Engineering
(Cambridge, UK). For example, amino acids considered to potentially deviate from the true germ
line sequence could be due to the PCR primer sequences incorporated during the cloning process.
Compared to artificially generated human-like antibodies such as single chain antibody fragments
(scFvs) from a phage displayed antibody library or xenogencic mice the human monoclonal
antibody of the present invention is characterized by (i) being obtained using the human immune
response rather than that of animal surrogates, i.e. the antibody has been generated in response to
natural TTR in its relevant conformation in the human body, (ii) having protected the individual or
is at least significant for the presence of TTR, and (iii) since the antibody is of human origin the
risks of cross-reactivity against self-antigens is minimized. Thus, in accordance with the present
invention the terms "human monoclonal antibody", "human monoclonal autoantibody"”, "human
antibody" and the like are used to denote a TTR binding molecule which is of human origin, i.e.
which has been isolated from a human cell such as a B cell or hybridoma thereof or the cDNA of
which has been directly cloned from mRNA ofa human cell, for example a human memory B cell.
A human antibody is still "human", i.e. human-derived even if amino acid substitutions are made

in the antibody, e.g., to improve binding characteristics.

In one embodiment the human-derived antibodies of the present invention comprises heterologous

regions compared to the natural occurring antibodies, e.g. amino acid substitutions in the
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framework region, constant region exogenously fused to the variable region, different amino acids

at the C- or N- terminal ends and the like.

Antibodies derived from human immunoglobulin libraries or from animals transgenic for one or
more human immunoglobulins and that do not express endogenous immunoglobulins, as described
infra and, for example in, US patent no 5,939,598 by Kucherlapati et al., are denoted human-like

antibodies in order distinguish them from truly human antibodies of the present invention.

For example, the paring of heavy and light chains of human-like antibodies such as synthetic and
semi-synthetic antibodies typically isolated from phage display do not necessarily reflect the
original paring as it occurred in the original human B cell. Accordingly Fab and scFv fragments
obtained from recombinant expression libraries as commonly used in the prior art can be considered

as being artificial with all possible associated effects on immunogenicity and stability.

In contrast, the present invention provides isolated affinity-matured antibodies from selected

human subjects, which are characterized by their therapeutic utility and their tolerance in man.

As used herein, the term "rodentized antibody" or "rodentized immunoglobulin" refers to an
antibody comprising one or more CDRs from a human antibody of the present invention; and a
human framework region that contains amino acid substitutions and/or deletions and/or insertions
that arc based on a rodent antibody sequence. When referred to rodents, preferably sequences
originating in mice and rats are used, wherein the antibodies comprising such sequences are
referred to as "murinized" or "ratinized" respectively. The human immunoglobulin providing the
CDRs is called the "parent" or "acceptor” and the rodent antibody providing the framework changes
is called the "donor". Constant regions need not be present, but if they are, they are usually
substantially identical to the rodent antibody constant regions, i.e. at least about 85 % to 90 %,
preferably about 95 % or more identical. Hence, in some embodiments, a full-length murinized
human heavy or light chain immunoglobulin contains a mouse constant region, human CDRs, and
a substantially human framework that has a number of "murinizing" amino acid substitutions.
Typically, a "murinized antibody" is an antibody comprising a murinized variable light chain
and/or a murinized variable heavy chain. For example, a murinized antibody would not encompass

a typical chimeric antibody, e.g., because the entire variable region of a chimeric antibody is non-
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mouse. A modified antibody that has been "murinized" by the process of "murinization" binds to
the same antigen as the parent antibody that provides the CDRs and is usually less immunogenic
in mice, as compared to the parent antibody. The above explanations in respect of "murinized"
antibodies apply analogously for oder "rodentized" antibodies, such as "ratinized antibodies",

wherein rat sequences are used instead of the murine.

As used herein, the term "heavy chain portion"” includes amino acid sequences derived from an
immunoglobulin heavy chain. A polypeptide comprising a heavy chain portion comprises at least
one of: a CHI domain, a hinge (e.g., upper, middle, and/or lower hinge region) domain, a CH2
domain, a CH3 domain, or a variant or fragment thercof. For example, a binding polypeptide for
use in the invention may comprise a polypeptide chain comprising a CH1 domain; a polypeptide
chain comprising a CHI domain, at least a portion of a hinge domain, and a CH2 domain; a
polypeptide chain comprising a CHI domain and a CH3 domain; a polypeptide chain comprising
a CH1 domain, at least a portion of a hinge domain, and a CH3 domain, or a polypeptide chain
comprising a CHI domain, at least a portion of a hinge domain, a CH2 domain, and a CH3 domain.
In another embodiment, a polypeptide of the invention comprises a polypeptide chain comprising
a CH3 domain. Further, a binding polypeptide for use in the invention may lack at least a portion
of a CH2 domain (e.g., all or part of a CH2 domain). As set forth above, it will be understood by
one of ordinary skill in the art that these domains (e.g., the heavy chain portions) may be modified

such that they vary in amino acid sequence from the naturally occurring immunoglobulin molecule.

In certain antibodies, or antigen-binding fragments, variants, or derivatives thereof disclosed
herein, the heavy chain portions of one polypeptide chain of a multimer are identical to those on a
second polypeptide chain of the multimer. Alternatively, heavy chain portion-containing
monomers of the invention are not identical. For example, each monomer may comprise a different

target binding site, forming, for example, a bispecific antibody or diabody.

In another embodiment, the antibodies, or antigen-binding fragments, variants, or derivatives
thereof disclosed herein are composed of a single polypeptide chain such as scFvs and are to be

expressed intracellularly (intrabodies) for potential in vivo therapeutic and diagnostic applications.
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The heavy chain portions of a binding polypeptide for use in the diagnostic and treatment methods
disclosed herein may be derived from different immunoglobulin molecules. For example, a heavy
chain portion of a polypeptide may comprise a CHI domain derived from an IgG1 molecule and a
hinge region derived from an IgG3 molecule. In another example, a heavy chain portion can
comprise a hinge region derived, in part, from an IgGl molecule and, in part, from an IgG3
molecule. In another example, a heavy chain portion can comprise a chimeric hinge derived, in

part, from an IgG1 molecule and, in part, from an IgG4 molecule.

As used herein, the term "light chain portion" includes amino acid sequences derived from an
immunoglobulin light chain. Preferably, the light chain portion comprises at least one of a VL or

CL domain.

The minimum size of a peptide or polypeptide epitope for an antibody is thought to be about four
to five amino acids. Peptide or polypeptide epitopes preferably contain at least seven, more
preferably at least nine and most preferably between at least about 15 to about 30 amino acids.
Since a CDR can recognize an antigenic peptide or polypeptide in its tertiary form, the amino acids
comprising an epitope need not be contiguous, and in some cases, may not even be on the same
peptide chain. In the present invention, a peptide or polypeptide epitope recognized by antibodics
of the present invention contains a sequence of at least 4, at least 5, at least 6, at least 7, more
preferably at least §, at least 9, at least 10, at least 15, at least 20, at least 25, or between about 15

to about 30 contiguous or non-contiguous amino acids of TTR.

By "specifically binding", or "specifically recognizing", used interchangeably herein, it is generally
meant that a binding molecule, e.g., an antibody binds to an epitope via its antigen-binding domain,
and that the binding entails some complementarity between the antigen-binding domain and the
epitope. According to this definition, an antibody is said to "specifically bind" to an epitope when
it binds to that epitope, via its antigen-binding domain more readily than it would bind to a random,
unrelated epitope. The term "specificity" is used herein to qualify the relative affinity by which a
certain antibody binds to a certain epitope. For example, antibody "A" may be deemed to have a
higher specificity for a given epitope than antibody "B," or antibody "A" may be said to bind to
epitope "C" with a higher specificity than it has for related epitope "D".
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Where present, the term "immunological binding characteristics," or other binding characteristics
of an antibody with an antigen, in all of its grammatical forms, refers to the specificity, affinity,

cross-reactivity, and other binding characteristics of an antibody.

By "preferentially binding", it is meant that the binding molecule, e.g., antibody specifically binds
to an epitope more readily than it would bind to a related, similar, homologous, or analogous
epitope. Thus, an antibody which "preferentially binds" to a given epitope would more likely bind
to that epitope than to a related epitope, even though such an antibody may cross-react with the

related epitope.

By way of non-limiting example, a binding molecule, e.g., an antibody may be considered to bind
a first epitope preferentially if it binds said first epitope with a dissociation constant (Kp) that is
less than the antibody's Kp for the second epitope. In another non-limiting example, an antibody
may be considered to bind a first antigen preferentially if it binds the first epitope with an affinity
that is at least one order of magnitude less than the antibody's Kp for the second epitope. In another
non-limiting example, an antibody may be considered to bind a first epitope preferentially if it
binds the first epitope with an affinity that is at least two orders of magnitude less than the

antibody's Kp for the second epitope.

In another non-limiting example, a binding molecule, e.g., an antibody may be considered to bind
a first epitope preferentially if it binds the first epitope with an off rate (k(off)) that is less than the
antibody's k(off) for the second epitope. In another non-limiting example, an antibody may be
considered to bind a first epitope preferentially if it binds the first epitope with an affinity that is at
least one order of magnitude less than the antibody's k(off) for the second epitope. In another non-
limiting example, an antibody may be considered to bind a first epitope preferentially if it binds
the first epitope with an affinity that is at least two orders of magnitude less than the antibody's
k(off) for the second epitope.

A binding molecule, e.g., an antibody or antigen-binding fragment, variant, or derivative disclosed
herein may be said to bind TTR or a fragment, variant or specific conformation thereof with an off
rate (k(off)) of less than or equal to 5 x 102 sec’!, 102 sec™!, 5 x 10~ sec™! or 107 sec’’. More

preferably, an antibody of the invention may be said to bind TTR or a fragment, variant or specific
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conformation thereof with an off rate (k(off)) less than or equal to 5 x 10 sec™?, 10* sec™!, 5x 107

Ssec! or 10%sec! 5x 10%sec™, 10°sec!, 5x 107 sec! or 107 sec™.

A binding molecule, e.g., an antibody or antigen-binding fragment, variant, or derivative disclosed
herein may be said to bind TTR or a fragment, variant or specific conformation thercof with an on
rate (k(on)) of greater than or equal to 10° M sec’!, 5 x 10° M sec!, 10* M sec™! or 5 x 10* M
sec!. More preferably, an antibody of the invention may be said to bind TTR or a fragment, variant
or specific conformation thereof with an on rate (k(on)) greater than or equal to 10° M sec™!, 5 x

105 M sec™!, 108 M sec™, or 5 x 10 M sec™ or 10" M sec™.

A binding molecule, e.g., an antibody is said to competitively inhibit binding of a reference
antibody to a given epitope if it preferentially binds to that epitope to the extent that it blocks, to
some degree, binding of the reference antibody to the epitope. Competitive inhibition may be
determined by any method known in the art, for example, competition ELISA assays. An antibody
may be said to competitively inhibit binding of the reference antibody to a given epitope by at least

90%, at least 80%, at least 70%, at least 60%, or at least 50%.

As used herein, the term "affinity" refers to a measure of the strength of the binding of an individual
epitope with the CDR of a binding molecule, e.g., an immunoglobulin molecule; see, e.g., Harlow
et al., Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 2nd ed. (1988) at
pages 27-28. As used herein, the term "avidity" refers to the overall stability of the complex
between a population of immunoglobulins and an antigen, that is, the functional combining strength
of an immunoglobulin mixture with the antigen; see, e.g., Harlow at pages 29-34. Avidity is related
to both the affinity of individual immunoglobulin molecules in the population with specific
epitopes, and also the valences of the immunoglobulins and the antigen. For example, the
interaction between a bivalent monoclonal antibody and an antigen with a highly repeating epitope
structure, such as a polymer, would be one of high avidity. The affinity or avidity of an antibody
for an antigen can be determined experimentally using any suitable method; see, for example,
Berzofsky et al., "Antibody-Antigen Interactions" In Fundamental Immunology, Paul, W. E., Ed.,
Raven Press New York, N Y (1984), Kuby, Janis Immunology, W. H. Freeman and Company New
York, N'Y (1992), and methods described herein. General techniques for measuring the affinity of

an antibody for an antigen include ELISA, RIA, and surface plasmon resonance. The measured
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affinity ofa particular antibody-antigen interaction can vary if measured under different conditions,
e.g., salt concentration, pH. Thus, measurements of affinity and other antigen-binding parameters,
e.g., Kp, ICso, are preferably made with standardized solutions of antibody and antigen, and a

standardized buffer.

Binding molecules, e.g., antibodies or antigen-binding fragments, variants or derivatives therecof of
the invention may also be described or specified in terms of their cross-reactivity. As used herein,
the term "cross-reactivity" refers to the ability of an antibody, specific for one antigen, to react with
a second antigen; a measure of relatedness between two different antigenic substances. Thus, an
antibody is cross reactive if it binds to an epitope other than the one that induced its formation. The
cross reactive epitope generally contains many of the same complementary structural features as

the inducing epitope, and in some cases, may actually fit better than the original.

For example, certain antibodies have some degree of cross-reactivity, in that they bind related, but
non-identical epitopes, e.g., epitopes with at least 95%, at least 90%, at least 85%, at least 80%, at
least 75%, at least 70%, at least 65%, at lecast 60%, at least 55%, and at least 50% identity (as
calculated using methods known in the art and described herein) to a reference epitope. An antibody
may be said to have little or no cross-reactivity if it does not bind epitopes with less than 95%, less
than 90%, less than 85%, less than 80%, less than 75%, less than 70%, less than 65%, less than
60%, less than 55%, and less than 50% identity (as calculated using methods known in the art and
described herein) to a reference epitope. An antibody may be deemed "highly specific” for a certain

epitope, if it does not bind any other analog, ortholog, or homolog of that epitope.

Binding molecules, e.g., antibodies or antigen-binding fragments, variants or derivatives therecof of
the invention may also be described or specified in terms of their binding affinity to TTR and/or
mutated, misfolded, misassembled and/or aggregated TTR species and/or fragments thereof.
Preferred binding affinities include those with a dissociation constant or Kd less than 5 x 102 M,
10°M, 5x 10°M, 10°M, 5x 10*M, 10*M, 5x 10°M, 10°M, 5 x 10°M, 10°M, 5 x 107 M,
107M, 5x 10°M, 10°M, 5x 10°M, 10°M, 5x 10"°M, 10'°M, 5x 10" M, 10" M, 5 x 107"
M, 102M, 5 x 105 M, 105 M, 5 x 10 M, 10 M, 5x 100 M, or 10> M.
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In one embodiment, the antibody of the present invention has a Kd for different TTR isoforms as
illustrated for the exemplary antibodics in Table V below, i.e a Kd of > 300 nM for wild-type native
TTR, and/or a Kd of < 15 nM, preferably < 5 nM, and most preferably <2 nM for denaturated
TTR, and/or a Kd of < 35 nM, preferably of <20 nM for native TTR-V30M, and/or a Kd of < 150
nM, preferably of < 5 nM, and most preferably <2 nM for native TTR-L55P.

As previously indicated, the subunit structures and three dimensional configuration of the constant
regions of the various immunoglobulin classes are well known. As used herein, the term "Vg
domain" includes the amino terminal variable domain of an immunoglobulin heavy chain and the
term "CH1 domain" includes the first (most amino terminal) constant region domain of an
immunoglobulin heavy chain. The CHI domain is adjacent to the Vg domain and is amino terminal

to the hinge region of an immunoglobulin heavy chain molecule.

As used herein the term "CH2 domain" includes the portion of a heavy chain molecule that extends,
e.g., from about residue 244 to residue 360 of an antibody using conventional numbering schemes
(residues 244 to 360, Kabat numbering system; and residues 231-340, EU numbering system; sec
Kabat EA et al. op. cit). The CH2 domain is unique in that it is not closely paired with another
domain. Rather, two N-linked branched carbohydrate chains are interposed between the two CH2
domains of an intact native IgG molecule. It is also well documented that the CH3 domain extends
from the CH2 domain to the C-terminal of the IgG molecule and comprises approximately 108

residues.

As used herein, the term "hinge region" includes the portion of a heavy chain molecule that joins
the CH1 domain to the CH2 domain. This hinge region comprises approximately 25 residues and
is flexible, thus allowing the two N-terminal antigen-binding regions to move independently. Hinge
regions can be subdivided into three distinct domains: upper, middle, and lower hinge domains;

see Roux et al., J. Immunol. 161 (1998), 4083-4090.

As used herein the term "disulfide bond" includes the covalent bond formed between two sulfur
atoms. The amino acid cysteine comprises a thiol group that can form a disulfide bond or bridge
with a second thiol group. In most naturally occurring IgG molecules, the CH1 and CL regions are

linked by a disulfide bond and the two heavy chains are linked by two disulfide bonds at positions



10

15

20

25

30

-38-

corresponding to 239 and 242 using the Kabat numbering system (position 226 or 229, EU

numbering system).

As used herein, the terms "linked", "fused" or "fusion" are used interchangeably. These terms refer
to the joining together of two more clements or components, by whatever means including
chemical conjugation or recombinant means. An "in-frame fusion" refers to the joining of two or
more polynucleotide open reading frames (ORFs) to form a continuous longer ORF, in a manner
that maintains the correct translational reading frame of the original ORFs. Thus, a recombinant
fusion protein is a single protein containing two or more segments that correspond to polypeptides
encoded by the original ORFs (which segments are not normally so joined in nature). Although the
reading frame is thus made continuous throughout the fused segments, the segments may be
physically or spatially separated by, for example, in-frame linker sequence. For example,
polynucleotides encoding the CDRs of an immunoglobulin variable region may be fused, in-frame,
but be separated by a polynucleotide encoding at least one immunoglobulin framework region or
additional CDR regions, as long as the "fused" CDRs are co-translated as part of a continuous

polypeptide.

The term "expression" as used herein refers to a process by which a gene produces a biochemical,
for example, an RNA or polypeptide. The process includes any manifestation of the functional
presence of the gene within the cell including, without limitation, gene knockdown as well as both
transient expression and stable expression. It includes without limitation transcription of the gene
into messenger RNA (mRNA), transfer RNA (tRNA), small hairpin RNA (shRNA), small
interfering RNA (siRNA) or any other RNA product, and the translation of mRNA into
polypeptide(s). If the final desired product is a biochemical, expression includes the creation of
that biochemical and any precursors. Expression of a gene produces a "gene product.” As used
herein, a gene product can be cither a nucleic acid, e.g., a messenger RNA produced by
transcription of a gene, or a polypeptide which is translated from a transcript. Gene products
described herein further include nucleic acids with post transcriptional modifications, e.g.,
polyadenylation, or polypeptides with post translational modifications, e.g., methylation,
glycosylation, the addition of lipids, association with other protein subunits, proteolytic cleavage,

and the like.
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As used herein, the term "sample" refers to any biological material obtained from a subject or
patient. In one aspect, a sample can comprise blood, peritoneal fluid, CSF, saliva or urine. In other
aspects, a sample can comprise whole blood, blood plasma, blood serum, B cells enriched from
blood samples, and cultured cells (e.g., B cells from a subject). A sample can also include a biopsy
or tissue sample including neural tissue. In still other aspects, a sample can comprise whole cells
and/or a lysate of the cells. Blood samples can be collected by methods known in the art. In one
aspect, the pellet can be resuspended by vortexing at 4°C in 200 ul buffer (20 mM Tris, pH. 7.5,
0.5 % Nonidet, | mM EDTA, 1 mM PMSF, 0.1 M NaCl, IX Sigma Protease Inhibitor, and IX
Sigma Phosphatase Inhibitors 1 and 2). The suspension can be kept on ice for 20 min. with
intermittent vortexing. After spinning at 15,000 x g for 5 min at about 4°C, aliquots of supernatant

can be stored at about -70°C.

Diseases:
Unless stated otherwise, the terms "disorder" and "disease" are used interchangeably herein and
comprise any undesired physiological change in a subject, an animal, an isolated organ, tissue or

cell/cell culture.

Transthyretin (TTR) amyloidosis is a pathophysiological mechanism at play in many different
discases which are characterized by abnormal deposition of the TTR protein in various tissues as a
result of a structural (i.e. conformational) change of the TTR protein. The misfolded and
misassembled TTR protein is toxic and occurs often as a consequence of mutations in the TTR
gene. Misfolded TTR toxicity leads to local tissue damages, which upon accumulation over time
can lead to organ dysfunction and even organ failure. There are many types of tissues and organs
that are susceptible to TTR amyloidosis, such as the peripheral and autonomic nervous system, the
heart, leptomeninges, eyes, tendons, ligaments or kidneys. The broad range of tissues that can be
affected by TTR amyloidosis is a reason for the diversity of symptoms the patients with TTR
amyloidosis exhibit. In fact, patients with TTR amyloidosis are clinically categorized as suffering
from different diseases, depending on the tissue or organ that is the most affected by TTR

amyloidosis and the corresponding symptoms.

On this basis, TTR amyloidosis has been classified in a neuropathic form, wherein the peripheral

and autonomic nervous system are primarily affected and patients exhibit mostly pain, paresthesia,
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muscular weakness and autonomic dysfunction. There is also a cardiac form of TTR amyloidosis,
wherein the heart is primarily affected and patients exhibit mostly orthostatic hypo- or hyper-
tension, arrhythmia and cardiomegaly. These two forms are not mutually exclusive, and many
patients present with a combination of the two. When TTR amyloidosis affect other tissues, this
can lead to vitreous opacity, dry eyes or glaucoma, proteinurea, hyperthyroxinemia, carpal tunnel

syndrome or precclampsia.

Therefore, in one embodiment of the present invention the antibodies of the present invention,
binding molecules having substantially the same binding specificities of any one thereof, the
polynucleotides, the vectors, the cells and/or peptides of the present invention are used for
preparation of a pharmaceutical or diagnostic composition for prophylactic and/or therapeutic
treatment of TTR amyloidosis diseases, for monitoring disease progression and/or treatment
response, and for the diagnosis of diseases associated with TTR amyloidosis comprising Familial
Amyloid Polyneuropathy (FAP), Familial Amyloid Cardiomyopathy (FAC), Senile Systemic
Amyloidosis (SSA), leptomeningeal / Central Nervous System (CNS) amyloidosis including
Alzheimer disease, ocular amyloidosis, renal amyloidosis, hyperthyroxinemia, carpal tunnel

syndrome, rotator cuff tears and lumbar spinal stenosis, and preeclampsia.

Treatment:

As used herein, the terms "treat" or "treatment" refer to both therapeutic treatment and prophylactic
or preventative measures, wherein the object is to prevent or slow down (lessen) an undesired
physiological change or disorder, such as the development of cardiac deficiency. Beneficial or
desired clinical results include, but are not limited to, alleviation of symptoms, diminishment of
extent of discase, stabilized (i.e., not worsening) state of discase, delay or slowing of discase
progression, amelioration or palliation of the discase state, and remission (whether partial or total),
whether detectable or undetectable. "Treatment"” can also mean prolonging survival as compared
to expected survival if not receiving treatment. Those in need of treatment include those already
with the condition or disorder as well as those prone to have the condition or disorder or those in
which the manifestation of the condition or disorder is to be prevented.

"nn

If not stated otherwise the term "drug," "medicine," or "medicament” are used interchangeably

herein and shall include but are not limited to all (A) articles, medicines and preparations for
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internal or external use, and any substance or mixture of substances intended to be used for
diagnosis, cure, mitigation, treatment, or prevention of discase of either man or other animals; and
(B) articles, medicines and preparations (other than food) intended to affect the structure or any
function of the body of man or other animals; and (C) articles intended for use as a component of

"nn

any article specified in clause (A) and (B). The term "drug," "medicine," or "medicament" shall

include the complete formula of the preparation intended for use in either man or other animals

"nn "non

containing one or more "agents," "compounds", "substances"” or "(chemical) compositions" as and
in some other context also other pharmaceutically inactive excipients as fillers, disintegrants,

lubricants, glidants, binders or ensuring easy transport, disintegration, disaggregation, dissolution

"non '

and biological availability of the "drug," "medicine,” or "medicament” at an intended target
location within the body of man or other animals, e.g., at the skin, in the stomach or the intestine.
The terms "agent," "compound", or "substance" are used interchangeably herein and shall include,
in a more particular context, but are not limited to all pharmacologically active agents, i.e. agents
that induce a desired biological or pharmacological effect or are investigated or tested for the
capability of inducing such a possible pharmacological effect by the methods of the present

invention.
By "subject" or "individual" or "animal" or "patient" or ,mammal,“ is meant any subject,
particularly a mammalian subject, e.g., a human patient, for whom diagnosis, prognosis,

prevention, or therapy is desired.

Pharmaceutical carriers.:

Pharmaceutically acceptable carriers and administration routes can be taken from corresponding
literature known to the person skilled in the art. The pharmaceutical compositions of the present
invention can be formulated according to methods well known in the art; see for example
Remington: The Science and Practice of Pharmacy (2000) by the University of Sciences in
Philadelphia, ISBN 0-683-306472, Vaccine Protocols 2nd Edition by Robinson et a/., Humana
Press, Totowa, New Jersey, USA, 2003; Banga, Therapeutic Peptides and Proteins: Formulation,
Processing, and Delivery Systems. 2nd Edition by Taylor and Francis. (2006), ISBN: 0-8493-1630-
8. Examples of suitable pharmaceutical carriers are well known in the art and include phosphate
buffered saline solutions, water, emulsions, such as oil/water emulsions, various types of wetting

agents, sterile solutions etc. Compositions comprising such carriers can be formulated by well-
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known conventional methods. These pharmaceutical compositions can be administered to the
subject at a suitable dose. Administration of the suitable compositions may be effected by different
ways. Examples include administering a composition containing a pharmacecutically acceptable
carrier via oral, intranasal, rectal, topical, intraperitoneal, intravenous, intramuscular,
subcutancous, subdermal, transdermal, intrathecal, and intracranial methods. Aerosol formulations
such as nasal spray formulations include purified aqueous or other solutions of the active agent
with preservative agents and isotonic agents. Such formulations are preferably adjusted to a pH
and isotonic state compatible with the nasal mucous membranes. Pharmaceutical compositions for
oral administration, such as single domain antibody molecules (e.g., "nanobodies™") etc. are also
envisaged in the present invention. Such oral formulations may be in tablet, capsule, powder, liquid
or semi-solid form. A tablet may comprise a solid carrier, such as gelatin or an adjuvant.
Formulations for rectal or vaginal administration may be presented as a suppository with a suitable
carrier; see also O'Hagan et al., Nature Reviews, Drug Discovery 2(9) (2003), 727- 735. Further
guidance regarding formulations that are suitable for various types of administration can be found
in Remington's Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, PA, 17th ed.
(1985) and corresponding updates. For a brief review of methods for drug delivery see Langer,

Science 249 (1990), 1527-1533.

I1. Antibodies of the present invention

The present invention generally relates to human-derived anti-TTR antibodies and antigen-binding
fragments thereof, which preferably demonstrate the immunological binding characteristics and/or
biological propertics as outlined for the antibodies illustrated in the Examples. In accordance with
the present invention human monoclonal antibodies specific for TTR were cloned from a pool of
healthy human subjects. However, in another embodiment of the present invention, the human
monoclonal anti-TTR antibodies might also be cloned from patients showing symptoms of a
disease and/or disorder associated with TTR amyloidosis

In the course of the experiments performed in accordance with the present invention, antibodies
present in the conditioned media of cultured human memory B cell were evaluated for their
capacity to bind to TTR and to more than 10 other proteins including bovine serum albumin (BSA).
Only the B-cell supernatants able to bind to the TTR protein but not to any of the other proteins in
the screen were selected for further analysis, including determination ofthe antibody class and light

chain subclass. The selected B-cells were then processed for antibody cloning.
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In brief, this consisted in the extraction of messenger RNAs from the sclected B-cells, retro-
transcription by RT-PCR, amplification of the antibody-coding regions by PCR, cloning into
plasmid vectors and sequencing. Selected human antibodies were then produced by recombinant
expression in HEK293 or CHO cells and purification, and subsequently characterized for their
capacity to bind human TTR protein. The combination of various tests, e.g. recombinant expression
of the antibodies in HEK293 or CHO cells and the subsequent characterization of their binding
specificities towards human TTR protein, and their distinctive binding to pathologically misfolded,
misassembled and/or aggregated forms thereof confirmed that for the first time human antibodies
have been cloned that are highly specific for TTR and distinctively recognize and selectively bind
the pathologically aggregated forms of TTR protein, such as TTR fibrils. In some cases, mouse
chimeric antibodies were also generated on the basis of the variable domains of the human
antibodies of the present invention. These mouse chimeric antibodies have shown equal binding
affinity, specificity and selectivity to human TTR as the human antibodies as shown in Figs. 6 and

9 and in Examples 4 and 8.

Thus, the present invention generally relates to recombinant human-derived monoclonal anti-TTR
antibody and binding fragments, derivatives and variants thereof. In one embodiment of the

invention, the antibody is capable of binding human TTR.

In one embodiment, the present invention is directed to an anti-TTR antibody, or antigen-binding
fragment, variant or derivatives thereof, where the antibody specifically binds to the same epitope
of TTR as areference antibody selected from the group consisting of NI-301.59F1, NI1-301.35Gl11,
NI-301.37F1 and NI-301.12D3. Epitope mapping identified a sequence within the human TTR
including amino acids 61-EEEFVEGIY-69 (SEQ ID NO: 49) as the unique linear epitope
recognized by antibody NI-301.59F 1 ofthis invention, a sequence within the human TTR including
amino acids 53-GELHGLTTEEE-63 (SEQ ID NO: 50) as the unique linear epitope recognized by
antibody NI-301.35G11 of this invention, a sequence within the human TTR including amino
acids 41-WEPFA-45 (SEQ ID NO: 51) as the unique linear epitope recognized by antibody NI-
301.37F1 (see Fig. 10 and Example 9). Therefore, in one embodiment the antibody of the present

invention is provided, wherein the antibody specifically binds a TTR epitope which comprises the
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amino acid sequence EEEFVEGIY (SEQ ID NO: 49), GELHGLTTEEE (SEQ ID NO: 50), or
WEPFA (SEQ ID NO: 51).

In this context, as explained in Example 9 the binding epitopes of the exemplary antibodies NI-
301.59F1, NI301.35G11, and NI-301.37F1 have been analyzed by using a panel of 29 sequential
peptides 15 amino acid long and 11 amino acid overlap (i.e. first peptide TTRaa;.15; second peptide
TTRaas.jo; ctc.), wherein antibody NI-301.59F1 and 301.35G11 recognize two overlapping
peptides, (15 and 16) and (13 and 14), respectively, and antibody NI 301.37F1 recognizes three
overlapping peptides (9, 10 and 11); see Example 9 and Fig. 10.

Thus, with respect to the amino acid sequence of the mature TTR polypeptide and corresponding
peptide mapping this means that antibody NI-301.59F1 binding to the epitope EEEFVEGIY (SEQ
ID NO: 49) is capable of recognizing peptides having the amino acid sequence

GLTTEEEFVEGIYKYV (SEQ ID NO: §5) and EEEFVEGIYKVEIDT (SEQ ID NO: 86).

Likewise, anti-TTR antibody NI-301.35G11 binding to epitope GELHGLTTEEE (SEQ ID NO:
50) is capable of recognizing peptides having the amino acid sequence TSESGELHGLTTEEE
(SEQ ID NO: 87) and GELHGLTTEEEFVEG (SEQ ID NO: 88).

Similarly, anti-TTR antibody NI-301.37F1 which binds to the epitope WEPFA (SEQ ID NO: 51)
is capable of recognizing peptides with the amino acid sequences FRKAADDTWEPFASG (SEQ
ID NO: 89), ADDTWEPFASGKTSE (SEQ ID NO: 90), and WEPFASGKTSESGEL (SEQ ID
NO: 91).

Thus, the subject antibodies of the present invention illustrated in the Examples are different from
antibodies which recognize any of the mentioned epitopes in context additional N- and/or C-
terminal amino acids only. Therefore, in a preferred embodiment of the present invention, specific
binding of an anti-TTR antibody to a TTR epitope which comprises the amino acid sequence
EEEFVEGIY (SEQ ID NO: 49), GELHGLTTEEE (SEQ ID NO: 50), or WEPFA (SEQ ID NO:
51) is determined with sequential peptides 15 amino acid long and 11 amino acid overlap in

accordance with Example 9 and Figures 10A to D.
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In this context, extended epitope mapping performed in accordance with the present invention and
described in Example 9 using a panel of 151 sequential peptides 15 amino acid long and 14 amino
acid overlap, wherein for cach peptide the amino-acid in position 10 was replaced by an alanine
for non-alanine amino-acids, whereas alanines were replaced by glycine or proline revealed that
antibody NI-301.59F1 binds epitope EEFXEGIY (TTRaasi-6s) and antibody NI-301.35G11 binds
ELXGLTXE (TTRaass1) while no further sequence requirements have been determined for the
epitope of antibody NI-301.37F1. Accordingly, in another embodiment determination whether a
given antibody binds to the same epitope as antibodies NI-301.59F1, NI301.35G11, and NI-
301.37F1 is performed according Example 9 and Figures 10E to H.

It goes without saying that epitope mapping and determination whether a given antibody binds the
same epitope as a subject antibody used in Example 9 and shown in Fig. 10 can also be applied to
any other anti-TTR antibody of the present invention described in the Examples with the variable

region depicted in Figure 1A-1T.

Accordingly, the present invention generally relates to any anti-TTR antibody and antibody-like
molecule which binds to the same epitope as an antibody illustrated in the Examples and having at

least the CDRs and/or variable heavy and light region as depicted in any one of Figures 1A-1T.

In a further embodiment, the antibody specifically binds the amino acid sequence GELHGLTTEEE
(SEQ ID NO: 50) but not GELHGPTTEEE, corresponding to the TTR-L55P mutant epitope, or
the antibody specifically binds the amino acid sequence WEPFA (SEQ ID NO: 51) but not
WGPFA, corresponding to the TTR-E42G mutant epitope.

Furthermore, without intending to be bound by initial experimental observations as demonstrated
in the Examples 3 to 8 and shown in Fig. 2, 3, 4, 7, and 9, the human monoclonal NI-301.59F1,
NI-301.35G11, and NI-301.37F1 anti-TTR antibodies of the present invention are preferably
characterized in specifically binding to pathological misfolded, misassembled or aggregated TTR
and not substantially recognizing TTR in the physiological form. Hence, the present invention
provides a set of human anti-TTR antibodies with binding properties particularly useful for
diagnostic and therapeutic purposes. Thus, in one embodiment the present invention provides

antibodies which are capable of specifically binding pathologically aggregated forms of TTR.
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In one embodiment, the antibody of the present invention exhibits the binding properties of the
exemplary NI-301.59F1, NI-301.35G11, and NI-301.37F1 antibodies as described in the
Examples. The anti-TTR antibody of the present invention preferentially recognizes pathologically
altered TTR, such as mutated, misfolded, misassembled or aggregated TTR species and fragments
thereof rather than physiological TTR. Thus, in one embodiment, the antibody of the present

invention does not substantially recognize physiological TTR species.

The term "does not substantially recognize" when used in the present application to describe the
binding affinity of a molecule of a group comprising an antibody, a fragment thereof or a binding
molecule for a specific target molecule, antigen and/or conformation of the target molecule and/or
antigen means that the molecule of the aforementioned group binds said molecule, antigen and/or
conformation with a binding affinity which is at least 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold,
8-fold or 9-fold less than the binding affinity of the molecule of the aforementioned group for
binding another molecule, antigen and/or conformation. Very often the dissociation constant (KD)
is used as a measure of the binding affinity. Sometimes, it is the EC50 on a specific assay as for
example an ELISA assay that is used as a measure of the binding affinity. Preferably the term "does
not substantially recognize" when used in the present application means that the molecule of the
aforementioned group binds said molecule, antigen and/or conformation with a binding affinity
which is at least or 10-fold, 20-fold, 50-fold, 100-fold, 1000-fold or 10000-fold less than the
binding affinity of said molecule of the aforementioned group for binding to another molecule,

antigen and/or conformation.

In addition, or alternatively, the anti-TTR antibody of the present invention binds to disease causing
misfolded, misassembled or aggregated forms of human TTR. In this context, the binding affinities
may be in the range as shown for the exemplary NI-301.59F1, NI-301.35G11, and NI-301.37F1
antibodies in Fig. 2, respective Fig. 10, i.e. having half maximal effective concentrations (EC50)
of about 1 pM to 500 nM, preferably an EC50 of about 50 pM to 100 nM, most preferably an EC50
of about I nM to 20 nM for human aggregated TTR and aggregated recombinant TTR as shown
for NI-301.59F1 and NI-301.35G11, or an EC50 of about 100 pM to | nM for human aggregated
TTR and aggregated recombinant TTR as shown for NI-301.37F1.
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In particular, the anti-TTR antibody, binding fragment or derivative thereof has a binding affinity
corresponding to an EC50 value of < 5 nM for binding aggregated wild-type and/or an EC50 of <
20 nM, preferably < 10 nM and most preferably < 1 nM for binding aggregated V30M-TTR; sec
Example 3 and Fig. 2.

Some antibodies are able to bind to a wide array of biomolecules, e.g., proteins. As the skilled
artisan will appreciate, the term specific is used herein to indicate that other biomolecules than
TTR proteins or fragments thereof do not significantly bind to the antigen-binding molecule, e.g.,
one of the antibodies of the present invention. Preferably, the level of binding to a biomolecule
other than TTR results in a binding affinity which is at most only 20% or less, 10% or less, only
5% or less, only 2% or less or only 1% or less (i.e. at least 5, 10, 20, 50 or 100 fold lower, or
anything beyond that) of the affinity to TTR, respectively; see e.g., Fig. 2.

In one embodiment the anti-TTR antibody of the present invention binds preferentially to
aggregated forms of TTR, misfolded TTR, misassembled TTR, and/or fragments, derivatives,
fibrils and/or oligomers thereof. In another embodiment the anti-TTR antibody of the present
invention preferentially binds to both native TTR and pathologically misfolded, misassembled, or

aggregated forms of TTR.

As mentioned before, amorphous and amyloid TTR deposits can lead to different diseases
depending on where in the body the misfolded, misassembled, and/or aggregated TTR species or
fragments thereof occur. For example patients with Familial Amyloid Polyneuropathy (FAP)
exhibit TTR deposits primarily in the small diameter nerve fibers, and therefore present primarily
symptoms such as altered sensory perceptions and autonomic dysfunctions, including gastro-
intestinal dysfunctions or impotence; Patients with Familial Amyloid Cardiomyopathy (FAC) or
Senile Systemic Amyloidosis (SSA) exhibit TTR deposits primarily in the heart, and therefore
present symptoms such as cardiac insufficiency or cardiac arrhythmia; Patients with TTR deposits

in kidneys may present renal dysfunctions and proteinurea.

Therefore, in one embodiment the antibody of the present invention is useful for the treatment of
Familial Amyloid Polyncuropathy (FAP), Familial Amyloid Cardiomyopathy (FAC), Senile

Systemic Amyloidosis (SSA), systemic familial amyloidosis, leptomeningeal / Central Nervous
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System (CNS) amyloidosis including Alzheimer disease, ocular amyloidosis, renal amyloidosis,
hyperthyroxinemia, ligament amyloidosis including carpal tunnel syndrome, rotator cuff tears and

lumbar spinal stenosis, and preeclampsia, and symptoms thereof.

The present invention is also drawn to an antibody, or antigen-binding fragment, variant or
derivatives thereof, where the antibody comprises an antigen-binding domain identical to that of
an antibody selected from the group consisting of NI-301.59F 1, N1-301.35G 11, NI-301.37F 1, NI-
301.2F5,NI-301.28B3,NI-301.119C12, NI-301.5D8§, NI-301.9D5, NI-301.104F5, NI-301.21F 10,
NI-301.9G12, NI-301.12D3, NI-301.44E4, NI-301.18C4, NI-301.11A10, NI-301.3C9, NI-
301.14D8&, NI1-301.9X4, and NI-301.14C3.

The present invention further exemplifies several binding molecules, e.g., antibodies and binding
fragments thereof, which may be characterized by comprising in their variable region, e.g., binding
domain at least one complementarity determining region (CDR) of the Vi and/or Vi variable
region comprising any one of the amino acid sequences depicted in Fig. 1. The corresponding
nucleotide sequences encoding the above-identified variable regions are set forth in Table II below.
Exemplary scts of CDRs of the above amino acid sequences ofthe Vg and/or Vi, region are depicted
in Fig. 1. However, as discussed in the following the person skilled in the art is well aware of the
fact that in addition or alternatively CDRs may be used, which differ in their amino acid sequence
from those set forth in Fig. 1 by one, two, three or even more amino acids in case of CDR2 and
CDR3. Therefore, in one embodiment the antibody of the present invention or a TTR-binding
fragment thereof is provided comprising in its variable region at least one complementarity
determining region (CDR) as depicted in Fig. 1 and/or one or more CDRs thereof comprising one

or more amino acid substitutions.

In one embodiment, the antibody of the present invention is any one of the antibodies comprising
an amino acid sequence of the Vg and/or V1, region as depicted in Fig. 1 or a Vg and/or Vi, region
thereof comprising one or more amino acid substitutions. Preferably, the antibody of the present
invention is characterized by the preservation of the cognate pairing of the heavy and light chain

as was present in the human B-cell.
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In a further embodiment of the present invention the anti-TTR antibody, TTR-binding fragment,
synthetic or biotechnological variant thercof can be optimized to have appropriate binding affinity
to the target and pharmacokinetic properties. Therefore, at least one amino acid in the CDR or
variable region, which is prone to modifications sclected from the group consisting of
glycosylation, oxidation, deamination, peptide bond cleavage, iso-aspartate formation and/or
unpaired cysteine is substituted by a mutated amino acid that lack such alteration or wherein at
least one carbohydrate moiety is deleted or added chemically or enzymatically to the antibody.
Examples for amino acid optimization can be found in e.g. international applications
WO 2010/121140 and WO 2012/049570. Additional modification optimizing the antibody
properties are described in Gavel et al., Protein Engineering 3 (1990), 433-442 and Helenius et al.,
Annu. Rev. Biochem. 73 (2004), 1019-1049.

Alternatively, the antibody of the present invention is an antibody or antigen-binding fragment,
derivative or variant thereof, which competes for binding to TTR with at least one of the antibodies

having the Vg and/or V1, region as depicted in any one of Fig. | Ato T.

Experimental results provided in Fig. 2 and Example 3 suggest that some of the anti-TTR
antibodies of the present invention preferentially bind to disease causing misfolded, misassembled
or aggregated forms of human anti-TTR over the physiological forms of the proteins. In one
embodiment thus, the antibody of the present invention preferentially recognizes misfolded,
misassembled and/or aggregated TTR and/or fragment and/or derivatives thereof over

physiological TTR.

The antibody of the present invention may be human, in particular for therapeutic applications.
Alternatively, the antibody of the present invention is a rodent, rodentized or chimeric rodent-
human antibody, preferably a murine, murinized or chimeric murine-human antibody or a rat,
ratinized or chimeric rat-human antibody which are particularly useful for diagnostic methods and
studies in animals. In one embodiment the antibody of the present invention is a chimeric rodent-

human or a rodentized antibody.

Furthermore, in one embodiment, the chimeric antibody of the present invention, i.e. comprising

the variable domains of a human antibody, e.g. NI-301.35G11 and generic murine light and heavy
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constant domains, exhibits the binding properties of the exemplary NI-301.mur35G11 murine
chimeric antibodies as described in the Examples. Further, the mouse chimeric antibodies of the
present invention bind with a high affinity to human TTR as described in Example 4 and 8.

Preferably, the binding affinity of chimeric antibodies is similar to their human counterparts.

In one embodiment the antibody of the present invention is provided by cultures of single or
oligoclonal B-cells that are cultured and the supernatant of the culture, which contains antibodies
produced by said B-cells, is screened for presence and affinity of anti-TTR antibodies therein. The
screening process comprises screening for binding to native monomeric, fibrillar or non-fibrillar
aggregates like oligomers of hTTR derived from a synthetic full-length hTTR peptide or e.g.

purified from human plasma or recombinant expression.

In addition or alternatively the screening process for presence and affinity of anti-TTR antibodies
may comprise the steps of a sensitive tissue amyloid plaque immunoreactivity (TAPIR) assay such
as described in international application WO 2004/095031, the disclosure content of which is
incorporated herein by reference. Furthermore or alternatively, screens on renal, heart sections for
binding to anti-TTR such as described in analogy in international application WO 2008/081008 for

brain and spinal cord sections may be performed.

As mentioned above, due to its generation upon a human immune response the human monoclonal
antibody of the present invention will recognize epitopes which are of particular pathological
relevance and which might not be accessible or less immunogenic in case of immunization
processes for the generation of, for example, mouse monoclonal antibodies and in vitro screening
of phage display libraries, respectively. Accordingly, it is prudent to stipulate that the epitope of
the human anti-TTR antibody of the present invention is unique and no other antibody which is
capable of binding to the epitope recognized by the human monoclonal antibody of the present
invention exists; see also Fig. 10. A further indication for the uniqueness of the antibodies of the
present invention is the fact that, as indicated in Example 8, antibodies NI-301.59F1, NI-
301.35G11, and NI-301.37F1 of the present invention bind epitopes that are specific for the
misfolded, misassembled, and/or aggregated TTR conformation, which as indicated above, are of
particular pathological relevance and may not be obtainable by the usual processes for antibody

generation, such as immunization or in vitro library screenings.
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Therefore, in one embodiment the present invention also extends generally to anti-TTR antibodies
and TTR-binding molecules which compete with the human monoclonal antibody of the present
invention for specific binding to TTR. The present invention is more specifically directed to an
antibody, or antigen-binding fragment, variant or derivatives thereof, where the antibody
specifically binds to the same epitope of TTR as a reference antibody selected from the group

consisting of NI-301.59F1, NI-301.35G11, NI-301.37F1 and/or NI-301.12D3.

Furthermore, in one embodiment the present invention also extends generally to anti-TTR
antibodies and TTR-binding molecules which compete with the human monoclonal antibody of
the present invention for specific binding to misfolded, misassembled and/or aggregated TTR
species or fragments thercof. The present invention is therefore, more specifically also directed to
an antibody, or antigen-binding fragment, variant or derivatives thereof, where the antibody
specifically binds to the same epitope of misfolded, misassembled or aggregated TTR species or
fragments thereof as a reference antibody selected from the group consisting of NI-301.59F1, NI-
301.35G11, NI-301.37F1 and/or NI-301.12D3.

Competition between antibodies is determined by an assay in which the immunoglobulin under test
inhibits specific binding of a reference antibody to a common antigen, such as TTR. Numerous
types of competitive binding assays are known, for example: solid phase direct or indirect
radioimmunoassay (RIA), solid phase direct or indirect enzyme immunoassay (EIA), sandwich
competition assay; see Stahli e al., Methods in Enzymology 9 (1983), 242-253; solid phase direct
biotin-avidin EIA; see Kirkland ez al., J. Immunol. 137 (1986), 3614-3619 and Cheung et al.,
Virology 176 (1990), 546-552; solid phase direct labeled assay, solid phase direct labeled sandwich
assay; sec Harlow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor Press (1988);
solid phase direct label RIA using 1'%° label; see Morel et al., Molec. Immunol. 25 (1988), 7-15 and
Moldenhauer et al., Scand. J. Immunol. 32 (1990), 77-82. Typically, such an assay involves the
use of purified TTR or misfolded, misassembled or aggregated TTR, such as oligomers and/or
fibrils thereof bound to a solid surface or cells bearing cither of these, an unlabeled test
immunoglobulin and a labeled reference immunoglobulin, i.e. the human monoclonal antibody of
the present invention. Competitive inhibition is measured by determining the amount of label

bound to the solid surface or cells in the presence of the test immunoglobulin. Usually the test
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immunoglobulin is present in excess. Preferably, the competitive binding assay is performed under
conditions as described for the ELISA assay in the appended Examples. Antibodics identified by
competition assay (competing antibodies) include antibodies binding to the same epitope as the
reference antibody and antibodies binding to an adjacent epitope sufficiently proximal to the
epitope bound by the reference antibody for steric hindrance to occur. Usually, when a competing
antibody is present in excess, it will inhibit specific binding of a reference antibody to a common
antigen by at least 50% or 75%. Hence, the present invention is further drawn to an antibody, or
antigen-binding fragment, variant or derivatives thereof, where the antibody competitively inhibits
a reference antibody selected from the group consisting of NI-301.59F1, NI-301.35G11, NI-
301.37F1, NI-305.2F5, NI-301.28B3, NI1-301.119C12, NI-301.5Dg&, NI-301.9DS5, NI-301.104FS5,
NI-301.21F10, NI-301.9G12, NI-301.12D3, NIL301.44E4, NI-301.18C4 NI-301.11A10, NI-
301.3C9, NI-301.14D§, NI-301.9X4, and/or NI-301.14C3 from binding to TTR.

In addition, the present invention is further drawn to an antibody, or antigen-binding fragment,
variant or derivatives thercof, where the antibody competitively inhibits a reference antibody
selected from the group consisting of NI-301.59F 1, NI-301.35G11, NI-301.37F1, NI-305.2F5, NI-
301.28B3, NI-301.119C12, NI-301.5D§, NI-301.9D5, NI-301.104F5, NI-301.21F10, NI-
301.9G12, NI-301.12D3, NI-301.44E4 NI-301.18C4, NI-301.11A10, NI-301.3C9, NI-301.14D8,
NI-301.9X4, and/or NI-301.14C3 from binding to misfolded, misassembled or aggregated TTR

species or fragments thereof.

In another embodiment, the present invention provides an isolated polypeptide comprising,
consisting essentially of, or consisting of an immunoglobulin heavy chain variable region (Vn),
where at least one of Vi-CDRs of the heavy chain variable region or at least two of the Vu-CDRs
of the heavy chain variable region are at least 80%, 85%, 90% or 95% identical to reference heavy
chain Vg-CDRI1, Vi-CDR2 or Vy-CDR3 amino acid sequences from the antibodies disclosed
herein. Alternatively, the Vg-CDRI1, Vg-CDR2 and Vy-CDR3 regions of the Vy are at least 80%,
85%, 90% or 95% identical to reference heavy chain Vg -CDR1, Vg-CDR2 and Vy-CDR3 amino
acid sequences from the antibodies disclosed herein. Thus, according to this embodiment a heavy
chain variable region of the invention has Vg-CDRI1, Vg-CDR2 and Vu-CDR3 polypeptide
sequences related to the groups shown in Fig. 1 respectively. While Fig. 1 shows Vy-CDRs defined
by the Kabat system, other CDR definitions, e.g., Va-CDRs defined by the Chothia system, are
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also included in the present invention, and can be easily identified by a person of ordinary skill in

the art using the data presented in Fig. 1.

In another embodiment, the present invention provides an isolated polypeptide comprising,
consisting essentially of, or consisting of an immunoglobulin heavy chain variable region (Vi) in
which the Vg-CDR1, Vg-CDR2 and Vy-CDR3 regions have polypeptide sequences which are
identical to the Vg-CDR1, Vg-CDR2 and Vg-CDR3 groups shown in Fig. 1 respectively.

In another embodiment, the present invention provides an isolated polypeptide comprising,
consisting essentially of, or consisting of an immunoglobulin heavy chain variable region (Vi) in
which the Vg-CDR1, Vg-CDR2 and Vy-CDR3 regions have polypeptide sequences which are
identical to the Vg-CDR1, Vg-CDR2 and Vu-CDR3 groups shown in Fig. 1 respectively, except
for one, two, three, four, five, or six amino acid substitutions in any one Vg-CDR. In certain

embodiments the amino acid substitutions are conservative.

In another embodiment, the present invention provides an isolated polypeptide comprising,
consisting essentially of, or consisting of an immunoglobulin light chain variable region (Vi),
where at least one ofthe VL-CDRs of'the light chain variable region or at least two of the VL-CDRs
of the light chain variable region are at least 80%, 85%, 90% or 95% identical to reference light
chain Vi-CDRI1, Vi-CDR2 or Vi -CDR3 amino acid sequences from antibodies disclosed herein.
Alternatively, the Vi-CDR1, V1-CDR2 and V1-CDR3 regions of the Vi, are at least 80%, 85%,
90% or 95% identical to reference light chain Vi-CDR1, Vi-CDR2 and V1-CDR3 amino acid
sequences from antibodies disclosed herein. Thus, according to this embodiment a light chain
variable region of the invention has Vi-CDR1, V1-CDR2 and Vi-CDR3 polypeptide sequences
related to the polypeptides shown in Fig. | respectively. While Fig. 1 shows Vi-CDRs defined by
the Kabat system, other CDR definitions, e.g., V1-CDRs defined by the Chothia system, are also

included in the present invention.

In another embodiment, the present invention provides an isolated polypeptide comprising,
consisting essentially of, or consisting of an immunoglobulin light chain variable region (V1) in
which the Vi-CDRI1, Vi-CDR2 and Vi-CDR3 regions have polypeptide sequences which are
identical to the Vi-CDR1, Vi.-CDR2 and Vi-CDR3 groups shown in Fig. 1 respectively.



10

15

20

25

30

-54-

In another embodiment, the present invention provides an isolated polypeptide comprising,
consisting essentially of, or consisting of an immunoglobulin heavy chain variable region (Vi) in
which the Vi-CDRI1, Vi-CDR2 and Vi-CDR3 regions have polypeptide sequences which are
identical to the VL-CDRI1, VL-CDR2 and VL-CDR3 groups shown in Fig. 1 respectively, except
for one, two, three, four, five, or six amino acid substitutions in any one Vi-CDR. In certain

embodiments the amino acid substitutions are conservative.

An immunoglobulin or its encoding cDNA may be further modified. Thus, in a further embodiment
the method of the present invention comprises any one of the step(s) of producing a chimeric
antibody, murinized antibody, single-chain antibody, Fab-fragment, bi-specific antibody, fusion
antibody, labeled antibody or an analog of any one of those. Corresponding methods are known to
the person skilled in the art and are described, e.g., in Harlow and Lane "Antibodies, A Laboratory
Manual", CSH Press, Cold Spring Harbor (1988). When derivatives of said antibodies are obtained
by the phage display technique, surface plasmon resonance as employed in the BIAcore system
can be used to increase the efficiency of phage antibodies which bind to the same epitope as that
of any one of the antibodies described herein (Schier, Human Antibodies Hybridomas 7 (1996),
97-105; Malmborg, J. Immunol. Methods 183 (1995), 7-13). The production of chimeric antibodies
is described, for example, in international application WO 89/09622. Methods for the production
of humanized antibodies are described in, e.g., European application EP-A1 0 239 400 and
international application WO 90/07861. Further sources of antibodies to be utilized in accordance
with the present invention are so-called xenogeneic antibodies. The general principle for the
production of xenogeneic antibodies such as human-like antibodies in mice is described in, e.g.,
international applications WO 91/10741, WO 94/02602, WO 96/34096 and WO 96/33735. As
discussed above, the antibody of the invention may exist in a variety of forms besides complete
antibodies; including, for example, Fv, Fab and F(ab)2, as well as in single chains; sce e.g.
international application WO 88/09344. In one embodiment therefore, the antibody of the present
invention is provided, which is selected from the group consisting of a single chain Fv fragment

(scFv), a F(ab') fragment, a F(ab) fragment, and a F(ab') fragment.

The antibodies of the present invention or their corresponding immunoglobulin chain(s) can be

further modified using conventional techniques known in the art, for example, by using amino acid
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deletion(s), insertion(s), substitution(s), addition(s), and/or recombination(s) and/or any other
modification(s) known in the art cither alone or in combination. Methods for introducing such
modifications in the DNA sequence underlying the amino acid sequence of an immunoglobulin
chain are well known to the person skilled in the art; see, e.g., Sambrook, Molecular Cloning A
Laboratory Manual, Cold Spring Harbor Laboratory (1989) N.Y. and Ausubel, Current Protocols
in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y. (1994).
Modifications of the antibody of the invention include chemical and/or enzymatic derivatizations
at one or more constituent amino acids, including side chain modifications, backbone
modifications, and N- and C-terminal modifications including acetylation, hydroxylation,
methylation, amidation, and the attachment of carbohydrate or lipid moieties, cofactors, and the
like. Likewise, the present invention encompasses the production of chimeric proteins which
comprise the described antibody or some fragment thereof at the amino terminus fused to
heterologous molecule such as an immunostimulatory ligand at the carboxyl terminus; see, e.g.,

international application WO 00/30680 for corresponding technical details.

Additionally, the present invention encompasses peptides including those containing a binding
molecule as described above, for example containing the CDR3 region of the variable region of
any one of the mentioned antibodies, in particular CDR3 of the heavy chain since it has frequently
been observed that heavy chain CDR3 (HCDR3) is the region having a greater degree of variability
and a predominant participation in antigen-antibody interaction. Such peptides may easily be
synthesized or produced by recombinant means to produce a binding agent useful according to the
invention. Such methods are well known to those of ordinary skill in the art. Peptides can be
synthesized for example, using automated peptide synthesizers which are commercially available.
The peptides can also be produced by recombinant techniques by incorporating the DNA
expressing the peptide into an expression vector and transforming cells with the expression vector

to produce the peptide.

Hence, the present invention relates to any binding molecule, e.g., an antibody or binding fragment
thereof which is oriented towards the anti-TTR antibodies and/or antibodies capable of binding
mutated, misfolded, misassembled or aggregated TTR species and/or fragments thereof of the
present invention and displays the mentioned properties, i.e. which specifically recognizes TTR

and/or mutated, misfolded, misassembled or aggregated TTR species and/or fragments thercof.
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Such antibodies and binding molecules can be tested for their binding specificity and affinity by
ELISA and immunohistochemistry as described herein, sece, e.g., the Examples. These

characteristics of the antibodies and binding molecules can be tested by Western Blot as well.

The exemplary human antibody NI-301.37F1 showed prominent staining of misfolded TTR on
sections from FAP patient skin biopsy but showed no staining on healthy control pancreas, wherein
pancreatic alpha cells show endogenous expression of TTR, i.e. native TTR (see Example 8 and
Fig. 9). The exemplary antibodies NI-301.35G11 and NI-301.37F1 of the present invention also
gave positive results on FAP mouse tissue showing abnormal TTR deposits in various tissues
including the intestine; see Fig. 8. This binding specificity towards pathological forms of TTR in
human and animal tissue emphasizes besides the biochemical experiments showed herein (see Fig.
10) the usability of the antibodies of the present invention in treatment and diagnosis of discases
associated with TTR amyloidosis, which occurs preferably due to the occurrence of misfolded,

misassembled, and/or aggregated TTR species and/or fragments, derivatives thereof.

As an alternative to obtaining immunoglobulins directly from the culture of B cells or memory B
cells, the cells can be used as a source of rearranged heavy chain and light chain loci for subsequent
expression and/or genetic manipulation. Rearranged antibody genes can be reverse transcribed
from appropriate mRNAs to produce cDNA. If desired, the heavy chain constant region can be
exchanged for that of a different isotype or eliminated altogether. The variable regions can be
linked to encode single chain Fv regions. Multiple Fv regions can be linked to confer binding ability
to more than one target or chimeric heavy and light chain combinations can be employed. Once the
genetic material is available, design of analogs as described above which retain both their ability
to bind the desired target is straightforward. Methods for the cloning of antibody variable regions
and gencration of recombinant antibodies arc known to the person skilled in the art and are
described, for example, Gilliland ez al., Tissue Antigens 47 (1996), 1-20; Doenecke et al.,
Leukemia 11 (1997), 1787-1792.

Once the appropriate genetic material is obtained and, if desired, modified to encode an analog, the
coding sequences, including those that encode, at a minimum, the variable regions of the heavy
and light chain, can be inserted into expression systems contained on vectors which can be

transfected into standard recombinant host cells. A variety of such host cells may be used; for



10

15

20

25

30

-57-

efficient processing, however, mammalian cells are preferred. Typical mammalian cell lines useful

for this purpose include, but are not limited to, CHO cells, HEK 293 cells, or NSO cells.

The production of the antibody or analog is then undertaken by culturing the modified recombinant
host under culture conditions appropriate for the growth of the host cells and the expression of the
coding sequences. The antibodies are then recovered by isolating them from the culture. The
expression systems are preferably designed to include signal peptides so that the resulting

antibodies are secreted into the medium; however, intracellular production is also possible.

In accordance with the above, the present invention also relates to a polynucleotide encoding the
antibody or equivalent binding molecule ofthe present invention, in case of the antibody preferably
at least a variable region of an immunoglobulin chain of the antibody described above. Typically,
said variable region encoded by the polynucleotide comprises at least one complementarity
determining region (CDR) of the Vi and/or V1 ofthe variable region of the said antibody. In one

embodiment of the present invention, the polynucleotide is a cDNA.

The person skilled in the art will readily appreciate that the variable domain of the antibody having
the above-described variable domain can be used for the construction of other polypeptides or
antibodies of desired specificity and biological function. Thus, the present invention also
encompasses polypeptides and antibodies comprising at least one CDR of the above-described
variable domain and which advantageously have substantially the same or similar binding
propertics as the antibody described in the appended examples. The person skilled in the art knows
that binding affinity may be enhanced by making amino acid substitutions within the CDRs or
within the hypervariable loops (Chothia and Lesk, J. Mol. Biol. 196 (1987), 901-917) which
partially overlap with the CDRs as defined by Kabat; see, e.g., Riechmann, et al/, Nature 332
(1988), 323-327. Thus, the present invention also relates to antibodies wherein one or more of the
mentioned CDRs comprise one or more, preferably not more than two amino acid substitutions.
Preferably, the antibody of the invention comprises in one or both of its immunoglobulin chains

two or all three CDRs of the variable regions as set forth in Fig. 1.

Binding molecules, e.g., antibodies, or antigen-binding fragments, variants, or derivatives thereof

of the invention, as known by those of ordinary skill in the art, can comprise a constant region
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which mediates one or more effector functions. For example, binding of the C1 component of
complement to an antibody constant region may activate the complement system. Activation of
complement is important in the opsonization and lysis of cell pathogens. The activation of
complement also stimulates the inflammatory response and may also be involved in autoimmune
hypersensitivity. Further, antibodies bind to receptors on various cells via the Fc region, with a Fc
receptor binding site on the antibody Fc region binding to a Fc receptor (FcR) on a cell. There are
anumber of Fc receptors which are specific for different classes of antibody, including IgG (gamma
receptors), IgE (epsilon receptors), IgA (alpha receptors) and IgM (mu receptors). Binding of
antibody to Fc receptors on cell surfaces triggers a number of important and diverse biological
responses including engulfment and destruction of antibody-coated particles, clearance of immune
complexes, lysis of antibody-coated target cells by killer cells (called antibody-dependent cell-
mediated cytotoxicity, or ADCC), release of inflammatory mediators, placental transfer and control

of immunoglobulin production.

Accordingly, certain embodiments of the present invention include an antibody, or antigen-binding
fragment, variant, or derivative thercof, in which at least a fraction of one or more of the constant
region domains has been deleted or otherwise altered so as to provide desired biochemical
characteristics such as reduced effector functions, the ability to non-covalently dimerize, increased
ability to localize at the site of TTR aggregation and deposition, reduced serum half-life, or
increased serum half-life when compared with a whole, unaltered antibody of approximately the
same immunogenicity. For example, certain antibodies for use in the diagnostic and treatment
methods described herein are domain deleted antibodies which comprise a polypeptide chain
similar to an immunoglobulin heavy chain, but which lack at least a portion of one or more heavy
chain domains. For instance, in certain antibodics, one entire domain of the constant region of the
modified antibody will be deleted, for example, all or part of the CH2 domain will be deleted. In
other embodiments, certain antibodies for use in the diagnostic and treatment methods described
herein have a constant region, e.g., an IgG heavy chain constant region, which is altered to eliminate
glycosylation, referred to elsewhere herein as aglycosylated or "agly" antibodies. Such "agly"
antibodies may be prepared enzymatically as well as by engineering the consensus glycosylation
site(s) in the constant region. While not being bound by theory, it is believed that "agly" antibodies
may have an improved safety and stability profile in vivo. Methods of producing aglycosylated
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antibodies, having desired effector function are found for example in international application

WO 2005/018572, which is incorporated by reference in its entirety.

In certain antibodies, or antigen-binding fragments, variants, or derivatives thereof described
herein, the Fc portion may be mutated to decrease effector function using techniques known in the
art. For example, the deletion or inactivation (through point mutations or other means) of a constant
region domain may reduce Fc receptor binding of the circulating modified antibody thereby
increasing TTR localization. In other cases it may be that constant region modifications consistent
with the instant invention moderate complement binding and thus reduce the serum half-life and
nonspecific association of a conjugated cytotoxin. Yet other modifications of the constant region
may be used to modify disulfide linkages or oligosaccharide moieties that allow for enhanced
localization due to increased antigen specificity or antibody flexibility. The resulting physiological
profile, bioavailability and other biochemical effects of the modifications, such as TTR
localization, biodistribution and serum half-life, may easily be measured and quantified using well

know immunological techniques without undue experimentation.

In certain antibodies, or antigen-binding fragments, variants, or derivatives thereof described
herein, the Fc portion may be mutated or exchanged for alternative protein sequences to increase
the cellular uptake of antibodies by way of example by enhancing receptor-mediated endocytosis
of antibodies via Fcy receptors, LRP, or Thyl receptors or by 'SuperAntibody Technology', which
is said to enable antibodies to be shuttled into living cells without harming them (Expert Opin.
Biol. Ther. (2005), 237-241). For example, the generation of fusion proteins of the antibody
binding region and the cognate protein ligands of cell surface receptors or bi- or multi-specific
antibodies with a specific sequences binding to TTR as well as a cell surface receptor may be

engineered using techniques known in the art.

In certain antibodies, or antigen-binding fragments, variants, or derivatives thereof described
herein, the Fc portion may be mutated or exchanged for alternative protein sequences or the

antibody may be chemically modified to increase its blood brain barrier penetration.

Modified forms of antibodies, or antigen-binding fragments, variants, or derivatives thereof of the

invention can be made from whole precursor or parent antibodies using techniques known in the
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art. Exemplary techniques are discussed in more detail herein. Antibodies, or antigen-binding
fragments, variants, or derivatives thercof of the invention can be made or manufactured using
techniques that are known in the art. In certain embodiments, antibody molecules or fragments
thereof are "recombinantly produced", i.e., are produced using recombinant DNA technology.
Exemplary techniques for making antibody molecules or fragments thereof are discussed in more

detail elsewhere herein.

Antibodies, or antigen-binding fragments, variants, or derivatives thereof of the invention also
include derivatives that are modified, e.g., by the covalent attachment of any type of molecule to
the antibody such that covalent attachment does not prevent the antibody from specifically binding
to its cognate epitope. For example, but not by way of limitation, the antibody derivatives include
antibodies that have been modified, e.g., by glycosylation, acctylation, pegylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups, proteolytic
cleavage, linkage to a cellular ligand or other protein, etc. Any of numerous chemical modifications
may be carried out by known techniques, including, but not limited to specific chemical cleavage,
acetylation, formylation, metabolic synthesis of tunicamycin, etc. Additionally, the derivative may

contain one or more non-classical amino acids.

In particular preferred embodiments, antibodies, or antigen-binding fragments, variants, or
derivatives thercof of the invention will not elicit a deleterious immune response in the animal to
be treated, e.g., in a human. In certain embodiments, binding molecules, e.g., antibodies, or antigen-
binding fragments thereof of the invention are derived from a patient, e.g., a human patient, and
are subsequently used in the same species from which they are derived, e.g., human, alleviating or

minimizing the occurrence of deleterious immune responses.

De-immunization can also be used to decrease the immunogenicity of an antibody. As used herein,
the term "de-immunization" includes alteration of an antibody to modify T cell epitopes; see, e.g.,
international applications WO 98/52976 and WO 00/34317. For example, Vi and Vi, sequences
from the starting antibody are analyzed and a human T cell epitope "map" from each V region
showing the location of epitopes in relation to complementarity determining regions (CDRs) and
other key residues within the sequence. Individual T cell epitopes from the T cell epitope map are

analyzed in order to identify alternative amino acid substitutions with a low risk of altering activity
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of the final antibody. A range of alternative Vg and Vi sequences are designed comprising
combinations of amino acid substitutions and these sequences are subsequently incorporated into
a range of binding polypeptides, e.g., TTR-specific antibodies or immunospecific fragments
thereof for use in the diagnostic and treatment methods disclosed herein, which are then tested for
function. Typically, between 12 and 24 variant antibodies are generated and tested. Complete heavy
and light chain genes comprising modified V and human C regions are then cloned into expression
vectors and the subsequent plasmids introduced into cell lines for the production of whole antibody.
The antibodies are then compared in appropriate biochemical and biological assays, and the optimal

variant is identified.

Monoclonal antibodies can be prepared using a wide variety of techniques known in the art
including the use of hybridoma, recombinant, and phage display technologies, or a combination
thereof. For example, monoclonal antibodies can be produced using hybridoma techniques
including those known in the art and taught, for example, in Harlow er al., Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, 2nd ed. (1988); Hammerling et al., in:
Monoclonal Antibodies and T-Cell Hybridomas Elsevier, N.Y., 563-681 (1981), said references
incorporated by reference in their entireties. The term "monoclonal antibody" as used herein is not
limited to antibodies produced through hybridoma technology. The term "monoclonal antibody"
refers to an antibody that is derived from a single clone, including any cukaryotic, prokaryotic, or
phage clone, and not the method by which it is produced. Thus, the term "monoclonal antibody" is
not limited to antibodies produced through hybridoma technology. In certain embodiments,
antibodies of the present invention are derived from human B cells which have been immortalized

via transformation with Epstein-Barr virus, as described herein.

In the well-known hybridoma process (Kohler et al., Nature 256 (1975), 495) the relatively short-
lived, or mortal, lymphocytes from a mammal, e.g., B cells derived from a human subject as
described herein, are fused with an immortal tumor cell line (e.g.,. a myeloma cell line), thus,
producing hybrid cells or "hybridomas" which are both immortal and capable of producing the
genetically coded antibody of the B cell. The resulting hybrids are segregated into single genetic
strains by selection, dilution, and re-growth with each individual strain comprising specific genes
for the formation of a single antibody. They produce antibodies, which are homogeneous against a

desired antigen and, in reference to their pure genetic parentage, are termed "monoclonal”.
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Hybridoma cells thus prepared are seeded and grown in a suitable culture medium that preferably
contains one or more substances that inhibit the growth or survival of the unfused, parental
myeloma cells. Those skilled in the art will appreciate that reagents, cell lines and media for the
formation, selection and growth of hybridomas are commercially available from a number of
sources and standardized protocols are well established. Generally, culture medium in which the
hybridoma cells are growing is assayed for production of monoclonal antibodies against the desired
antigen. The binding specificity of the monoclonal antibodies produced by hybridoma cells is
determined by in vitro assays such as immunoprecipitation, radioimmunoassay (RIA) or enzyme-
linked immunoabsorbent assay (ELISA) as described herein. After hybridoma cells are identified
that produce antibodies of the desired specificity, affinity and/or activity, the clones may be
subcloned by limiting dilution procedures and grown by standard methods; see, e.g., Goding,
Monoclonal Antibodies: Principles and Practice, Academic Press (1986), 59-103. It will further be
appreciated that the monoclonal antibodies secreted by the subclones may be separated from
culture medium, ascites fluid or serum by conventional purification procedures such as, for
example, protein-A, hydroxylapatite chromatography, gel electrophoresis, dialysis or affinity
chromatography.

In another embodiment, lymphocytes can be selected by micromanipulation and the variable genes
isolated. For example, peripheral blood mononuclear cells can be isolated from an immunized or
naturally immune mammal, e.g., a human, and cultured for about 7 days in vitro. The cultures can
be screened for specific IgGs that meet the screening criteria. Cells from positive wells can be
isolated. Individual Ig-producing B cells can be isolated by FACS or by identifying them in a
complement-mediated hemolytic plaque assay. Ig-producing B cells can be micromanipulated into
a tube and the Vi and VL genes can be amplified using, e.g., RT-PCR. The Vi and VL genes can
be cloned into an antibody expression vector and transfected into cells (e.g., eukaryotic or

prokaryotic cells) for expression.

Alternatively, antibody-producing cell lines may be selected and cultured using techniques well
known to the skilled artisan. Such techniques are described in a variety of laboratory manuals and
primary publications. In this respect, techniques suitable for use in the invention as described below

are described in Current Protocols in Immunology, Coligan et al., Eds., Green Publishing
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Associates and Wiley-Interscience, John Wiley and Sons, New York (1991) which is herein

incorporated by reference in its entirety, including supplements.

Antibody fragments that recognize specific epitopes may be generated by known techniques. For
example, Fab and F(ab'), fragments may be produced recombinantly or by proteolytic cleavage of
immunoglobulin molecules, using enzymes such as papain (to produce Fab fragments) or pepsin
(to produce F(ab'), fragments). F(ab'), fragments contain the variable region, the light chain
constant region and the CHI1 domain of the heavy chain. Such fragments are sufficient for use, for
example, in immunodiagnostic procedures involving coupling the immunospecific portions of

immunoglobulins to detecting reagents such as radioisotopes.

In one embodiment, an antibody of the invention comprises at least one CDR of an antibody
molecule. In another embodiment, an antibody of the invention comprises at least two CDRs from
one or more antibody molecules. In another embodiment, an antibody of the invention comprises
at least three CDRs from one or more antibody molecules. In another embodiment, an antibody of
the invention comprises at least four CDRs from one or more antibody molecules. In another
embodiment, an antibody ofthe invention comprises at least five CDRs from one or more antibody
molecules. In another embodiment, an antibody of the invention comprises at least six CDRs from
one or more antibody molecules. Exemplary antibody molecules comprising at lecast one CDR that

can be included in the subject antibodies are described herein.

Antibodies of the present invention can be produced by any method known in the art for the
synthesis of antibodies, in particular, by chemical synthesis or preferably by recombinant

expression techniques as described herein.

In one embodiment, an antibody, or antigen-binding fragment, variant, or derivative thercof of the
invention comprises a synthetic constant region wherein one or more domains are partially or
entircly deleted ("domain-deleted antibodies”). In certain embodiments compatible modified
antibodies will comprise domain deleted constructs or variants wherein the entire CH2 domain has
been removed (ACH2 constructs). For other embodiments a short connecting peptide may be
substituted for the deleted domain to provide flexibility and freedom of movement for the variable

region. Those skilled in the art will appreciate that such constructs are particularly preferred due to
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the regulatory properties of the CH2 domain on the catabolic rate of the antibody. Domain deleted
constructs can be derived using a vector encoding an IgG{ human constant domain, see, e.g.,
international applications WO 02/060955 and WO 02/096948A2. This vector is engineered to
delete the CH2 domain and provide a synthetic vector expressing a domain deleted 1gGy constant

region.

In certain embodiments, antibodies, or antigen-binding fragments, variants, or derivatives thereof
of the present invention are minibodies. Minibodies can be made using methods described in the

art, see, e.g., US patent 5,837,821 or international application WO 94/09817.

In one embodiment, an antibody, or antigen-binding fragment, variant, or derivative thereof of the
invention comprises an immunoglobulin heavy chain having deletion or substitution of a few or
even a single amino acid as long as it permits association between the monomeric subunits. For
example, the mutation of a single amino acid in selected arcas of the CH2 domain may be enough
to substantially reduce Fc binding and thereby increase TTR localization. Similarly, it may be
desirable to simply delete that part of one or more constant region domains that control the effector
function (e.g. complement binding) to be modulated. Such partial deletions of the constant regions
may improve sclected characteristics ofthe antibody (serum half-life) while leaving other desirable
functions associated with the subject constant region domain intact. Moreover, as alluded to above,
the constant regions of the disclosed antibodies may be synthetic through the mutation or
substitution of one or more amino acids that enhances the profile of the resulting construct. In this
respect it may be possible to disrupt the activity provided by a conserved binding site (e.g. Fc
binding) while substantially maintaining the configuration and immunogenic profile of the
modified antibody. Yet other embodiments comprise the addition of one or more amino acids to
the constant region to enhance desirable characteristics such as an effector function or provide for
more cytotoxin or carbohydrate attachment. In such embodiments it may be desirable to insert or

replicate specific sequences derived from selected constant region domains.

The present invention also provides antibodies that comprise, consist essentially of, or consist of,
variants (including derivatives) of antibody molecules (e.g., the Vu regions and/or Vi regions)
described herein, which antibodies or fragments thereof immunospecifically bind to TTR. Standard

techniques known to those of skill in the art can be used to introduce mutations in the nucleotide
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sequence encoding an antibody, including, but not limited to, site-directed mutagenesis and PCR-
mediated mutagenesis which result in amino acid substitutions. Preferably, the variants (including
derivatives) encode less than 50 amino acid substitutions, less than 40 amino acid substitutions,
less than 30 amino acid substitutions, less than 25 amino acid substitutions, less than 20 amino acid
substitutions, less than 15 amino acid substitutions, less than 10 amino acid substitutions, less than
5 amino acid substitutions, less than 4 amino acid substitutions, less than 3 amino acid substitutions,
or less than 2 amino acid substitutions relative to the reference Vy region, Vu-CDR1, Vy-CDR2,
Vu-CDR3, Vi region, Vi-CDRI, Vi-CDR2, or Vi-CDR3. A "conservative amino acid
substitution" is one in which the amino acid residue is replaced with an amino acid residue having
a side chain with a similar charge. Families of amino acid residues having side chains with similar
charges have been defined in the art. These families include amino acids with basic side chains
(e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged
polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine),
nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains
(e.g., tyrosine, phenylalanine, tryptophan, histidine). Alternatively, mutations can be introduced
randomly along all or part of the coding sequence, such as by saturation mutagenesis, and the
resultant mutants can be screened for biological activity to identify mutants that retain activity (e.g.,
the ability to bind TTR and/or misfolded, misassembled or aggregated TTR species and/or

fragments thereof).

For example, it is possible to introduce mutations only in framework regions or only in CDR
regions of an antibody molecule. Introduced mutations may be silent or neutral missense mutations,
e.g., have no, or little, effect on an antibody's ability to bind antigen, indeed some such mutations
do not alter the amino acid sequence whatsoever. These types of mutations may be useful to
optimize codon usage, or improve a hybridoma's antibody production. Codon-optimized coding
regions encoding antibodies of the present invention are disclosed elsewhere herein. Alternatively,
non-neutral missense mutations may alter an antibody’s ability to bind antigen. The location of
most silent and neutral missense mutations is likely to be in the framework regions, while the
location of most non-neutral missense mutations is likely to be in CDR, though this is not an
absolute requirement. One of skill in the art would be able to design and test mutant molecules with

desired properties such as no alteration in antigen-binding activity or alteration in binding activity
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(e.g., improvements in antigen-binding activity or change in antibody specificity). Following
mutagenesis, the encoded protein may routinely be expressed and the functional and/or biological
activity of the encoded protein, (e.g., ability to immunospecifically bind at least one epitope of
TTR and/or mutated, misfolded, misassembled or aggregated TTR species and/or fragments
thereof) can be determined using techniques described herein or by routinely modifying techniques

known in the art.

III.  Polynucleotides Encoding Antibodies

A polynucleotide encoding an antibody, or antigen-binding fragment, variant, or derivative thereof
can be composed of any polyribonucleotide or polydeoxribonucleotide, which may be unmodified
RNA or DNA or modified RNA or DNA. For example, a polynucleotide encoding an antibody, or
antigen-binding fragment, variant, or derivative thereof can be composed of single- and double-
stranded DNA, DNA that is a mixture of single- and double-stranded regions, single- and double-
stranded RNA, and RNA that is mixture of single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or, more typically, double-stranded or a
mixture of single-stranded and double-stranded regions. In addition, a polynucleotide encoding an
antibody, or antigen-binding fragment, variant, or derivative thereof can be composed of triple-
stranded regions comprising RNA or DNA or both RNA and DNA. A polynucleotide encoding an
antibody, or antigen-binding fragment, variant, or derivative thereof may also contain one or more
modified bases or DNA or RNA backbones modified for stability or for other reasons. "Modified"
bases include, for example, tritylated bases and unusual bases such as inosine. A variety of
modifications can be made to DNA and RNA; thus, "polynucleotide” embraces chemically,

enzymatically, or metabolically modified forms.

An isolated polynucleotide encoding a non-natural variant of a polypeptide derived from an
immunoglobulin (e.g., an immunoglobulin heavy chain portion or light chain portion) can be
created by introducing one or more nucleotide substitutions, additions or deletions into the
nucleotide sequence of the immunoglobulin such that one or more amino acid substitutions,
additions or deletions are introduced into the encoded protein. Mutations may be introduced by
standard techniques, such as site-directed mutagenesis and PCR-mediated mutagenesis. Preferably,

conservative amino acid substitutions are made at one or more non-essential amino acid residues.
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As is well known, RNA may be isolated from the original B cells, hybridoma cells or from other
transformed cells by standard techniques, such as a guanidinium isothiocyanate extraction and
precipitation followed by centrifugation or chromatography. Where desirable, mRNA may be
isolated from total RNA by standard techniques such as chromatography on oligo dT cellulose.
Suitable techniques are familiar in the art. In one embodiment, cDNAs that encode the light and
the heavy chains of the antibody may be made, either simultaneously or separately, using reverse
transcriptase and DNA polymerase in accordance with well-known methods. PCR may be initiated
by consensus constant region primers or by more specific primers based on the published heavy
and light chain DNA and amino acid sequences. As discussed above, PCR also may be used to
isolate DNA clones encoding the antibody light and heavy chains. In this case the libraries may be
screened by consensus primers or larger homologous probes, such as human constant region

probes.

DNA, typically plasmid DNA, may be isolated from the cells using techniques known in the art,
restriction mapped and sequenced in accordance with standard, well known techniques set forth in
detail, e.g., in the foregoing references relating to recombinant DNA techniques. Of course, the
DNA may be synthetic according to the present invention at any point during the isolation process

or subsequent analysis.

In this context, the present invention also relates to a polynucleotide encoding at least the binding
domain or variable region of an immunoglobulin chain of the antibody of the present invention. In
one embodiment, the present invention provides an isolated polynucleotide comprising, consisting
essentially of, or consisting of a nucleic acid encoding an immunoglobulin heavy chain variable
region (Vu), where at least one of the CDRs of the heavy chain variable region or at least two of
the Vu-CDRs of the heavy chain variable region are at least 80%, 85%, 90%, or 95% identical to
reference heavy chain Vy-CDRI1, Vg-CDR2, or Vg-CDR3 amino acid sequences from the
antibodies disclosed herein. Alternatively, the Vu-CDR1, Vg-CDR2, or Vg-CDR3 regions of the
Vi are at least 80%, 85%, 90%, or 95% identical to reference heavy chain Vg-CDR1, Vg-CDR2,
and Vu-CDR3 amino acid sequences from the antibodies disclosed herein. Thus, according to this
embodiment a heavy chain variable region of the invention has Vg-CDR1, Vg-CDR2, or Vg-CDR3
polypeptide sequences related to the polypeptide sequences shown in Fig. 1.
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In another embodiment, the present invention provides an isolated polynucleotide comprising,
consisting essentially of, or consisting of a nucleic acid encoding an immunoglobulin light chain
variable region (VL), where at least one of the VL-CDRs of the light chain variable region or at
least two of the Vi-CDRs of the light chain variable region are at least 80%, 85%, 90%, or 95%
identical to reference light chain Vi-CDR1, VL-CDR2, or V1-CDR3 amino acid sequences from
the antibodices disclosed herein. Alternatively, the Vi-CDRI1, Vi-CDR2, or V1.-CDR3 regions of
the V1, are at least 80%, 85%, 90%, or 95% identical to reference light chain Vi-CDRI1, V1-CDR2,
and VL-CDR3 amino acid sequences from the antibodies disclosed herein. Thus, according to this
embodiment a light chain variable region of the invention has Vi-CDR1, VL-CDR2, or VL-CDR3
polypeptide sequences related to the polypeptide sequences shown in Fig. 1.

In another embodiment, the present invention provides an isolated polynucleotide comprising,
consisting essentially of, or consisting of a nucleic acid encoding an immunoglobulin heavy chain
variable region (Vg) in which the Vg-CDR1, Vg-CDR2, and Vg-CDR3 regions have polypeptide
sequences which are identical to the Vu-CDR1, Vu-CDR2, and Vu-CDR3 groups shown in Fig. 1.

As known in the art, "sequence identity" between two polypeptides or two polynucleotides is
determined by comparing the amino acid or nucleic acid sequence of one polypeptide or
polynucleotide to the sequence of a second polypeptide or polynucleotide. When discussed herein,
whether any particular polypeptide is at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, or 95% identical to another polypeptide can be determined using methods and
computer programs/software known in the art such as, but not limited to, the BESTFIT program
(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group, University
Research Park, 575 Science Drive, Madison, WI 53711). BESTFIT uses the local homology
algorithm of Smith and Waterman, Advances in Applied Mathematics 2 (1981), 482-489, to find
the best segment of homology between two sequences. When using BESTFIT or any other
sequence alignment program to determine whether a particular sequence is, for example, 95%
identical to a reference sequence according to the present invention, the parameters are set, of
course, such that the percentage of identity is calculated over the full length of the reference
polypeptide sequence and that gaps in homology of up to 5% of the total number of amino acids in

the reference sequence are allowed.
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In a preferred embodiment of the present invention, the polynucleotide comprises, consists
essentially of, or consists of a nucleic acid having a polynucleotide sequence of the Vy or Vi region
of an anti-TTR antibody and/or antibody recognizing misfolded, misassembled or aggregated TTR
species and/or fragments thercof as depicted in and Table 1. In this respect, the person skilled in
the art will readily appreciate that the polynucleotides encoding at least the variable domain of the
light and/or heavy chain may encode the variable domain of both immunoglobulin chains or only
one. In one embodiment therefore, the polynucleotide comprises, consists essentially of, or consists
of a nucleic acid having a polynucleotide sequence of the Vi and the Vi region of an anti-TTR
antibody recognizing misfolded, misassembled or aggregated TTR species and/or fragments

thereof as depicted in Table II.

Table II: Nucleotide sequences of the Vi and Vi, region of antibodies recognizing mutated,

misfolded, misassembled or aggregated TTR species and/or fragments thereof.

Antibody Nucleotide sequences of variable heavy (VH) and variable light (VL)
chains or variable kappa-light chains (VK)

NI-301.59F1-VH GAGGTGCAGCTGGTGGAGTCTGGGGGAGGGTTGGTCCAGCCTGGGGGGTCC
CTGAGACTCTCCTGTGTAGCCTCTGGATTCACTTTTAGTAATTATTGGATGAG
TTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAATATAAA
TCAAGATAGTGAGAAATACTATGTGGACTCTGTGAAGGGCCGATTCGCCATC
TCCAGAGACAACTCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGA
GTCGAGGACACGGGCGTGTATTACTGTGCGAGAGATCGCTATTGCAGTGGT
GGGAGATGCTCCCGGGGTAACAACTGGTTCGACCCCTGGGGCCAGGGAACC
CTGGTCACCGTCTCCTCG

SEQ ID NO.: 1

NI-301.59F1-VL GAAATTGTGTTGACGCAGTCTCCAGCCACTCTGTCTCTGTCTCCAGGGGAGA
GAGCCACCCTCTCCTGCAGGGCCAGTCAGAGTGTTAGAAGCAACTTAGCCTG
GTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCC
ACCAGGGCCACTGATATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACA
GAATTCACTCTCACCATCAGCAGCCTGCAGTCTGAGGATTTTGCAGTTTATT
ACTGTCAGCAATATAATAACTGGCCTCCGTACACTTTTGGCCAGGGGACCAA
AGTGGATATCAAA

SEQ ID NO.: 3

NI-301.35G11-VH GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTGCAGCCTGGGGGGTCC
CTGAGACTCTCCTGTGTAGCCTCTGGATTCACTTTTAGCAGCTATGCCATGA
GCTGGGTCCGCCAGGTTCCAGGGAAGGGGCTGGAGTGGGTCTCATCTATTA
GTGGTAGTGGTGATACAACAAAATACACAGACTCCGTGAAGGGCCGGTTCA
CCATCTCCAGAGACAATTCCAAGAACACGGTGTTTCTGCAAATGAGCAGCCT
GAGAGCCGAGGACACGGCCCTATATTACTGTGTGAAAGATGGTAGTGGACG
GATCGATCCTTTTGCTTTATGGGGCCAAGGGACAATGGTCACCGTCTCTTCG

SEQ ID NO.: 5
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NI-301.35G11-VL

GAAATTGTGATGACACAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGC
CGGCCTCCATCTCCTGCAGGTCTAGTCGTAGTCTCGTATACAGTGATGGAAA
CATTTACTTGAATTGGTTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTA
ATTTATAAGGTTTCTAACCGGGACTCTGGGGTCCCAGACAGATTCAGTGGCA
GTGGGTCAGACACTGACTTCACACTGAGAATCAGCAGGGTGGAGGCTGAGG
ATGTTGGGGTCTATTACTGCATGCAGGGTACACACTGGCCTAGGACGTTCGG
CCAAGGGACCAAGGTGGAGATCAAA

SEQ ID NO.: 7

NI-301.37F1-VH

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCAGTGTCTCTGGTGGCTCCATCATCAGTAGGAGTTCCTA
CTGGGGCTGGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGGG
TATCTATCATAGTGGGAACACTTACGACAACCCGTCCCTCAAGAGTCGACTC
ACCATGTCCGTAGACACGTCGAAGAACCAGTTCTCCCTGAATCTGAGGTCTG
TGACCGCCGCAGACACGGCTGTGTATTACTGTGCGAGGATAGTGCCGGGGG
GTGATGCTTTTGATATCTGGGGCCAAGGGACAATGGTCACCGTCTCTTCG
SEQ ID NO.: 9

NI-301.37F1-VL

GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACA
GAGTCACAATCGCTTGCCGGGCCAGTCAGAGCGTTGGCACCTATTTAAATTG
GTATCAGCAGAAAAGAGGGAAAGCCCCTAAACTCCTCATCTTTGCTGCATCC
AGTTTGCAAAGTGGGGTCCCATCAAGGTTCAGTGGCAGTGGATCTGGGACA
GATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGACTTTGCAACTTACT
ACTGTCAACAGAGTTACAGTTCTCCTCCAACGTTCGGCCAAGGGACCAAGGT
GGAGATCAAA

SEQ ID NO.: 11

NI-301.2F5-VH

GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCGGTCTAGGAGGTCC
CTGAGACTCTCCTGTGCAACCTCTGGATTCACCTTCAGTAACTATGCGATGC
ACTGGGTCCGCCAGGCTCCAGGCAAGGGGCTGGAGTGGGTGGCCATTATTT
CATATGATGGAAACAATAAATACTACGCAGACTCCGTGAGGGGCCGATTCA
CCGTCTCCAGAGACAATTCCAAGAACACATTCTATCTGCAAATGAACAGCCT
GAGAATTGAGGACACGGCTGTATATTTTTGTGCGAGAGGGAGCGGTAGAGC
AGCTCGTCACTGGTTCGACCCCTGGGGCCAGGGCACCCTGGTCACCGTCTCC
TCG

SEQ ID NO.: 13

NI-301.2F5-VL

CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGA
TCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTATGT
CTCCTGGTACCAACAATACCCAGGCAAAGCCCCCAAAGTCATGATTTTTGAT
GTTTTTAATCGGCCTTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGG
CAACACGGCCTCCCTGACCATCTCTGGACTCCAGGCAGAGGACGAGGCTGA
TTATTACTGCAGTTCATATACAAGCAGCGTCACTCCTCACTGGGTGTTCGGC
GGAGGGACCAAGCTGACCGTCCTA

SEQ ID NO.: 15

NI-301.28B3 -VH

CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCACTGTCTCCGGTGGCTCCATCACTAGTAGTAATTTCTA
CTGGGGCTGGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGGC
TATTTATTCTAGTGGAAACACCTACTACAACCCGTCCCTCAAGAGTCGAGTC
ACCATATCCGTAGACACGTCCAAGAAAAAGTTCTCCCTGAAGCTGAGCTCTG
TGACCGCCGCTGACACGGCTGTCTATTACTGTGCGAGACACTCTTGTAGTAG
TGCCAGCTGCTATCCTCCCGGTTTCTGGTTCGACCCCTGGGGCCAGGGAACC
CTGGTCACCGTCTCCTCG

SEQ ID NO.: 17

NI-301.28B3 -VL

GAAATTGTGATGACACAGTCTCCAGCCACCCTGTCTGCGTCTCCAGGGGAAA
GAGCCACCCTCTCCTGCAGGGCCAGTCAGACTGTTAGTTACAACTTAGCCTG
GTACCAGCAGAAACCTGGCCAGGCTCCCCGGCTCCTCATCTATGGCGCGTCC




-71 -

ACCAGGGCCACTGGTATCCCAGGCAGGTTCAGTGGCAGTGGGTCTGGGACA
GAGTTCACTCTCACCATCAGCAGCCTGCAGTCTGAAGATTTTGCAGTTTATT
ACTGTCAGCAATATAATAACTGGCCTCCGTGGACGTTCGGCCAAGGGACCA
AGGTGGAAATCAAA

SEQ ID NO.: 19

NI-301.119C12-VH

CAGGTGCAGCTGCAGGAGTCGGGCCCAAGACTGGTGAAGCCTTCACAGACC
CTGTCCCTCACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGTTTACTA
CTGGAGCTGGATCCGCCAGCACCCAGGGAAGGGCCTGGAGTGGATTGGATA
TATTTCTAATACTGGGAACACCTACTACAACCCGTCCCTCAAGAGTCGAGTT
ACCATATCGATAGACACCTCCAAGAACCAGTTCTCCCTCAACCTGCGCTCTG
TGACTGCCGCGGACACGGCCGACTATTTCTGTGCGAGAGAGTATTGTAGTGG
TGGTAATTGCTACTCTCGCTTCTACTACTACATGGACGTCTGGGGCAAAGGG
ACCACGGTCACCGTCTCCTCG

SEQ ID NO.: 21

NI-301.119C12-VL

CAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGG
GTCACCATCTCCTGCACTGGGAGCAGCTCCAACATCGGGGCAGGTTATGGTG
TACACTGGTACCAGCAACTTTCAGGAACACCCCCCAAACTCCTCATCTATGG
AGACAACAATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCT
GGCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGGCTGAGGATGAGGCTC
ATTATTACTGCCAGTCCTATGACACCACCTTGAGTGGTTCGAGGGTGTTCGG
CGGAGGGACCAAGCTGACCGTCCTA

SEQ ID NO.: 23

NI-301.5D8-VH

CAGGTGCAGCTACAGCAGTGGGGCGCAGGACGGTTGAAGCCTTCGGAGACC
CTGTCCCTCACGTGCGCTGTCTATGGTGGGTCTTTCAGTGCTTACTACTGGAA
TTGGATCCGCCAGGCCCCAGGGAAGGGGCTGGAGTGGATTGGTGAAGTCAG
TCATGGTGGCAGCAGCAACTACAGCCCGTCCCTCAGGGGTCGAGTCGCCATT
TCTTTAGACACGTCCAAGAGCCAGTTCTCCCTGAGGCTGAATTCTGTGACCG
CCGCGGACACGGCTGTTTATTACTGTGCGAGAGGCAGCCCTGTAGTACTACC
AGGTGCCAGATTCGACCCCTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCG
SEQ ID NO.: 25

NI-301.5D§-VL

CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTTTCCTGGACAGTCGA
TCACCATCTCCTGCACTGGAACCAGCAGTGATGTTGGGAGTTATAACCTTGT
CTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCTTGATTTATGAG
GTCAATAAGCGGCCCTCAGGAGTTTCTACTCGCTTCTCTGGCTCCAAGTCTG
GCAACACGGCCTCCCTGACGATCTCTGGGCTCCAGACTGAGGACGAGGCTG
ATTATTACTGCTGCTCATATGCAGGTAGTACTAAGGTCTTCGGAATTGGGAC
CAAGGTCACCGTCCTA

SEQ ID NO.: 27

NI-301.9D5-VH

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGCCTGGTGAAGCCTTCAGAGACC
CTGTCCCTCACCTGCATTGTCTCTGGTGTCTCCATCAGAAGTGGTGGTTACTA
CTGGAGCTGGATCCGGCAGCACCCAGGGAAGGGCCTGGAGTGGGTTGGGTT
CATCTATTACACTGGGAACACCTACTACAACCCGTCCCTCAAGAGTCGAGCT
ACCATATCAGTAGACACCTCTAAGAACCAGTTCTCCCTGAGGCTGACCGCTG
TGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGATTGTAGTGGTGG
CAGCTGCCCCGAGTCCTACTTTGACTCCTGGGGTCGGGGCACCCTGGTCACC
GTCTCCTCG

SEQ ID NO.: 29

NI-301.9D5-VL

GAAATTGTGATGACACAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAA
GAGCCACCCTCTCCTGTAGGGCCAGTCAGAGTGTTCGCAGTTTCTTAGCCTG
GTACCAACAGAAATCTGGCCAGGCTCCCCGACTCCTCATCTATGATGCATCC
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AAGAGGGCCACTGGCATCCCAGCCAGGTTCAGTGACAGTGGGTCTGGAACA
GACTTCACTCTCACCATCAGCAGACTAGAGACTGAAGACTCTGCGGTTTATT
ACTGTCAGCAGCGTACCAACTGGCCTCCACACCTCACTTTCGGCGGAGGGAC
CAAGGTGGAAATCAAA

SEQ ID NO.: 31

NI-301.104F5-VH

CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGAGAGGTCC
CTGAGACTCTCCTGTGCAGCGTCTGGATTCACCTTCAGGAGCTATGGCATGC
ACTGGGTCCGCCAGGCTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATAT
GGTTTGATGGAAGTAATAAATACTATGCAGACTCCGTGAAGGGCCGATTCA
CCGTCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCT
GAGAGCCGAGGACACGGCTGTCTACTACTGTGCAAGAGATGGTATAGCAGC
CACTTATGCGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCG

SEQ ID NO.: 33

NI-301.104F5-VL

GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAA
GAGCCACCCTCTCCTGCAGGGCCAGTCAGAGTGTTCGCAGCTACTTAGCCTG
GTACCAACAAAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCC
AACAGGGCCACTGGCATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACA
GACTTCACTCTCACCATCAGCAGCCTGGAGCCTGAAGATTTTGCAGTTTATT
ACTGTCAGCAACGTAGCAACTGGCCGATCACCTTCGGCCAAGGGACACGAC
TGGAGATTAAA

SEQ ID NO.: 35

NI-301.21F10-VH

CAGGTGCAGCTGGTGGAGTCGGGGGGAGGTTTGGTCCAGCCTGGGGGGTCC
TTGAGACTGTCCTGTGCGGTCTCTGGATTCACCCTTAGTAGTCTTAGTTCTTA
TTACATGAGTTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGC
CACTATAAACCCAGGTGGAAGTGAGAAGTCCTATGTGGACTCTGTGAAGGG
CCGATTCACCGTCTCCAGAGACAACGCCAGGAGCTCAGTATATTTGCAAATG
GACAGCCTGACAGTCGAGGACACGGCTATTTATTACTGTGCGAGACCAAGA
TATTGCACTAGTGGTGGTTGCTATTTTGACAACTGGGGCCAGGGAACCCTGG
TCACCGTCTCCTCG

SEQ ID NO.: 37

NI-301.21F10-VL

CAGTCTGCCCTGACTCAGCCTCGCTCAGTGTCCGGGTCTCCTGGACAGTCAG
TCACCATCTCCTGCACTGCAACCAATAGTGATGTTGGCGATTATAAGTCTGT
CTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATTTATGAT
GTCGGTAGGCGGCCCTCAGGGGTCCCTGATCGCTTCTCTGGCTCCAAATCTG
ACAACACGGCCTTCCTGACCATCTCTGGGCTCCAGACTGAGGATGAAGCTGA
TTACTTTTGCTGTATATATGTAGGCAGGTCTTCGGTGTTCGGCGGAGGGACC
AAGTTGACCGTCCTG

SEQ ID NO.: 39

NI-301.9G12-VH

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCGCTGTCTCTGGTTTCTCCATCAGCAGTGGTTACTACTG
GGGCTGGATCCGGCAGCCCCCAGGGACGGGGCTGGAGTGGATTGGGAGTAT
GTATCATAGTGGGAGGACCTACTACAACCCGTCCCTCAAGAGTCGAGTCACC
ATATCAGTAGACACGTCCAAGAACCAGTTGTCCCTGAAGCTGAGCTCTGTGA
CCGCCGCAGACACGGCCGTGTATTACTGTGCGAGGGGCTTCGATACTAGTGG
TTCCCATCGGCCCCTCTCGACTGACTACTGGGGCCAGGGCACCCTGGTCACC
GTCTCCTCG

SEQ ID NO.: 41

NI-301.9G12-VL

CAGTCTGTGTTGACGCAGCCGCCCTCAGTGTCTGCGGCCCCAGGACAGAAG
GTCACCATCTCCTGCTCTGGAAGCAGCTCCAACATTGGGAATAATTATGTAT
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CCTGGTACCAGCAGCTCCCAGGAACAGCCCCCAAACTCCTCATTTATGACAA
TAATAAGCGACCCTCAGGGATTCCTGACCGAATCTCTGGCTCCAAGTCTGGC
ACGTCAGCCACCCTGGGCATCACCGGACTCCAGACTGGGGACGAGGCCGAT
TATTACTGCGGAACCTGGGATAGCAGCCTGAGTGCTTATGTCTTCGGAACTG
GGACCAAGGTCACCGTCCTA

SEQ ID NO.: 43

NI-301.12D3-VH

GAGGTGCAGCTGGTGGAGACTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCC
CTGAGACTCTCCTGTGTAGCGTCTGGATTCACCTTCAGGAACTATGGCATGC
ACTGGGTCCGCCGGGCCCCAGGCAGGGGGCTGGAGTGGGTAGCAGTTATAT
GGTCTGATGGAAGTGATAAATACTATGCAGACTCCGTGGAGGGCCGATTCA
CCATCTCCAGAGACAATTCCAAGAACACGGTGTTTCTCCAAATGAACAGCCT
GAGAGCCGACGACACGGCTGTATACTTCTGTGCGAGAGAGCCGAGCAGCAC
CTGGGCTTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCG

SEQ ID NO.: 45

NI-301.12D3-VL

CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGA
TCACCATCTCCTGCACTGGAACCAGCAGTGATGTTGGGGGTTATAACCTTGT
CTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAG
GACATTAAGGGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTG
GCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGAGGACGAGGCTG
ATTATTTCTGCTGCTCATATGCAGGTACTGGCACTCTGGTATTCGGCGGAGG
GACCAAGCTGACCGTCCTA

SEQ ID NO.: 47

NI-301.44E4-VH

GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCGGGGGGGTCC
CTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGA
TCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCAGGTATTA
GTGGCAGTGGCAGTACGACATACTACGCAGACTCCGTGAAGGGCCGGTTCG
CCATCTCCAGAGACAAATCCAAGAACACGCTGTCCCTACAAATGAACAGCC
TGAGAGCCGAGGACACGGCCGTATATTACTGTGCAAAAGGGGCATGGGAGA
TACCCACCTACTTTGACAACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTC
G

SEQ ID NO.: 54

NI-301.44E4-VK

GAAATTGTGCTGACTCAGTCTCCAGCCACCCTGTCTGTGTCTCCAGGGGAAA
GAGCCACCCTCTCCTGCAGGGCCAGTCAGAGTATTAGGAACAACTTAGCCTG
GTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCC
ACCAGGGCCACTGGTATCCCAGCCAGGTTCAGTGGCACTGGGTCTGGGACA
GAGTTCACTCTCATCGTCAGCAGCCTGCAGTCTGAAGATTTTGCAGTTTATT
ACTGTCAGCAGTATAATAACTGGCCTCCCACGTGGACGTTCGGCCAAGGGA
CCAAGGTGGAAATCAAA

SEQ ID NO.: 56

NI-301.18C4-VH

GAGGTGCAGCTGGTGGAGTCTGGGGGAACCTTGGTCCAGCCGGGGGGGTCC
CTGAGGCTCTCCTGCGCAGCGTCGGGATTCACATTCAACATTTATGCCATGA
CCTGGGTCCGCCTGTCTCCAGTGAGGGGACTGGAGTGGGTCTCTACTATTAC
TAGTGGTGGCGTCAGCATATATTACGCAGACTCCATAAAGGGCCGCTTCACC
GTCTCCAGAGACAATGCCAAGAACATGGTGTTTCTACAACTGGACAACCTG
ACAGTCGATGACACGGCCATATATTACTGTGGGAAGGACGGAAACTGCGAT
GAGACAAGTTGTTACTTAAGGGGGATGGACGTCTGGGGCCAAGGGACCACG
GTCACCGTCTCCTCG

SEQ ID NO.: 61

NI-301.18C4-VL

CAGTCTGTGTTGACGCAGCCGCCCTCAGTGTCAGCGGCCCCAGGACAGAAG
GTCACCATCTCCTGCTCTGGTAGCAGGTCCGACATTGGGTCTAAACTTGTTTC
CTGGTACCAGGTAATCCCAGGAAGAGCCCCCCGGCTCGTCATTTTTGACACT
TATAAGCGGCCCTCAGGGGTACCTGCCCGCTTCTCTGCCTCCAAGTCTGGCA
CGTCAGCCACCCTGGACATCGCCGGGCTCCAGCCTGGGGACGAGGCCGAAT
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ATTTCTGCGGATCATGGGGTAACAGTGAGAATTTTTATTATGTCTTCGGATCT
GGGACCCGGGTCACCGTCCTG
SEQ ID NO.: 63

NI-301.11A10-VH

CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCACTGTGTCTGGTGGCTCCATCAGCAGTAGAAGTTACT
ACTGGGGCTGGATGCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGA
GTATTTATTATAGTGGGAGCACCCTCTACAATCCGTCCCTCAAGAGTCGAGT
CACCATGTCAATAGTCACGTCGAGGAACCAGTTCTCCCTGAAGCTGAGTTCT
GTGACCGCCGCGGACACGGCCGTGTATTATTGTACCCGAATGGGGGAGGGG
GGGCGGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCG

SEQ ID NO.: 65

NI-301.11A10-VK

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGGAGACA
GAGTCACCATCACTTGCCGGGCCAGTCAGAGTATTAGTAGTTGGTTGGCCTG
GTATCAGCAGAAACCAGGGAAAGCCCCTAAGGTCCTGATCTATGATGCCTC
CAGTTTGGAAAGAGGGGTCCCATCAAGGTTCAGCGGCAGTGGGTCTGGGAC
AGAATTCACTCTCACCATCAGCAGCCTGCAGCCTGATGATTCTGCAACTTAT
TACTGCCAACACTATAATGGTTATTCAAGGACGTTCGGCCGCGGGACCAAG
GTGGAAATCAAA
SEQ ID NO.: 67

NI-301.3C9 VH

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGTCTTCGCAGACC
CTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCTTCACCAGGGGTGATTTCTA
CTGGAGTTGGATCCGCCAGGTCCCAGGGAAGGGCCTGGAATGGATTGGTTA
CATATATTCCACTGGGGACGTCTACTACAATCCGTCTCTCAAGAGTCGAGCA
AACATCTCGGTCGACACGCCCAAGAAGCAGTTCTTCCTGAAATTGACCTCTT
TGACTGCCGCAGACACGGCCGTCTATTTTTGTGCCAGGGAAGGACAATATTG
TAGCGGTGGTAGTTGCTACCCTGAATACTGGGGCCAGGGAACCCTGGTCACC
GTCTCCTCG

SEQ ID NO.: 69

NI-301.3C9 VL

TCCTATGAGCTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGACAG
CCACCATCACCTGCTCTGGAGATAATTTGGGACATAAATTTACTTGCTGGTA
TCAGCAGAAGCCAGGCCAGTCCCCTGTCCTGGTCATCTATCAAGATCACAAG
CGGCCCTCAGGGATCCCTGAGCGATTCTCCGGCTCCAACTCTGGGGACACAG
CCACTCTGACCATCAGCGGGACCCAGGCTATGGATGAGGCTGAGTATTACTG
TCAGGCGTGGGCCTTCCCCTATGTGGTCTTCGGCGGAGGGACCAAGCTGACC
GTCCTA

SEQ ID NO.: 71

NI-301.14D8 VH

GAGGTGCAGCTGGTGGAGACTGGGGGACGCTTGGTCCAGCCGGGGGGGTCC
GTGAGACTCTCCTGTATAGCCTCTGGATTTCCCTTTAGGAATTATTGGATGA
GTTGGGTCCGCCAGCCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAACATAA
AGGAAGATGGCAGTGACAGATACTATGTGGACTCTGTGAAGGGCCGCTTCA
CCATCTTTAGAGACAACGCCAAGAATTTTCTGAGTCTACAAATGAATCGCCT
GAGAGCCGAGGACACGGCGGTATACTTCTGTGCGAGAATTGTAGGGGTAAT
CCCGTCCGCTGACCCATACTACCTTGACTCCTGGGGCCAGGGAACCCTGGTC
ACCGTCTCCTCG

SEQ ID NO.: 73

NI-301.14D8 VL

CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTTTGCTGGACAGTCGG
TCACCATCTCCTGCACTGGAACCAGCCTTAACATTGGGACTTACAACCTTAT
CTCCTGGTACCAACAACACCCAGGCAGAGCCCCCAGACTCATCATTTTTGAG
GGCAATAGGCGGCCCCCCGGGATTTCTAATCGCTTCTCTGCCTCCAAGTCTG
GCAACACGGCCTCCTTGACAGTCTCTGGGCTGCTGGCTGGCGACGAGGCTGA
TTATTACTGTTGCTCATTTGCAGGAAGAGTCTCTTTGGTGTTTGGCGGAGGG
ACCAAGTTGACCGTCCTA

SEQ ID NO.: 75

NI-301.9X4 VH

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAACCTTCGGAGACC
CTGTCCCTCACCTGCAGTGTCTCTGCTGGCTCCATCAGTAGTCACTACTGGA
ACTGGATCCGGCAGCCCCCAGGGAAGGGACTGGAATGGATTGGGTCTATCT
ATCACAGTGGGAGCACCAACTACAACCCCTCCCTCAAGAGTCGAGTCACCA
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TATCAGTAGACACGTCCAAGAACCACGTCTCCCTGAGGTTGACGTCTGTGAC
CGCCGCAGACACGGCCGTGTATTACTGTGCGAGAGACTACTACTACTACATG
GACGTCTGGGGCAAAGGGACCACGGTCACCGTCTCCTCG

SEQ ID NO.: 77

NI-301.9X4 VL TCCTATGAGCTGACTCAGCCACCCTCGGTGTCAGTGTCCCCAGGACAGACGG
CCAGGATCACCTGCTCTGGAGATGCGTTGCCAGACAAGTATGCTTATTGGTA
CCAGCAGAAGCCAGGCCAGGCCCCTATGTTGGTTATATATAAGGACAGTGA
GAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGTTTGGGGACAACA
GTCATGCTGACCATCAGTGGAGTCCAGGCAGAGGACGAGGCTGACTATTAC
TGTAAATCAGCAGACAGCAGTGGTACTTATTGGGTGTTCGGCGGGGGGACC
AAGCTGACCGTCCTA

SEQ ID NO.: 79

NI-301.14C3 VH GAGGTGCAGCTGGTGGAGACTGGAGGAGGCTTGATCCAGCCTGGGGGGTCC
CTGAGACTCTCCTGTGCAGCCTCTGGGTTCACCGTCAGTAGCCACTACATGA
GCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCAATTATTT
ATAGCGGTGGTGGCACATACTACGCAGACTCCGTGAAGGGCCGATTCACCA
TCTCCAGAGACAATTCCAAGAACACGCTGTATCTTCAAATGAACAGCCTGAG
AGCCGAGGACACGGCCGTGTATTACTGTGCGAAGATCTACAGGTCGGGTAA
TACTGGTTATTCTTACGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCC
TCG

SEQ ID NO.: 81

NI-301.14C3 VL TCCTATGAGCTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGGCAGACAG
CCAGCATCACCTGCTCTGGAGATAAATTGGGGAGTAAATATGCTTGCTGGTA
TCAGCAGAAGCCAGGCCAGTCCCCTGTACTGGTCATCTATGAAGATAAGAA
GCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACA
GCCACTCTGACCATCAGCGGGACCCAGGCTATGGATGAGGCTGACTATTTCT
GTCAGGCGTGGGACAGCAGCACTTCTCATGTGGTATTCGGCGGAGGGACCA
GGCTGACCGTCCTA

SEQ ID NO.: 83

Due to the cloning strategy the amino acid sequence at the N- and C-terminus of the heavy chain
and light chains may potentially contain primer-induced alterations in FR1 and FR4, which
however do not substantially affect the biological activity of the antibody. In order to provide a
consensus human antibody, the nucleotide and amino acid sequences of the original clone can be
aligned with and tuned in accordance with the pertinent human germ line variable region sequences
in the database; see, e.g., Vbase2, as described above. The amino acid sequence of human
antibodies are indicated in bold when N- and C-terminus amino acids are considered to potentially
deviate from the consensus germ line sequence due to the PCR primer and thus have been replaced
by primer-induced mutation correction (PIMC), see Table III. Accordingly, in one embodiment of
the present invention, the polynucleotide comprises, consists essentially of, or consists of a nucleic
acid having a polynucleotide sequence of the VH as depicted in Table III and the corresponding
VL region of an anti-TTR antibody as shown in Table II.
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Table III:  Nucleotide sequences of the Vi and Vi region of antibodies recognizing mutated,

misfolded, misassembled or aggregated TTR species and/or fragments thercof showing

replacement by PIMC (bold).

Alternative Nucleotide sequences of variable heavy (Vi) chains
Antibody-regions
with PIMC

NI-301.37F1-PIMC- | CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACC
CTGTCCCTCACCTGCAGTGTCTCTGGTGGCTCCATCATCAGTAGGAGTTCCTA
VH CTGGGGCTGGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGGG
TATCTATCATAGTGGGAACACTTACGACAACCCGTCCCTCAAGAGTCGACTC
ACCATGTCCGTAGACACGTCGAAGAACCAGTTCTCCCTGAATCTGAGGTCTG
TGACCGCCGCAGACACGGCTGTGTATTACTGTGCGAGGATAGTGCCGGGGG
GTGATGCTTTTGATATCTGGGGCCAAGGGACAATGGTCACCGTCTCTTCG
SEQ ID NO.: 52

The present invention also includes fragments of the polynucleotides of the invention, as described
clsewhere. Additionally polynucleotides which encode fusion polynucleotides, Fab fragments, and

other derivatives, as described herein, are also contemplated by the invention.

The polynucleotides may be produced or manufactured by any method known in the art. For
example, if the nucleotide sequence of the antibody is known, a polynucleotide encoding the
antibody may be assembled from chemically synthesized oligonucleotides, e.g., as described in
Kutmeier et al., BioTechniques 17 (1994), 242, which, briefly, involves the synthesis of
overlapping oligonucleotides containing portions of the sequence encoding the antibody, annealing

and ligating of those oligonucleotides, and then amplification of the ligated oligonucleotides by

PCR.

Alternatively, a polynucleotide encoding an antibody, or antigen-binding fragment, variant, or
derivative thereof may be generated from nucleic acid from a suitable source. If a clone containing
a nucleic acid encoding a particular antibody is not available, but the sequence of the antibody
molecule is known, a nucleic acid encoding the antibody may be chemically synthesized or
obtained from a suitable source (e.g., an antibody cDNA library, or a cDNA library generated from,
or nucleic acid, preferably polyA" RNA, isolated from, any tissue or cells expressing the TTR-
specific antibody, such as hybridoma cells selected to express an antibody) by PCR amplification
using synthetic primers hybridizable to the 3' and 5' ends of the sequence or by cloning using an

oligonucleotide probe specific for the particular gene sequence to identify, e.g., a cDNA clone from
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a cDNA library that encodes the antibody. Amplified nucleic acids generated by PCR may then be
cloned into replicable cloning vectors using any method well known in the art. Accordingly, in one
embodiment of the present invention the cDNA encoding an antibody, immunoglobulin chain, or

fragment thereof'is used for the production of an anti-TTR antibody.

Once the nucleotide sequence and corresponding amino acid sequence of the antibody, or antigen-
binding fragment, variant, or derivative thereof is determined, its nucleotide sequence may be
manipulated using methods well known in the art for the manipulation of nucleotide sequences,
e.g., recombinant DNA techniques, site directed mutagenesis, PCR, ctc. (see, for example, the
techniques described in Sambrook et al., Molecular Cloning, A Laboratory Manual, 2d Ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1990) and Ausubel et al., eds., Current
Protocols in Molecular Biology, John Wiley & Sons, NY (1998), which are both incorporated by
reference herein in their entireties), to generate antibodies having a different amino acid sequence,

for example to create amino acid substitutions, deletions, and/or insertions.

IV.  Expression of Antibody Polypeptides

Following manipulation of the isolated genetic material to provide antibodies, or antigen-binding
fragments, variants, or derivatives thercof of the invention, the polynucleotides encoding the
antibodies are typically inserted in an expression vector for introduction into host cells that may be
used to produce the desired quantity of antibody. Recombinant expression of an antibody, or
fragment, derivative, or analog thereof, e.g., a heavy or light chain of an antibody which binds to a
target molecule is described herein. Once a polynucleotide encoding an antibody molecule or a
heavy or light chain of an antibody, or portion thereof (preferably containing the heavy or light
chain variable domain), of the invention has been obtained, the vector for the production of the
antibody molecule may be produced by recombinant DNA technology using techniques well
known in the art. Thus, methods for preparing a protein by expressing a polynucleotide containing
an antibody encoding nucleotide sequence are described herein. Methods which are well known to
those skilled in the art can be used to construct expression vectors containing antibody coding
sequences and appropriate transcriptional and translational control signals. These methods include,
for example, in vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic
recombination. The invention, thus, provides replicable vectors comprising a nucleotide sequence

encoding an antibody molecule of the invention, or a heavy or light chain thereof, or a heavy or
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light chain variable domain, operable linked to a promoter. Such vectors may include the nucleotide
sequence encoding the constant region of the antibody molecule (see, e.g., international
applications WO 86/05807 and WO 89/01036; and US patent no. 5,122,464) and the variable
domain of the antibody may be cloned into such a vector for expression of the entire heavy or light

chain.

The term "vector" or "expression vector" is used herein to mean vectors used in accordance with
the present invention as a vehicle for introducing into and expressing a desired gene in a host cell.
As known to those skilled in the art, such vectors may easily be selected from the group consisting
of plasmids, phages, viruses, and retroviruses. In general, vectors compatible with the instant
invention will comprise a selection marker, appropriate restriction sites to facilitate cloning of the
desired gene and the ability to enter and/or replicate in eukaryotic or prokaryotic cells. For the
purposes of this invention, numerous expression vector systems may be employed. For example,
one class of vector utilizes DNA elements which are derived from animal viruses such as bovine
papilloma virus, polyoma virus, adenovirus, vaccinia virus, baculovirus, retroviruses (RSV,
MMTV or MOMLYV), or SV40 virus. Others involve the use of polycistronic systems with internal
ribosome binding sites. Additionally, cells which have integrated the DNA into their chromosomes
may be selected by introducing one or more markers which allow selection of transfected host cells.
The marker may provide for prototrophy to an auxotrophic host, biocide resistance (e.g.,
antibiotics), or resistance to heavy metals such as copper. The selectable marker gene can cither be
directly linked to the DNA sequences to be expressed, or introduced into the same cell by co-
transformation. Additional elements may also be needed for optimal synthesis of mRNA. These
clements may include signal sequences, splice signals, as well as transcriptional promoters,

enhancers, and termination signals.

In particularly preferred embodiments the cloned variable region genes are inserted into an
expression vector along with the heavy and light chain constant region genes (preferably human)
as discussed above. This vector contains the cytomegalovirus promoter/enhancer, the mouse beta
globin major promoter, the SV40 origin of replication, the bovine growth hormone polyadenylation
sequence, neomycin phosphotransferase exon 1 and exon 2, the dihydrofolate reductase gene, and
leader sequence. This vector has been found to result in very high level expression of antibodies

upon incorporation of variable and constant region genes, transfection in CHO cells, followed by
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selection in G418 containing medium and methotrexate amplification. Of course, any expression
vector which is capable of eliciting expression in eukaryotic cells may be used in the present
invention. Examples of suitable vectors include, but are not limited to plasmids pcDNA3,
pHCMV/Zeo, pCR3.1, pEF1/His, pIND/GS, pRc/HCMV2, pSV40/Z¢eo2, pTRACER-HCMV,
pUB6/V5-His, pVAXI, and pZeoSV2 (available from Invitrogen, San Diego, CA), and plasmid
pClI (available from Promega, Madison, WI). In general, screening large numbers of transformed
cells for those which express suitably high levels if immunoglobulin heavy and light chains is
routine experimentation which can be carried out, for example, by robotic systems. Vector systems
are also taught in US patent nos. 5,736,137 and 5,658,570, cach of which is incorporated by
reference in its entirety herein. This system provides for high expression levels, e.g., > 30

pg/cell/day. Other exemplary vector systems are disclosed e.g., in US patent no. 6,413,777.

In other preferred embodiments the antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention may be expressed using polycistronic constructs such as those
disclosed in US patent application publication no. 2003-0157641 A1l and incorporated herein in its
entirety. In these expression systems, multiple gene products of interest such as heavy and light
chains of antibodies may be produced from a single polycistronic construct. These systems
advantageously use an internal ribosome entry site (IRES) to provide relatively high levels of
antibodies. Compatible IRES sequences are disclosed in US patent no. 6,193,980 which is also
incorporated herein. Those skilled in the art will appreciate that such expression systems may be
used to effectively produce the full range of antibodies disclosed in the instant application.
Therefore, in onec embodiment the present invention provides a vector comprising the
polynucleotide encoding at least the binding domain or variable region of an immunoglobulin chain
of the antibody, optionally in combination with a polynucleotide that encodes the variable region

of the other immunoglobulin chain of said binding molecule.

More generally, once the vector or DNA sequence encoding a monomeric subunit of the antibody
has been prepared, the expression vector may be introduced into an appropriate host cell.
Introduction of the plasmid into the host cell can be accomplished by various techniques well
known to those of skill in the art. These include, but are not limited to, transfection including
lipotransfection using, e.g., Fugene® or lipofectamine, protoplast fusion, calcium phosphate

precipitation, cell fusion with enveloped DNA, microinjection, and infection with intact virus.
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Typically, plasmid introduction into the host is via standard calcium phosphate co-precipitation
method. The host cells harboring the expression construct are grown under conditions appropriate
to the production of the light chains and heavy chains, and assayed for heavy and/or light chain
protein synthesis. Exemplary assay techniques include enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), or fluorescence-activated cell sorter analysis (FACS),

immunohistochemistry and the like.

The expression vector is transferred to a host cell by conventional techniques and the transfected
cells are then cultured by conventional techniques to produce an antibody for use in the methods
described herein. Thus, the invention includes host cells comprising a polynucleotide encoding an
antibody of the invention, or a heavy or light chain thereof, or at least the binding domain or
variable region of an immunoglobulin thereof, which preferably are operable linked to a
heterologous promoter. In addition or alternatively the invention also includes host cells
comprising a vector, as defined hereinabove, comprising a polynucleotide encoding at least the
binding domain or variable region of an immunoglobulin chain of the antibody, optionally in
combination with a polynucleotide that encodes the variable region of the other immunoglobulin
chain of said binding molecule. In preferred embodiments for the expression of double-chained
antibodies, a single vector or vectors encoding both the heavy and light chains may be co-expressed

in the host cell for expression of the entire immunoglobulin molecule, as detailed below.

The host cell may be co-transfected with two expression vectors of the invention, the first vector
encoding a heavy chain derived polypeptide and the second vector encoding a light chain derived
polypeptide. The two vectors may contain identical seclectable markers which enable equal
expression of heavy and light chain polypeptides. Alternatively, a single vector may be used which
encodes both heavy and light chain polypeptides. In such situations, the light chain is
advantageously placed before the heavy chain to avoid an excess of toxic free heavy chain; see
Proudfoot, Nature 322 (1986), 52; Kohler, Proc. Natl. Acad. Sci. USA 77 (1980), 2197. The coding

sequences for the heavy and light chains may comprise cDNA or genomic DNA.

As used herein, "host cells" refers to cells which harbor vectors constructed using recombinant
DNA techniques and encoding at least one heterologous gene. In descriptions of processes for

isolation of antibodies from recombinant hosts, the terms "cell" and "cell culture” are used
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interchangeably to denote the source of antibody unless it is clearly specified otherwise. In other
words, recovery of polypeptide from the "cells" may mean either from spun down whole cells, or

from the cell culture containing both the medium and the suspended cells.

A variety of host-expression vector systems may be utilized to express antibody molecules for use
in the methods described herein. Such host-expression systems represent vehicles by which the
coding sequences of interest may be produced and subsequently purified, but also represent cells
which may, when transformed or transfected with the appropriate nucleotide coding sequences,
express an antibody molecule of the invention in situ. These include but are not limited to
microorganisms such as bacteria (e.g., Escherichia coli, Bacillus subtilis) transformed with
recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression vectors containing
antibody coding sequences; yeast (e.g., Saccharomyces, Pichia) transformed with recombinant
yeast expression vectors containing antibody coding sequences; insect cell systems infected with
recombinant virus expression vectors (e.g., baculovirus) containing antibody coding sequences;
plant cell systems infected with recombinant virus expression vectors (e.g., cauliflower mosaic
virus, CaMV; tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression
vectors (e.g., Ti plasmid) containing antibody coding sequences; or mammalian cell systems (e.g.,
COS, CHO, NSO, BLK, 293, 3T3 cells) harboring recombinant expression constructs containing
promoters derived from the genome of mammalian cells (e.g., metallothionein promoter) or from
mammalian viruses (e.g., the adenovirus late promoter; the vaccinia virus 7.5K promoter).
Preferably, bacterial cells such as E. coli, and more preferably, eukaryotic cells, especially for the
expression of whole recombinant antibody molecule, are used for the expression of a recombinant
antibody molecule. For example, mammalian cells such as Chinese Hamster Ovary (CHO) cells,
in conjunction with a vector such as the major intermediate early gene promoter element from
human cytomegalovirus is an effective expression system for antibodies; see, e.g., Foecking et al.,

Gene 45 (1986), 101; Cockett et al., Bio/Technology 8 (1990), 2.

The host cell line used for protein expression is often of mammalian origin; those skilled in the art
are credited with ability to preferentially determine particular host cell lines which are best suited
for the desired gene product to be expressed therein. Exemplary host cell lines include, but are not
limited to, CHO (Chinese Hamster Ovary), DG44 and DUXB11 (Chinese Hamster Ovary lines,
DHFR minus), HELA (human cervical carcinoma), CVI (monkey kidney line), COS (a derivative
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of CVI with SV40 T antigen), VERY, BHK (baby hamster kidney), MDCK, WI38, R1610
(Chinese hamster fibroblast) BALBC/3T3 (mouse fibroblast), HAK (hamster kidney line), SP2/0
(mouse myeloma), P3x63-Ag3.653 (mouse myeloma), BFA-1c1BPT (bovine endothelial cells),
RAJI (human lymphocyte) and 293 (human kidney). CHO and 293 cells are particularly preferred.
Host cell lines are typically available from commercial services, the American Tissue Culture

Collection or from published literature.

In addition, a host cell strain may be chosen which modulates the expression of the inserted
sequences, or modifies and processes the gene product in the specific fashion desired. Such
modifications (e.g., glycosylation) and processing (e.g., cleavage) of protein products may be
important for the function of the protein. Different host cells have characteristic and specific
mechanisms for the post-translational processing and modification of proteins and gene products.
Appropriate cell lines or host systems can be chosen to ensure the correct modification and
processing of the foreign protein expressed. To this end, eukaryotic host cells which possess the
cellular machinery for proper processing of the primary transcript, glycosylation, and

phosphorylation of the gene product may be used.

For long-term, high-yield production of recombinant proteins, stable expression is preferred. For
example, cell lines which stably express the antibody molecule may be engineered. Rather than
using expression vectors which contain viral origins of replication, host cells can be transformed
with DNA controlled by appropriate expression control clements (e.g., promoter, enhancer,
sequences, transcription terminators, polyadenylation sites, etc.), and a selectable marker.
Following the introduction of the foreign DNA, engineered cells may be allowed to grow for 1-2
days in an enriched media, and then are switched to a selective media. The selectable marker in the
recombinant plasmid confers resistance to the selection and allows cells to stably integrate the
plasmid into their chromosomes and grow to form foci which in turn can be cloned and expanded
into cell lines. This method may advantageously be used to engineer cell lines which stably express

the antibody molecule.

A number of selection systems may be used, including but not limited to the herpes simplex virus
thymidine kinase (Wigler et al, Cell 11 (1977), 223), hypoxanthine-guanine
phosphoribosyltransferase (Szybalska and Szybalski, Proc. Natl. Acad. Sci. USA 48 (1992), 202),
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and adenine phosphoribosyltransferase (Lowy et al., Cell 22 (1980), 817) genes can be employed
in tk-, hgprt- or aprt-cells, respectively. Also, anti-metabolite resistance can be used as the basis of
selection for the following genes: dhfr, which confers resistance to methotrexate (Wigler et al.,
Natl. Acad. Sci. USA 77 (1980), 357; O'Hare et al., Proc. Natl. Acad. Sci. USA 78 (1981), 1527);
gpt, which confers resistance to mycophenolic acid (Mulligan and Berg, Proc. Natl. Acad. Sci.
USA 78 (1981), 2072); nco, which confers resistance to the aminoglycoside G-418 Goldspiel ez
al., Clinical Pharmacy 12 (1993), 488-505; Wu and Wu, Biotherapy 3 (1991), 8§7-95; Tolstoshev,
Ann. Rev. Pharmacol. Toxicol. 32 (1993), 573-596, Mulligan, Science 260 (1993), 926-932; and
Morgan and Anderson, Ann. Rev. Biochem. 62 (1993), 191-217; TIB TECH 11 (1993), 155-215;
and hygro, which confers resistance to hygromycin (Santerre et al., Gene 30 (1984), 147. Methods
commonly known in the art of recombinant DNA technology which can be used are described in
Ausubel et al. (eds.), Current Protocols in Molecular Biology, John Wiley & Sons, NY (1993);
Kriegler, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY (1990); and in
Chapters 12 and 13, Dracopoli et al. (eds), Current Protocols in Human Genetics, John Wiley &
Sons, NY (1994); Colberre-Garapin et al., J. Mol. Biol. 150:1 (1981), which are incorporated by

reference herein in their entireties.

The expression levels of an antibody molecule can be increased by vector amplification, for a
review; see Bebbington and Hentschel, The use of vectors based on gene amplification for the
expression of cloned genes in mammalian cells in DNA cloning, Academic Press, New York, Vol.
3. (1987). When a marker in the vector system expressing antibody is amplifiable, increase in the
level of inhibitor present in culture of host cell will increase the number of copies of the marker
gene. Since the amplified region is associated with the antibody gene, production of the antibody

will also increase; see Crouse et al., Mol. Cell. Biol. 3 (1983), 257.

In vitro production allows scale-up to give large amounts of the desired polypeptides. Techniques
for mammalian cell cultivation under tissue culture conditions are known in the art and include
homogencous suspension culture, e.g. in an airlift reactor or in a continuous stirrer reactor, or
immobilized or entrapped cell culture, e.g. in hollow fibers, microcapsules, on agarose microbeads
or ceramic cartridges. If necessary and/or desired, the solutions of polypeptides can be purified by
the customary chromatography methods, for example gel filtration, ion-exchange chromatography,

chromatography over DEAE-cellulose or (immuno-) affinity chromatography, e.g., afier
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preferential biosynthesis of a synthetic hinge region polypeptide or prior to or subsequent to the

HIC chromatography step described herein.

Genes encoding antibodies, or antigen-binding fragments, variants or derivatives thereof of the
invention can also be expressed in non-mammalian cells such as bacteria or insect or yeast or plant
cells. Bacteria which readily take up nucleic acids include members of the enterobacteriaceae, such
as strains of E. coli or Salmonella; Bacillaceae, such as B. subtilis; Pneumococcus; Streptococcus,
and Haemophilus influenzae. It will further be appreciated that, when expressed in bacteria, the
heterologous polypeptides typically become part of inclusion bodies. The heterologous
polypeptides must be isolated, purified and then assembled into functional molecules. Where
tetravalent forms of antibodics are desired, the subunits will then self-assemble into tetravalent

antibodies; see, e.g., international application WO 02/096948.

In bacterial systems, a number of expression vectors may be advantageously selected depending
upon the use intended for the antibody molecule being expressed. For example, when a large
quantity of such a protein is to be produced, for the generation of pharmaceutical compositions of
an antibody molecule, vectors which direct the expression of high levels of fusion protein products
that are readily purified may be desirable. Such vectors include, but are not limited, to the E. coli
expression vector pUR278 (Ruther et al., EMBO J. 2 (1983), 1791), in which the antibody coding
sequence may be ligated individually into the vector in frame with the lacZ coding region so that a
fusion protein is produced; pIN vectors (Inouye and Inouye, Nucleic Acids Res. 13 (1985), 3101-
3109; Van Heeke and Schuster, J. Biol. Chem. 24 (1989), 5503-5509); and the like. pGEX vectors
may also be used to express foreign polypeptides as fusion proteins with glutathione S-transferase
(GST). In general, such fusion proteins are soluble and can casily be purified from lysed cells by
adsorption and binding to a matrix of glutathione-agarose beads followed by elution in the presence
of free glutathione. The pGEX vectors are designed to include thrombin or factor Xa protease

cleavage sites so that the cloned target gene product can be released from the GST moiety.

In addition to prokaryotes, eukaryotic microbes may also be used. Saccharomyces cerevisiae, or
common baker's yeast, is the most commonly used among eukaryotic microorganisms although a
number of other strains are commonly available, e.g., Pichia pastoris. For expression in

Saccharomyces, the plasmid YRp7, for example, (Stinchcomb et al., Nature 282 (1979), 39;
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Kingsman et al., Gene 7 (1979), 141; Tschemper et al., Gene 10 (1980), 157) is commonly used.
This plasmid already contains the TRP1 gene which provides a selection marker for a mutant strain
of yeast lacking the ability to grow in tryptophan, for example ATCC No. 44076 or PEP4-1 (Jones,
Genetics 85 (1977), 12). The presence of the trpl lesion as a characteristic of the yeast host cell
genome then provides an effective environment for detecting transformation by growth in the

absence of tryptophan.

In an insect system, Autographa californica nuclear polyhedrosis virus (AcNPV) is typically used
as a vector to express foreign genes. The virus grows in Spodoptera frugiperda cells. The antibody
coding sequence may be cloned individually into non-essential regions (for example the polyhedrin
gene) of the virus and placed under control of an AcNPV promoter (for example the polyhedrin

promoter).

Once an antibody molecule of the invention has been recombinantly expressed, the whole
antibodies, their dimers, individual light and heavy chains, or other immunoglobulin forms of the
present invention, can be purified according to standard procedures of the art, including for
example, by chromatography (e.g., ion exchange, affinity, particularly by affinity for the specific
antigen after Protein A, and sizing column chromatography), centrifugation, differential solubility,
e.g. ammonium sulfate precipitation, or by any other standard technique for the purification of
proteins; see, e.g., Scopes, "Protein Purification", Springer Verlag, N.Y. (1982). Alternatively, a
preferred method for increasing the affinity of antibodies of the invention is disclosed in US patent
publication 2002-0123057 Al. In one embodiment therefore, the present invention also provides a
method for preparing an anti-TTR antibody or an antibody recognizing mutated, misfolded,
misassembled or aggregated TTR species and/or fragments thereof or immunoglobulin chain(s)
thereof, said method comprising:

(a) culturing the host cell as defined hereinabove, which cell comprised a polynucleotide or a

vector as defined hereinbefore; and

(b) isolating said antibody or immunoglobulin chain(s) thercof from the culture.

Furthermore, in one embodiment the present invention also relates to an antibody or
immunoglobulin chain(s) thercof encoded by a polynucleotide as defined hercinabove or

obtainable by the method for preparing an anti-TTR antibody.
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V. Fusion Proteins and Conjugates

In certain embodiments, the antibody polypeptide comprises an amino acid sequence or one or
more moieties not normally associated with an antibody. Exemplary modifications are described
in more detail below. For example, a single-chain Fv antibody fragment of the invention may
comprise a flexible linker sequence, or may be modified to add a functional moiety (e.g., PEG, a
drug, a toxin, or a label such as a fluorescent, radioactive, enzyme, nuclear magnetic, heavy metal

and the like)

An antibody polypeptide of the invention may comprise, consist essentially of, or consist of a
fusion protein. Fusion proteins are chimeric molecules which comprise, for example, an
immunoglobulin TTR-binding domain with at least one target binding site, and at least one
heterologous portion, i.e., a portion with which it is not naturally linked in nature. The amino acid
sequences may normally exist in separate proteins that are brought together in the fusion
polypeptide or they may normally exist in the same protein but are placed in a new arrangement in
the fusion polypeptide. Fusion proteins may be created, for example, by chemical synthesis, or by
creating and translating a polynucleotide in which the peptide regions are encoded in the desired

relationship.

The term "heterologous" as applied to a polynucleotide or a polypeptide, means that the
polynucleotide or polypeptide is derived from a distinct entity from that of the rest of the entity to
which it is being compared. For instance, as used herein, a "heterologous polypeptide” to be fused
to an antibody, or an antigen-binding fragment, variant, or analog thereof is derived from a non-
immunoglobulin polypeptide of the same species, or an immunoglobulin or non-immunoglobulin
polypeptide of a different species. As discussed in more detail elsewhere herein, antibodies, or
antigen-binding fragments, variants, or derivatives thereof of the invention may further be
recombinantly fused to a heterologous polypeptide at the N- or C-terminus or chemically
conjugated (including covalent and non-covalent conjugations) to polypeptides or other
compositions. For example, antibodies may be recombinantly fused or conjugated to molecules
useful as labels in detection assays and effector molecules such as heterologous polypeptides,
drugs, radionuclides, or toxins; see, e.g., international applications WO 92/08495; WO 91/14438;
WO 89/12624; US patent no. 5,314,995; and European patent application EP 0 396 387.
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Antibodies, or antigen-binding fragments, variants, or derivatives thereof of the invention can be
composed of amino acids joined to cach other by peptide bonds or modified peptide bonds, i.e.,
peptide isosteres, and may contain amino acids other than the 20 gene-encoded amino acids.
Antibodies may be modified by natural processes, such as posttranslational processing, or by
chemical modification techniques which are well known in the art. Such modifications are well
described in basic texts and in more detailed monographs, as well as in a voluminous research
literature. Modifications can occur anywhere in the antibody, including the peptide backbone, the
amino acid side-chains and the amino or carboxyl termini, or on moieties such as carbohydrates. It
will be appreciated that the same type of modification may be present in the same or varying
degrees at several sites in a given antibody. Also, a given antibody may contain many types of
modifications. Antibodies may be branched, for example, as a result of ubiquitination, and they
may be cyclic, with or without branching. Cyclic, branched, and branched cyclic antibodies may
result from posttranslational natural processes or may be made by synthetic methods. Modifications
include acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of flavin,
covalent attachment of a heme moiety, covalent attachment of a nucleotide or nucleotide derivative,
covalent attachment of a lipid or lipid derivative, covalent attachment of phosphatidylinositol,
cross-linking, cyclization, disulfide bond formation, demethylation, formation of covalent cross-
links, formation of cysteine, formation of pyroglutamate, formylation, gamma-carboxylation,
glycosylation, GPI anchor formation, hydroxylation, iodination, methylation, myristoylation,
oxidation, pegylation, proteolytic processing, phosphorylation, prenylation, racemization,
selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins such as
arginylation, and ubiquitination; see, e.g., Proteins - Structure And Molecular Properties, T. E.
Creighton, W. H. Freeman and Company, New York 2nd Ed., (1993); Posttranslational Covalent
Modification Of Proteins, B. C. Johnson, Ed., Academic Press, New York, (1983) 1-12; Scifter et
al., Meth. Enzymol. 182 (1990), 626-646; Rattan ez al., Ann. NY Acad. Sci. 663 (1992), 48-62).

The present invention also provides for fusion proteins comprising an antibody, or antigen-binding
fragment, variant, or derivative thereof, and a heterologous polypeptide. In one embodiment, a
fusion protein of the invention comprises, consists essentially of, or consists of, a polypeptide
having the amino acid sequence of any one or more of the Vu regions of an antibody of the
invention or the amino acid sequence of any one or more of the Vi, regions of an antibody of the

invention or fragments or variants thereof, and a heterologous polypeptide sequence. In another
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embodiment, a fusion protein for use in the diagnostic and treatment methods disclosed herein
comprises, consists essentially of, or consists of a polypeptide having the amino acid sequence of
any one, two, three of the Vy-CDRs of an antibody, or fragments, variants, or derivatives thercof,
or the amino acid sequence of any one, two, three of the V1.-CDRs of an antibody, or fragments,
variants, or derivatives thercof, and a heterologous polypeptide sequence. In one embodiment, the
fusion protein comprises a polypeptide having the amino acid sequence of a Vy-CDR3 of an
antibody of the present invention, or fragment, derivative, or variant thereof, and a heterologous
polypeptide sequence, which fusion protein specifically binds to TTR. In another embodiment, a
fusion protein comprises a polypeptide having the amino acid sequence of at least one Vu region
of'an antibody ofthe invention and the amino acid sequence of at least one Vi, region of an antibody
of the invention or fragments, derivatives or variants thereof, and a heterologous polypeptide
sequence. Preferably, the Vi and Vi, regions of the fusion protein correspond to a single source
antibody (or scFv or Fab fragment) which specifically binds TTR. In yet another embodiment, a
fusion protein for use in the diagnostic and treatment methods disclosed herein comprises a
polypeptide having the amino acid sequence of any one, two, three, or more of the Vg CDRs of an
antibody and the amino acid sequence of any one, two, three, or more of the Vi CDRs of an
antibody, or fragments or variants thereof, and a heterologous polypeptide sequence. Preferably,
two, three, four, five, six, or more of the Vg-CDR(s) or Vi-CDR(s) correspond to single source
antibody (or scFv or Fab fragment) of the invention. Nucleic acid molecules encoding these fusion

proteins are also encompassed by the invention.

Exemplary fusion proteins reported in the literature include fusions of the T cell receptor
(Gascoigne et al., Proc. Natl. Acad. Sci. USA 84 (1987), 2936-2940; CD4 (Capon et al., Nature
337 (1989), 525-531; Traunecker et al., Nature 339 (1989), 68-70; Zettmeissl er al., DNA Cell
Biol. USA 9 (1990), 347-353; and Byrn et al., Nature 344 (1990), 667-670); L-sclectin (homing
receptor) (Watson et al., J. Cell. Biol. 110 (1990), 2221-2229; and Watson et al., Nature 349
(1991), 164-167); CD44 (Aruffo et al., Cell 61 (1990), 1303-1313); CD28 and B7 (Linsley et al.,
J. Exp. Med. 173 (1991),721-730); CTLA-4 (Lisley et al., J. Exp. Med. 174 (1991), 561-569);
CD22 (Stamenkovic et al., Cell 66 (1991), 1133-1144); TNF receptor (Ashkenazi et al., Proc. Natl.
Acad. Sci. USA 88 (1991), 10535-10539; Lesslauer et al., Eur. J. Immunol. 27 (1991), 2883-2886;
and Peppel et al., J. Exp. Med. 174 (1991), 1483-1489 (1991); and IgE receptor a (Ridgway and
Gorman, J. Cell. Biol. 115 (1991), Abstract No. 1448).
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As discussed elsewhere herein, antibodies, or antigen-binding fragments, variants, or derivatives
thereof of the invention may be fused to heterologous polypeptides to increase the in vivo half-life
of the polypeptides or for use in immunoassays using methods known in the art. For example, in
onec embodiment, PEG can be conjugated to the antibodies of the invention to increase their half-
life in vivo; see, e.g., Leong et al., Cytokine 16 (2001), 106-119; Adv. in Drug Deliv. Rev. 54
(2002), 531; or Weir et al., Biochem. Soc. Transactions 30 (2002), 512.

Morecover, antibodies, or antigen-binding fragments, variants, or derivatives thereof of the
invention can be fused to marker sequences, such as a peptide to facilitate their purification or
detection. In preferred embodiments, the marker amino acid sequence is a hexa-histidine peptide
(HIS), such as the tag provided in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth,
Calif., 91311), among others, many of which are commercially available. As described in Gentz et
al., Proc. Natl. Acad. Sci. USA 86 (1989), 821-824, for instance, hexa-histidine provides for
convenient purification of the fusion protein. Other peptide tags useful for purification include, but
are not limited to, the "HA" tag, which corresponds to an epitope derived from the influenza
hemagglutinin protein (Wilson ez al., Cell 37 (1984), 767), GST, c-mycand the "flag" tag; see, e.g.,
Bill Brizzard, BioTechniques 44 (2008) 693-695 for a review of epitope tagging techniques, and
Table 1 on page 694 therein listing the most common epitope tags usable in the present invention,

the subject matter of which is hereby expressly incorporated by reference.

Fusion proteins can be prepared using methods that are well known in the art; see for example US
patent nos. 5,116,964 and 5,225,538. The precise site at which the fusion is made may be selected
empirically to optimize the secretion or binding characteristics of the fusion protein. DNA encoding
the fusion protein is then transfected into a host cell for expression, which is performed as described

hereinbefore.

Antibodies of the present invention may be used in non-conjugated form or may be conjugated to
at least one of a variety of molecules, e.g., to improve the therapeutic properties of the molecule,
to facilitate target detection, or for imaging or therapy ofthe patient. Antibodies, or antigen-binding
fragments, variants, or derivatives thercof of the invention can be labeled or conjugated either

before or after purification, when purification is performed. In particular, antibodies, or antigen-
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binding fragments, variants, or derivatives thereof of the invention may be conjugated to
therapeutic agents, prodrugs, peptides, proteins, enzymes, viruses, lipids, biological response

modifiers, pharmaceutical agents, or PEG.

Conjugates that are immunotoxins including conventional antibodies have been widely described
in the art. The toxins may be coupled to the antibodies by conventional coupling techniques or
immunotoxins containing protein toxin portions can be produced as fusion proteins. The antibodies
of the present invention can be used in a corresponding way to obtain such immunotoxins.
Mlustrative of such immunotoxins are those described by Byers, Seminars Cell. Biol. 2 (1991), 59-

70 and by Fanger, Immunol. Today 12 (1991), 51-54.

Those skilled in the art will appreciate that conjugates may also be assembled using a variety of
techniques depending on the selected agent to be conjugated. For example, conjugates with biotin
are prepared, e.g., by reacting a TTR-binding polypeptide with an activated ester of biotin such as
the biotin N-hydroxysuccinimide ester. Similarly, conjugates with a fluorescent marker may be
prepared in the presence of a coupling agent, e.g. those listed herein, or by reaction with an
isothiocyanate, preferably fluorescein-isothiocyanate. Conjugates of the antibodies, or antigen-
binding fragments, variants or derivatives thereof of the invention are prepared in an analogous

mannecr.

The present invention further encompasses antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention conjugated to a diagnostic or therapeutic agent. The antibodies
can be used diagnostically to, for example, demonstrate presence ofa TTR amyloidosis to indicate
the risk of getting a discase or disorder associated with misfolded, misassembled or aggregated
TTR, to monitor the development or progression of such a discase, i.e. a discase showing the
occurrence of, or related to aggregated TTR misfolded, misassembled, or as part ofa clinical testing
procedure to, e.g., determine the efficacy of a given treatment and/or prevention regimen. In one
embodiment thus, the present invention relates to an antibody, which is detectably labeled.
Furthermore, in one embodiment, the present invention relates to an antibody, which is attached to
a drug. Detection can be facilitated by coupling the antibody, or antigen-binding fragment, variant,
or derivative thereofto a detectable substance. The detectable substances or label may be in general

an enzyme; a heavy metal, preferably gold; a dye, preferably a fluorescent or luminescent dye; or
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aradioactive label. Examples of detectable substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials, bioluminescent materials, radioactive materials,
positron emitting metals using various positron emission tomographies, and nonradioactive
paramagnetic metal ions; see, e.g., US patent no. 4,741,900 for metal ions which can be conjugated
to antibodies for use as diagnostics according to the present invention. Examples of suitable
enzymes include horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or
acetylcholinesterase; examples of suitable prosthetic group complexes include streptavidin/biotin
and avidin/biotin; examples of suitable fluorescent materials include umbelliferone, fluorescein,
fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or
phycoerythrin; an example of a luminescent material includes luminol; examples of bioluminescent
materials include luciferase, luciferin, and acquorin; and examples of suitable radioactive material
include 21, ', '"'In or *Tc. Therefore, in one embodiment the present invention provides a
detectably labeled antibody, wherein the detectable label is selected from the group consisting of

an enzyme, a radioisotope, a fluorophore and a heavy metal.

An antibody, or antigen-binding fragment, variant, or derivative thereof also can be detectably
labeled by coupling it to a chemiluminescent compound. The presence of the chemiluminescent-
tagged antibody is then determined by detecting the presence of luminescence that arises during
the course of a chemical reaction. Examples of particularly useful chemiluminescent labeling
compounds are luminol, isoluminol, theromatic acridinium ester, imidazole, acridinium salt and

oxalate ester.

One of'the ways in which an antibody, or antigen-binding fragment, variant, or derivative thereof
can be detectably labeled is by linking the same to an enzyme and using the linked product in an
enzyme immunoassay (EIA) (Voller, A., "The Enzyme Linked Immunosorbent Assay (ELISA)"
Microbiological Associates Quarterly Publication, Walkersville, Md., Diagnostic Horizons 2
(1978), 1-7); Voller et al., J. Clin. Pathol. 31 (1978), 507-520; Butler, Meth. Enzymol. 73 (1981),
482-523; Maggio, (ed.), Enzyme Immunoassay, CRC Press, Boca Raton, Fla., (1980); Ishikawa, et
al., (eds.), Enzyme Immunoassay, Kgaku Shoin, Tokyo (1981). The enzyme, which is bound to the
antibody, will react with an appropriate substrate, preferably a chromogenic substrate, in such a
manner as to produce a chemical moicty which can be detected, for example, by

spectrophotometric, fluorimetric or by visual means. Enzymes which can be used to detectably
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label the antibody include, but are not limited to, malate dehydrogenase, staphylococcal nuclease,
delta-5-steroid isomerase, yeast alcohol dehydrogenase, alpha-glycerophosphate, dehydrogenase,
triose phosphate isomerase, horseradish peroxidase, alkaline phosphatase, asparaginase, glucose
oxidase, beta-galactosidase, ribonuclease, urcase, catalase, glucose-6-phosphate dehydrogenase,
glucoamylase and acetylcholinesterase. Additionally, the detection can be accomplished by
colorimetric methods which employ a chromogenic substrate for the enzyme. Detection may also
be accomplished by visual comparison of the extent of enzymatic reaction of a substrate in

comparison with similarly prepared standards.

Detection may also be accomplished using any of a variety of other immunoassays. For example,
by radioactively labeling the antibody, or antigen-binding fragment, variant, or derivative thereof,
it is possible to detect the antibody through the use of a radioimmunoassay (RIA) (see, for example,
Weintraub, B., Principles of Radioimmunoassays, Seventh Training Course on Radioligand Assay
Techniques, The Endocrine Society, (March, 1986)), which is incorporated by reference herein).
The radioactive isotope can be detected by means including, but not limited to, a gamma counter,

a scintillation counter, or autoradiography.

An antibody, or antigen-binding fragment, variant, or derivative thereof can also be detectably
labeled using fluorescence emitting metals such as '>?Eu, or others of the lanthanide series. These
metals can be attached to the antibody wusing such metal chelating groups as

dicthylenctriaminepentacetic acid (DTPA) or ethylenediaminetetraacetic acid (EDTA).

Techniques for conjugating various moieties to an antibody, or antigen-binding fragment, variant,
or derivative thercof are well known, see, e.g., Arnon et al., "Monoclonal Antibodies For
Immunotargeting Of Drugs In Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy,
Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. (1985); Hellstrom et al., "Antibodies For Drug
Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), Marcel Dekker, Inc.,
(1987) 623-53; Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review",
in Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera et al. (eds.), (1985)
475-506; "Analysis, Results, And Future Prospective Of The Therapeutic Use Of Radiolabeled
Antibody In Cancer Therapy”, in Monoclonal Antibodies For Cancer Detection And Therapy,
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Baldwin et al. (eds.), Academic Press (1985) 303-16, and Thorpe et al., "The Preparation And
Cytotoxic Properties Of Antibody-Toxin Conjugates"”, Immunol. Rev. 62 (1982), 119-158.

As mentioned, in certain embodiments, a moiety that enhances the stability or efficacy of a binding
molecule, e.g., a binding polypeptide, e.g., an antibody or immunospecific fragment thereof can be
conjugated. For example, in one embodiment, PEG can be conjugated to the binding molecules of
the invention to increase their half-life in vivo. Leong et al., Cytokine 16 (2001), 106; Adv. in Drug
Deliv. Rev. 54 (2002), 531; or Weir et al., Biochem. Soc. Transactions 30 (2002), 512.

VI.  Compositions and Methods of Use

The present invention relates to compositions comprising the aforementioned TTR-binding
molecule, e.g., antibody or antigen-binding fragment thereof of the present invention or derivative
or variant thereof, or the polynucleotide, vector, cell or peptide of the invention as defined
hereinbefore. In one embodiment, the composition of the present invention is a pharmaceutical
composition and further comprises a pharmaceutically acceptable carrier. Furthermore, the
pharmaceutical composition of the present invention may comprise further agents such as
interleukins or interferons depending on the intended use of the pharmaceutical composition. For
use in the treatment of a disease or disorder showing the occurrence of, or related to mutated,
misfolded, misassembled, or aggregated TTR, such as TTR amyloidosis, the additional agent may
be selected from the group consisting of small organic molecules, anti-TTR antibodies, and
combinations thercof. Hence, in a particular preferred embodiment the present invention relates to
the use of the TTR-binding molecule, e.g., antibody or antigen-binding fragment thereof of the
present invention or of a binding molecule having substantially the same binding specificities of
any one thereof, the polynucleotide, the vector or the cell of the present invention for the
preparation of a pharmaceutical or diagnostic composition for prophylactic and therapeutic
treatment of a discase or disorder associated with TTR amyloidosis, monitoring the progression of
a discase or disorder associated with TTR amyloidosis or a response to a TTR amyloidosis
treatment in a subject or for determining a subject's risk for developing a disease or disorder

associated with TTR amyloidosis.

Hence, in one embodiment the present invention relates to a method oftreating a disease or disorder

characterized by abnormal accumulation and/or deposition of TTR and/or misfolded,
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misassembled, aggregated, mutated TTR in affected systems and organs such as peripheral nervous
system, autonomic nervous system, central nervous system, gastrointestinal system, vascular
system especially leptomeninges, lymphoid system especially the lymphoid nodes,
musculoskeletal system especially tendons and ligaments, the heart, eyes, kidneys, lungs, skin,
tongue, thyroid gland and bladder which method comprises administering to a subject in need
thereof a therapeutically effective amount of any one of the afore-described TTR-binding

molecules, antibodies, polynucleotides, vectors, cells or peptides of the instant invention.

A particular advantage of the therapeutic approach of the present invention lies in the fact that the
recombinant antibodies of the present invention are derived from B cells or memory B cells from
healthy human subjects with no signs or symptoms of a discase, e.g. carrying an asymptomatic
mutation and/or mutations, showing the occurrence of, or related to aggregated TTR and thus are,
with a certain probability, capable of preventing a clinically manifest disease related to misfolded,
misassembled, mutated, and/or aggregated TTR, or of diminishing the risk of the occurrence of the
clinically manifest disease or disorder, or of delaying the onset or progression of the clinically
manifest disease or disorder. Typically, the antibodies of the present invention also have already
successfully gone through somatic maturation, i.e. the optimization with respect to selectivity and
effectiveness in the high affinity binding to the target TTR molecule by means of somatic variation

of the variable regions of the antibody.

The knowledge that such cells in vivo, e.g. in a human, have not been activated by means of related
or other physiological proteins or cell structures in the sense of an autoimmunological or allergic
reaction is also of great medical importance since this signifies a considerably increased chance of
successfully living through the clinical test phases. So to speak, efficiency, acceptability and
tolerability have already been demonstrated before the preclinical and clinical development of the
prophylactic or therapeutic antibody in at least one human subject. It can thus be expected that the
human anti-TTR antibodies of the present invention, both its target structure-specific efficiency as
therapeutic agent and its decreased probability of side effects significantly increase its clinical

probability of success.
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The present invention also provides a pharmaceutical and diagnostic, respectively, pack or kit
comprising one or more containers filled with one or more of the above described ingredients, e.g.
anti-TTR antibody, binding fragment, derivative or variant thereof, polynucleotide, vector, cell
and/or peptide of the present invention. Associated with such container(s) can be a notice in the
form prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals or biological products, which notice reflects approval by the agency of
manufacture, use or sale for human administration. In addition or alternatively the kit comprises
reagents and/or instructions for use in appropriate diagnostic assays. The composition, e.g. kit of
the present invention is of course particularly suitable for the risk assessment, diagnosis, prevention
and treatment of a discase or disorder which is accompanied with the presence of mutated,
misfolded, misassembled, and/or aggregated TTR, and in particular applicable for the treatment of
disorders generally characterized by TTR amyloidosis comprising diseases and/or disorders such
as Familial Amyloid Polyneuropathy (FAP), Familial Amyloid Cardiomyopathy (FAC), Senile
Systemic Amyloidosis (SSA), systemic familial amyloidosis, leptomeningeal / Central Nervous
System (CNS) amyloidosis including Alzheimer disease, TTR-related ocular amyloidosis, TTR-
related renal amyloidosis, TTR-related hyperthyroxinemia, TTR-related ligament amyloidosis

including carpal tunnel syndrome, rotator cuff tears and lumbar spinal stenosis, and preeclampsia.

The pharmaceutical compositions of the present invention can be formulated according to methods
well known in the art; see for example Remington: The Science and Practice of Pharmacy (2000)
by the University of Sciences in Philadelphia, ISBN 0-683-306472. Examples of suitable
pharmaceutical carriers are well known in the art and include phosphate buffered saline solutions,
water, emulsions, such as oil/water emulsions, various types of wetting agents, sterile solutions ctc.
Compositions comprising such carriers can be formulated by well-known conventional methods.
These pharmaceutical compositions can be administered to the subject at a suitable dose.
Administration of the suitable compositions may be effected by different ways, e.g., by
intravenous, intraperitoneal, subcutancous, intramuscular, intranasal, topical or intradermal
administration or spinal or brain delivery. Acrosol formulations such as nasal spray formulations
include purified aqueous or other solutions of the active agent with preservative agents and isotonic
agents. Such formulations are preferably adjusted to a pH and isotonic state compatible with the
nasal mucous membranes. Formulations for rectal or vaginal administration may be presented as a

suppository with a suitable carrier.
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The dosage regimen will be determined by the attending physician and clinical factors. As is well
known in the medical arts, dosages for any one patient depends upon many factors, including the
patient's size, body surface arca, age, the particular compound to be administered, sex, time and
route of administration, general health, and other drugs being administered concurrently. A typical
dose can be, for example, in the range of 0.001 to 1000 ug (or of nucleic acid for expression or for
inhibition of expression in this range); however, doses below or above this exemplary range are
envisioned, especially considering the aforementioned factors. Generally, the dosage can range,
e.g., from about 0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg (e.g., 0.02 mg/kg, 0.25
mg/kg, 0.5 mg/kg, 0.75 mg/kg, 1 mg/kg, 2 mg/kg, ctc.), of the host body weight. For example
dosages can be 1 mg/kg body weight or 10 mg/kg body weight or within the range of 1-10 mg/kg,
preferably at least 1 mg/kg. Doses intermediate in the above ranges are also intended to be within
the scope of the invention. Subjects can be administered such doses daily, on alternative days,
weekly or according to any other schedule determined by empirical analysis. An exemplary
treatment entails administration in multiple dosages over a prolonged period, for example, of at
least six months. Additional exemplary treatment regimens entail administration once per every
two weeks or once a month or once every 3 to 6 months. Exemplary dosage schedules include 1-
10 mg/kg or 15 mg/kg on consecutive days, 30 mg/kg on alternate days or 60 mg/kg weekly. In
some methods, two or more monoclonal antibodies with different binding specificities are
administered simultaneously, in which case the dosage of each antibody administered falls within
the ranges indicated. Progress can be monitored by periodic assessment. Preparations for parenteral
administration include sterile aqueous or non-aqueous solutions, suspensions, and emulsions.
Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, vegetable oils such
as olive oil, and injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, including saline, and buffered media.
Parenteral vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium
chloride, lactated Ringer's, or fixed oils. Intravenous vchicles include fluid and nutrient
replenishers, clectrolyte replenishers (such as those based on Ringer's dextrose), and the like.
Preservatives and other additives may also be present such as, for example, antimicrobials, anti-
oxidants, chelating agents, and inert gases, and the like. Furthermore, the pharmacecutical
composition of the invention may comprise further agents such as dopamine or

psychopharmacologic drugs, depending on the intended use of the pharmaceutical composition.
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Furthermore, in a preferred embodiment of the present invention the pharmaceutical composition
may be formulated as a vaccine, for example, if the pharmaceutical composition of the invention
comprises a TTR antibody or binding fragment, derivative or variant thereof for passive
immunization. As mentioned in the background section misfolded, misassembled, mutated and/or
aggregated TTR species and/or fragments or derivatives thereof are a major trigger for TTR
amyloidosis. Accordingly, it is prudent to expect that passive immunization with human anti-TTR
antibodies and equivalent TTR-binding molecules of the present invention will help to circumvent
several adverse effects of active immunization therapy concepts and lead to a reduced aggregation
of TTR. Therefore, the present anti-TTR antibodies and their equivalents of the present invention
will be particularly useful as a vaccine for the prevention or amelioration of diseases or disorders
showing the presence of, or caused by aggregated TTR such as Familial Amyloid Polyneuropathy
(FAP), Familial Amyloid Cardiomyopathy (FAC), Senile Systemic Amyloidosis (SSA), systemic
familial amyloidosis, leptomeningeal / Central Nervous System (CNS) amyloidosis including
Alzheimer disease, TTR-related ocular amyloidosis, TTR-related renal amyloidosis, TTR-related
hyperthyroxinemia, TTR-related ligament amyloidosis including carpal tunnel syndrome, rotator

cuff tears and lumbar spinal stenosis, and preeclampsia for example.

In one embodiment, it may be beneficial to use recombinant Fab (rFab) and single chain fragments
(scFvs) of the antibody of the present invention, which might more readily penctrate a cell
membrane. For example, Robert et al., Protein Eng. Des. Sel. (2008); S1741-0134, published
online ahead, describe the use of chimeric recombinant Fab (rFab) and single chain fragments
(scFvs) of monoclonal antibody WO-2 which recognizes an epitope in the N-terminal region of
Abecta. The engineered fragments were able to (i) prevent amyloid fibrillization, (ii) disaggregate
preformed Abetal-42 fibrils and (iii) inhibit Abetal-42 oligomer-mediated neurotoxicity in vitro
as efficiently as the whole IgG molecule. The perceived advantages of using small Fab and scFv
engineered antibody formats which lack the effector function include more efficient passage across
the blood-brain barrier and minimizing the risk of triggering inflammatory side reactions.
Furthermore, besides scFv and single-domain antibodies retain the binding specificity of full-
length antibodies, they can be expressed as single genes and intracellularly in mammalian cells as
intrabodies, with the potential for alteration of the folding, interactions, modifications, or
subcellular localization of their targets; see for review, e.g., Miller and Messer, Molecular Therapy

12 (2005), 394-401.
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In a different approach Muller et al., Expert Opin. Biol. Ther. (2005), 237-241, describe a
technology platform, so-called 'SuperAntibody Technology', which is said to enable antibodies to
be shuttled into living cells without harming them. Such cell-penetrating antibodies open new

diagnostic and therapeutic windows. The term "TransMabs' has been coined for these antibodies.

In a further embodiment, co-administration or sequential administration of other antibodies useful
for treating a disease or disorder related to the occurrence of mutated, misfolded, misassembled,
and/or aggregated TTR may be desirable. In one embodiment, the additional antibody is comprised
in the pharmaceutical composition of the present invention. Examples of antibodies which can be
used to treat a subject include, but are not limited to, antibodies targeting CD33, SGLT2, IL-6, and
IL-1.

In a further embodiment, co-administration or sequential administration of other agents useful for
treating a disease or disorder related to misfolded, misassembled, mutated, and/or aggregated TTR,
may be desirable. In one embodiment, the additional agent is comprised in the pharmaceutical
composition of the present invention. Examples of agents which can be used to treat a subject
include, but are not limited to: Agents which stabilize the TTR-tetramer, such as Tafamidis
Meglumin, diflusinal, doxycyclin with ursodeoxycholic acid; anti-inflammatory agents such as
diflusinal, corticosteroids, 2-(2,6-dichloranilino) phenylacetic acid (diclofenac), iso-butyl-
propanoic-phenolic acid (ibuprofen); diuretics, Epigallocatechin gallate, Melphalan hydrochloride,
dexamethasone, Bortezomib, Bortezomib-Melphalan, Bortezomib-dexamethasone, Melphalan-
dexamethasone, Bortezomib-Melphalan- dexamethasone; antidepressants, antipsychotic drugs,
neuroleptics, antidementiva (e.g. the NMDA-rezeptor antagonist memantine), acetylcholinesterase
inhibitors (e.g. Donepezil, HCI, Rivastigmine, Galantamine), glutamat-antagonists and other
nootropics blood pressure medication (e.g. Dihydralazin, Mecthyldopa), cytostatics,
glucocorticoides, angiotensin-converting-enzyme (ACE) inhibitors; anti-inflammatory agents or
any combination thereof. Examples of agents which may be used for treating or preventing organ
rejection following clinical organ transplantation include but are not limited to the agents of the
group which lead to a weakening of the immune system, i.e. immunosuppressive comprising such
as calcineurin inhibitors such as cyclosporine and Tacrolimus, inhibitors of proliferation such as

mTOR inhibitors comprising Everolimus and Sirolimus (rapamycin) as well as antimetabolites
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such as Azathioprin, Mycophenolat Mofetil/MMF and mycophenolic acid, and corticosteroids such
as cortisone and cortisol as well as synthetical substances such as Prednison or Prednisolon can be
used. Additionally antibodies can be used such as anti-IL2-receptor monoclonal antibodices (e.g.
Basiliximab, Daclizumab) as well as anti-CD3 monoclonal antibodies (e.g. Muromonab-CD3), and
polyclonal compositions such as anti-thymocyte globulin (ATG); and glucagon- like peptide-1
(GLP-1) receptor agonists (see, e.g., Noguchi et al., Acta Med. Okayama, 60 (2006), and the
international application WO 2012/088157). Furthermore, additional agents might comprise agents
for the prophylaxis and or treatment of infections and other side effects after an organ
transplantation  comprising  valganciclovir, cytomegalie-immunoglobulin,  gancyclovir,
amphotericin B, pyrimethamin, ranitidine, ramipril, furosemide, benzbromaron. Therefore, in one
embodiment a composition is provided further comprising an additional agent useful for treating
TTR amyloidosis and/or in treating or preventing organ rejection following, e.g. clinical liver
transplantation. Examples of other agents that may be used concomitant with a pharmaceutical
composition of the present invention are described in the art; see, e.g. international applications

WO 2009005672, WO 2010128092, WO 2012088157 or European application EP 11 158 212.8.

A therapeutically effective dose or amount refers to that amount of the active ingredient sufficient
to ameliorate the symptoms or condition. Therapeutic efficacy and toxicity of such compounds can
be determined by standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
EDso (the dose therapeutically effective in 50% of the population) and LDso (the dose lethal to 50%
of the population). The dose ratio between therapeutic and toxic effects is the therapeutic index,

and it can be expressed as the ratio, LDso/EDs.

From the foregoing, it is evident that the present invention encompasses any use of an TTR-binding
molecule and/or fragments thereof comprising at least one CDR of the above described antibody,
in particular for diagnosing and/or treatment of a disease or disorder related to mutated, misfolded,
misassembled, or aggregated TTR species and/or fragments thereof as mentioned above, such as
TTR amyloidosis. Preferably, said binding molecule is an antibody of the present invention or an
immunoglobulin chain thercof. In addition, the present invention relates to anti-idiotypic antibodies
of any one of the mentioned antibodies described hereinbefore. These are antibodies or other
binding molecules which bind to the unique antigenic peptide sequence located on an antibody's

variable region near the antigen-binding site and are useful, e.g., for the detection of anti-TTR



10

15

20

25

30

- 100 -

antibodies in a sample obtained from a subject. In one embodiment thus, the present invention
provides an antibody as defined hereinabove and below or a TTR-binding molecule having
substantially the same binding specificities of any one thereof, the polynucleotide, the vector or the
cell as defined herein or a pharmaceutical or diagnostic composition comprising any one thereof
for use in prophylactic treatment, therapeutic treatment and/or monitoring the progression or a
response to treatment of a disease or disorder related to TTR, preferably wherein the disorder is
selected from the group comprising Familial Amyloid Polyneuropathy (FAP), Familial Amyloid
Cardiomyopathy (FAC), Senile Systemic Amyloidosis (SSA), systemic familial amyloidosis,
leptomeningeal / Central Nervous System (CNS) amyloidosis including Alzheimer disease, TTR-
related ocular amyloidosis, TTR-related renal amyloidosis, TTR-related hyperthyroxinemia, TTR-
related ligament amyloidosis including carpal tunnel syndrome, rotator cuff tears and lumbar spinal
stenosis, and preeclampsia.. The above group of discases or disorders will be referred to as the

group of disorders associated with TTR amyloidosis.

In another embodiment the present invention relates to a diagnostic composition comprising any
one of the above described TTR-binding molecules, antibodies, antigen-binding fragments,
polynucleotides, vectors, cells and/or peptides of the invention and optionally suitable means for
detection such as reagents conventionally used in immuno- or nucleic acid-based diagnostic
methods. The antibodies of the invention are, for example, suited for use in immunoassays in which
they can be utilized in liquid phase or bound to a solid phase carrier. Examples of immunoassays
which can utilize the antibody of the invention are competitive and non-competitive immunoassays
in either a direct or indirect format. Examples of such immunoassays are the radioimmunoassay
(RIA), the sandwich (immunometric assay), flow cytometry, and the Western blot assay. The
antigens and antibodies of the invention can be bound to many different carriers and used to isolate
cells specifically bound thereto. Examples of well-known carriers include glass, polystyrene,
polyvinyl chloride, polypropylene, polyethylene, polycarbonate, dextran, nylon, amyloses, natural
and modified celluloses, polyacrylamides, agaroses, and magnetite. The nature of the carrier can
be either soluble or insoluble for the purposes of the invention. There are many different labels and
methods of labeling known to those of ordinary skill in the art. Examples of the types of labels
which can be used in the present invention include enzymes, radioisotopes, colloidal metals,
fluorescent compounds, chemiluminescent compounds, and bioluminescent compounds; see also

the embodiments discussed hereinabove.
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By a further embodiment, the TTR-binding molecules, in particular antibodies of the present
invention may also be used in a method for the diagnosis of a disease or disorder in an individual
by obtaining a body fluid sample from the tested individual which may be a blood sample, a plasma
sample, a serum sample, a lymph sample or any other body fluid sample, such as a saliva or a urine
sample and contacting the body fluid sample with an antibody of the instant invention under
conditions enabling the formation of antibody-antigen complexes. The level of such complexes is
then determined by methods known in the art, a level significantly higher than that formed in a
control sample indicating the discase or disorder in the tested individual. In the same manner, the
specific antigen bound by the antibodies of the invention may also be used. Thus, the present
invention relates to an in vitro immunoassay comprising the binding molecule, e.g., antibody or

antigen-binding fragment thereof of the invention.

In a further embodiment of the present invention the TTR-binding molecules, in particular
antibodies of the present invention may also be used in a method for the diagnosis of a disease or
disorder in an individual by obtaining a biopsy from the tested individual which may be skin,
salivary gland, hair roots, heart, colon, nerve, subcutancous fat biopsies, or a biopsy from any

affected organs.

In this context, the present invention also relates to means specifically designed for this purpose.
For example, an antibody-based array may be used, which is for example loaded with antibodies
or cquivalent antigen-binding molecules of the present invention which specifically recognize
TTR. Design of microarray immunoassays is summarized in Kusnezow et al., Mol. Cell Proteomics
5 (2006), 1681-1696. Accordingly, the present invention also relates to microarrays loaded with

TTR-binding molecules identified in accordance with the present invention.

In one embodiment, the present invention relates to a method of diagnosing a disease or disorder
related to mutated, misfolded, misassembled and/or aggregated TTR species and/or fragments
thereof in a subject, the method comprising determining the presence of TTR and/or misfolded,
misassembled or aggregated TTR in a sample from the subject to be diagnosed with at least one
antibody of the present invention, a TTR-binding fragment thereof or an TTR-binding molecule

having substantially the same binding specificities of any one thereof, wherein the presence of
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pathologically mutated, misfolded, misassembled or aggregated TTR is indicative for TTR
amyloidosis and an increase of the level of the pathologically misfolded, misassembled or
aggregated TTR in comparison to the level of the physiological TTR is indicative for progression
of TTR amyloidosis in said subject.

The subject to be diagnosed may be asymptomatic or preclinical for the disease. Preferably, the
control subject has a discase associated with misfolded, misassembled or aggregated TTR, e.g.
Familial Amyloid Polyneuropathy (FAP), Familial Amyloid Cardiomyopathy (FAC) or Senile
Systemic Amyloidosis (SSA), wherein a similarity between the level of pathologically misfolded,
misassembled or aggregated TTR and the reference standard indicates that the subject to be
diagnosed has a TTR amyloidosis or is at risk to develop a TTR amyloidosis. Alternatively, or in
addition as a second control the control subject does not have a TTR amyloidosis, wherein a
difference between the level of physiological TTR and/or of misfolded, misassembled or
aggregated TTR and the reference standard indicates that the subject to be diagnosed has a TTR
amyloidosis or is at risk to develop a TTR amyloidosis. Preferably, the subject to be diagnosed and
the control subject(s) are age-matched. The sample to be analyzed may be any body fluid suspected
to contain pathologically misfolded, misassembled or aggregated TTR, for example a blood, blood

plasma, blood serum, urine, peritoneal fluid, saliva or cerebral spinal fluid (CSF).

The level of physiological TTR and/or of pathologically misfolded, misassembled or aggregated
TTR may be assessed by any suitable method known in the art comprising, e.g., analyzing TTR by
onc or more techniques chosen from Western blot, immunoprecipitation, enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA), fluorescent activated cell sorting
(FACS), two-dimensional gel clectrophoresis, mass spectroscopy (MS), matrix-assisted laser
desorption/ionization-time of flight-MS (MALDI-TOF), surface-enhanced laser desorption
ionization-time of flight (SELDI-TOF), high performance liquid chromatography (HPLC), fast
protein liquid chromatography (FPLC), multidimensional liquid chromatography (LC) followed
by tandem mass spectrometry (MS/MS), and laser densitometry. Preferably, said in vivo imaging
of TTR comprises scintigraphy, positron emission tomography (PET), single photon emission

tomography (SPECT), near infrared (NIR) optical imaging or magnetic resonance imaging (MRI).
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In a further aspect, the present invention relates to the diagnosis of TTR amyloidosis, monitoring
the treatment of this disease and determining the diagnostic or therapeutic utility of an anti-TTR

drug in a tissue- and biopsy-free, i.c. non-invasive method.

Normally, the concentration of TTR aggregates and/or misfolded TTR which can be detected in a
body fluid, for example blood plasma is very low and thus the diagnosis of TTR amyloidosis is
burdensome and time-consuming. In particular, the diagnosis of TTR amyloidosis diseases is a
difficult and lengthy process, since various diseases present very similar signs and symptoms, such
that the formal diagnosis of Familial Amyloid Polyneuropathy (FAP), Familial Amyloid
Cardiomyopathy (FAC) and Senile Systemic Amyloidosis (SSA) typically requires collection of
tissue biopsies and identification of TTR amyloid deposits by means of complex histological
staining techniques. As tissue biopsies are very small and TTR amyloid deposits dispersed,
histological determination of TTR amyloidosis is typically associated with high frequency of false

negative results and delays for the patients.

However, in accordance with the present invention it could surprisingly be shown that after a single
administration of a subject anti-TTR antibody a measurement of aggregates and/or misfolded TTR
bound to anti-TTR antibodies in blood was possible; see Example 13 and Fig. 14. Therefore, thanks
to the probably unique property of the anti-TTR antibody of the present invention to remove TTR
from amyloidogenic TTR deposits and transport into blood a novel method of diagnosing disorders
associated with misfolded, mutated, and/or aggregated TTR in a patient or subject has been
developed, which method has the potential to replace tissue biopsy and histological analysis in the
diagnostic process of TTR amyloid diseases. The method relies on the use of an antibody specific
for the pathological conformation of TTR protein, which is injected to the patient and used to probe
for the presence of misfolded and/or aggregated TTR protein anywhere in patient's body. After a
short delay, for example 2 days, following antibody injection in a patient, a blood sample is drawn
and used to detect if the antibody has captured and detached misfolded and/or aggregated TTR
particles from TTR deposits. The major advantage of this method compared to histology has to do
with the injection of the anti-TTR antibody directly in patients, where blood circulation allows its
circulation through every tissue and organ, and detection of misfolded and/or aggregated TTR

protein deposits independently of their localization.



10

15

20

25

30

- 104 -

Thus, in a further aspect the present invention relates to a method of diagnosing a discase associated
with TTR amyloidosis comprising assaying the level of misfolded and/or aggregated TTR in a
sample from a subject following administration of an anti-TTR antibody to the subject, wherein
the presence or elevated the level of misfolded and/or aggregated TTR in the sample of the subject
compared to the control such as a sample obtained from the subject prior to administration of the
anti-TTR antibody indicates a disease associated with TTR amyloidosis. Furthermore, since as
shown in Example 13 the novel method is also useful for characterizing anti-TTR drugs and the
course of treatment of TTR amyloidosis, respectively, the novel method of the present invention is
also intended for monitoring the treatment of the disease with an anti-TTR antibody or determining
the diagnostic or therapeutic utility of an anti-TTR antibody. In this context, the person skilled in
the art will recognize that the method of the present invention is not limited to the investigation of
the therapeutic utility and efficacy of anti-TTR antibodies but also applicable to other kinds of anti-
TTR drugs which are capable of degrading TTR amyloid deposits. For example, an anti-TTR
antibody of the present invention may be administered in conjunction with another anti-TTR drug
and the level of misfolded and/or aggregated TTR in the sample of the subject having been treated
is compared to a control obtained from the subject prior to administration of both the anti-TTR

antibody and the anti-TTR drug but only after anti-TTR antibody treatment.

In one preferred embodiment ofthe present invention, in particular when using non-human animals
for testing recombinant human-derived antibodies as illustrated in Example 13 and other anti-TTR
antibodies intended for use in humans in general the level of misfolded and/or aggregated TTR in
the sample is assayed by determining a complex formed between the anti-TTR antibody and the
misfolded and/or aggregated TTR, for example by immuno-precipitation with an anti-human IgG
or anti-idiotypic antibody. Alternatively, a second anti-TTR antibody may be used which
recognizes TTR at an epitope different substantially different from the epitope of the drug candidate
anti-TTR antibody so as to bind the complex formed by the drug candidate anti-TTR antibody and

TTR and thus detected its presence, for example by way of ELISA or immune-precipitation.

With respect to the diagnostic aspect in particular for a human subject and patient, the presence
and elevated level of misfolded and/or aggregated TTR and complex thereof with the anti-TTR
antibody, respectively, indicates the presence of TTR amyloid deposits in the human body, for

example in the heart, peripheral nervous system (PNS), eyes, muscles, gastro-intestinal tract,
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kidneys, vascular system and the central nervous system (CNS) of a patient or subject. Thus, the
method of the present invention allows the identification and determination of a disease associated
with TTR amyloidosis in the subject’s body on the one hand and removal of TTR deposits from
patient's body on the other, thereby also indicating the therapeutic progress of a given treatment

and cfficacy ofa TTR amyloidosis specific drug such as an anti-TTR antibody.

Hence, as demonstrated in Example 13 the anti-TTR antibody of the present invention is capable
of binding misfolded and/or aggregated TTR with sufficient affinity to alter the stability of
pathological TTR deposits such as to capture and remove misfolded and/or aggregated TTR from
the deposits into a body fluid, in particular blood.

The anti-TTR antibody to be used in accordance with the method of the present invention may be
any TTR antibody which is specific for the pathological conformation of TTR, i.e. misfolded,
mutated, and/or aggregated TTR. However, in a preferred embodiment the anti-TTR antibody
utilized in the tissue-free method is an anti-TTR antibody or TTR-binding molecule of the present

invention described herein and illustrated in the Examples.

In this context, the anti-TTR antibody may be modified and for example attached to a detectable
label as described for any of the other embodiments hereinbefore. In addition, immunoassays such
as western blot, dot blot, (sandwich) ELISA and the like known in the art and described for other
diagnostic methods and uses based on the anti-TTR antibody and peptide of the present invention

may be adapted to the novel TTR amyloid assay of the present invention.

As shown in Example 13 and Fig. 14 using the TTR amyloid assay it could be shown that anti-
TTR antibodies of the present invention are capable of capturing and detaching misfolded and/or
aggregated TTR from TTR amyloid deposits and the corresponding immuno-complex can be
measured in a sample of body fluid, in particular blood of the patient or subject; see Example 13
and Fig. 14. Accordingly, in one embodiment of the present invention the anti-TTR antibody can
bind misfolded and/or aggregated TTR with sufficient affinity to alter the net efflux of the
misfolded and/or aggregated TTR from e.g. heart, peripheral nervous system (PNS), eyes, muscles,

gastro-intestinal tract, kidneys, vascular system and the central nervous system (CNS).
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The body fluid sample, preferably blood or CSF from the subject, wherein captured and detached
misfolded and/or aggregated TTR bound to the anti-TTR antibody is present, is obtained at a
specified time interval following administration. This specified time interval following
administration is typically less than one week. In a preferred embodiment this time interval after

administration of the anti-TTR antibody is less than or equal to 48 hours.

As mentioned supra, the tissue-free method described supra, can also be utilized to determine the
success of the treatment, i.e. by measurement of misfolded and/or aggregated TTR species captures
by anti-TTR antibodies before and after treatment. Thus, in a further or additional embodiment, the
tissue-free method of the present invention may further comprise the comparison between the level
of the misfolded and/or aggregated TTR in the sample of a body fluid to a sample obtained from
the subject prior to administration of an anti-TTR antibody. Accordingly, in one embodiment the
method of the present invention is used to determine the effectiveness of a treatment of TTR
amyloidosis or for monitoring the progression of a disecase or condition associated with

pathological TTR in a patient or subject.

As mentioned, samples of subjects utilized in the methods described above can be obtained before
or after administration of an anti-TTR antibody. However, samples can also be obtained from
medical facilities or practicing physicians as well as other institutions from which clinical samples
from a subject can be obtained. The facilities, physicians, etc. can not only perform the
administration of an anti-TTR antibody to the subject and the collection of appropriate samples for
use in the above method, but monitor and/or the treatment ofthe patient, i.e. by varying the amount,
time, frequency of administration of the antibody, interrupting a therapy, replace or combine the
anti-TTR antibody by at least another anti-TTR antibody or therapeutic agent. The level of TTR
can be assessed by any suitable method known in the art. Methods suitable are described below
and in international application WO 2013/066818, the disclosure content of which is incorporated

herein by reference.

In one aspect of the present invention, an antibody of the present invention or a TTR-binding
molecule having substantially the same binding specificities of any one thereof, the polynucleotide,
the vector or the cell as defined hercinabove or a pharmaceutical or diagnostic composition

comprising any one thereof is provided for use in prophylactic treatment, therapeutic treatment,
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and/or monitoring the progression or a response to treatment of a disease or disorder related to
TTR. In general thus, the present invention also relates to a method of diagnosing or monitoring
the progression of a discase or disorder related to TTR (such as TTR amyloidosis) in a subject, the
method comprising determining the presence of TTR in a sample from the subject to be diagnosed
with at least one antibody of the present invention or a TTR-binding molecule having substantially
the same binding specificities of any one thereof, wherein the presence of mutated, misfolded,
misassembled or aggregated TTR species or fragments thereof is indicative for the disease or
disorder. In one embodiment said method of diagnosing or monitoring the progression of TTR
amyloidosis in a subject is provided, the method comprising determining the presence of mutated,
misfolded, misassembled or aggregated TTR and/or fragments thereof in a sample from the subject
to be diagnosed with at least one antibody of the present invention or a TTR-binding molecule
having substantially the same binding specificities of any one thereof, wherein the presence of
mutated, misfolded, misassembled or aggregated TTR and/or fragment thereof is indicative of
presymptomatic, prodromal or clinical TTR amyloidosis an increase of the level of TTR oligomers,
aggregates or fibrils in comparison to the level of the physiological TTR or in comparison to a
reference sample derived from a healthy control subject or a control sample from the same subject
is indicative for progression of presymptomatic, prodromal or established TTR amyloidosis. It
would be appreciated by any person skilled in the art that in one embodiment said method is used
as well for the diagnosing or monitoring the progression of any other disease or disorder from the

group of disorders related to TTR as defined hereinabove.

As indicated above, the antibodies of the present invention, fragments thereof and molecules of the
same binding specificity as the antibodies and fragments thereof may be used not only in vitro but
in vivo as well, wherein besides diagnostic, therapeutic applications as well may be pursued. In one
embodiment thus, the present invention also relates to a TTR binding molecule comprising at least
one CDR of an antibody of the present invention for the preparation of a composition for in vivo
detection/imaging of or targeting a therapeutic and/or diagnostic agent to TTR in the human or
animal body. Potential therapeutic and/or diagnostic agents may be chosen from the nonexhaustive
enumerations of the therapeutic agents useful in treatment TTR amyloidosis and potential labels as
indicated hereinbefore. In respect of the in vivo imaging, in one preferred embodiment the present
invention provides said TTR binding molecule comprising at least one CDR of an antibody of the

present invention, wherein said iz vivo imaging comprises scintigraphy, positron emission
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tomography (PET), single photon emission tomography (SPECT), near infrared (NIR) optical
imaging or magnetic resonance imaging (MRI). In a further embodiment the present invention also
provides said TTR-binding molecule comprising at least one CDR of an antibody of the present
invention, or said molecule for the preparation of a composition for the above specified in vivo
imaging methods, for the use in the method of diagnosing or monitoring the progression of a

discase or disorder related to TTR in a subject, as defined hereinabove.

VII. Peptides with aggregation specific TTR epitopes

In a further aspect the present invention relates to peptides having an epitope of TTR specifically
recognized by any antibody ofthe present invention. Preferably, such peptide comprises or consists
of an amino acid sequence as indicated in SEQ ID NO: 49, SEQ ID NO: 50, or in SEQ ID NO: 51
as the unique linear epitope recognized by the antibody or a modified sequence thereof in which
one or more amino acids are substituted, deleted and/or added, wherein the peptide is recognized
by any antibody of the present invention, preferably by antibody NI-301.59F1, NI-301.35G11, NI-
301.37F1, or NI-301.12D3.

In one embodiment of this invention such a peptide may be used for diagnosing or monitoring a
disease or disorder related to misfolded, misassembled or aggregated TTR species and/or fragment
thereof'in a subject, such as TTR amyloidosis comprising a step of determining the presence of an
antibody that binds to a peptide in a biological sample of said subject, and being used for diagnosis
of such a disease in said subject by measuring the levels of antibodies which recognize the above
described peptide of the present invention and comparing the measurements to the levels which are
found in healthy subjects of comparable age and gender. Thus in one embodiment the present
invention relates to a method for diagnosing TTR amyloidosis indicative of presymptomatic or
clinical FAP and/or FAC in a subject, comprising a step of determining the presence of an antibody
that binds to a peptide as defined above in a biological sample of said subject. According to this
method, an clevated level of measured antibodies specific for said peptide of the present invention
is indicative for diagnosing in said subject presymptomatic or clinical FAP and/or FAC or for
diagnosing in said subject any other discase or disorder from the group of disorders related to TTR
as defined hereinabove. Furthermore, since the peptide of the present invention contains an epitope
of a therapeutically effective antibody derived from a human such peptide can of course be used as

an antigen, i.e.an immunogen for eliciting an immune response in a subject and stimulating the
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production of an antibody of the present invention in vivo. The peptide of the present invention
may be formulated in an array, a kit and composition such as a vaccine, respectively, as described
hereinbefore. In this context, the present invention also relates to a kit useful in the diagnosis or
monitoring the progression of TTR amyloidosis, said kit comprising at least one antibody of the
present invention or a TTR-binding molecule having substantially the same binding specificities
of any one thercof, the polynucleotide, the vector or the cell and/or the peptide as respectively

defined hereinbefore, optionally with reagents and/or instructions for use.

These and other embodiments are disclosed and encompassed by the description and examples of
the present invention. Further literature concerning any one of the materials, methods, uses, and
compounds to be employed in accordance with the present invention may be retrieved from public
libraries and databases, using for example electronic devices. For example the public database
"Medline" may be utilized, which is hosted by the National Center for Biotechnology Information
(NCBI) and/or the National Library of Medicine at the National Institutes of Health (NLM.NIH).
Further databases and web addresses, such as those of the European Bioinformatics Institute (EBI),
which is part of the European Molecular Biology Laboratory (EMBL) are known to the person
skilled in the art and can also be obtained using internet search engines. An overview of patent
information in biotechnology and a survey of relevant sources of patent information useful for

retrospective searching and for current awareness is given in Berks, TIBTECH 12 (1994), 352-364.

The above disclosure generally describes the present invention. Unless otherwise stated, a term as
used herein is given the definition as provided in the Oxford Dictionary of Biochemistry and
Molecular Biology, Oxford University Press, 1997, revised 2000 and reprinted 2003, ISBN 0 19
850673 2. Several documents are cited throughout the text of this specification. Full bibliographic
citations may be found at the end of the specification immediately preceding the claims. The
contents of all cited references (including literature references, issued patents, published patent
applications as cited throughout this application including the background section and
manufacturer's specifications, instructions, etc.) are hereby expressly incorporated by reference;
however, there is no admission that any document cited is indeed prior art as to the present
invention. A more complete understanding can be obtained by reference to the following specific
examples which are provided herein for purposes of illustration only and are not intended to limit

the scope of the invention.
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EXAMPLES

Example 1: Isolation and identification of anti-TTR antibodies

Human-derived antibodies targeting TTR and/or mutated, misfolded, misassembled, and/or
aggregated TTR species and/or fragments thereof were identified utilizing the method described in
the international application WO 2008/081008, the disclosure content of which is incorporated
herein by reference, with modifications. In particular, human wild-type TTR protein obtained by
purification from human plasma, and wild-type and mutant TTR proteins obtained by recombinant
expression were used in both native and misfolded-aggregated conformations for the identification
of TTR-targeting antibodies. The misfolded-aggregated conformations were produced in vitro
under acidic conditions, using a procedure similar to the one described in Colon W. et al,

Biochemistry, 31 (1992), 8654-8660, with minor modifications.

Example 2: Determination of antibody sequence

The amino acid sequences of the variable regions of the above identified anti-TTR antibodies were
determined on the basis of their mRNA sequences, see Fig. 1. In brief, living B cells of selected
non-immortalized memory B cell cultures were harvested. Subsequently, the mRNAs from cells
producing selected anti-TTR antibodies were extracted and converted in cDNA, and the sequences
encoding the antibody's variable regions were amplified by PCR, cloned into plasmid vectors and
sequenced. In brief, a combination of primers representing all sequence families of the human
immunoglobulin germline repertoire was used for the amplifications of leader peptides, V-
segments and J-segments. The first round of amplification was performed using leader peptide-
specific primers in 5'-end and constant region-specific primers in 3'-end (Smith et al., Nat Protoc.
4 (2009), 372-384). For heavy chains and kappa light chains, the second round of amplification
was performed using V-segment-specific primers at the 5'-end and J-segment-specific primers at
the 3'-end. For lambda light chains, the second round amplification was performed using V-
segment-specific primers at the 5'-end and a C-region-specific primer at the 3'-end (Marks et al.,

Mol. Biol. 222 (1991), 581-597; de Haard et al., J. Biol. Chem. 26 (1999), 18218-18230).

Identification of the antibody clone with the desired specificity was performed by re-screening on
ELISA upon recombinant expression of complete antibodies. Recombinant expression of complete
human IgG1 antibodies was achieved upon insertion of the variable heavy and light chain

sequences "in the correct reading frame" into expression vectors that complement the variable
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region sequence with a sequence encoding a leader peptide at the 5'-end and at the 3'-end with a
sequence encoding the appropriate constant domain(s). To that end the primers contained
restriction sites designed to facilitate cloning of the variable heavy and light chain sequences into
antibody expression vectors. Heavy chain immunoglobulins were expressed by inserting the
immunoglobulin heavy chain RT-PCR product in frame into a heavy chain expression vector
bearing a signal peptide and the constant domains of human or mouse immunoglobulin gamma 1.
Kappa light chain immunoglobulins were expressed by inserting the kappa light chain RT-PCR-
product in frame into a light chain expression vector providing a signal peptide and the constant
domain of human kappa light chain immunoglobulin. Lambda light chain immunoglobulins were
expressed by inserting the lambda light chain RT-PCR-product in frame into a lambda light chain
expression vector providing a signal peptide and the constant domain of human or mouse lambda

light chain immunoglobulin.

Functional recombinant monoclonal antibodies were obtained upon co-transfection into HEK 293
or CHO cells (or any other appropriate recipient cell line of human or mouse origin) of an Ig-heavy-
chain expression vector and a kappa or lambda Ig-light-chain expression vector. Recombinant
human monoclonal antibody was subsequently purified from the conditioned medium using a
standard Protein A column purification. Recombinant human monoclonal antibody can produced
in unlimited quantities using either transiently or stably transfected cells. Cell lines producing
recombinant human monoclonal antibody can be established cither by using the Ig-expression
vectors directly or by re-cloning of Ig-variable regions into different expression vectors.

Derivatives such as F(ab), F(ab)2 and scFv can also be gencrated from these Ig-variable regions.

The framework and complementarity determining regions were determined by comparison with
reference antibody  sequences available = in  databases  such as  Abysis
(http://www.bioinf.org.uk/abysis/), and annotated using the Kabat numbering scheme
(http://www.bioinf.org.uk/abs/). The amino acid sequences of the variable regions of the subject
antibodies NI-301.59F1, NI-301.35G11, NI-301.37F1, NI-301.2F5, NI-301.28B3, NI-
301.119C12, NI-301.5D8, NI-301.9D5, NI-301.104F5, NI-301.21F10, NI-301.9G12, NI-
301.12D3, NI-301.37F1-PIMC, NI-301.44E4, NI-301.18C4, NI-301.11A10, NI-301.3C9, NI-
301.14D8, NI-301.9X4, and NI-301.14C3 including indication of the framework (FR) and

complementarity determining regions (CDRs) are shown in Figure 1A-1T.
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In the following, the high affinity of the subject antibodies to misfolded-aggregated TTR
conformations and substantial lack of binding to native wild-type TTR conformations, thereby
demonstrating a strong selectivity for mutant, misfolded, misassembled and/or aggregated TTR is
exemplary illustrated for antibodies NI-301.59.F1, NI-301.35G11, and NI-301.37F1. However,
preliminary experiments for other subject antibodies suggest substantially the same preferential
binding to mutant, misfolded, misassembled and/or aggregated TTR over physiological TTR
species like antibodies NI-301.59.F1, NI-301.35G11, and NI-301.37F1.

Example 3: Binding affinity of anti-TTR antibodies utilizing direct ELISA and ECS0
determination

The antibody capacity to bind TTR and/or misfolded, misassembled and/or aggregated forms of
TTR was evaluated by means of direct ELISA assays at varying antibody concentrations. This
allows to determinate for each antibody its half maximal effective concentration (EC50) in this
assay, which is a commonly used proxy for the antibody binding affinity, see Fig. 2. In brief, ELISA
plates (high-bind, clear polystyrene, half-arca, flat bottom) were coated with misfolded-aggregated
human wild-type TTR, misfolded-aggregated recombinant V30M-TTR (both prepared as
described in the Example 1) and bovine serum albumin (BSA) at a concentration of 10 pug/ml in
phosphate buffer saline (PBS) for 1 h at 37°C, and subsequently blocked with a solution of 2%
BSA and 0.1% tween-20 in PBS (PBS-T) for I h at room temperature (RT). Antibodics against
TTR were diluted in PBS at 11 different concentrations ranging from 4 to 400 nM, and incubated
in the ELISA plates overnight at 4°C. After 3 washes with PBS-T, ELISA plates were incubated
with a HRP-coupled, human IgG-specific secondary antibody for 1 h at RT (1/4000 dilution). After
3 washes with PBS-T, the ELISA reactions were developed with TMB for exactly 10 min at RT
and quantified by measuring the optical density at 450 nm (OD450nm).

The exemplary antibodies NI-301.59F1, NI-301.35G11, and NI-301.37F1 exhibited strong binding
to misfolded-aggregated wild-type and mutant TTR, but not to the control BSA, see Fig. 2 A-C.
Subsequently, the antibody's EC50s were determined by fitting the data with a non-linear
regression using the least square method in order to estimate the antibody binding affinity under

these conditions.
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The exemplary antibodies NI-301.59F1, N1.35G11, and NI-301.37F1 exhibited high affinity for
misfolded-aggregated human wild-type TTR corresponding to EC50s of 3.0 nM, 3.9 nM, and 0.35
nM respectively. The exemplary antibodies also exhibited high affinity for misfolded-aggregated
recombinant mutant V30M-TTR corresponding to EC50s of 15.5 nM, 5.0 nM, and 0.15 nM

respectively.

Example 4: Binding selectivity of anti-TTR antibodies utilizing dot blot

To evaluate the binding selectivity of the TTR-antibodies and/or fragments thereof for native or
misfolded, misassembled and/or aggregated TTR conformations, human wild-type TTR protein in
native or misfolded-aggregated conformations and recombinant V30M-TTR protein in misfolded-
aggregated conformations were diluted in PBS at 4 different concentrations, and deposited by
vacuum filtration on a nitrocellulose membrane. The membrane was briefly dried (10 min) and
blocked with 3% milk in PBS-T for 1 h at RT, and subsequently incubated with anti-TTR
antibodies overnight at 4°C. After 3 washes with PBS-T for 5 min at RT, the membrane was
incubated with the appropriate secondary antibody (HRP-coupled; 1/10000 dilution) for 1 h at RT.
After 3 washes with PBS-T, the membrane was developed with luminol and the signal intensity

quantified by measuring luminescence.

The exemplary commercial anti-TTR antibody bound to native as well as misfolded-aggregated
TTR conformations with similar affinity, thereby demonstrating its absence of binding selectivity
for native or misfolded, misassembled and/or aggregated TTR conformations, see Fig. 3 A. In
contrast, the exemplary antibodies NI-301.59.F1, NI-301.35G11, and NI-301.37F1 bound with
high affinity to misfolded-aggregated TTR conformations only, and showed no binding to native
TTR conformations, thereby demonstrating a strong selectivity for misfolded, misassembled and/or
aggregated TTR (Fig. 3 B2, C2, D2). Accordingly, the antibodies NI-301.35G11 and NI-301.37F1
also showed strong binding to the misfolded-aggregated recombinant V30M-TTR protein, as
shown in Fig. 3 C3 and D3.

To further characterize the antibody binding selectivity, various TTR preparations including wild-
type and mutant, native and misfolded-aggregated conformations, and a collection of 12 human
plasma samples were processed similarly for analysis by dot blot, using murine chimeric anti-TTR

antibodies and HRP-coupled, anti-mouse IgG2a secondary antibody for detection (Fig. 6).
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The commercial antibody exhibited strong binding to all TTR preparation, including wild-type and
mutant, native and misfolded-aggregated TTR preparations, and was able to detect TTR in all
human plasma samples. This further demonstrates the absence of selectivity for native or
aggregated conformations, see Fig. 6 A. In contrast, the exemplary mouse chimeric antibody NI-
301.mur35G11 exhibited very strong binding to the misfolded-aggregated wild-type TTR sample
(Fig. 6 C1), and also strong binding to the mutantV30M-TTR protein (Fig. 6 C4), and to the mutant
Y78F-TTR protein (Fig. 6 C6). However, the NI-301. mur35G11 antibody did not bind to TTR in
the human plasma samples. This further demonstrates the strong selectivity of NI-301.mur35G11

for mutated, misfolded, misassembled and/or aggregated TTR protein.

Example S: Binding specificity and selectivity of anti-TTR antibodies utilizing western blot
The binding specificity and selectivity of anti-TTR antibodies was evaluated by means of western
blot, see Fig. 4. In brief, human wild-type TTR protein (300 ng) in native or misfolded-aggregated
conformations, and wild-type mouse liver extract (10 pg total protein) were loaded on a SDS-
PAGE gel and transferred onto a nitrocellulose membrane using a semi-dry transfer system. The
membrane was subsequently blocked with 2% BSA in PBS-T for 1 h at RT, and incubated
overnight at 4°C with anti-TTR antibodies diluted in blocking buffer. After 4 washes with PBS-T
for 5 min at RT, the membrane was incubated with the appropriate secondary antibody (HRP-
coupled; 1/10000 dilution in blocking buffer) for 1 h at RT. After 3 washes with PBS-T and a final
one in PBS, the membrane was developed with luminol and the signal intensity quantified by
measuring luminescence. Shortly before use, the misfolded-aggregated TTR sample was submitted
to crosslinking with glutaraldehyde (1%, 5 min, 37°C) to prevent the dissociation of TTR
aggregates during the preparation process for SDS-PAGE. In contrast, the native TTR sample was
not crosslinked before use, such that the TTR homotetramer (which is the native TTR conformation

under physiological conditions) almost entirely dissociated into monomers and dimers.

The commercial anti-TTR antibody showed very strong binding to the TTR monomers and dimers
of the human native TTR sample (Fig. 4 Al), and a similarly strong binding to cross-linked
misfolded-aggregated TTR sample (Fig. 4 A2), thereby demonstrating the absence of selectivity
for native or misfolded, misassembled and/or aggregated TTR conformations. In contrast, the
exemplary anti-TTR antibodies NI-301.59F1, NI-301.35G11, and NI-301.37F1 showed very
strong binding to the cross-linked misfolded-aggregated TTR sample (Fig. 4 B2, C2, D2) but no
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binding at all to the TTR monomers and dimers of the human native TTR sample (Fig. 4 B1, Cl1,
D1), thereby demonstrating strong selectivity for misfolded, misassembled and/or aggregated TTR

conformations over native TTR conformations.

In addition to that, the commercial and the exemplary anti-TTR antibodies had very low levels of
binding to the proteins contained in the mouse liver extract (Fig. 4 A3, B3, C3, D3). In view of the
high amount of liver proteins used for the experiment and the high antibody concentrations with
respect to their binding affinity, this indicates that the exemplary antibodies have a remarkable
specificity for TTR and do not bind significantly to other proteins. Furthermore, it appears that the
exemplary antibodies do not bind to the mouse TTR protein contained at high levels in the mouse
liver extract, indicating that the exemplary antibodies show specificity for the human misfolded
TTR protein. However, the epitope of the antibody NI-301.37F1 is present on the TTR protein of
rat and mouse. Accordingly, the primary amino acid sequence of the epitope may not be necessarily

decisive for the detection of misfolded TTR, but the conformation.

To further characterize the antibody binding capacity, or its absence thereof, to native TTR protein,
the exemplary antibodies were evaluated for their capacity to bind to the TTR protein contained in
human plasma samples using the same western blot technique as described here above, (Fig. 5).
The only technical difference consisted in trimming the upper part of the gel at about 25-30 kDa,
and using only the lower part of the gel for transfer of the proteins onto the nitrocellulose
membrane. This is to eliminate the heavy and light chains of the human antibodies present at high

concentration in the plasma samples, which could potentially interfere with the analysis.

In contrast with the commercial antibody used as reference, the exemplary antibodies NI-
301.35G11 and NI-301.37F1 did not detect at all the human TTR protein contained in human
plasma samples, thereby indicating binding selectivity for a TTR conformation which in not present

in the analyzed samples under these conditions.
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Example 6: Binding selectivity of anti-TTR antibodies in solution utilizing
immunoprecipitation
To further verify the binding selectivity of the anti-TTR antibodies of the present invention, human
wild-type and recombinant TTR protein in native and misfolded-aggregated conformations, and a
human plasma sample at 3 different dilutions in PBS were used for TTR immunoprecipitation (IP).
In brief, protein-A coated magnetic beads were incubated with anti-TTR antibodies diluted in
manufacturer binding buffer for 30 min at RT. The antibody/protein A complex was retrieved and
incubated overnight at 4°C with TTR preparations and human plasma samples. After washes, the
antibody/protein A complex was resuspended in SDS loading buffer, heated 5 min at 90°C and

processed for western blot analysis.

As shown in Fig. 7 the exemplary TTR antibodies NI-301.35G11 and NI-301.37F1 showed in
contrast to the commercial TTR antibody Dako A0002 no binding to the plasma samples (Fig. 7
A7-9, B7-9, C7-9), as well as no binding to the native wild-type and recombinant TTR samples
(Fig. 7 B3, C3, B5, C5). However, a strong binding was assessed in the sample, wherein misfolded-
aggregated forms of TTR were present (Fig. 7 B4, C4, B6, C6).

These results indicate that the exemplary antibodies NI-301.35G11 and NI-301.37F1 are able to
bind misfolded, misassembled and/or aggregated TTR conformations in solution, and show

remarkable selectivity for these conformations.

Example 7: Binding to pathological TTR aggregates in FAP mouse tissue

Exemplary anti-TTR antibodies were evaluated by immunohistochemistry (IHC) for their capacity
to bind pathological and non-pathological TTR protein as present in the tissues of transgenic mice
expressing exclusively the human V30M-TTR protein and not the mouse TTR protein (thereafter
named FAP mice). These antibodies were also evaluated for non-specific binding on tissues from
TTR knockout (TTR-KO) mice not expressing any TTR protein, and the corresponding transgenic
and knockout mouse lines were initially generated and described by Prof. Suichiro Maeda (Kohno
K. et al, American Journal of Pathology 140(4) (1997), 1497-1508). In bricf,
immunohistochemistry was performed on paraffin embedded mouse tissues cut in 3-5 um thick
sections. Sections were initially dewaxed and rehydrated, and treated with 3% H202 in methanol

for 20 min at RT. Blocking buffer (PBS + 5% serum (horse/goat) + 4% BSA) was applied for 1 h
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at RT, and replaced with anti-TTR antibody diluted in PBS for overnight incubation at 4°C. After
3 washes in PBS, sections were successively incubated with the appropriate biotinylated secondary
antibodies (anti human IgG, anti rabbit IgG dilution 1/125 in PBS, incubation 1 h at RT) and the
avidin-HRP detection system (dilution 1/125 in PBS, incubation 1 h at RT). The reaction was
developed with diaminobenzidine for exactly 15 min at RT. Tissue sections were counterstained

with hemalun for 1 min at RT, dehydrated in ascending ethanol series and coverslipped.

As shown in Fig. 8, a commercial TTR antibody Dako A0002 generated a strong staining in liver
and intestine sections of FAP mice and did not produce any stain in the corresponding TTR KO
sections (Fig 8 1A, 1B). The exemplary TTR antibody NI-301.35G11 generated a staining of
similar pattern and intensity in both liver and intestine sections of FAP mice (Fig. 8 2A). In contrast,
the exemplary antibody NI-301.37F1 generated a strong staining only in the intestine section but
not on the liver section of FAP mouse (Fig. 8 3A). This indicates that the NI-301.37F1 antibody
binds only to the pathological (i.e. non-physiological) TTR aggregates that accumulate over time
in the gastro-intestinal tract of FAP mice, and not to TTR in native conformation as synthesized by

the liver.

In addition to that, both exemplary antibodies NI-301.35G11 and NI-301.37F1 did not generate
any staining in liver and intestine tissue sections from TTR-KO mice (Fig. 8 2B, 3B). In view of
the high antibody concentrations used in this experiment with respect to the antibody's binding
affinity, this absence of staining on TTR-KO sections is indicating high binding specificity for the
TTR protein.

Example 8: Binding selectivity for misfolded, misassembled and/or aggregated TTR
deposits in human tissue

The antibodies of the present invention were also evaluated for their capacity to bind pathological

TTR deposits in human tissue. Sections of a skin biopsy from an FAP patient and sections of

pancreas tissue from a healthy individual were processed for immunohistochemistry using the same

procedure as described under Example 7, supra. Skin biopsy was sclected for this experiment as it

contains an important amount of pathological TTR amyloid deposits. In contrast, pancreas tissue

was used in this experiment because pancreatic alpha cells express TTR at high level.



10

15

20

25

30

-118 -

As shown in Fig. 9, the commercial antibody Dako A0002 revealed an equally strong staining of
pathological TTR deposits in the skin and native TTR in pancreatic alpha cells (Fig. 9 1A).
Similarly, the exemplary mouse chimeric antibody NI-301.mur35G11 produced an equally strong
staining of both pathological TTR deposits in the skin and native TTR in pancreatic alpha cells
(Fig. 9 1B). In contrast, the antibody NI-301.37F 1 stained only the pathological TTR deposit in the
skin and not the native TTR in pancreatic alpha cells (Fig. 9 3A). This result demonstrates that NI-
301.37F1 is highly selective by IHC for pathological TTR deposits, which include mutated,

misfolded, misassembled and/or aggregated TTR conformations.

The "secondary antibody only" control condition presented in panels 1B, 2B and 3B of Figure 9
reveals the tissue staining that occurs in absence of primary antibody. The absence (2B) or very
low level (1B, 3B) of staining indicates that the staining observed in panels 1A, 2A and 3A is

indeed specific for the corresponding primary antibodies.

Example 9: Assessment of the binding epitope of the TTR antibodies

To determine the binding epitope of the exemplary antibodies NI-301.59F 1, N1301.35G11, and
NI-301.37F1, the entire TTR amino acid sequence was analyzed using a panel of 29 sequential
peptides 15 amino acid long and 11 amino acid overlap, covalently bound to a membrane.
Additional peptides including selected mutations were also plotted on the membrane. The
membrane was blocked in Roti blocking buffer overnight at 4°C, incubated first with the anti-TTR
antibody diluted in blocking buffer for 2 h at RT, then with an HRP-coupled anti human 1gG
antibody for 45 min at RT (dilution 1/20000 in TBS). The reaction was developed with luminol

and imaged by luminescence.

The antibody NI-301.59F I recognizes the spots 15, 16 and 44 which correspond to the sequence
61-EEEFVEGIY-69 (SEQ ID NO: 49) on full human wild-type TTR, see Fig. 10 A. The antibody
NI-301.35G11 recognizes the spots 13, 14, 42, and 44 which correspond to the sequence
53-GELHGLTTEEE-63 (SEQ ID NO: 50) on full human wild-type TTR, see Fig. 10 B. However,
the antibody NI-301.35G11 does not recognize the spot 43, indicating this antibody cannot bind
the sequence 53-GELHGPTTEEE-63 corresponding to the L55P-TTR variant. The antibody
NI-301.37F1 recognizes the spots 9, 10, 11, 38, and 40 which correspond to the sequence
41-WEPFA-45 (SEQ ID NO: 51) on full human wild-type TTR, see Fig. 10C. However, the
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antibody NI-301.37F1 does not recognize the spot 43, indicating this antibody cannot bind the
sequence 41-WGPFA-45 corresponding to the E42G-TTR variant.

To refine determination of the binding epitope of the exemplary antibodies NI-301.59F1,
NI301.35G11, and NI-301.37F1, the entire TTR amino acid sequence was analyzed using a panel
of 151 sequential peptides 15 amino acid long and 14 amino acid overlap, covalently bound to a
membrane. For cach peptide, the amino-acid in position 10 was replaced by an alanine for non-
alanine amino-acids, whereas alanines were replaced by glycine or proline. The membrane was
blocked in Roti blocking buffer overnight at 4°C, incubated first with the anti-TTR antibody diluted
in blocking buffer for 2 h at RT, then with an HRP-coupled anti human IgG antibody for 45 min at

RT (dilution 1/20000). The reaction was developed with luminol and imaged by luminescence.

The antibody NI-301.59F1 recognizes only the spots 77 and 83, indicating that E60 and V64 are
not required for 59F1 binding whereas E61, E62, F63, E65, G66, 167 and Y68 are required for
antibody binding. The exact contribution of K69 is a matter of interpretation: strong antibody
binding to peptide 44 shown in Fig. 10A clearly indicates that absence of K69 in C-terminal
position does not prevent antibody binding; in the subsequent experiment shown in Fig. 10E,
however, K69A substitution in position 10 on the peptide prevented antibody binding. These
seemingly opposite results suggest that NI-301.59F 1 binds to a specific conformation of the amino-

acid sequence 61-EEFXEGIY-68 (SEQ ID NO: 58), wherein X can be any amino acid.

The antibody NI-301.35G11 recognizes the spots 68, 71, 72, 73, 74 and 75, indicating that G53 is
not required for 35G11 binding whereas E54, L55, G57 and L58 are required for antibody binding.
35G11 binding pattern also indicates that presence of E61 or E62 is required for antibody binding.
The exact contribution of T59 and T60 could not be determined in this experiment, but it is
hypothesized that the presence of one of the two tyrosines is required for antibody binding. Taken
together, NI-301.35G 11 binding profile on the alanine scan indicates that this antibody recognizes
the sequence 54 ELXGLTXE 61 (SEQ ID NO: 59), wherein X can encompassing all know amino
acids, see Fig. 10F.

The antibody NI-301.37F1 binds to the spots 50, 52, 55, 56 and 58-62 on the alanine scan
membrane, and no to the spots 51, 53, 54 and 57. This indicates that W40, P42, F43 and A44 are
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required for antibody binding. Combined with the earlier observation that mutation E42G disrupts
antibody binding (Fig. 10C), these results indicate that NI-301.37F1 binds to the sequence 41-
WEPFA-45 (SEQ ID NO: 60), see Fig. 10G.

Example 10: Determination of antibody binding characteristics by surface plasmon
resonance
The antibody binding characteristics to various soluble TTR preparations were determined by

means of surface plasmon resonance (SPR), using a Biorad Protcon XPR36 machine, see Table V.

SPR analysis was performed on a BioRad ProteOn XPR36 fitted with a GLM sensor chip. An anti-
human antibody directed against the Fc gamma domain was covalently coupled to the detection
surface and saturated with the antibody under investigation. Wild-type and mutant TTR protein in
native and misfolded conformations were diluted in HBS-T buffer at concentrations ranging from
3.2 to 316 nM. The antibody-antigen association was analyzed during 180 s and the dissociation
during 600 s. A Langmuir binding model (simple 1:1 association) was used to fit the data and

derive the association (ka)and dissociation (kd) constants, and the affinity (KD).

An anti-human IgG-Fcy antibody was covalently coated on the detection surfaces, and used to
capture the human TTR-specific antibodies. The antibodies were probed with 4 different TTR
preparations, including native and misfolded-aggregated wild-type TTR, and native V30M and
L55P TTR mutants, all prepared at concentrations from 3.2 to 316 nM in HBS-T buffer (10 mM
Hepes, 150 mM NaCl, 3 mM EDTA, 0.05% Tween 20, pH7.4). Misfolded-aggregated wild-type
TTR was prepared by acidic denaturation at 65°C for 80 min in acetate buffer (50 mM acetate HCI,
100 mM KCI, 1 mM EDTA, pH 3.0), with subsequent buffer exchange with HBS-T. 59F1, 35G11
and 37F1 exhibited linear binding and dissociation characteristics which were best fitted with the

Langmuir model.

The results show that these three antibodies bind with high affinity the V30M- and L55P-TTR
variants in solution, as well as the misfolded-aggregated wild-type TTR preparation. In contrast,

these exemplary antibodies do not bind native wild-type TTR in solution.
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Accordingly, the results show that NI-301.37F1 binds with high affinity to misfolded human wild-
type TTR protein in solution, with a KD of 1.2 nM, but not to the same protein in its native
conformation. Similar binding affinity (KD=1.4 nM) was measured for the mutant TTR-L55P

protein.

Table V: Determination of antibody binding characteristics by surface plasmon resonance.

Langmuir fit (1:1 interaction model)
Al\lllltf;)(())fy Antigen ka (M's™) kd (s™) KD

native TTR n.a n.a >316 nsM

ag;?fgﬁlif%ﬁ 9.7 10* 3.4 10* 3.5 1M

59F1 natglgo”f\;[FR- 13 10* 29 10% 16 nM

natizgs”li)TR- 51 10* 1510 3.1 nM
native TTR-WT n.a n.a >316 nM

pregted 1R | 2310 27 10" 12 oM

35G11 nat{jgoTl\}R' 74 10° 24 10% 33 1M
natizgs”li)TR- na. n.a. > 100 nM
native TTR-WT n.a n.a >316 nsM

37F1 nat{fgoTh}R_ 1.110* 1.9 10* 17 nM

natizgSTPTR- 33104 4.6 107 1.4 nM

Example 11: Passive immunization of transgenic mice for human Val30Met TTR,
presenting tissue TTR deposition, with chimeric human-mouse recombinant
anti-TTR antibody results in removal of deposition

Passive immunization was performed similar as described in international application WO

2010/030203, in particular Example 3, the disclosure content of which is incorporated herein by

reference as well as of the references Kohno et al., Am. J. Pathol. (1997), 1497-1508 and Sousa et

al., Am. J. Pathol. (2002), 1935-48, cited therein.
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In brief, monoclonal antibody was administrated intraperitonealy weekly for 12 weeks at a dose of
3 mg/kg to 7-month-old and 17-month-old FAP mice, which were transgenic for human Val30Met-
TTR allele and knockout for the murine TTR gene (Kohno et al., (1997), surpa). In the five days
following the last dose, animals were sacrificed, and various tissues were collected and fixed in
paraformaldchyde solution, and embedded in paraffin. 3-5 um sections were cut and processed for
immunohistochemistry using the commercial anti-TTR antibody described above. A standard
immunofluorescence procedure was used, which was very similar to the one indicated in example
7 with only difference that a fluorescent secondary antibody was used for detection. The surface of
tissue invaded with TTR deposit was quantified and expressed as percentage of total tissue area.

Statistical analysis of treatment effect was performed with two-tailed, unpaired t-test.

This transgenic mouse line reproduce the key pathological mechanism common to TTR amyloid
diseases which consists in TTR tetramer disassembly and misfolding of the TTR monomers into a
toxic and insoluble amyloidogenic conformation. Like FAP patients, these transgenic mice
typically present age-dependent TTR deposition. The evaluation of treatment efficacy was
investigated in two groups of transgenic mice which were 7-month-old and 17-month-old at
treatment onset; ages where TTR deposition is important and invading many gastrointestinal
tissues. Remarkably, passive immunization with the exemplary antibody NI-301.37F1 was
associated with statistically significant reduction in the tissue surface invaded with TTR deposition
when treatment was started at 7 months of age, see Fig. 12A. Treatment had a similar effect in old

mice, leading to almost significant reduction in TTR deposition, see Fig. 12B.

Example 12: Human-derived, recombinant anti-TTR antibodies bind to pathological TTR
deposits in vivo
To determine whether human-derived, recombinant anti-TTR antibodies are able to bind to
pathological TTR deposits in vivo, adult FAP mice of 7 months of age were injected with the
antibody NI-301.37F1 at 30 mg/kg i.p. or with PBS for comparison. After 48 hours, these mice
were submitted to transcardiac perfusion and tissues were processed for histological analysis.
Pathological TTR deposits were detected using a rabbit polyclonal, anti-TTR antibody in
combination with fluorescently labeled anti-rabbit IgG antibody, whereas the localization of the
injected antibody NI-301.37F1 was detected with a fluorescently labeled anti-human IgG antibody.

In particular, immunoprecipitation was performed as follows.
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Immunoprecipitation of NI-301.37F1 and isotype control antibodies from mouse plasma samples
was performed for 2 hours at RT, using protein A/G-coupled magnetic beads (Pierce #88803)
loaded with anti-human IgG antibody (Jackson Immunoresearch #709-005-098). After 3 washes
with PBS-T, samples were eluted from magnetic beads a 0.2M glycine buffer (pH2.5), neutralized
with IM Tris HC1 (pHS8.0), mixed with LDS-loading buffer (Life technologics #NP0007) and
heated 10 min at 90°C. Samples were then loaded on a 4-12% bis-tris gel (Life technologics
#WG1403A) run for 40 min at 200 V in MOPS running buffer. After protein transfer on a
nitrocellulose membrane, TTR protein was detected using either the conformation independent
TTR antibody (Dako #A0002, 150 ng/ml) or the antibody NI-301.37F1 (20 nM), in combination
with HRP-coupled protein A (Life technologies # 10-1023, 1/10°000 dilution) and luminescent

imaging.

The in vivo target engagement as described in Fig. 13 was performed in adult FAP mice (7-months-
old) which received a single injection of antibody NI-301.37F1 at 30 mg/kg i.p. or PBS. 48 hours
later, mice were perfused with PBS and organs were collected and processed for histological
analysis. Pathological TTR deposits were detected by immunofluorescence using a commercial
rabbit polyclonal anti-TTR antibody (Dako #A0002, 4.8 ug/ml) in combination with a CyS5-
conjugated anti-rabbit antibody (Jackson Immunoresearch #711-175-152, 1/200 dilution).
Presence (or absence) of NI-301.37F1 was detected simultaneously using a Cy3-conjugated anti-
human antibody (Jackson Immunoresearch #709-165-149, 1/200 dilution). The same scanning
parameters were used for imaging NI-301.37F1-injected and PBS-injected tissues, and images

received the same display adjustments.

As shown in Fig. 13, NI-301.37F1-dependent staining was highly colocalized with TTR staining
in NI-301.37F I -injected mice, but was completely absent in PBS-injected mice, as expected. This
result indicates that the anti-TTR antibody NI-301.37F1 is binding to pathological TTR deposits

in vivo.
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Example 13: Detection of misfolded TTR protein deposits in vive does not require tissue
biopsies
This diagnostic procedure replacing tissue biopsy and histological analysis in the diagnosis process
of TTR amyloid disecases associated with aggregated, mutated, and/or misfolded TTR is
exemplified herein below and illustrated in Fig. 14. In particular, the experiment was performed
with 7-month-old FAP mice, as described above; see Example 11, supra. These mice reproduce
the core pathophysiological mechanism of FAP and, like patients, present age-dependent TTR
deposition in various tissues. Two FAP mice received a single intraperitonal injection of the
human-derived, recombinant anti-TTR monoclonal antibody NI-301.37F1 at a dose of 3 mg/kg.
Prior antibody injection (t=0), and two days after injection (t=48h), small blood samples were
collected and plasma were prepared for analysis. Plasma samples were submitted to
immunoprecipitation with an anti-human IgG antibody (to retrieve the injected human anti-TTR
antibody), with t=0 samples used as negative controls. The immunoprecipitation samples were then
processed by western-blot to detect whether the anti-TTR antibody injected in mice had captured
some misfolded TTR protein during the 48 hours where it circulated in vivo. Western-blots were
performed using both conformation-specific and conformation-independent anti-TTR antibodies.
A control experiment was performed with an isotype control antibody (not able to bind TTR
protein) as negative control. An additional control consisted in incubating plasma samples from

untreated FAP mice with the antibody NI-301.37F1 in vitro, and processing as described above.

The results presented in Fig. 14 indicate that antibody NI-301.37F1 captured some misfolded TTR
protein during the 48 hours incubation period in vivo. This was observed specifically for the
antibody NI-301.37F1 and not for the isotype control antibody. Furthermore, the misfolded TTR
protein captured by antibody NI-301.37F1 was not present in plasma samples collected from
untreated mice. Altogether, these results indicate that the antibody NI1-301.37F1 was able to remove
misfolded TTR protein from insoluble TTR deposits in vivo, the presence of which could be
detected without the need for tissue biopsies. One technical adjustment to use this diagnostic test
in humans would consist in labeling the anti-TTR antibody allowing for its retrieval from human
plasma sample with, for example, a biotin or histidine or streptavidine tag. Alternatively, the
unmodified anti-TTR antibody could be retrieved from human plasma sample by means of an anti-

idiotypic antibody.



- 125 -

FIR Y IO A

‘eprdsof] Jel pue ek wenoPLA [edoy D ABojoununy JInoG sy, 08050 el g uoxy YOOSYDY] Hewools)  (Aopedryd) Aippsdny
F IUIRZ I [PAES ( SIpoD ' OMUSZOMOY |pId SUDMMEE T AT

091 ‘01 prOJAWY (£007) SoUUo) uestpuryl  H Y RS0 7 uoxy DOI<DL pelecto]  Ehosseud d sdneceud
282(1)0 projAury (641) Buequpe L] yshLg sseuy N4 Z uoxy DIE<DLY LIS (eagceud dpeascaug
£68 ‘1 ¢ &S00 (18661 1T UBSLBUIY N4 2 Hoxy DLo<DLI oeliste]  (meeseya dy reIgeeyg
g6 1{1)¢sT unumo) sy sAydorg usLpold (8861) Uosqooef ystmer foriict g uoxy DIF<OLL WG (erisseud dr spreeeyd
0718 OF PUsD PO [ (£007) pABUSPIOT-8 T YouaLy N4 Y 7 uoxH OO pelssto]  Gozsread ApzeEa
€27 7€ 2aBN SRS (S007) B BIRUIY NdHONY ZuoRy YR ISIINES, DeLEGLY) Grezsreadyervacea
L08 L (MBI U ({861 UosBRd US| T HSND 2 uoxy DHHHID Delspl sl GoosEad Aposea

. (UL ) ‘ ,
OL Ty BURD WD (26610 seU0l e H N Z uowy DOHDIH) DelEPLD (ErvociEa D eIvoLEA

ueadosg
POL L AU WD [ (861D BaTRIES ‘esaueder]  Nd T NY 2 uoxg DIFDLO w<Derl o] (BRrosEA D BIOCEA
BSBUIYD UBDLBUIY

€ s M\.w«,wnvgﬁw % <. € . -
L6 Lg1 w0 s sAydoid WHLROIY (266 1) TUmYRINGA ssoum AWM N4 H N ZuoRy DIDID o<pgpro]  (recrad neogEa
9101 ‘€7 BABN RS (000Z) oYBAR) asanBmIog M4 Z uoxy DIF<HLD wepzrl o] GeperEa D Ergea
80% ‘g8 waauT g (002 Tunlopg asavredey Nd ‘SND 7 uoxg OOW<I0D vepgela]  (mrevery d yrszery
YT ‘CT s BOSIIAL (TOOT) oTjERe ] UEDLBUY Hd'H 7 uoxH| 201000 ARt S ARy (masyeryd) BECTeY
BLT TE WD PRI L (G681 DRy UBOLBLTY Nd H 810 7 uoxy IO 10D J<O0EL ) (Berrosd d) BErzosd

. UBDLBUIY e
PLL % projhury (665 1) Slowmo) asarrno I Nd'BE 7 Uoxy Iv¥d< IOV YO8zl sy sweg d) usy gzieg
20£9 '£6 ¥ § 11 108 PrOY [EIM 004 {9661 sutel JUBNIBUIY ‘UBLLBD H 810 7 uo%d OIF<OID FOBIL'D erovies D slozien
19 ‘11 projéwry (4007 soto)]  URILIBUrY Yoy N zuoxg]  O/OYD <IvD|] DR weIrilo]  (mosgdvdnpgidy
19€ ‘8P 1 [OURd [ Ury (96810 [8pIA URLRSUNEL W Z uoxy REYIICAR LS oavells]  Gosedsyd dogidsy
091 ‘01 Projiury (£007) SIOUUoD URILBLIY H 2 uoxy IV v<o7llo]  (wvgedsy dy wygldsy
BIBRIOSICL PRiBE Y dLL STUBSOPIOTALE . ] ]
UL Uow % 2| SIIEE B d
PO pUE g4 U0 unisodwAS [UOTBUBTIL Uiy 541 (6661 PUTITY £ o 2 uoxy IAR-EIIARA D068 GIECPITD PIIETPIT
€81 "Z21 Wwg (668 1) paIg ysHRElT T H N Nd g uoxyg DODHID DL (oagzeneTd) odgzine]
UBLIBE LY
888 6T 1BURD PRI [ (2661 DB Y ¢ %wa%ﬁwm. N4 H 2 NY Z uoxy IHo<IHl oegseol  (Brgogsin dy Brvorsid
” — _ SR Bop ORI ) 4
P62 € TGN W ($661) U0sqooe( URISEOTEY ou g uoxy IOV<IOD TDOLD ot &) 1esedio
adfyouayg (o (epndad reuls eegr W
SRWBRY dnogy orp parioday uenE0y aBueys uopoy querie A asuanbag| Juerie ) WAL UK

2SS J1.L 31U} BT SUCHBIA TAY MR,




- 126 -

sisopiofury uo wnisodurdg [RUSHBRBIUL X (9002) OIBZI#MOY ueidlad H € UOXE] DLICOVDILI<YD 127 0229 (et d nepreno
£61 ‘gL Anpupdsg Bnsoans i 1oa0eid [ (L002) seeBnod USRI N H N ¢ uoxg FODYED) oepglen]  (vecdi dervicdln
ggl ‘1g ABojoana iy (1007) #1id pusig NPT SND § UOXH VYDSTD v<081zo]  (Mpediod noesiio
62T(2yve worERdsUnL T, (866 1) noBuwly ysnugl  NdYHNY £ uoxy I00<Iod, DCIFITD (oagermyd ougzsies
091 ‘0l projfury (£002) SIouun)) uBLBUTY H € 0%y DOODVD pavzize] @pumodADicnD
L11L ‘691 urumon s sydorg wepord (ssD o) MWMMM Nd 'H ‘N ¢ uows DOVIOV] pcioiza]  Grvopesd) Srvogies
$€ 808 WL S9HA (Z6s1) weus| ustuedy sseuedey PH Y £ voxy LIG<10V| L<b8020 (erosRg D) si10ses
spsopiofdury uo wirusodiAg [pustewsul 11X (0108) OBz Moy uBIpuy N ¢ uoRy DEV<ODY] DDIT D (PEsoL D BIGHYL
981 ‘6% PRIBH WINH (6661 WILIENEN ssaueder N H £ uoxy DIV<DDV| 1090270 (eI L & SlIsPL
pIOTAUIY (6002} SIOUUOD ‘981:(2- 1YLz * IR (B00Z) ® &MMMMMM HROLBIY WI'H ¢ uoxy DODDOY DLYE0ZD (agesiy ) oadspaL
112 T 18 WO (265 1) epeuy | yousad ‘uetpey Nd H 81D § uoxy DOBKO0Y| DL (ervssayl d) Brvsr L
o6t ‘projdury (¢881) Wood ueuRTuSl N4 H S0 NV 2 uoxg DIOHDD L<D00Z> Geacsfio D eaedio
$¢ ‘6 plofury (Zoozy ofed| DRI WRULBE NIHH 2 uoxg DYVD<OHDD v<puozo]  (pdie d noirio
19 7 PP WOH (P66 1) WHRAL zmmww% N H NV  uoxg DOD<DDD 0000zl (VoA d) BV LA
YT L6 BUBD WD (0007 MR uBEl HdH g uoxg DEVLDDO vebsst o] Grvisfip d Brviedn
026 ‘781 urtnoyy sy sduydotd WBONY (Z661) TURABITA sspuedyr NN Zuoxg ODODDD Depssl o] Buviedp d Srvirdin
161 G PG N (G661 ) valRReg)  UBOLIBUNY YSLE Nd'H Z uoxg DVE< D00 veorsl o] (dsvooeryd) dswopRry
201 05 PR WNH [ Ury (Z651) BATEIRS QMMWWM H g uoxy DOV D00 w<pislo]  Gurseery d sy
£81 o propfury (poog) JeBunuer ysipamg H 7 woxy DDILO0D 1<bEs1 ™ (Bgeorly D BOSHY
2ot ‘15 ABojoamnap] (886 1) el BBy A H NV 7 uoxg, IDI<LLL LIS (wapoeyd & Lerreud
0218 O PUSD PRI [ (£007) BATBURPIOT-8 e LRLL N\ g oKy R ATARA LIS D (A 1perud & A Tpreud
82 ‘¢ projiury (gss1) Andng PRt H zuoxd)  LmOVE<DYD] Lo 0<pegln]  (dsyzonpd dswzeno
Lhicsiaciiie . . X
L1111 ‘891 urumuog sog siydorg uBpOIg (0661) ou sy ‘ssoueder B CH MY 7 uoxg DODDVD pyegal  Eorenod Apzen
£92 ‘6 PIO[AY (2002) Pere MMMMMM it Zuoxy HLI<OD] Iebesta]  (ermedirdy neipdir
81D £ oyted Bing [ ury (6007) UoSSHLE UL H Zuoxy DLOOVD I<veto]  (Eascwswd pascdsy
98L1 “obe PR I 1BUY N (2007 HURLpe ] FERURING Nd'H Zuoxyg LID<IFD Iweily) (easedsyd) pagedey
20£:(e)pLT unumeg) s sfdoty wetpolg {(0007) 1ere ssoupdep L H N g Uoxy 100<ID oaveLld]  (evssdeyderysgdsy
645 St PUREH WINH [ WV (1681) sevor %&Mﬂﬁ MMH NI S0 7 uoxd] EFalerarecs D<DESLD (ougocery d oagosely
&8 B11 wead (5661 Ao sl HACH N guomg|  LovY<Hwy|  L00<nDield]  (usyeesdTd) usyogsh
GEL ‘L IBUBE PRI L WY (8661) OSsaTE] uetfel] N4 H] 7 uoxy| VOV < VY Dep1ote]  GuipsBrydyayreedry




-127 -

(X1 IL) UBoLBULY

681 18 ISPAUTUID [ (886 1) aovfBp] " - o £ “tpusiL NAHH € uoRy I¥1<1Ol FLD06T D Arienad dhLiieg
804 16 £Bojaman (866 1) PANBUSPIOT- 1L oA Hd N € uoxy L11<1D) I<0062 o (eudremg dyeydsien
ik DU SOPIOTALLE A ]
SYL L PIOMAURY (p661) PR URLRD 4 o € Hoxg DYDY 0<O0BE Y] PSSV D sipLdY
SEL 2T WP U (661 Yioog wsape|fuBg NN § uoxy VIO<YIY DCFLLTD (easerlr d eaAg el
02F T WP U (g661) spuly]  ysiedg ‘poueag Nd 281D £ UOXH DOODIE DL CErvisraADEVILEA
Y60 ‘T £B010MB I (266 1) OIOUMZT BB TeINE L JGRC RN Ie) £ UORT| LIOVI<TdY Io<voizo]  (UsvossATd) usvo s
$Z ‘01 profdury (£007) 1998], asaueder H 81D £ uoRy DIN< OVI] IN<Y 1992692 0 (resl 4 a116038,
L1 11 "profAury (pgs 1) snump ez jussipury Usigoog 4 £ uoxy YOOV DLLEITD (16234 & sTHEAL
£96 98 ToIpRD s o15ed (1661) BpIBUY fusoumiy ‘UmLRD H € uowH VIO VI OTAT S far (rerzagell &) rerIges|]
£62 Pl POty (L002) HEN BEBUTYD NdH £ UOXEH OYDCDOD R aslteras (piedin D uoefio
) [EZRE) P . )
Z5T1 9% OB Yory (66610 TDtB Ly (v weipruzp| SN0 NI WTE ¢ uoRy IDI<ILL D<LISTY (Baperud & egreaud
£68 "1 Aforomai (16610 ¥1] teoLBmurY ‘uREl HACH 8L £ voNH LIO<LII) D<loszof  (enseud d neeeud
Bogee 0 LIBGE 0
2107 Joamep [ sisopropdume Amurud se pesouBempsiur uoneinul susd . )
HLL PACUE (1 S1SOPIO e Unaskgsuea orpuiodg TEB 1Z198d URISROTE) H £ Uox] OVI<OTD w=Depe o) GATeembH O si e
TEpY 7 888 A ‘S HPWR[ED f YOIRL ‘g WRMe “ odBj[ear) D uBlLg
. i SIS ) i R
co 1 polAiury (1007) Fronzussong| ﬂmuhgw NAH'SIO ¢ uowy DOOOVD pevzrzol  @oisnod AnienD
0601 P61 ununuo $9 sdydorg wetpoid (g661) IoME aspumder Nd £ uoNg DVY<EHTD weoipzol  GATIgnD D sATionD
UEDLRUIY USRI
9 ‘gL 1SPAUT WD [ (9861) 80B][EM, YSHT UBILBD N4 H 810 £ UOXH IOO<IDY VST CervosauL D 1w 0oL
“UBI[RESIY
161 G PrgA] W (C661) Bateteg (UEsY) NdH NV ¢ UoXH YY) FEDHETD (416001 D sET6CL
: UROLBULY “URelL -
. [ ) . .
CEC G SOIIOUBEy (6841 SIOUDIN BsLBUrY ‘TEeg HSID ¢ uoxy OVO<DID WLEER D) (stpgene T d) stHRC TR T
08¢ 081 urtuwo) sey sdydorg wetporg (1661) 1eeg sseueder]  H T ‘810 NV ¢ uoxy DODCOLD Delegzoy  (BregereTd) SrygeneT
paystiqndu eseqeiep sRReds-sM0T WL L (661) UOSqOTEL UBOLRUTY H € uoxy IODITD DCTLTTY Rryoist d BryocsiH
{URLLIB L)
£6€ "68 PURD WINH (Z661) UOSQoDEl] YoInD) UBdLBUIY N H 2NV £ UOXH, SO0HLD DeIVET (orggraTd) oageene T
‘BSRURMIY ],
091 ‘0l propfury (£007) SIOWoD URLLBDEY NPT ¢ uoxy DL DItz oy (Bryguneyd) Sryggre
. (U ag) o ¢ .
99T ‘6 PIOJAUTY (2007) PEZe ], — Nd H NV § uoxg DYD<HID YIpZe o] (Wi Td mneete
sisostofAury o wisodiudg [BUoHRILIS] [ITX ' NHOD URIURLIo] MAH € uoxH VOV D<DOTT Y (UOPLD D WDPenD
85:(1) €€ 1oumd Bang [ W (5007} UOSSYLT UBILED PeBI 1N £ uoRH OVD<DVD I<pzzzo)  (dsvpono d dsypsnio
648 811 wmIg (6610 AR ystug M TN § Uoxg DODDTD Dvizzol Gorino d Aorenis
g9 ‘g5 £Bojoma {6661) npedo], asaumder NI H MY g uoxg DY <DVD vap0zzo|  GETrinD & s&TreniD




- 128 -

DIURZOPIOIALUR

$TOT ‘98 BOAUL UID [ (086 1) S50 asarBrgiog sou  UORT DD vensaeo] (WIsziery ) MIsolery
£P1 061 0 RN [ (4661) 2 asavmder JRzs ¥ uoRg DOIRO0D L=Degsol  (egsziEry & BIEOIEY
. 2IURZOPIOJALLIE
26"y pojAury (£561) BURY asenBrgiog . " uou puoRg IDD<non Izpwecol Greszieyd uvsorely
091 ‘01 PIOJAUTY (£007) SO [iza38-Ty] NdH puoRg DIF<LIV paliged]  (Breziend BP0l
stsopiojiury uo ursodimAg [PuoRIRIUL TX (9007) 01U Z0#0 ysuug Ry  UoEg LIL< LIV I<vsiso)  Gudizieirdeydin el
66€ ¢ WG VITH (P66 1) Uosqovel UBSLBUY ‘WRILBL Hd H81o F UOXE LIO< LIV DFELED (zaiz e d paAOIRlL
TED L
£9¢ ‘pog Ut 53 shydotg UBYOIT (5661) PieZeRL g%w% proj Aure-uou P UOKH VOO F<blLeo] (Smpeiday & stHpo18ry
128 'S [0 APIOSIC] BTostiuoina ] {966 1) S0 L) UBORBULY ‘projArg-tou P UoRy DO IL000 Ixoore sl Ghovzidry & sdowidry
091 ‘01 projfury (S007) SIOUUeD) UEOLBUIY H puosy DOWLDDD wepeoso) Gesezifny dsgenify
SIRPIOSIT PRl ALL i ) )

BUIO P g1 1o wnisoduidg [PUONPIRINT G UL (6661 PURIY UBLBD profAurE-uou # UOXET D000 pepsoeol Gryzzioagd Bryzolon
£0¢ ‘21 T WOH (38610 1210 T wAEIUS] asaupder proffre-vou $UORT DEVLID0 wepogo]l  (egizidn D Bgioldn
£6 121 108 jerep] [ (61 vprise ) sseunder N4 ‘H ¥ UOEy DO oeposeol  (ADLiiery ) ADsery

. BESLIEMIRT . ) .
287 ‘o projfiy (6661 BURgIPR, “ssoung HM4 #UORT D000 I<ospeol  (BEoiieryd Basey
£87 (PP 1 PIOJAUTY (L007) UL S N H WY $ UORH YOOI LD oelips o) GErvviiead ervesiEa

: ’ pcchigliait=tyl *

RIBPIOSICT PR ALl ) )
BUO PUB v to wnysoduids [PUOHPLBIUL HITTA 24, (3007) 70T RIEA Jars UKy DIV<DID vepioeo]  Gereiiea d BINGSEA
LET “2¢ Toured WoEt (1007) oes asauder H £ uoxy DYV v<bpeeo]  GATzIve d séTzemn
14 “Z1 FINAT LR (86510 RS pualyl Mg H 210 NV £ UoRg] WOICVOD I<piggo}l  (egrieyd RgISErY
SISOPIOATIY U0 WNIso GLAT [BUCTBURIUL T (90027) ONBZ Moy ysuLg H g uoxy ID<IVD peoszeo]  (dsvorisigdy dswossiH

. DIANB IO DILRBOPIOTALR . .
182 ‘Sp puep unD (P41 omg “ : £ UORY IV¥<IYD wegze o]  Usvoiisi ) usyossTH

C3an Ty) ~ 101

o ‘¢ PIoJAUrY (0007 WIrLUERN UEOLBURY FH Y § uoxy DYDY vepczeol  GATs01nD dy s 168000
112 ‘1 B0 Wi (26610 episuny Aoy BdH 810 € UoKE DY o=Dezel  (WosninD & unsenD
622 ‘99 vonwueidsuel (ges [ nofuvig]  usHI ‘vmum N4 H € UORH DOUVLOLY Deliig (Ip01er & M IpselT
088 ‘8L 155 UL WD [ (9861) PINAC UYL et TSI ¢ uoxy DEV<OLY p<riied]  @egpolemd Bepaa

: ‘sstang “weneBungy = E
£0¢ ‘66 &3ojourerpydo (2661) U e LBy HE 810 ¢ uoxy OVFLOIY] WL (v ep1ell D uS¥rss|]

G- 1(LISE P 2107 TYZ BZ S70¢ UBILD 1L 8t
1.1 eriBuoyyz stsopioldume snosqrs AIBpadet Uit S[IUIE] B UL UoTRinu CE ) ! £ UOKT DODDOD oepiogo]  Guveolfod Brvesdin
ated YL B Jo uoneayuepl X Buvm, frnouz ‘1 ovz ‘4 a1

$1s0plojAury Uo winisodwAg [BUOTBUIRIUL I (S00T) ClRmM0|  UsHod ‘veissnyg H € uoxg VIOYDD I=owoes]  (reatotervdiealsery
091 01 pProjury (SH07) MoUoD RO RBUIY H € UoRH VOVCTOD wvepioeol  (mrioterydagLieery
62 ‘01 projfury (coz) A3upr]  (veyED youeag N8 ‘81D ¢ UCKF OLI<OYL I<vgsrof  (Gudssibl deudgiiiL




-129 -

WesAS snoasRt [eauss = SN Spedoreufiod = Ng Anedoinst= [ JeeBuruswo)ds] = T Bl = T HeUpn] = 3 ‘WeeY = 1 %o = woupuds jeuury edreo = g 1o Agedorsu snuouois = Ny

K3y uorjerARIqqy
e DWBIOPIOIAUR _ _
€75 "9 o4 pOsIT Jejrosauoansi] (9661 TR i) W U0z SIALANS I<Dssys]  (egsriond & Bgcziold
¥5 9 projdury (s¢61) sfmapy | weorpuIy ‘ysiug Nd'BH puozy 200010 nelseyd] EreTrlEad UvIzies
UEaLBLTY
{21 'L PR WNH [ Ury (1661) 105008 ‘asandrgiod H { uoxg WA LONED yeowysl  GepiradenziEs
BN
RS oD -
gt ABojomay] (1661) Mg @ mmh%gew NAH SID SND uoxg NI e ow werol  (epepiiea ) epzziEa)
98LL “9vs PAYL L 130 N (2007) uuRUIpeT UGG 1 H Ny puoxg I0I<IDD I<ogibd]  Gegoplery d) Be0ziey
‘6§ PUBE PR (1661) vostim e T o I a4 BsTLY
Tk ‘65 PUBD PRI L WY (1661) V0SB Ssrdog o puoxy DIYDNY) Ixootpd] BrBelyl dprsiin
1L 21 WP WH (£661) 1RSI P 910 ‘NdNY P uoxg IDI<IVL D0 oro]  (enos AL dy ol AL
¢l 691 unuauio) s shydorg uBooIg (066 1) oUR[) asauwder| N T H 1 NV uoxg W INELAL D7I0pd| (EOpE AL &) SEDPT LKL
G1¢ ‘b ABojoarep (pe61) TR asatder BN oz WLATOLAL Delooyd]  (E1Hps AL G ST 18]
8 ‘71 1oyedoumap WD (566 1) BonT (] ey NdH puoxy DIV Lebssed]  rzsiseg dyerzleg
§11£Z JounuIu] [ pUEog (3861 2N pIoN] it HSI0 P uoEg DIFLHLO Feo166 0] (e Td) By LI
SIBIOPIOTALIE .
881 07 JojBuInatpy £ (£661) opounz] i B P uosg 0100 Ixnoses| (ragz1ery d BASOIRY

~uou




10

15

20

25

30

- 130 -

Claims

A human-derived anti-transthyretin (TTR) antibody or an antigen-binding fragment thereof,
which is capable of binding mutated, misfolded, misassembled and/or aggregated TTR
species and/or fragments thereof and does not substantially recognize physiological TTR
species, wherein the antibody or antigen-binding fragment thereof comprises in its variable
region or binding domain

(a) the complementarity determining regions (CDRs) of the Vi and V. variable region

amino acid sequence depicted in any one of Figs. 1A to 1T, or

(b) an amino acid sequence of the Vi and V| region as depicted in any one of Figs. 1A to

IT.

The antibody of claim 1, wherein the antibody is capable of binding

(i) a TTR epitope which comprises or consists of the amino acid sequence EEEFVEGIY
(SEQ ID NO: 49), GELHGLTTEEE (SEQ ID NO: 50), or WEPFA (SEQ ID NO: 51),
and/or

(i1)) anon-linear, conformational epitope of TTR.

The antibody of claim 2, wherein the antibody binds the TTR epitope (i) GELHGLTTEEE
(SEQ ID NO: 50) but not a corresponding L55P mutant epitope or (ii)) WEPFA (SEQ ID
NO: 51) but not a corresponding E42G mutant.

The antibody of any one of claims 1 to 3, wherein the antibody or antigen binding fragment

thereof further comprises a constant domain.

The antibody of claim 4, wherein the constant domain is a human constant domain,

preferably of the IgG type, most preferably of the IgG1 class or isotype.

The antibody of any one of claims 1 to 5, which is a chimeric murine-human or a murinized

antibody.
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The antibody of any one of claims 1 to 6, which is an antibody fragment selected from the
group consisting of a single chain Fv fragment (scFv), an F(ab') fragment, an F(ab) fragment,

and an F(ab'), fragment.

A polynucleotide or polynucleotides encoding the antibody of any one of claims 1 to 7,

preferably wherein the polynucleotide is a cDNA.

A vector or vectors comprising the polynucleotide(s) of claim 8.

A host cell comprising the polynucleotide(s) of claim 8 or the vector(s) of claim 9.

Use of the polynucleotide(s) of claim 8, the vector(s) of claim 9, or the host cell of claim 10

for the production of an anti-TTR antibody.

A method for preparing an anti-TTR antibody, said method comprising
(a) culturing the cell of claim 10; and

(b) isolating the antibody from the culture.

The antibody of any one of claims 1 to 7, which

(i) comprises a detectable label, preferably wherein the detectable label is selected from
the group consisting of an enzyme, a radioisotope, a fluorophore and a heavy metal;
and/or

(i1) is attached to a drug.

A peptide having an epitope of TTR specifically recognized by an antibody of any one of
claims 1 to 7 or 13, wherein the peptide comprises the amino acid sequence EEEFVEGIY
(SEQ ID NO: 49), GELHGLTTEEE (SEQ ID NO: 50), or WEPFA (SEQ ID NO: 51),
wherein the peptide is recognized by the antibody of any one of claims 1 to 3, preferably

wherein the peptide is an antigen.
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A composition comprising the antibody of any one of claims 1 to 7 or 13, the
polynucleotide(s) of claim 8, the vector(s) of claim 9, the cell of claim 10 or the peptide of

claim 14.

A composition comprising the antibody of any one of claims 1 to 7 or 13, the cell of claim

10 or the peptide of claim 14, wherein the composition is

(i) a pharmaceutical composition and further comprises a pharmaceutically acceptable
carrier, preferably wherein the composition is a vaccine and/or comprises an additional
agent useful for preventing or treating diseases associated with TTR amyloidosis; or

(i) a diagnostic composition, preferably further comprising reagents conventionally used

in immuno or nucleic acid based diagnostic methods.

The anti-TTR antibody of any one of claims 1 to 7 or 13 or the composition of claim 16 for
use in the prophylactic or therapeutic treatment of a disease associated with TTR
amyloidosis, preferably wherein the disease is selected from the group consisting of Familial
Amyloid Polyneuropathy (FAP), Familial Amyloid Cardiomyopathy (FAC), Senile Systemic
Amyloidosis (SSA), systemic familial amyloidosis, leptomeningeal / Central Nervous
System (CNS) amyloidosis including Alzheimer disease, TTR-related ocular amyloidosis,
TTR-related renal amyloidosis, TTR-related hyperthyroxinemia, TTR-related ligament
amyloidosis including carpal tunnel syndrome, rotator cuff tears and lumbar spinal stenosis,

and preeclampsia.

The antibody of any one of claims 1 to 7 or 13 for use in in vivo detection or imaging of or
targeting a therapeutic and/or diagnostic agent to TTR in the human or animal body,
preferably wherein said in vivo imaging comprises scintigraphy, positron emission
tomography (PET), single photon emission tomography (SPECT), near infrared (NIR),

optical imaging or magnetic resonance imaging (MRI).

An in vitro method for diagnosing a disorder associated with TTR amyloidosis, comprising
steps of determining the presence of an antibody that binds to a peptide of claim 14 in a

biological sample of said subject.
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A kit useful in the diagnosis or monitoring of a disorder associated with TTR amyloidosis,
said kit comprising at least one antibody of any one of claims 1 to 7 or 13, optionally with

reagents and/or instructions for use.

A method of diagnosing a disease associated with TTR amyloidosis as defined in claim 17,
monitoring the treatment of the disease with an anti-TTR antibody or determining the
diagnostic or therapeutic utility of an anti-TTR antibody comprising assaying the level of
misfolded and/or aggregated TTR in a sample of a body fluid from a subject following
administration of an anti-TTR antibody to the subject, wherein the presence or elevated level
of misfolded and/or aggregated TTR in the sample of the subject compared to a control
indicates a disease associated with TTR amyloidosis, wherein the anti-TTR antibody is the

anti-TTR antibody or antigen-binding fragment of any one of claims 1 to 7 or 13.

The method of claim 21, wherein the level of misfolded and/or aggregated TTR in the
sample is assayed by determining a complex formed between the anti-TTR antibody and the

misfolded and/or aggregated TTR.

The method of claim 21 or 22, wherein the control is a sample obtained from the subject

prior to administration of the anti-TTR antibody.

The method of any one of claims 21 to 23, wherein the body fluid is blood and the sample is
derived thereof and/or the control is a corresponding sample of a body fluid taken from the

subject prior to administration of the anti-TTR antibody.

The method of any one of claims 21 to 24, wherein the subject is a non-human animal or a

human.

Use of an anti-TTR antibody in the method of any one of claims 21 to 25, wherein the
antibody is an anti-TTR antibody or antigen-binding fragment of any one of claims 1 to 7 or

13.
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ABSTRACT

Antibody-based therapy of transthyretin (TTR) amyloidosis and human-

derived antibodies therefor

Provided are novel human-derived antibodies specific for transthyretin (TTR), preferably capable
of binding misfolded, misassembled, and/or aggregated TTR species, as well as methods related
thereto. In addition, methods of diagnosing and/or monitoring diseases and treatments thereof
which are associated with TTR amyloidosis are provided. Assays and kits related to antibodies
specific for TTR or TTR deposits and aggregates are also disclosed. The novel anti-TTR
antibodies can be used in pharmaceutical and diagnostic compositions for TTR targeted

immunotherapy and diagnostics.



