HIGH-AFFINITY AND AGGREGATIVELY STABLE ANTIBODIESON
THE BASISOF VARIABLE DOMAINSVL AND A DERIVATIVE VHH

Introduction

Antibodies, also referred to as immunoglobuling),(lEye soluble blood or
interstitial fluid glycoproteins that play a keyleoin humoral immunity of the
Vertebrata. Antibodies are produced by B-cellseésponse to alien biological and
chemical substances (antigens) of various structarethe purpose of their
neutralization. Due to high specificity and higliirafy of binding with a certain
antigen, and ability to produce antibodies agdimstunlimited antigen repertoire,
antibodies and their derivatives are one of thetrmogortant reagents to be used
in both fundamental and applied medical researches.

Classical antibodies [1, 2] are large multimeriotpins (IgG ~150 kDa),
which comprise two identical heavy H-chains (oneialde VH domain, three
constant domains CH1, CH2 and CH3, and a hingadmrdgptween CH1 and CH2
domains) and two identical light L-chains (consigtiof the variable domain VL
and constant domain CL). A four-chain molecule has-covalent and covalent
(disulfide) bonds connecting the chains. Papaiteaise can be used to break down
an antibody molecule into two fragments: Fab (Fraginantigen binding) and Fc
(Fragment crystallizable). Therefore, one regiorithef molecule (Fab) defines its
antigen-related specificity, and another region @cercises the effector functions
targeted at antigen elimination [3, 4JH1 and CH2 domains ofH-chain are
divided by a hinge region that assures mobilityFab-region and interaction of
IgG molecule with Ig effector receptors locatedtloa cells.CH2 domain contains
the regions binding both FcY receptors that medcate activation (ADCC and
ADCP) and complement system molecules (CDC). Initaag this domain
contains the site that is an attach point for claydeates of all immunoglobulin
isotypes.CH3-domain largely determines the stability of Ig@Gndr and interacts
with FcRn-receptor on the cell surface establislphgrmacokinetic properties of

antibodies as well as their metabolism and distioiou in the body. The



combination of complementarity determining regioftSDR) of the variable
domain of the heavy chain (VH) and the variable dionof the light chain (VL)
forms an antigen-binding fragment, while the frarodwregions of the variable
domains and the constant domains are not diraoilyived in antigen recognition.
A minimized Fab-derivative for classical antibodissa single-chain structure in
which variable domains of the heavy and light ckane connected with a linker
sequence (scFv).

Finding significant amounts of specific non-claaticantibodies of
simplified structure in the blood of Camelidae aalsn(camels, llamas, vicunas)
was a valuable discovery [5]. Such antibodies (heevain antibody, HCAD)
consist of a dimeric single shortened heavy chaith¢ut CH1 domain) with no
light chain at all. Antigen-binding fragment of HGAs formed by only one heavy
chain variable domain (VHH), which is connectedtlgh the hinged region to Fc-
domain. VHH is often called a single-domain antypodnanobody”, “mini-
antibody” or “nano-antibody”. It appeared that iddd@ion to small size (12-15
kDa), such isolated mono-domain structure has abeunof advantages as
compared to classical IgG antibodies, namely agdi@y, chemical and thermal
stability. VHH antibodies can be successfully cldrend expressed in bacterial
and yeast cells. With such properties, these atitiso were developed in
therapeutic field by Ablynx Company and in laborgtoand industrial
chromatography (CaptureSelect affinity products).

Non-classical antibodies (HCAD) including a diméjust a single Ig heavy
chain were first discovered by electrophoretic gsial of immunoglobulins in the
serum obtained from various representatives of (dae bloodline [5]. The
relative fraction of HCAb varies from about 15-2%& all IgG) in llamas and
vicunas to about 60—80% in camels [6].

It is assumed that non-classical antibodies (HCAdt)least in case of
Camelidae, resulted from relatively recent evolutiof the genes of classical
antibodies. Two heavy chain constant domaitid2 andCH3, in case of HCAb

and classical antibodies are highly conserved HIbAb there is no domain
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corresponding to the first constant doma&iml of classical antibodies. The
genome of the one-humped camel (Dromedary) contaiokister of about fifty
VH- and forty VHH-generative genes followed by npli genes of D-segments,
J-segments and genes encoding the constant reipn<y, Ce and Ca). It is
clear that some ofy-genes serve to form HCAb (mutations result in ltes of
CH1-domain), and other serve to form classical anlig® (with sustained€H1-
domain). The same genes of D- and J-segments mapmdy connect to either
one of VH-genes or one of VHH-genes. This indicdked VH- and VHH-genes
are located in the same gene locus [7-10].

The organization of variable domains of non-cladsantibodies (VHH) and
variable domains of classical antibodies (VH) igyveimilar, as human VH-
domains of IgG3 subclass have most evident homologyWH and VHH of
Camelidae. In both cases, V-domains comprise fanservative framework
regions FR surrounding three hypervariable compigarg-determining regions
(CDR). In addition, in both cases a 3-D structyi@dal of immunoglobulin V-
domain of twoB-layers is formed, one of which comprises 4 amicid aequences
and another comprises 5 amino acid sequences P11Al three hypervariable
regions in this structure form a cluster on oneesud V-domain, where they
participate in antigen recognition and are locatedthe loops connecting-
structures. However, there are several importastindtions related to the
functioning of single-domain VHH. Thus, CDR1 and of VHH are
significantly enlarged. Complementary-determiniegions of VHH often contain
cysteine residues in two sections at once (usuallfCDR1 and CDRS3, less
frequently — in CDR2 and CDR3). The studies of Vidiystal structures have
shown that these cysteine residues form disulfidedb and provide additional
stability to the loop structure of these antibodE2]. The strongest and the most
reproducible distinguishing feature of VHH is reggated by four substitutes of
hydrophobic amino acid residues with hydrophiliesnn the second framework
region (Val37Phe, Gly44Glu, Leu45Arg, Trp47Gly, aaing to the numbering of

Kabat et al [13]). This framework region of VH-doimas highly conservative,
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enriched with hydrophobic amino acid residues andsisential for linking to the
variable domain of the light chain VL. VHH-domaiiffdrs greatly in this aspect:
substitutes of hydrophobic amino acids with hydibpimakes the association of
VHH and VL impossible. These substitutes also arphagh solubility of VHH
(nano-antibody), when it is obtained as a recomtiipeotein [14].

It appears that the repertoires of possible paest¢antigen-binding parts of
an antibody) ofHCAb and classical antibodies may be significantlyfedént.
Since these two antibody types co-exist in the sarganism, it can be assumed
that they do not compete but are complementarath ether. For example, it was
repeatedly noted that both antibody types couldiostnaltaneously, exclusively
or in different ratios with regard to various epiés of the antigen material upon
immunization of the very same animal. Despite thepscted lower variety of
paratopes possible for single-domain antibodiesc@spared to classical two-
domain antibodies, many publications have cleadynonstrated thaiCAb can
be obtained against the most diverse epitopesrather wide range of antigens
[15]. Apparently, this is due to enlarged CDR1 &i2R3 regions. We also should
note a surprisingly large (as compared to V-domaihsclassical antibodies)
number of somatic hypermutations in VHH that akely to accumulate in the
course of affine maturation of the antibody durimgmunization [16]. X-ray
diffraction analysis revealed that antigen-bindiogp regions of VHH are able to
form structures unusual for classical V-domains [l&]. While in case of M- and
VL-domains of classical antibodies, all six CDRswibute almost the same to
antigen binding, in case of VHH, CDR3 is usualle tmost important for the
formation of a paratope. It has been shown that €EPRVHH (but not in VH or
VL) is capable of forming uncommonly long fingertsttures that can deepen into
the antigen structure and, in particular, detetivacenzyme centers [12]. Small
size of the antigen-binding region of VHH and itslity to form unusual emerging
paratopes explain how HCADb capable of epitopes cessible for classical
antibodies can be obtained (for example, produatibantibodies that efficiently

inhibit enzymes) [17].



With all its high potential of specificity, unigu@as compared to classical
IgG antibodies, the therapeutic use of a singlealoiYHH is sometimes limited
due to its rapid elimination from the organism. féhere several solutions
designed to improve the pharmacokinetics of VHHi&tres, including chemical
conjugation with PEG and covalent binding to popyes mediating the reduced
clearance from the blood, such ldeman serum albumi(HSA) or Fc-fragment
classical human antibody as fusion proteins thasess a half-life of up to three
weeks [18,19,20]. Small peptides attached to VHHbyetic engineering methods
and capable of high-affinity non-covalent interaotwith said components (HSA
and 1gG) in human blood have been successfully y24d However, the
technological efficiency and immunogenicity of teespproaches remain
questionable, and the feasibility of using ther@oéither clinical or earlier study
phases is now on trial.

In addition, the greatest limitation of using aotlies as medicinal agents
for the treatment of various diseases is due tar thggregation and chemical
stability, affinity and immunogenicity. Since the ajority of monoclonal
antibodies are obtained on the basis of mice, égelar use of such antibodies in
humans causes development of immune response tbodwyttherapy (for
example, allergic reactions). These types of immaseonse finally result at least
in lack of efficiency, and in potential anaphylacteactions at the worst. On the
other hand, aggregation or chemically unstable afteutic antibodies reduce
therapeutic properties of the drug product overetiemd may increase its
Immunogenicity upon administration to human pagsent

In reference with the above, it is important to €lep VHH-based
antibodies with improved (in comparison to previguknown antibodies)
functional and therapeutic features, particuladgreased aggregation, chemical
and thermal stability and improved affinity, whietould at the same time be

easily and simply produced, including on industsicdle.



Background of the invention

The background of the invention includes varioudibaay structures
containing VHH domain.

PCT/EP2008/066368 publication describes antibdtligiscomprise separate
variable domains linked with Fc-fragment. Nano-lesdcan be used as variable
domains with Fc obtained from IgE antibodies. Tael flomain and Fc fragments
can be connected through a linker located in thgehregion.

Patent application US 2009/0202979 disclosed adit#so comprising
complete VHH antibodies or parts thereof directiynimected to the constant
regions of human antibodies.

In addition, there are amino acid substitutes kndaviaffect the physical-
chemical and biological properties of antibodies.

For example, application US 20110028348 describesantibody heavy
chain variable domains wherein amino acid subsStutvere introduced in
positions 35, 45, 47, 93- 100 and 4@0 improve the hydrophilic properties of the
antibody obtained.

Now, the methods have been developed to optimeestitucture of isolated
VHH and VH mono-domains in order to reduce the imogenicity and improve
the aggregation stability thereof.

Thus, Vincke at al. [22] have found that Glu-4&ly and Arg-56-Leu
substitutes in specific amino acids result in aasg@ domain that is more stable,
though less soluble. Other substitutes in the fraonk region FR-2 Phe-42Val
and Gly/Ala-52-Trp are crucial for antibody affinity to the antigelue to re-
orientation of H3-loop, raising dissociation coms$té-10-fold (6.85L0° 1/s). Phe-
42—Val substitute caused the reduced stability of dhébodies obtained. The
substitute of Gly-49 and Leu-50 in VH-sequence lteduin lower stability of the
domain, while Glu-49 and Arg-50 humanization in ViiHows obtaining stable

variable domains.



It is also known from literature, that in the pnese of short HCDR3 regions
neutralizing the shading effect of the conformatafnclassical VHH, and upon
introduction of VH-characteristic Trp-44Gly-47 substitute as well as Tyr-
37—Val-37, Glu-44-Gly-44 and Arg-45-Leu-45, the isolated VHH domains
can regenerate the ability to bind with VL dom&2d |

The relationship between the increased aggregatanility of therapeutic
antibodies of classical 1gG structure and the redummmunogenicity thereof was
demonstrated in multiple studies and summarizethénreview by Hermeling et
al., 2004 [25]. Yet they did not reveal any antilesdcomprising derivative VHH
domains, but linked to the variable domains of liigat chains within full-size
human IgG.

Therefore, there is a need for development of afoemat of antibodies that
would have improved stability and affinity, good pesssion and Ilow
Immunogenicity.

Besides, no approaches were earlier described wetprd to the
development of such molecules that would be easpbtain, have improved
aggregation stability, increased affinity and h@tpression level in the mammal
cell culture.

With reference to the above, this invention isfirg to describe antibodies
comprising VHH-derivatives that are able to bindvasiable domains of the light
chains of the full-size human IgG, which resultsha formation of a structure that
is similar to the natural one (and, hence, havimg iImmunogenicity), but has
improved aggregation stability, increased affinapd a structure of a therapeutic

monoclonal antibody.

Figures

Figure 1. Scheme for development and optimizatibram aggregation-
resistant VHH-based antibody.



Figure 2, 3, 4. SDS gel electrophoresis of VHHIg&tibodies comprising
various amino acid substitutes.

Figure 5. Scheme of the synthesis of llama combiradtFab libraries.

Figure 6. Phagemid for cloning of phage display Hadaries.

Figure 7. Amino acid sequences for 3 different Vhidtants.

Figure 8. Sensograms for examining the compar&iivetic characteristics
of VHHFab clones for binding with IL-17A.

Figure 9. Amino acid sequences for 3 different Vhidtants.

Figure 10, 11. Aggregation stability of three VHHItants.

Figure 12, 13. Affinity of three VHH mutants.

Figure 14. Cell test for suppression of IL-6 praglut by inhibiting I1L-17A
with VHHIgG1VK4B11, mutlVHHIgG1 and mut4VHHIgG1 agonists.

Figure 15, 16. Isolation of chimeric variants oftthtyHHFab comprising
human light chains.

Figure 17. Cell test for suppression of IL-6 pragtut by inhibiting IL-17A
with  mut4  VHHIgG1VK3c8, mut4 VHHIgG1VK1A7 and mut4
VHHIgG1VK4E12 antagonists.

Figure 18, 19. Protein electrophoresis under deaatu conditions
performed for products comprising antibodies withtations in positions 44 and
45 of m4 VHHCcS.

Figure 20. Comparative cell test for suppressionlle6 production by
inhibiting IL-17A with m4VHHCc8 antagonists compmg mutations in FR2 at
positions 44 and 45.

Figure 21. Diagram showing the stability and fuowél properties of
different mutations at positions 44 and 45 in FREndVVHHCcS8 that determine the
interaction of the light and heavy chain variabdengins.

Figure 22. Determination of kinetic parameters GfR.09 interaction with
IL-17A of various origins.

Figure 23. Results for kinetic parameters of BCDif@8raction with IL17A

of various origins.



Figure 24. Chromatogram of BCD109 antibodies ole@ibefore and after

the thermal stress.

Definitions

"Monoclonal antibody" as used herein relates t@maiibody obtained from
llama, chimeric antibody, humanized antibody ofdyfluman antibody, unless
otherwise is stated in the present application. dtonal antibodies, according to
the invention, can be produced using, for exameiembinant technology, phage
display technology, synthetic technology or combores of these or other
technologies well known from the prior art.

“Monoclonal antibody” refers to an antibody obtalrfeom a single copy or
a clone including, for example, any eukaryotic,kamyotic or phage clone, rather
than to production method thereof. “Monoclonal bodly” can be an intact
antibody (with full or full-length Fc-region), adlly intact antibody, an antibody
part or fragment comprising an antigen-binding sagfor example, Fab-fragment,
Fab'-fragment or F(ab')2-fragment from llama omudnic, humanized or human
antibody. “Fab”-fragment comprises a variable lightin domain and a constant
light chain domain as well as a variable heavy rcligmimain and the first constant
heavy chain domainCH1). “F(ab')2” antibody fragment contains a pairFafb-
fragments, which are mostly covalently bound bygkuh cysteine residues at C-
terminal regions. Other chemical bonds betweerbadyi fragments are also well
known from the prior art.

In addition, “monoclonal antibody” as used heresm ®e a single-chain Fv
that can be obtained by binding DNA encoding VHHI aviL with a linker
sequence. As long as the protein keeps its alofigpecific or preferable binding
to the target (for example, epitope or antigeny d¢overed by the term “antibody”.
Antibodies can be either glycosylated or not arelwaithin the framework of the

invention.



The term “derivative” or antibody “variant”, as wukséerein, refers to a
molecule, the amino acid sequence of which diffessy the parental sequence by
adding, deletion and/or substitute of one or mamgna acid residues in the
sequence of parental antibody. In the preferredoginient, an antibody contains
at least one (for example, from one to about teefepably 2, 3, 4, 5, 6, 7 or 8)
amino acid substitutes in FR- or CDR-regions of peental antibody. This
application defines the identity or homology regagdthe sequence of a variant
antibody as the percentage of amino acid residu@svariant antibody sequence
that are identical to residues in parental antibaftgr aligning the sequences and,
if needed, introducing gaps in order to achievertiaimum percentage identical
sequence.

An antibody derivative (from parental one) keepsability to bind the same
antigen or, preferably, epitope with which the p&mé antibody binds, or,
preferably, exhibits at least one property or kgatal activity exceeding that of the
parental antibody. For example, the antibody pedfigr has a better aggregation
stability, more strong affinity, improved pharmagekics or increased ability to
inhibit the antigen biological activity, as compate parental antibody.

The term "VHH-derivative", as used herein, refershie derivatives of VHH
antibodies, the amino acid sequence of which diffexm the sequence of parental
VHH antibody by substitute of one or more aminalaeisidues in the sequence of
parental antibody. In the preferred embodiment, Vattibody contains at least
one (for example, from one to about ten prefer@hl, 4, 5, 6, 7 or 8) amino acid
substitutes in FR- or CDR-regions of the parentéibady.

An antibody derivative keeps its ability to bindetlsame antigen or,
preferably, epitope with which the parental antypbahds, or, preferably, exhibits
at least one property or biological activity exdegdhat of the parental antibody.
For example, the antibody preferably has a betjgremation stability, stronger
affinity, improved pharmacokinetics or increasedliigbto inhibit the antigen

biological activity, as compared to parental andjpo

10



“Parental VHH antibody” or “initial VHH antibody”,or “wild VHH
antibody” as used herein refers to VHH antibodyatsm from an immunized or
non-immunized Camelidae animal encoded with ammad sequence that is used
to produce a VHH variant. Parental antibody canehavframework sequence
originating from Camelidae (with respect to VHH radte domain), but preferably
the frame sequence of the light chain variable doma of completely or
substantially human origin.

"Parental” or “initial”, or “wild” antibody, as usk herein, refers to an
antibody encoded with amino acid sequence thatsexl uo produce a variant.
Parental antibody can have a framework sequenggnating from Camelidae
(with respect to VHH variable domain), but prefdyathe frame sequence of the
light chain variable domain is of completely or stamtially human origin.

As used herein, the term “specifically binds” reféo such a situation in
which one party involved in the process of spedifieding does not significantly
bind molecules different from the ones of its sfieddinding partner (partners).
This term also applies if, for example, an antipgrding site of the antibody
according to the invention is specific for partaulepitope that is carried by a
number of antigens; in this case, the specificbaay with an antigen-binding
domain will be able to bind specifically with vau® epitope-carrying antigens.
Thus, the monoclonal antibody, according to theemon, specifically binds to
human IL-17 (IL-17A), while it does not specificalbind human IL-17B, IL-17C,
IL-17D or IL-17E. Moreover, a monoclonal antibodfytbe invention specifically
binds human IL-17 and IL-17 of cynomolgus monkeyt i does not specifically
bind neither rat IL-17 nor murine 1L-17.

As used herein, the term “preferably binds” refeyssuch a situation in
which an antibody binds a specific antigen at ldgs20% more, preferably by
about 50%, or 2-fold, 20-fold, 50-fold or 100-foidore than it binds any other
antigen, as measured according to the procedumsrkirom the prior art (for
example, competitive ELISA or Kmeasurements obtained with Octet apparatus).

Antibody can preferably bind one epitope withinartigen but not bind another
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epitope of the same antigen. Thus, an antibodyhefitvention preferably binds
human IL-17, but not rabbit IL-17.

As used herein, the term “epitope” refers to thdetwale part that can be
recognized by and bind an antibody via one or sf\artigen-binding sites of an
antibody. Epitopes often comprise chemically swefactive groups of molecules
such as amino acids or sugar side chains, and Bpeeific 3-D structural
characteristics. “Inhibiting epitope” and/or “nealtzing epitope” means an epitope
that in the context of an intact antigen molecuta avhile binding with an
antibody specific to the said epitope, causedvo or in vitro loss or reduction of
activity of the molecule or organism that contdims molecule.

As used herein, the term “epitope” also refers tpobypeptide fragment,
having antigenic and/or immunogenic activity inraals, preferably in mammals
such as mice and humans. The term “antigenic epitgs used herein is a
polypeptide fragment which can specifically biné #mtibody and can be detected
by any technique well known from the prior art (forample, by means of standard
Immunoassay). Antigen epitopes are not necessamuimgenic, but they can
possess immunogenicity. “Immunogenic epitope”, ssduherein, is defined as a
polypeptide fragment that evokes an antibody respom animals, as determined

by any method of the prior art. “Nonlinear epitope” “conformational epitope”
contains nonadjacent polypeptides (amino acidd)iwithe antigen protein, which
binds with epitope-specific antibody.

The words "functional activity" or "functional claateristics" or the terms
"biological activity" or "activity" referring to anantibody, according to the
invention, are interchangeable as used hereinudial, but not limited to:
epitope/antigen affinity and specificity; abilitg heutralize or to be an antagonist
to IL-17 in vivo or in vitro; 1Csp, antibody stability andh vivo immunogenicity of
the antibody. Other biological properties or antifpcharacteristics identified from
the prior art include, for example, cross-readfiiite. reaction with non-human
homologs of the target peptide or with other prideor targets) and ability to

retain high levels of protein expression in mammells. The aforementioned
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properties or characteristics may be observed, unedsor evaluated using
procedures recognized in the prior art, including ot limited to ELISA,
competitive ELISA, Octet analysis, neutralizati@sayin vitro or in vivo without
limitation, receptor binding, production and/ore@e of cytokine or growth factor,
signal transduction and immune histochemical stoflyissue sections obtained
from various sources including humans, primatesngrother source.

The population of “monoclonal antibodies” as useerein refers to
homogenous or essentially homogeneous antibodylgingu (i.e. at least 85, 90,
91, 92, 93, 94, 95, or 96%, but more preferablyass than about 97 or 98%, or
further preferably, at least 99% of antibodieshia population will compete for the
same antigen/epitope in ELISA, or further prefeyalantibodies are identical in
their amino acid sequence).

A full-size antibody existing in nature is repretseh by immunoglobulin
molecule comprising four polypeptide chains (twawhefull length H chains of
about 50-70 kDa, and two light full length L chaimsabout 25 kDa) linked via
disulfide bonds. Amino-terminal part of each chaamprises a variable domain of
about 100-110 or more amino acids that are resplenfr binding an antigen.
Carboxyl-terminal domain of each chain determirtes ¢onstant region that is
mostly responsible for the effector function. Ligitains are classified as kappa
and lambda and have specific constant regions. Bghh chain consists of a
variable N-terminal light chain region (hereafteferred to as VL or VK) and a
constant light chain region consisting of a sindamain (CL or CK). Heavy
chains are classified s 9, a, n ande and determine antibody isotype, such as
IgG, IgM, IgE, IgA and IgD respectively; some ofeth can be additionally
divided into sub-classes (isotypes) such as IgGG2| 1gG3, IgG4, IgAl. Each
heavy chain type is characterized by specific @ntstegion. Each heavy chain
comprises a variable N-terminal region (hereaiéemred to as VH) and a constant
heavy chain region. Constant heavy chain regiorsistsof three domains (CH1,
CH2 andCH3) for IgG, IgD and IgA, and of 4 domains (CH1, CH2H3 and

CH4) for IgM and IgE. Variable domains VH, VHH and \dan also be divided
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into the so-called hypervariable regions (compleiaety determining regions,
CDR) interspersing with more conservative framewadions (FR). Each variable
domain comprises three CDRs and FRs located irfalfe@ving order from N-
terminus to C-terminus: FR1, CDR1, FR2, CDR2, FBBR3 and FRA4.

In this application, 3 heavy chain CDRs are reféteeas "HCDR1, HCDR2
and HCDR3", while 3 light chain CDR are referreda® "LCDR1, LCDR2u
LCDR3". CDRs contain the majority of amino acid idees specifically
interacting with an antigen. CDR-residues are nuetbeand positioned in
compliance with Kabat Numbering Scheme.

The term “antigen” refers to an antigen target mgfaivhich an antibody can
be reactive; it is used herein in the same waypasialists use it in this technical
field, including, but not limited to, polypeptideqeptides, polysaccharides,
glycoproteins, polynucleotides (for example, DNAQr chemical antigens,
receptors or interleukins. Interleukins can includierleukins of various groups,
such as interleukin 1 (alfa and beta), interleukjninterleukin 3, interleukin 4,
interleukin 5, interleukin 6, interleukin 7, intedkin 8, interleukin 9, interleukin
10, interleukin 11, interleukin 17, interleukin &B8d interleukin 33.

The term “antigen” can also be used to describaerthterial that is used for
immunization of animals (for example, llama) witietpurpose of production of
antibodies, according to the invention. In thisteah “antigen” can have a broader
meaning and may cover purified forms of an antigenvell as non-purified or not
fully isolated, or purified antigen products suclk aells, cell lysates, or
supernatants, cell fractions, for example, cell tmemes etc. with added haptens
conjugated with a protein-carrier. Antigen used formunization does not
necessary mean an antigen structurally identicartoantigen target to which,
finally, an antibody of the invention is able tondi Usually, antigen used for
immunization is a downsized version of an antigagét, for example, a fragment
comprising an immunogenic epitope. More details udbantigens used for
immunization are described in literature and maydpeiliar to a specialist in this

technical field.
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Variable regions of each light/heavy chain painfantigen-binding sites of
the antibody. Thus, an intact IgG antibody has bialing sites. Except for bi-
functional or bi-specific antibodies, two bindiniges are identical. According to
this application, “antigen-binding region” or “agéin-binding site”, or “antigen-
binding domain”, are interchangeable, as used meend refer to an antibody
molecule fragment comprising amino acid residuésracting with an antigen and
giving the antibody its specificity and affinity tan antigen. This antibody
fragment includes frame amino acid residues nepg$samaintaining the proper
conformation of the antigen-binding residues.

Preferably, CDR of VHH antigen-binding region oretlentire antigen-
binding region of the antibodies covered by theemtion fully originate from
Camelidae bloodline or are substantially of Canaaidorigin, and comprise
specific changed amino acid residues, for exammsidues substituted with
various amino acid residues (for example, reféeFable 6) in order to improve the
particular properties of an antibody (for examie, K., 1Cs). Preferably, the
antibody framework regions, in accordance with itheention, are of Camelidae
origin or of human origin, or substantially of humerigin (at least by 80, 85, 90,
95, 96, 97, 98 or 99% human origin), and comphhwiibat numbering.

“Antibody fragment” may represent an antibody fragrn or antibody
fragment that has the activity of a full-size antlg. The said antibody fragment
may be represented by F(ab’)2, F(ab)2, Fab’, FahrfévscFv.

"Interleukin 17", also referred to as "IL-17" orL*L7A", is a 20-30 kD
homo-dimeric glycoprotein. The gene of human IL-12Acodes the protein
consisting of 155 amino acids and having a 19 aragid signal sequence and 136
amino acid mature segment. Amino acid sequenceuafah IL-17A is by 80%,
63% and 58% similar to amino acid sequences of bbitamouse and rat,
respectively. Amino acid sequence of human IL-18Ay 97% identical to IL-

17A of cynomolgus monkey.
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The term "antibody", when applied to anti-IL-17 meafonal antibody of the
invention (hereafter referred to as an "antibodyhef invention), as used herein,
means a monoclonal antibody.

As used herein, the terms “inhibit” or “neutralizedgarding the activity of
an antibody of the invention shall mean the abiiityblock, prevent, restrict, slow
down, stop, reduce or reverse significantly, foaraple, the development or
severity of inhibition subject, including but namited to biological activity (such
as activity of IL-I7) or property, disease or cdmah. Binding the antibody,
according to the invention, with IL-17 results mhibition or neutralization of IL-
17 activity preferably of at least 20, 30, 40, 60, 70, 80, 90, 95% or higher.

The term “separated” or “isolated” with regard tocleic acids or protein
products (such as an antibody) refers to the nuceid molecule or protein
molecule that is identified and separated from estsi one of contaminating
substances to which it is usually combined in théural source. Preferably, an
“isolated antibody” is an antibody that substahti@lontains no other antibodies
that have particular antigenic specificity (for syde, pharmaceutical
compositions of the invention contain an isolatatbedy that specifically binds
IL-17 and substantially contain no antibodies tisgecifically bind antigens
different from IL-17).

The term “Kabat numbering scheme” or “numberingoagmng to Kabat” as
used herein refers to a system of numbering amand r@sidues that are more
variable (i.e. hypervariable) than other amino aesidues in variable regions of
heavy and light antibody chains (Kabat et al. ANY. Acad. Sci., 190:382-93
(1971); Kabat et al. Sequences of Proteins of Inotagical Interest, Fifth
Edition, U.S. Department of Health and Human SewjdNIH Publication No. 91-
3242 (1991)).

Polynucleotide is “functionally bound”, if it hasrictional links to other
polynucleotides. For example, promoter or enhansefunctionally bound to

coding sequence if it affects the sequence trgotgmmi Polypeptide is
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“functionally bound” to another polypeptide if polycleotides coding thereof are
functionally bound, preferably if they are locatedhe same open reading frame.

The term “DNA structure”, as used herein, referdDtdA or its fragment
coding an antibody of the invention. Generally, DHAIits fragment that encodes
an antibody (for example, an antibody of the in@jtis functionally (operably)
bound, within an open reading frame, to at least other DNA fragment that
encodes an additional polypeptide (for example, alaror region of a receptor for
another cytokine, such as IL-2-receptor), and tiseinserted into the appropriate
expressing vector. Normally, DNA structures arerfed in such a way that several
DNA fragments encoding certain antibody sites arefionally associated within
a reading frame to obtain a solid structure thabdas either an entire antibody or
its functional fragment. For example, DNA structuwveuld encode an antibody
from N-terminus to C-terminus. Such antibodies banexpressed, isolated and
evaluated regarding their activity.

The term “vector”, "plasmid" refers to nucleic axidbtained synthetically
and via biotechnology containing a certain sequa&fdanctional elements known
in this field. Certain vectors can autonomouslhliogge in host cells to which they
were introduced, while other vectors can be integranto host cell genome and
replicate together with the host genome. Moreoseme vectors can mediate the
expression of genes to which they are functionadlynd. In this application such

vectors are called “recombinant expression vectdos” “expression vectors”);
exemplary vectors are well known from the prior art

As used herein, the terms “cell”, “host cell”, “cihe” and “cell culture” are
interchangeable and refer to an individual celtelt culture that is a recipient of
any isolated polynucleotide, according to the iri@m or any recombinant vector
(recombinant vectors) that contains the sequen@n aintibody of the invention.
Host cells involve offspring obtained from an indival host cell; offspring may
not necessary be completely identical (regardirgy riiorphology or full DNA
complement) to the original host cell due to ndtuexcidental or intended

mutations and/or variations. A host cell includedisc that were transformed,
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transduced or infected with recombinant vectoraomonoclonal antibody that
expresses a polynucleotide covered by the inverdionis heavy or light chain.
Host cell that contains a recombinant vector cavedog the invention (either
incorporated into host chromosomes or not) can la¢scalled “recombinant host
cell”. Preferable host cells to be used in the i@ are CHO cells (for example,
ATCC CRL-9096), NSO cells, SP2/0 cells, COS ceN3'(CC, for example, CRL-
1650, CRL-1651) and HeLaATCC CCL-2). Additional host cells to be used in
the invention include plant cells, yeast cells, eothmammalian cells and
prokaryotic cells.

The term “Specific binding” between an antibody aamul antigen target
(antigen) refers to immunological specificity. Amdy can specifically bind an
antigen target if it binds an antigen epitope simnthan other antigen epitopes.
Specific binding does not exclude cross-reactiwith other antigens that carry
similar antigen epitopes.

VL domains in antibodies of the invention can beesiier VL lambda type
or VL kappa type. The term “VL domain” covers bath lambda and VL kappa
Isotypes that contain one or more amino acid swibssi, insertions or deletions.

The term “pharmaceutical composition” covers themialation and/or
composition containing a therapeutically efficieamount of the antibody,
according to the invention, and adjuvants (exciggediluents, filling materials,
solvents and other adjuvants, such as).

The term “use” or “treatment” applies to the apildf using an antibody of
the invention or a pharmaceutical composition coiig thereof to treat, alleviate
the course of the disease, expedite the remissioadoice the recurrence rate for
the disease or disorders mediated by receptors wiiich an antibody of the

invention can bind.
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Description of the invention

The present invention proposes humanized monocloaatibodies,
preferably of IgG type having an increased affingiyd improved aggregation
stability, wherein variable domains are represeritgda combination of VHH-
derivative with a variable domain of the light an&d, .

In one embodiment, VHH-derivative of the antibodgcording to the
invention, may comprise amino acid substitutesasitipns 44X%45X;, with X, =
G, A V,S T;,and X=A, V, T, H; or combinations thereof (44 and 4sdnate
the positions of amino acid substitutes). Hereerathe position of amino acid
substitute 5 indicated using Kabat numbering sehem
(http://www.bioinf.org.uk/abs/).

Another embodiment involves an antibody of the miian that has
improved aggregation stability of VHH-derivatives eompared to the initial 1gG
antibody comprising VHH isolated from an immunizedhiimal, wherein an
immunized animal can be from Camelidae.

Another embodiment of the invention involves anitaody that comprises
Vun-derivative that is a variable domain of the heelgin of an antibody isolated
from an immunized animal of Camelidae family. Hare¥,y-derivative can have
additional amino acid substitutes typical of humahany positions, except for the
following substitutes at positions 44 and 45:

a) 44X,, wherein X2 =G, A, V, S, T;

b) 45X;, wherein X3=A,V, T, H;

or combinations thereof.

Another embodiment involves an antibody of the miian that comprises
Vun-derivative that can be represented by a heavynclaiiable domain isolated
from non-immunized animal of Camelidae family. HereVyy-derivative can
have additional amino acid substitutes typical mians at any positions, except
for the following substitutes at positions 44 aid 4

a) 44X, wherein X2=G,A,V, S, T;
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b) 45X;, wherein X3=A,V, T, H;

or combinations thereof.

Another embodiment involves an antibody of the mtign that comprises a
light chain variable domain Vthat is a derivative of a human antibody. In
additional embodiment of the invention, the ligitam variable domain Vis a
humanized fragment of an animal antibody.

Another embodiment involves an antibody of the mti@n that comprises a
Vun-derivative that contains cysteine-44 (Kabat nunmgescheme), and a light
chain variable domain Mhat contains cysteine-100 (Kabat numbering scheme

Another embodiment of the invention involves anil@dy of any of the
following isotypes: IgG1, 1gG2, 1IgG3 or IgGA4.

Another embodiment involves an antibody of the mti@ that comprises a
non-native modified Fc as a part of IgG.

Another embodiment involves an antibody of the mtien that has such
aggregation stability under which the content ajragates increases by not more
than 5% of their initial content in the solutionhen used in concentrations over 10
mg/ml and stored for >6 months at a temperatud®©f In additional embodiment
of the invention, an antibody has such aggregastability under which the
content of aggregates increases by not more thanf8#eir initial content in the
solution, when used in concentrations over 10 mgimal stored for >2 weeks at a
temperature of 3. Another additional embodiment of the inventiomdlves an
antibody that has such aggregation stability unddch the content of aggregates
increases by not more than 5% of their initial eotn the solution, when used in
concentrations over 10 mg/ml and stored for >48ha temperature of 42. One
more additional embodiment of the invention invehan antibody that has such
aggregation stability under which the content ajragates increases by not more
than 5% of their initial content in the solutionh@n used in concentrations over 10
mg/ml and stored for > 6 h at a temperature 8€50

One embodiment involves an antibody with dissoaratonstant K < 10°

M. Another embodiment involves an antibody of theention that has an
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antibody-antigen interaction association constamni(k/Ms)> 10° 1/Ms. One more
embodiment of the invention involves an antibodgtthas a antigen-antibody
dissociation constant dis(1/s)10* 1/s.

In one of the implementation variants, the invemtmresents an antibody
fragment. This antibody fragment can be represenyedal light chain, heavy chain,
variable domains of the light and/or heavy chaiat thre a part of the antibody
sequence, which includes a bio-specific antibodyan& Another embodiment of
the invention involves an antibody fragment thatapresented by a light chain,
heavy chain, variable domains of the light andkay chain that are parts of Fab.
The antibody fragment of the invention may be repn¢ed by a light chain, heavy
chain, variable domains of the light and/or heavaie that are parts of scFv.

In addition, the invention suggests the methodprotiuction of antibodies
based on the invention. The said method of antibpdhduction can involve
phases selected from the following: directed mutagis, display methods, genetic
engineering, biochemistry and high-performance dulohology methods well
known from the prior art, which can include the hoets for directed mutagenesis
in different positions of VHH domain of Camelida&iaodies.

In addition, the invention provides a DNA structiegrcoding antibodies,
according to the invention, or fragments thereaid aan expression vector
comprising one or several DNA structures of theemtion.

Moreover, the invention suggests a cell line cosipg the said expression
vector or DNA structure.

In addition, the invention suggests a method ofipation of a humanized
monoclonal antibody or fragment thereof, which imes the cell line culture in a
culture medium under the conditions sufficient totaon the said antibody or
fragment thereof, followed by isolation and pu@tion of the obtained antibody or
its active fragment.

Moreover, the invention suggests a pharmaceuticahposition that
contains an antibody or fragment thereof in comitmmawith one or several

pharmaceutically suitable excipients, diluents ariers. Details of the techniques
21



to poducve the composition are described in sp&oéchnology guidelines, for
example in [25].

Another embodiment of the invention involves anilsody or fragment
thereof within an active molecule that specificddlpgds to human IL-17A, wherein
the said antibody of fragment thereof comprise®vdtive of Camelidae heavy
chain variable domain (4) that comprises 3 hypervariable regions HCDR1,
HCDR2 and HCDRS3, wherein:

HCDR1 comprising the amino acid sequence of SEQ ID NO: 1:
G-T-F-A-T-X32-X33-X34 - X35 (numbering according to Kabat index), wherein
X32 is an amino acid selected from the group conmgyiS, N, K, R, E, W, Q, D,
A,V and F;

X33 is an amino acid selected from the group conmgriB and S;

X34 is an amino acid selected from the group conmgris! and I;

X35 is an amino acid selected from the group conmyi&, N, S, A, L, I, R, V
and Q;

HCDR2 comprises amino acid sequence of SEQ ID NO: 2:
X50-1-S-X52X52a-S-GX55-D-R-I-Y-A-D-S-V-K-G, wherein
X50 is an amino acid selected from the group conmgri8, G and L;

X52 is an amino acid selected from the group conmgri® and E;

X52a is an amino acid selected from the group camgiP and A,

X55 is an amino acid selected from the group conmyi&, S, T, L, R, D, E, K, A
and W;

HCDR3 comprises amino acid sequence of SEQ ID NO: 3:

C-A- X94-X95- X96- X97-F-X99-X100-X100a- X100b - X100cX100d - X100e
- X100f — D- Y — D-S, wherein

X94 is an amino acid selected from the group cosnmyiK, S, T, V, D and G;
X95 is an amino acid selected from the group cosimyiR and K;

X96 is an amino acid selected from the group cosmyiG, R, Y, H, D, W and K;
X97 is an amino acid selected from the group cosnmiR, A, V, S, L and H;
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X99 is an amino acid selected from the group cosnugiD, E, G, A, R, V, K and
Q;

X100 is an amino acid selected from the group casimy G, S and N;

X100a is an amino acid selected from the group c@mg G, T, P, V, R, N and
K;

X100b is an amino acid selected from the group caimg V, S, T, L, Y, A, H, G
and I;

X100c is an amino acid selected from the group c¢@img Y, W and S;

X100d is an amino acid selected from the group cmg R, V, L, Y, A, W, K,
G,Qandl;

X100e is an amino acid selected from the group cmimg T, L, A and S;

X100f is an amino acid selected from the group aosmm T, L, G, P, N, A, Q, F,
| and D;

b) A variable domain of the light chain (Wof a human antibody or a
variable domain of the light chain of a humanizattedy.

An alternative embodiment involves an antibody dragment thereof that
specifically binds human IL-14 and comprises a derivative of the heavy chain
variable domain (My) comprising 3 hypervariable regions HCDR1, HCDR2 a
HCDR3 wherein:

HCDR1 comprising an amino acid sequence of G-T-F-8-P-M-G (SEQ
ID NO: 4);

HCDR2, comprising an amino acid sequence of A-I-S-8-G- D-R-I-Y-
A-D-S-V-K-G (SEQ ID NO: 5);

HCDR3 comprising an amino acid sequence&Ceh-V-R-R-R-F-D-G-T-S-
Y-Y-T-G-D-Y-D-S (SEQ ID NO: 6);

b) A variable domain of the light chain (Wof a human antibody or a
variable domain of the light chain of a humanizatizdy.

An alternative embodiment involves an antibody tepecifically binds
human IL-1A and comprises a derivative of the heavy chainabéi domain

(Vuy) comprising an amino acid sequence of SEQ ID N@nd a variable domain
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of the light chain (Y) of a human antibody or a variable domain of tgktlchain
of a humanized antibody.

An alternative embodiment involves an antibody dragment thereof that
specifically binds human IL-14 and comprises M;-derivative, wherein the said
variable domain comprises an amino acid sequenleasit 90% identical to SEQ
ID NO: 7.

An alternative embodiment involves an antibody tepecifically binds
human IL-1A and contains a \-derivative comprising an amino acid sequence
of SEQ ID NO: 7; and a variable domain of the ligitain (M) of a human
antibody comprising an amino acid sequence of SEQO: 8.

An alternative embodiment involves an antibody dragment thereof that
specifically binds human IL-1&4 and comprises M;-derivative and a variable
region of the light chain (\J of a human antibody, wherein the said variable
domains comprise an amino acid sequence at le@sid@htical to SEQ ID NO: 8.

An alternative embodiment involves an antibody tepecifically binds
human IL-1A and contains a heavy chain comprising SEQ ID N@méno acid
sequence, and a variable domain of a human antiligiatychain (\{) comprising
SEQ ID NO: 10 sequence. Another embodiment involaes antibody that
specifically binds human IL-14 and contains a heavy chain and a light chain,
wherein the said chains comprise amino acid se@seatleast 90% identical to
SEQ ID NO: 9 and/or SEQ ID NO:10.

An alternative embodiment involves an antibody bé tinvention that
specifically binds human IL-14, wherein the said antibody has a binding affinity
to human IL-17A characterized by,tof <10'° M. Another embodiment involves
an antibody that specifically binds human ILAL #Avherein the kinetic association
constant kon(1/Ms) for human IL-17A is at least 10Ms. Another embodiment
involves an antibody that specifically binds humarl7A, wherein the kinetic
dissociation constant dis(1/s) for human IL-17Anist more than 1® 1/s. An

alternative embodiment involves an antibody thac#gally binds human IL-17A
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and inhibits the activity of human IL-17A by no sethan 50% with respect to any
parameter examined by any specific activity testing

An alternative embodiment involves an antibody tkpecifically binds
human IL-17A, wherein the said antibody is produtgdmammalian, yeast or
bacterial cells.

An alternative embodiment involves an antibody tkpecifically binds
human IL-17A and contains one or more additionainanacid substitutes in Fc-
region, as compared to natural Fc, wherein the saldtitutes improve physical-
chemical and pharmacokinetic properties of an adyb as compared to the
antibody with natural Fc, and do not result in lo§sntibody’s ability to bind IL-
17A.

An alternative embodiment suggests a DNA strucamm@oding an antibody
that specifically binds human IL-17A. Moreover, thmvention suggests an
expression vector comprising one or more DNA stnmeg encoding an antibody
that specifically binds human IL-17A. In addition, host cell was suggested
comprising a vector for obtaining an antibody tepécifically binds human IL-
17A.

In addition, the invention suggests a method fa production of an
antibody that specifically binds human IL-17A, bésen culturing host cells
comprising a DNA structure in a culture medium undenditions suitable to
obtain the said antibody or a fragment thereof, duadher isolation and
purification of the said antibody or active fragrhérereof.

Moreover, a pharmaceutical composition was sugdestamprising an
antibody that specifically binds human IL-17A, amae or more pharmaceutically
suitable excipients, diluents or carriers. The saichposition can comprise further
active pharmaceutical ingredients selected from -BENkhibitors. The said
composition can be used in treatment of an IL-17&diated disease or disorder.
An IL-17A-mediated disease or disorder is selected fromumia¢oid arthritis,
osteoarthritis, juvenile chronic arthritis, sepéicthritis, Lyme arthritis, psoriatic

arthritis, reactive arthritis, spondyloarthropathsystemic lupus erythematosus,
25



Crohn’s disease, ulcerative colitis, inflammatoowel disease, insulin dependent
diabetes mellitus, thyroadenitis, asthma, alledjsorders, psoriasis, dermatitis,
systemic sclerosis, graft-versus-host disease,t gegéction, acute or chronic
iImmune disease associated with organ grafting, ogbosis, atherosclerosis,
disseminated intravascular coagulation, Kawasalsealie, Graves' disease,
nephrotic syndrome, chronic fatigue syndrome, Wegdsndisease, Henoch-
Schonlein purpura, microscopic renal vasculitigoolt active hepatitis, uveitis,
septic shock, toxic shock syndrome, sepsis syndrocaehexia, infections,
parasitic diseases, acquired immune deficiency reynd, acute transverse
myelitis, Huntington chorea, Parkinson diseasehd@imer disease, blood stroke,
primary biliary cirrhosis, hemolytic anemia, malagities, heart failure,
myocardial infarction, Addison disease, polyglamdwdutoimmune syndrome type
| and type Il, Schmidt's syndrome, acute respiyatbstress syndrome, alopecia,
alopecia areata, seronegative arthropathy, arttitgpReiter's syndrome, psoriatic
arthropathy, arthropathy associated with ulceratiwktis, enteropathic synovitis,
arthropathy associated with Chlamydia, Yersinia an8almonella,
spondyloarthropathy, atheromatosis disease/coromsatgrosis, atopic allergy,
autoimmune bullous disease, pemphigus, pemphidiaséas, pemphigoid, linear
IgA diseases, autoimmune hemolytic anemia, Coonaisgtipe hemolytic anemia,
acquired pernicious anemia, juvenile pernicious naag Myalgic
encephalomyelitis/chronic fatigue syndrome, chragtive hepatic inflammation,
cranial giant arteritis, primary sclerosing hepstitcryptogenic autoimmune
hepatitis, acquired immune deficiency syndrome @)D AlDS-associated
diseases, hepatitis B, hepatitis C, common variablaunodeficiency (common
variable hypogammaglobulinemia), dilated cardionatby, female sterility,
ovarian insufficiency, premature ovarian failurelrponary fibrosis, cryptogenic
fibrosing alveolitis, post inflammatory interstitidung pathologies, interstitial
pneumonitis, connective tissue disease associatdd imterstitial lung disease,
mixed connective tissue disease associated widsititial lung disease, systemic

scleroderma associated with interstitial lung disearheumatoid arthrisit
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associated with interstitial lung disease, systelupuis erythematosus associated
with lung disease, dermatomyositis/polymyositisoasgted with lung disease,
Sjogren disease associated with lung disease, @sikygl spondylitis associated
with lung disease, diffuse pulmonary vasculitismiosiderosis associated with
lung disease, drug-induced interstitial lung diseafibrosis, radiation-induced
fibrosis, obliterating bronchiolitis, chronic eosphilic pneumonia, lung disease
with lymphocyte infiltration, post infectious intitial lung pathologies, gouty
arthritis, autoimmune hepatitis, autoimmune hejsatytpe | (classic autoimmune
or lupoid hepatitis), autoimmune hepatitis type (dssociated with anti-LKM
antibody), autoimmune hypoglycemia, type B insuliresistance with
acanthokeratodermia, hypoparathyroidism, acutd-gssociated immune disease,
chronic graft-associated immune disease, osteoariyr primary sclerosing
cholangitis, type | psoriasis, type Il psorias@ippathic leukopenia, autoimmune
neutropenia, NOS-kidney diseases, glomerulonephritmicroscopic renal
polyangiitis, Lyme disease, discoid lupus erythersas, idiopathic or NOS-male
sterility, antisperm immunity, multiple sclerosisall( types), sympathetic
ophthalmia, pulmonary hypertension secondary toneotive tissue disease,
Goodpasture syndrome, pulmonary manifestationsobfapteritis nodosa, acute
rheumatic fever, rheumatoid spondylitis, Still'ssefse, systemic scleroderma,
Sjogren's Syndrome, Takayasu disease/arthritigiraotune thrombocytopenia,
idiopathic thrombocytopenia, autoimmune thyroid odiers, hyperthyroid,
autoimmune hypothyroidism (Hashimoto disease), pdii autoimmune
hypothyroidism, primary myxedema, phacogenic usgitprimary vasculitis,
vitiligo, acute hepatic disease, chronic hepatsedse, alcoholic cirrhosis, alcohol-
induced liver damage, cholestasis, idiosyncratipatie disease, drug-induced
hepatitis, nonalcoholic steatohepatitis, allergind asthma, group B streptococcal
infection (GBS), mental disorders (including depress and schizophrenia), Thl-
and Th2-mediated disease, acute and chronic pamo(s forms), malignancies
such as lung cancer, breast cancer, stomach cdnleeider cancer, colorectal

cancer, pancreatic cancer, ovarian cancer, prosiateer and hematopoietic
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malignancies (leukemia and lymphomas), abetaligepraemia, acrocyanosis,
acute and chronic infections and infestations,eateukemia, acute lymphoblastic
leukemia, acute myeloid leukemia, acute or chrdmcterial infection, acute
pancreatitis, acute renal failure, adenocarcinoai@al ectopics, AIDS dementia
complex, alcohol-induced hepatitis, allergic comfimtis, allergic contact

dermatitis, allergic rhinitis, allograft rejectiorglpha-lI antitrypsin deficiency,
lateral amyotrophic sclerosis, anemia, angina,remmteorn cell degeneration, anti-
CD3 therapy, antiphospholipid syndrome, hypersefitsit reactions against
receptors, aortic and peripheral aneurysms, adidgection, arterial hypertension,
coronary sclerosis, arteriovenous fistula, ataaaijal fibrillation (constant or

paroxysmal), atrial flutter, atrioventricular blgcB-cell lymphoma, bone graft
rejection, bone marrow transplant (BMT) rejectibmndle branch block, Burkitt
lymphoma, burns, cardiac arrythmia, myocardial stog syndrome, cardiac
tumor, cardiomyopathy, inflammatory response todsgp cartilage graft rejection,
brain cortex degeneration, cerebellar disorder,otthaor multifocal atrial

tachycardia, chemotherapy-induced disorders, cbromyelocytic leukemia

(CML), chronic alcohol addiction, chronic inflammay pathologies, chronic
lymphatic leukemia (CLL), chronic obstructive pulnawy disease, chronic
salicylate intoxication, rectocolic carcinoma, cestive cardiac failure,
conjunctivitis, contact dermatitis, pulmonary heacoronary artery disease,
Creutzfeldt-Jakob Disease, culture-negative sepesystic fibrosis, cytokine

therapy-induced disorders, boxer's encephalopatigmyelinating diseases,
dengue hemorrhagic fever, dermatitis, dermatoldgicanditions, diabetes,
diabetes mellitus, diabetes-related atherosclen@srular disease, diffuse Lewy
body disease, congestive dilated cardiomyopathgalbganglia disease, Down's
syndrome in middle age, motor disorders inducedCiNS dopamine blockers,
drug sensitivity, eczema, encephalomyelitis, endbts, endocrinopathy,

epiglottiditis, Epstein-Barr viral infection, erytdgia, extrapyramidal and
cerebellar symptoms, familial hemophagocytic lynmupbktocytosis, fetal thymus

graft rejection, Friedreich's ataxia, peripherakmr disease, fungal sepsis, gas
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phlegmon, gastric ulcer, glomerulonephritis, angaor or tissue graft rejection,
gram negative sepsis, gram positive sepsis, gramadodue to intracellular
organisms, hairy-cell leukemia, Hallervorden-Spatiisease, Hashimoto's
thyroiditis, hay fever, heart transplant rejectilmochromatosis, hemodialysis,
hemolytic uremic syndrome / thrombotic thrombocwoic purpura, bleeding,
hepatitis (A), bundle branch arrhythmia, HIV-infecs/HIV-neuropathies,
Hodgkin disease, hyperkinetic motor disorders, hsgesitivity reactions,
hypersensitivity-associated pneumonitis, hypertansi hypokinetic motor
disorders, examination of hypothalamo-pituitaryesdd axis, idiopathic Addison's
disease, idiopathic pulmonary fibrosis, antibodydrated cytotoxicity, asthenia,
infantile muscular atrophy, aortal inflammationfluenza virus A, exposure to
ionizing radiation, iridocyclitis /uveitis/optic netis, ischaemia/reperfusion-
induced disorders, ischaemic stroke, juvenile rregoid arthritis, juvenile spinal
muscular atrophy, Kaposi's sarcoma, renal transptajection, legionellosis,
leishmaniasis, leprosy, corticospinal damage, tieoea, liver transplant rejection,
lymphoedema, malaria, malignant lymphoma, maligriastiocytosis, malignant
melanoma, meningitis, meningococcemia, metaboiagathic diseases, migraine,
multiple system mitochondrial disorders, mixed aective-tissue disease,
monoclonal gammapathy, multiple myeloma, multiplgstem degeneration
(Mencel Dejerine-Thomas Shi-Drager and Machadoplgseanyasthenia gravis,
intracellular Mycobacterium avium, Mycobacteriuntbéuculosis, myelodysplastic
syndrome, myocardial infarction, myocardial ischendisease, nasopharyngeal
cancer, neonatal chronic lung disease, nephritephmotic, neurodegenerative
disorders, neurogenic muscular atrophy |, neutripdaver, non-Hodgkin’'s
lymphomas, abdominal aortic branch occlusion, mftecclusive disease, OKT3®
therapy, orchitis/epididymitis,  orchitis/vasectomyreversal  operations,
organomegaly, osteoporosis, pancreatic graft nejgctpancreatic carcinoma,
paraneoplastic disease /tumor-related hypercalcepaieathyroid graft rejection,
pelvic inflammatory disease, perennial rhinitisripgrdial disease, peripheral

atherosclerosis (atherlosclerotic) disease, pemgbheascular disease, peritonitis,
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pernicious anemia, Pneumocystis carinii pneumonROEMS syndrome
(polyneuropathy, organomegaly, endocrinopathy, mlomal plasma-proliferative
disorder and skin changes), postperfusion syndrguep head syndrome, post-
cardiotomy post-infarction syndrome, preeclampgaogressive supranuclear
paralysis, primary pulmonary hypertension, radmtidherapy, Raynaud's
phenomenon and disease, Raynoud's disease, Refdis@ése, regular narrow
QRS tachycardia, renal vascular hypertension, fegen injury, restrictive
cardiomyopathy, sarcoma, scleroderma diseasegsgrorea, senile dementia with
Lewy bodies, seronegative arthritis, shock, sickddl disease, skin allograft
rejection, skin changes, small intestinal graftecgpn, solid tumors, specific
arrhythmias, spinal ataxia, spinocerebellar dedmals, streptococcal myositis,
cerebellar structural damage, subacute sclerosiagenzephalitis, syncope,
cardiovascular syphilis, systemic anaphylaxis, amm@hensive systemic
inflammatory response syndrome, systemic-onsetjlezégheumatoid arthritis, T
cells or FAB ALL, telangiectasia, thrombosis obiites, thrombocytopenia,
toxicity, grafting, trauma/bleeding, hypersenstijvi reactions type |lI,
hypersensitivity reactions type 1V, unstable angingemia, urinary sepsis,
urticaria, valvular heart disease, varicose vearasculitis, venous diseases, venous
thrombosis, ventricular fibrillation, viral and fgal infections, vital encephalitis /
aseptic meningitis, vital hemophagocytic syndrom@é/ernicke-Korsakoff
syndrome, Wilson's disease, heterograft rejectmnahy organ or tissue, acute
coronary syndrome, acute idiopathic polyneuritiscuta inflammatory
demyelinating radicular neuropathy, acute ischeradlt-onset Stills disease,
alopecia areata, anaphylaxis, antiphospholipicdbadi syndrome, aplastic anemia,
coronary sclerosis, atopic eczema, atopic dermatautoimmune dermatitis,
autoimmune disorder associated with streptococaufection, autoimmune
enteropathy, autoimmune hearing loss, autoimmumgihpproliferative syndrome
(ALPS), autoimmune myocarditis, autoimmune prenm&atuwvarian failure,
blepharitis, bronchiectasis, bullous pemphigoid, rdicvascular disease,

catastrophic antiphospholipid syndrome, celiac aliee cervical spondylosis,
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chronic ischemia, cicatrical pemphigoid, clinicaigplated syndrome (cis) with a
risk of multiple sclerosis, conjunctivitis, childbd-onset mental disorders, chronic
obstructive pulmonary disease (COPD), dacryocgstdermatomyositis, diabetic
retinopathy, diabetes mellitus, herniated disk|gpee of intervertebral disc, drug-
induced immune haemolytic anaemia, endocarditidpeetreosis, entophthalmia,
episcleritis, erythema multiform, severe erythemaultilorm, gestational
pemphigoid, Guillain-Barre syndrome (GBS), hay feveélughes syndrome,
idiopathic Parkinson's disease, idiopathic inteastipneumonia, IgE-mediated
allergy, autoimmune hemolytic anemia, inclusionypauyositis, infectious ocular
inflammatory disease, inflammatory demyelinatingedises, inflammatory heart
disease, inflammatory kidney disease, idiopathidmpuary fibrosis/ usual
interstitial pneumonia, iritis, keratitis, keratogonctivitis sicca, Kussmaul disease
or Kussmaul-Meier Disease, Landry palsy, Langerhegik histiocytosis, marbled
skin, macular degeneration, microscopic polyargjiiBechterew disease, motor
neuron disease, mucosal pemphigoid, multiple orfgdare, myasthenia gravis,
spinal cord dysplasia syndrome, myocarditis, nenv@ disorders, neuropathy,
non-A, non-B hepatitis, optic neuritis, osteolysisjarian cancer, oligoarticular
juvenile rheumatoid arthritis, peripheral arteriatclusive disease, peripheral
vascular disease, peripheral artery disease (Ppliigbitis, polyarteritis nodosa,
polychondritis, polymyalgia rheumatica, poliosislyarticular juvenile idiopathic
arthritis, multiple endocrine deficience, polymytasi polymyalgia rheumatica
(PMR), post pump syndrome, primary parkinsonisrosfate and rectal cancer and
hematopoietic malignancies (leukemia and lymphorpa)statitis, pure red-cell
aplasia, primary adrenal insufficiency, relapsireumomyelitis optica, restenosis,
rheumatic heart disease, SAPHO (synovitis, acnetufmsis, hyperstosis and
osteitis), sclerodermia, secondary amyloidosis,ckhtung, scleritis, ischias,
secondary adrenal insufficiency, silicon-associatamnhnective tissue disease,
Sneddon-Wilkinson disease, ankylosing spondylitevens—Johnson syndrome,
systemic inflammation response syndrome, crantariis, Toxoplasma rhinitis,

toxic epidermal necrolysis, transverse myelitis, AFS (tumor necrosis factor
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receptor-associated periodic syndrome), allergactrens type |, diabetes type II,
urticaria, usual interstitial pneumonia, vasculitigernal conjunctivitis, viral

retinitis, Vogt-Koyanagi-Harada syndrome (VKH syodie), wet macular
degeneration, wound healing, and Yersinia- or Saéfla-associated arthropathy.

A pharmaceutical composition comprising an antibdtgt specifically
binds human IL-17A can be administered in a tharapaly effective amount to
treat an IL-17A-mediated disease or disorder.

An invention suggests a method of treating IL-17Aemated disease or
disorder using an antibody that specifically bifmlsnan IL-17A. The treatment
method can involve further administration of TNahibitors.

The following examples illustrate the present iriaam yet they are not
intended to limit the present invention to thosaregles per se.

The description of the present application includeserences to all

information sources.

Examples

Example 1

The scheme for production of VHH-based antibodies

Figure 1 demonstrates a scheme for production atichization of VHH-
based antibody.

Example 2

Production of recombinant antigens and antibodies in suspension
mammal cell culture

Antibodies and antigens were generated in estadlistell line obtained
from Chinese hamster ovary cells (CHO-K1) accordmg¢ghe published protocols
[26; 27]. Cells constitutively expressing the gefi&BNAL protein (Epstein-Barr
virus nuclear antigen 1) were used. Suspensioivatitin was conducted in flasks

on orbital shaker using serum-free media from Oiézhnologies Corporation, in
32



accordance with manufacturer’s guidelines. For diemmt expression, cells in
concentration of 2*1%ml were transfected by means of linear polyethgierne
(PEI MAX, Polysciences). DNA/PEI ratio was 1:3-1.16-7 days after
transfection, the cell culture was centrifuged ur2i@00g for 20 min and filtered
through 0.22 um filter. Target proteins from cudtdiquid were isolated by affine
HPLC.

Recombinant IL-17A protein containing 6 His aminada in C-terminal
region was isolated and purified from culture ldjuwith Profinity IMAC Ni-
charged resin (Bio-Rad). Prior to purification pedares, NiGl was added to
culture liquid to reach the concentration of ImMhei 5 ml of Profinity IMAC
Ni-charged was added to culture liquid and mixedaoshaker for 1 h at a room
temperature. Sorbent was transferred to 5 ml Thesagientific Polypropylene
columns and washed with 5 column volumes of PB&toove non-specifically
bound components. The bound antigen was eluted W&hV imidazole (pH 8)
and 150mM NacCl. Then the protein was dialyzed PBS (pH 7.4) by means of
SnakeSkin Dialysis Tubing technique, filtered (0j2&), transferred into tubes
and stored at -7@. The purity of the protein obtained was evaluabgdSDS-
PAGE (Figure 2, 3, 4).

The tested and control IgG1l antibodies were putiftm 1 ml Hi Trap
rProteinA FF column (GE Healthcare) in accordancth ihe aforementioned
procedure for IL-17A-Fc. The purity of the protenfbtained was evaluated by
SDS-PAGE (Figure 2, 3, 4).

Example 3

L lama immunization with human IL-17A and generation of Fab-library
of phage-displayed Ilama antibodies

Lama Glama animal was immunized 5 times in sucoasby means of
subcutaneous administration of antigen materialechiwith an equal volume of
full (first injection) or partial (all injections xeept for the first one) Freund’s

adjuvant. A mixture of recombinant proteins (0.2 afigeach protein per injection)
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one of which was human IL-17A (Kit from R&D Systengas used as an antigen.
The second injection (immunization stage) was peréal 3 weeks after the first
one; three more immunizations were performed witB-week interval. Blood
samples (50 ml) were collected 5 days after ea@ttion starting from the third
one.

The selected llama blood was diluted two times WRBS solution
containing 1 mM EDTA. Then 35 ml of diluted bloodsvlayered over 15 ml of
Histopaque® -1077 medium (Sigma, density of 1.0/l)gand centrifuged for 20
min under 800g. Mononuclear cells (lymphocytes amahocytes) were selected
from plasma/Histopaque medium interphase zone asthed with PBS containing
1 mM EDTA.

The total amount of RNA from mononuclear llama €&¥as isolated using
RNeasy Mini Kit in accordance with the protocol AHEN). RNA concentration
assay was performed using Nanovue (GE Healthddwe)juality of isolated RNA
was tested by means of 1.5% agarose gel electregisor

The reverse transcription reaction was conductadguMMLV RT kit
(Evrogen), according to the recommended protocath iMMuLV reverse
transcriptase and random hexamer primers.

The reverse transcription products were used asa@ixrmin a two-stage
polymerase chain reaction to obtain the genes oamadomains flanked with
restriction sites; the reaction was performed usiiigonucleotide kit and records
of the authors [27; 28; 29]. Further, genes enapdiriable domains of the light
and heavy chains were put together in one fragnynmeans of sequential
reactions of restriction, ligation and amplificatias shown at Figure 5. Heavy
chain genes were attached separately to kappaarmif light chain genes. In this
case, the estimated count of matrix moleculeslireattions was no less than10
The DNA product obtained (VL-CK-VH) was treated hvitNhel /Eco91l
restriction enzymes and ligated into original phmagepH 5. Phagemid structure is
presented at Figure 6. Ligation products were foanged into SS320

electrocompetent cells prepared in accordance pvittocols [30]. The repertoire
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of structureed kappa and lambda Fab libraries wds16 and 3.7*16,
respectively. The product of native phage-displ#yaly was prepared in

accordance with the procedure described above [31].

Example 4

Selection of Fab-libraries of phage-display antibodies

Specific anti-IL17A phage-display Fab-antibodiesraveselected from a
phage Fab-display library using a recombinant humhah7A (a kit from R&D
Systems); a series of selection cycles was perfbrae described above [27; 31;
32]. In order to perform the selection process agrng method, human IL-17A
in 50 mM carbonate buffer (pH 9.5) was adsorbedrogat at 4T on the surface
of HighSorb tubes (Nunc). Further, tubes were wastieh PBS (pH 7.4) and then
blocked with solution containing PBS (pH 7.4) - -fi@e milk (0.5%
weight/volume) for 1 hour. Then, 2-4 ml of phag&usion (10*phage particles per
ml) in PBS (pH 7.4) — fat free milk (0.5% w/vol) sé&ransferred to the tube with
the antigen, and the system was incubated for dderustirring. Unbound phages
were removed by a series of washing cycles with gB857.4) - Tween 20 (0.1%
vol./vol.). The number of washing cycles was insezghfrom the first round to the
third one by 20-30-40 times, respectively. Phageighas that remained bound
were eluted with 100 mM Gly-HCI solution (pH 2.5)rchg 15 min under stirring,
and then neutralized with 1 M TRIS-HCI (pH 7.@). coli TG1 bacteria were
infected with the phages obtained; further, thenghages were isolated and used
in the next cycle.

After the second and the third selection round, 3. lperformed for the
polyclonal phage product has shown significant agtimient. Pooled clones
enriched with human Fab were re-cloned to exprasplasmid LL comprising

myctag and His6 tag on C-terminus of CH1gene ohteavy chain.
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Example 5

Analysis of Fab specific binding with human IL-17A

ELISA was used to measure the binding of Fab-fradsmender research
with human IL-17A. Fab with published AIN457 seqaer{Novartis) was used as
a positive control. ELISA plate wells (Nunc Immunaisorp) were coated with
50 pl (0.5 pg/ml in 1X coating carbonate buffer}ILA-Fc, hermetically closed
and incubated overnight at@° All further stages were conducted in accordance
with the standard ELISA protocol with high-performea systems such as
GenetixQ-pix2xt (Molecular Devices) and Tecan FoeedEVO 200 (Tecan).
Non-specific binding was blocked by adding the kiog buffer BB (200 pl 0.5%
fat-free milk in PBS). Plates were incubated onhaker for 1 h at a room
temperature. After washing with PBS-Tween, eachwas coated with 50 ul of
test Fab-containing cell supernatant mixed withaégqowlume of BB. Plates were
incubated on a shaker for 1 hour at a room tempexaturther, each plate well
was washed 5 times with PBS-Tween buffer. Afteriirag, each well was coated
(50 pl/well) with anti-human Fab HRP-conjugated s®iary antibody (Pierce-
ThermoScientific) in PBS-Tween (1:5000). Plates evétansferred to rotation
shaker (50 min at room temperature) and then waSheaes with PBS-Tween
buffer as described above. Colorimetric signal wisined by addingMB (100
pl/well) until saturation (the average of 3-5 mifurther development was blocked
by adding stop solution (100 pl/well, 10% sulfurazid). Absorbance was
measured at 450 nm using the appropriate Tecarisguplate reader (Tecan).
Antibody binding was proportional to the signal gmoed. Those clones for which
the color signal exceeded the baseline signal bsertitan 5 times were tested in
competitive ELISA in order to reveal antagonistigbFblocking the interaction

between IL-17A ligand and receptor.
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Example 6

Competitive ELISA of blocking the interaction of IL17A ligand and
IL17/R receptor

Competitive ELISA technique was used to test thgonistic capacity of
previously selected specific Fab against human 7A:1Fab with published
AIN457 sequence (Novartis) was used as a posititaganist control. ELISA
plates wells (Nunc Immuno Maxisorp) were coverethvaO pl/well IL-17RA-Fc
receptor (R&D Systems; 1 ug/ml solution in 1X cogticarbonate buffer) and
incubated overnight at €2 All further stages were performed in accordandé w
standard ELISA protocols with high-performance sy such as GenetixQ-
pix2xt (Molecular Devices) and Tecan Freedom EV@ Z0ecan). Non-specific
binding was suppressed by adding the blocking bB8 (200 pul 0.5% fat-free
milk in PBS). Plates were incubated for 1 hour ahaker at a room temperature.

At the same time, 50 ul of test Fab-containing selpernatant in non-
binding 96-well plate was mixed with 50 pl of ILAHis6-Flag (0.4 pg/mlin 1%
milk diluted with PBS-Tween). The plate was incw@ahfor 1 hour at 3T on a
shaker under 500 rpm.

After the plate containing IL-17RA-Fc receptor wasshed from BB
solution, it was coated with the reaction mixtufd=ab and IL-17A-His6-Flag in
the amount of 90 ul per well. Plates were incubated shaked for 45 min at a
room temperature, and each well was washed 5 timmbs PBS-Tween buffer.
Further, 50 pl /well of 1 pg/ml anti-FLAG murine Mantibody (Sigma) was
added, and plates were incubated for 45 min at anrdemperature. After
incubation, each plate well was washed 5 times RBIS-Tween, then coated with
50 pl/well of antimurine-lgG HRP-conjugated secawnydantibody (Pierce-
ThermoScientific) 1:5000 diluted with PBS-Tween.eTplates were incubated on
rotation shaker for 45 min at a room temperature \®ashed 5 times with PBS-
Tween, as mentioned above. Colorimetric signal wlatsined by addindMB
(100 pl/well) until saturation (the average of 3ntn); further development was

blocked by adding stop solution (100 pl/well, 10etfwic acid). The absorbance
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was measured at 450 nm using an appropriate Teoarns8 plate reader (Tecan).
The antibody binding was proportional to the caigmal produced.

Those clones that demonstrated suppression atette torresponding to
that of control Fab antibody AIN457 were markedoasitive and used in further
tests. Genes of the variable domains of positiveed were subject to sequencing
in accordance with standard protocols Applied Biosystems 313Genetic
Analyzer @pplied Biosystemsjollowed by the appropriate analysis. Clones
comprising 3 VHHFab variable domains were seledbedurther studies (Figure
7). In addition, it was found that 3VHHFab clonerépresented in combination
with 23 light chain domains of various sequenchssd of which are shown at
Figure 5B. This indicates its relative structurasistance and the fact that this is
VHH domain and not the light chain that contribuie$L-17A binding.

Example7

Compar ative Kq(Kgiss)-Screening of anti-IL-17A VHHFab candidates

The comparative J¢ screening for anti-IL-17A Fab-candidates was
performed using Pall Forte Bio Octet Red 96 systAmti-FABCH1 biosensors
were rehydrated for 30 min in a working buffer caising 10 mM PBS (pH 7.2-
7.4), 0.1% Tween-20 and 0.1% BSA. 10x working buffes added to test the
samples ofE.coli supernatants up to 1x of the final concentratibhen anti-
FABCH1 biosensors were steeped inEocoli supernatants containing Fab-
fragments of candidate antibodies and incubated 2ohours at a temperature of
4°C. Sensors coated with Fab-fragments were trandféaevells with working
buffer, and a baseline was registered (60 sec)n Baemsors were transferred to
wells with analyte solution (IL-17A, 30 pg/ml) tactaeve the antigen-antibody
association (300 sec). After that, sensors wenarret into wells with working
buffer for further dissociation (300 sec). The ussshsors were subject to
regeneration after each test: they were placec ttm@es into regenerating buffer
(Gly-HCI, pH 1.7) and then were applicable for use in furttgperiments. The
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curves obtained were analyzed with Octet Data Asmslfversion 7.0) according to
the standard procedure with 1:1 interaction model.

The results obtained fory,kscreening of anti-IL-17A Fab candidates are
presented at Figure 5C and Table 1. Specific agid-affine binding of all unique
VHHFab with human IL-17A was demonstrated, whe@#HHFab showed very

fast k,, and very slow §y(1/c) that was beyond the detection limit of theide.

Table 1. VHHFab affinity to human IL-17A

Kp (M) Kon(1/Mc) kais(1/c)
1VHH 2.485E-08 2.498E04 6.206E-04
2VHH 1.352E-08 1.628E05 2.201E-03
3VHHVK4B11 | - - <2.272E-06

Thus, 3VHHVK4B11 candidate was selected for furtinestigation based

on the analytical results obtained.

Example 8

Generation of VHHIgGL1 antibodies with mutations in FR1 and FR2 of
VHH variable domain

Genes of the variable domain of the light and he&WH chains of
3VHHVK4B11 candidate were cloned in pEE#pEE-Lc plasmid for joint
transient expression in CHO-EBNA cells as describedExample 3. Further,
substitutes at positions 44 and 45 (Kabat numbesaiggme) were introduced by
means of oligonucleotide-directed mutagenesis udthgUltraHS polymerase
(Stratagene) in accordance with Protocol [Q5® Bitected Mutagenesis Kit
(NEB)] and procedure described in [34]. Plasmid gB8f#HH was used as a
matrix. PCR products were fractioned on low-meltagarose and purified on
appropriate columns. After ligation, DNA was tramshed into E.coli. Upon
selection of mutant clones with correct sequenpéssmids with mutations in

3VHH were co-transfected with pEE-LcVK4B11(referRigure 9 and Table 2).
39



Table 2. Samples of 3VHHFabVK4B11 mutant clones

Name Mutations as compared to initial 3VHHFabVK4B11
mutl E44G, R45L
mut2 S11L, E44G, R45L
mut3 R45L
mut4 S11L, E44G
Example 9

Comparative analysis of kinetic parameters of VHHFab antibodies
comprising mutationsin FR1 and FR2 of VHH variable domain

The comparative J¢ screening for anti- IL-17A VHHFab candidates was
performed according to the standard protocol widi Porte Bio Octet Red 96
system (refer to Example 8). A significant reductmf ks was found for mutl,
mut2 and mut4, and less significant reduction fat3nas compared to natural
3VHHFab (Figure 10, 11).

Example 10

The Compar ative analysis of ther mal-aggr egation characteristics of full-
size 3VHHIgG1VK4B11 antibodies comprising mutations in FR1 and FR2 of
VHH variable domain

The comparative analysis of aggregation charatiesidor anti-IL-17A
VHHIgG1 candidates was performed using the follagviprocedure. The
preparation of VHHIgG1 antibody (10 mg/ml) in PB8ffer was heated for 6
hours at 50C. The agregation induced by thermal stress wasuated by means
of size-exclusion HPLC. The test was performed d®01IHPLC System (Agilent)
using Tosoh TSK-Gel G3000SWXL column, 7.8 mm x 30, €at. No. 08541
with Tosoh TSKgel Guard SWXL pre-column, 6.0 mm .0 4m (particles of 7
pum, Cat. No. 08543). Isocratic elution with mobpbase containing 50 mM
sodium phosphate buffer and 0.3 M NaCl (pH 7.0) wasgformed under 0.5

ml/min flow rate with detection at 214 nm and 286 wavelengths. The antibody
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samples were diluted with PBS (pH 7.5) to the catreéion of ~1 mg/ml. The
injection volume was 10 pl. Gel filtration standardxture (Bio-Rad, Cat. No.
151-1901) was used to calibrate the column pridhéctest.

Chromatograms presented at Figure 6C and summadrlg Bademonstrate
that all mutants aggregate to various extents utitemmal stress, wherein the
minimum stability was observed for the natural &atiand the maximum stability
was revealed for mutl comprising E44G+R45L suldstiypical of classical VH
structure.

In addition, the comparative study of thermal digbiof the obtained
preparations was performed using Thermofluor procedalso referred to as
Thermal shift assay) that determines the proteiftimgepoint measuring changes
in the fluorescence of a specific dye SYPROOrang# binds to hydrophobic
surfaces of the denatured protein [35]. StepOneRiea¢PCRSystem (Applied
Biosystems) apparatus and recommended protocol wesm@ to study the mutant
products. The study results are shown in Table IyTrather correlate to the
results obtained under thermal stress test, whoctirm the stability of mutl and
mut4 in comparison to the initial variant 3VHHIgGK¥B11.

Table 3. Results of thermal stability study of nmisa

Product Monomer Monomer Differen | Melting point
percentage (%)percentage (%)ce ~A% | (Thermofluor),
before thermal after therma °c
stress stress

Wild 60 13 47 46 +1

3VHHIgG1

VK4B11

mutl 95 95 0 64 +1

mut2 65 13 52 42 £1

mut3 40 32 8 ND
mut4 89 80 9 53 +1
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Example 11

Cell test of anti-IL17A 3VHHIgG1VK4B11 mutants blocking the ability
of IL-17A toinducelL-6 production

The ability of IL-17 to induce the production of-8 by HT1080 human
cells (ATCC:CCL-121) was used to analyze the néming activity of VHHIgG1
candidates mutl and mut4 regarding human recombihah7A. Cells were
grown on DMEM culture medium with added 10% inaated fetal serum,
gentamycin and glutamine. Aliquots of 5%1¢ells per well were seeded in 96-well
culture plates. Cells were allowed for attachmemtS hours. The mixture of 40
ng/ml recombinant IL-17 and 20 ng/ml TNFwas incubated with VHHIgG1
dilutions for 1 hour at 3. Then cytokine/antibody mixture was added to the
cells and left overnight. The production of IL-6 BYT1080 cell culture was
proportional to the amount of IL-17 added. The amaf the released IL-6 in cell
supernatant samples was evaluated by ELISA techniging DuoSet ELISA
Development System Human IL6 (RD System, Cat. N62@5). The results of
evaluation of the antagonistic properties of VHHIgGndidates are presented at
Figure 7 in comparison with AIN457 (anti-IL-17A #@mdy by Novartis). The 16
value for mutl was almost 30 times higher than thiathe natural variant, while
mut4 variant almost completely maintained its intimig capacity. The value of
ICso for mut4 candidate was 30+10 pM. Following theutessof the present study
and the overall physical-chemical and biologicareltteristics, the said candidate

was selected for further development and optinozati

Example 12

Engineering of mut4VHHFab antibodies comprising human light chains

The total RNA of B-lymphocytes collected from 55nfan donors was
isolated with RNeasy Mini Kit, in accordance withet appropriate protocol
(QIAGEN). RNA concentration was measured with Nar®okit (GE Healthcare),
and the quality of isolated RNA was tested by 1dfarose gel electrophoresis.
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The reverse transcription reaction was held with DBVRT kit (Evrogen),
according to the recommended protocol, with MMula¥erse transcriptase and
random hexamer primers.

The reverse transcription products were used asa@ixrmin a two-stage
polymerase chain reaction to obtain the genes nabla domains flanked with
restriction sites; the reaction was performed usiigpnucleotide kit and protocols
described in [27]. Chimeric Fab specific againstLiIA were generated according
to the procedure described in W093/06213 basedhagemid pH5, as specified
above. Genes encoding variable domains of the huigah chains and genes
encoding the variable domain of mut4VHH were pugfetber in one fragment by
means of sequential reactions of restriction, iopaaind amplification as shown at
Figure 8. In this case, the estimated count of imatolecules in all reactions was
no less than 18 The DNA product obtained (VL-CK-VH) was treateittwiNhel
/Ec091l restriction enzymes and ligated into ordjiphagemid pH 5. The ligation
products were transformed into SS320 electrocompetlls prepared in
accordance with protocols described in [30]. Theertire of chimeric mut4 VHH
Fab-library based on mixed kappa and lambda hunfaming was 2.8*10
transformants. Chimeric phage-displayed Fab-libeariwere prepared in
accordance with the procedure described above [27].

The selection of phage-displayed chimeric Fab-ibsa was performed
under conditions described above (refer to Exarbpleexcept for the additional
incubation of IL17A-bound phage antibodies at apgerature of 37 within 12
hours in the presence of 20 pg/ml of IL-17A dissdlv

After the second selection round at IL-17A, sigrafit enrichment of the
library was observed. The obtained pooled clonesnathed chimeric mut4 VHH
Fab-libraries were used in IL-17A screening, acewydo the standard protocol
(refer to Example 6). The final positive clones &subject to sequencing. Figure
8B shows four sequences of the variable domairteunfan light chains VK1A7,
VK3cl8, VK3cl18 and VK4clE12 from high-affinity mdt VHHFab. These

sequences belong to different kappa human gerns IMi€l, VK3 and VK4
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comprising the minimum number of somatic mutatioihsshould be noted that
human sequence VK4clE12 shows high homology tgtbeeiously selected llama
light chain VK4B1, yet it has its specific distiramns.

Example 13

Compar ative analysis of thermal-aggregation characteristics of full-size
mut4VHHIgG1 antibodies comprising various light chain variants

The genes of the variable domain of the heavy VHidirts of mut4vVHH
candidate were cloned in pEE-Hc plasmid, and gefegariable domains of
human light chains VK1A7, VK3cl8, VK3cl18, VK3A4 driivK4E12 were cloned
in pEE-Lc plasmid for the joint transient expressim CHO-EBNA cells, as
described in Example 3. Further, the obtained adtds were exposed to thermal
stress and their aggregation profile was studieshas/n in Example 9. The results

obtained are presented in a summary Table 4.

Table 4. Thermal stability of mut4 VHHIgG1 full-eantibodies

Table 4. Structural| % % Differen |Formatior| Melting
Thermal bloodline | Monomer | Monomer | ce ~-A% |of visible | point
stability of | of the before the| after the aggregate (Thermofi
mut4 light thermal |thermal s during | uor)
VHHIgG1 |chain stress stress the

full-size purificatio
antibodiesSe n

mple name

mutdVHHIg | VK3 96 82 14 + 58
G1VK3c8

mut4VHHIg VK3 91 81 10 ++ 6C
G1VK3c18
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mut4dVHHIg | VK3 69 2 + 6
G1VK3A4 71

mut4VHHIg | VK1 95 88 7 - 68
G1VK1A7

mut4VHHIg | VK4 90 49 41 ++ 5@
G1VK4E12

Furthermore, the comparative thermal stability gtunf the products
obtained was conducted using Thermofluor procedumdar to that described in
Example 11. Based on the data obtained, the coanlusan be made that the
selected mut4VHH pairs comprising human light ckauere more stable than the
natural variant comprising VVK4B11 llama light chaiThus, in the comparative
study the best aggregation stability parametersewdmonstrated by mut4
VHHIgG1VK1A7 and mut4 VHHIgG1VK3cl8 combinations.

Example 14

Cell test for blocking the ability of IL-17A to induce IL-6 production
using mut4 VHHIgG1VK3c8 and mut4 VHHIgG1VK1A7

The ability of IL-17 to induce the production of-B by human HT1080
cells (ATCC:CCL-121) was used to analyze the néming capacity of VHHIgG1
candidates mut4 VHHIgG1VK3c8 and mut4 VHHIgG1VK1A&garding human
recombinant IL-17 (refer to Example 12). Figureshows the results obtained for
the blocking test. It should be noted that mut4 \JHBILVK1IA7 variant
(characterized by maximum stability) demonstratedignificant drop of IG
value, while mut4 VHHIgG1VK3c8 variant with mediugtability exceeded by
several times the inhibition observed for more Istamut4 VHHIQG1VK1A7

variant.
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Example 15

Engineering of mut4 VHHIgG1 full-size antibodies comprising various
mutations at positions 44 and 45 in FR2 of VHH variable domain, and
compar ative analysis of aggregation and functional characteristicsther eof

For the purpose of further improvement of the agatien stability, the
method of oligonucleotide-directed mutagenesis wsesl to introduce substitutes
at positions 44 and 45 in FR2 region of VHH for i\tHHIgG1VK3c8 candidate
(hereafter referred to as m4VHHc8). The study dad imclude variants with
aromatic, aliphatic or positive amino acids at posi44, as they are potentially
immunogenic and structurally forbidden. Mutants evéransiently expressed as
described in Example 3 (Figure 15, 16). Though dngount of products for
different mutants varies from one experiment totla@q it should be noted that
yields within the same experiment were of compaaite for all substitutes. The
obtained mutant variants were exposed to thermedst Table 5 demonstrates the
results obtained for different mutants. It can eersfrom the results that 44G45G
and 44G45D are less stable mutants the stabilityha¢h is lower than that of the
initial 44G45R combination within m4VHHc8. Such Mants as 44G45N,
44VAST, 44DA45T, 44T45T and 44D45V mainly presertregr stability. All other
combinations increased the aggregation stabilitm4¥HHc8, and the most stable
were the variants comprising aromatic or aliphgtimups at position 45. However,
the variants comprising small hydrophilic and hyahobic amino acids at both
positions, such as 44G45V, 44GA45T, 44V45V, 44A48YT45V, 44A45T and
44S45T, have also demonstrated significant stgbilit
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Table 5. Results of transient expression and thestrass study of mutants
comprising substitutes at positions 44 and 45 i@ Fégion of m4VHHCcS.

No. | Mutant at Monome| Monome | ~A% | Production yieldIC50,
position r.%, r.%, for the picomole**
44+45 of initial* | heated* product**, (No. [*as defined
FR2 region of experiment) |by the cell
of ~, mg/L IL6 test
m4VHHCc8

1 | 44G| 45R 96 81 15 41 (1) 50
2 | 44G| 45F 98 98 0 22 (3) 1100
3 | 44G| 45W 97 97 0 57 (2) 1200
4 | 44G | 45Y 97 97 0 33 (2) 650
S5 | 44G| 45P 98 98 0 41 (1) 800
6 | 44G| 45l 97 97 0 20 (3) 950
7 | 44G| 45L 97 97 0 25 (3) 1000
8 | 44G| 45G 96 50 46 21 (3) ND
9 | 44G| 45N 90 77 13 26 (2) ND
10 | 44G| 45S 93 85 8 45 (2) 100
11 | 44G| 45D 90 40 50 23 (3) ND
12 | 44G| 45A 93 89 4 27 (3) 100
13 | 44G| 45H 93 93 2 25 (3) 150
14 | 44G| 45V 93 93 0 35 (1) 250
15 | 44G| 45Q 91 84 7 36 (1) ND
16 | 44G| 45T 93 93 0 46 (1) 100
17 | 44V | 45T 95 84 11 64 (4) ND
18 | 44D | 45T 95 83 12 72 (4) ND
19 | 44T | 45T 96 86 10 75 (4) 150
20 | 44A| 45T 95 93 2 74 (4) 150
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21 | 44S| 45T 96 94 2 63 (4) 150
22 | 44v| 45v] 95 95 0 71 (4) 150
23 | 44D| 45v] 96 88 12 28 (4) 150
24 | 44A| 45v] 95 95 0 72 (4) 100
25 | 44T | 45v| 96 95 1 73 (4) 150
26 | AIN457 95 95 0 0 1100

* The Error in different batches is up to 5%
** Varies significantly depending on the experimennhore -correct
comparison is provided for products within the sdratch

*** Error in different batches is up to 50 %

In order to evaluate the neutralizing activity iretcell test as described in
Example 12, experiments were performed with variousgants (Figure 20). The
test results are shown in Table 5. It was showhtttesmall amino acids at VHH
FR2 positions 44 and 45 demonstrated high antagomistivity, while the large
ones (aliphatic and aromatic) introduced at pasitéb resulted in 10-fold
reduction of 1G, Figure 21 presents a diagram of stability andctional
properties of mutants comprising various amino audistitutes that determine

interaction of the variable domain of the heavy bgisk chains.

Example 16

Scanning mutagenesisof CDRs antilL17A 3VHH domain

Mutations of individual positions of candidate’s R® were inserted by
means of NNK randomization technique [26] with QSi@&e-Directed Mutagenesis
Kit (NEB), in accordance with the protocol. PlasnpdL-Fab was used as a
matrix. PCR products were fractioned on low-meltagarose and purified at the
columns. After ligation, DNA was transformed int.coli expression strain
BL21gold (Stratagene). The individual clones ol#dinwere grown by Fab

expression in 96-well plates, as described aboupe®atants containing mutant
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Fab arms were analyzed by ELISA under the conditaescribed above and using
high-performance Genetix Q-pix2xt and Tecan Freed®n®200 systems. The
concentration of immobilized IL-17A was 0.2 pg/ndound Fab arms were
stained with 1:5000 diluted Goat anti-Human IgG (kA (HRP) conjugate
(Pierce) and TMB+H202/ H2S04 dye; absorption wasasueed at 450 nm
wavelength.

The results of scanning mutagenesis are presentd@ble 6. The Table
shows substitutes within CDR corresponding 480% reduction of mutant
Fab/human 1I-17A binding signal, when comparechtowild type sequence. Thus,

such individual mutants or any combinations theegefthe field of the invention.

Table 6. Scanning mutagenesis results

Mutation position | Positive amino acids in mutants
HCDRS3

Vo4 SST,AKD,G

R95 K

R96 Y,H,W,K, D, G

R97 AL M S H YV

F98 -

D99 E,G AR, V,K Q

G100 N, S

T100a G P, VR, S NK
S100b V,M\\T,L, T,A H,G, |, C
Y100c W, S

Y100d R, L,W, K AG,Q, I,V
T100e AL, S

G100f ALTPNQ,FILD
D107 -

HCDR2
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AS50 G, L

S52 -

P52a A

S53 -

G54 -

G55 SSR,P,D,I,T,E, K, AL
D56 -

R57 -

158 -

HCDR1
S32 N,K,R,E,W, M, Q,D,F, V,L A
P33 S

M34 I
G35 L,ALS R, V,NQ M

Thus, screening was performed for BCD109 antibodRCamino acid
positions that are tolerant to amino acid subgtgutt was demonstrated that the
present set of amino acid substitutes does noffisi@gmtly change the antibody
affinity to human IL-17A. The said combination afibstitutes can be used to

improve various properties of the candidate.

Example 17

Engineering of BCD109 candidate and evaluation of its affinity to IL-
17A of variousorigins

BCD109 antibody was obtained from m4VHHc8 variant compgsi
44G45T substitutes (described in Example 16) byodhicing humanizing
mutations Q5V and R89V to VHH that do not changhegithe stability or I
(no data provided), and three additional mutatiamsCH2 domain FclgGl,
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232Y/[234T/236E, intended to improve the antibodyarpracokinetics. The
antibody has been transiently expressed.

The affinity of BCD109 binding to human, monkey arat IL-17A was
studied at OctetRed 96 system (ForteBio). BCD109s wen-specifically
immobilized on the surface of amine reactive seeg@eration sensors (AR2G)
according to the standard protocol described inntfa@ufacturer’'s manual. The
test was conducted at a temperature of°3&id using PBS with 0.1% Tween-20
and 0.1% BSA as a working buffer.

Human, monkey and rat IL-17A were titrated with therking buffer with
concentration from 126 nM to 2 nM with an incremeh®.

Binding curves (after subtracting a reference djgmeere analyzed with
Octet Data Analysis software (Version 7.0), in ademce with the standard
procedure and 1:1 interaction model. The resuéigagsented at Figure 22.

It can be seen that BCD109 binds to human and nyotkd7A with
picomolar affinity (Figure 23). Moreover, the catalie does not interact with rat

IL-17A (no curves are presented).

Example 18

Deter mination of aggregation stability of BCD109 under thermal stress

BCD109 preparation of 10 mg/ml in PBS was heated6fchours at a
temperature of 5@ in accordance with the protocol described in Exargp

Results represented at Figure 24 show that BCDhBaaly remains stable
under thermal stress: the aggregate content washas 5%.

Example 19

Production of pharmaceutical composition comprising the antibody of
the present invention

BCD109 antibody in concentration of 50 mg/ml wassdived in the
required amount of water for injection and pH wasuight to 5.5 with citric acid.

Solution was filtered (filtration sterilization) drsealed into ampoules.
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The product obtained was stable for 6 months watlsedimentation.

Alternatively, BCD109 was dissolved in water contag mannitol as a
lyoprotectant, filtered (filtration sterilizatiordand then subject to freeze-drying.
The powder obtained was dispensed to sterile Wadds were corked with rubber
stoppers and sealed with aluminum caps. The antipooduct can be recovered

from lyophilizate with water for injection.
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CLAIMS

1. A humanized monoclonal IgG antibody wherein vagatbbmains are
represented by a combination of agMlerivative with a variable domain of the
light chain \{.

2. The antibody according to claim 1, characterized ibgreased
aggregation stability of \;,-derivative compared to the native VHH antibody

isolated from an immunized animal from Camelidaaifa

3. The antibody according to claim 1, wherein theyMerivative
comprises the following amino acid substitutesasifions 44%45Xs:

a) wherein44X2=G,A,V,S,T;

b) wherein45X3=A,V, T, H;

or combinations thereof.

4. The antibody according to claim 3, is characterizgd higher
aggregation stability of the \-derivative, as compared to the native VHH

antibody isolated from an immunized animal of Cadas family.

5. The antibody according to claim 1, wherein thgsMerivative is
represented by a variable domain of the heavy cisalated from an immunized
animal of Camelidae family and comprises additionalino acid substitutes
typical of humans and located at any positionsgpior the following substitutes
at positions 44¥45Xs:

c) wherein44X2=G,A,V,S,T;

d) wherein45X3=A,V, T, H;

or combinations thereof.
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6. The antibody according to claim 1, wherein thgMerivative is a
variable domain of the heavy chain isolated frormca-immunized animal of
Camelidae family, and comprises additional amina aubstitutes typical of
humans and located at any positions, except forfdflewing substitutes at
positions 44X%45Xs:

e) wherein44X2=G,A,V,S,T;

f) wherein 45X3 = A, V, T, H;

or combinations thereof.

7.  The antibody according to claim 1, wherein a vdeatomain of the

light chain \{ is a human antibody derivative.

8.  The antibody according to claim 1, wherein a vdeatbomain of the
light chain \{ is a humanized fragment of an antibody of aninpa&ferably

mammalian.

9. The antibody according to claim 1, wherein thg,erivative that
contains cysteine-44 (Kabat numbering scheme), thedlight chain variable

domain \{ contains cysteine-100 (Kabat numbering scheme).

10. The antibody according to claim 1, wherein the saitlbody is one of

any of the following isotypes: 1gG1, 1gG2, IgG3IgG4.

11. The antibody according to claim 10, comprising a-native modified

Fc as a part of IgG.

12. The antibody according to claim 1, is characterizeg such
aggregation stability that when it is used in concdions over 10 mg/ml and
stored for >6 months at a temperature of s4the content of aggregates

increases by not more than 5% of their initial eoin the solution.
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13. The antibody according to claim 1, is characterizeg such
aggregation stability that when it is used in concgions over 10 mg/ml and
stored for >2 weeks at a temperature diC3the content of aggregates increases

by not more than 5% of their initial content in g@ution.

14. The antibody according to claim 1, is characterizeg such
aggregation stability that when it is used in concgions over 10 mg/ml and
stored for >48h at a temperature of@2he content of aggregates increases by not

more than 5% of their initial content in the sobuti

15. The antibody according to claim 1, is characterizeg such
aggregation stability that when it is used in concgions over 10 mg/ml and
stored for > 6 h at a temperature ofGthe content of aggregates increases by not

more than 5% of their initial content in the sobuti

16. The antibody according to claim 1, wherein disstimmconstant I§

is 10° M and lower.

17. The antibody according to claim 1, wherein the mody-antigen

interaction kinetic association constagi{k/Ms) is at least T01/Ms and more.

18. The antibody according to claim 1, wherein the mody-antigen

interaction kinetic dissociation constant (1/s})@&' 1/s and lower.

19. The antibody according to claims 1-18 that spealifyc binds to
human IL-17A, comprising

a) a derivative of Camelidae heavy chain variable donf®}) that
comprises 3 hypervariable regions HCDR1, HCDR2HG®R3, wherein:

HCDR1 comprising the amino acid sequence of SEQ ID NO: 1:
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G-T-F-A-T-X32-X33-X34 - X35, wherein

X32 is an amino acid selected from the group conmyiS, N, K, R, E, W,
Q,D,A, VandF;

X33 is an amino acid selected from the group conmgyiB or S;

X34 is an amino acid selected from the group conmgyis! and I;

X35 is an amino acid selected from the group conmgi&, N, S, A, L, |, R,
V and Q;

HCDR2 comprising the amino acid sequence of SEQ ID NO: 2:

X50-1-X52-X52a-S-GX55-D-R-I-Y-A-D-S-V-K-G, wherein

X50 is an amino acid selected from the group conmgrid, G and L;

X52 is an amino acid selected from the group conmgriS, D and E;

X52a is an amino acid selected from the group camgriP and A;

X55 is an amino acid selected from the group conmyi&, S, T, L, R, D,
E, K, Aand W,

HCDRS3 comprising the amino acid sequence of SEQ ID NO: 3:

C-A- X94-X95- X96- X97-F-X99-X100-X100a- X100b - X106cX100d -
X100e - X100f — D- Y — D-S, wherein

X94 is an amino acid selected from the group cosmyiK, S, T, V, D and
G;

X95 is an amino acid selected from the group cosyiR and K;

X96 is an amino acid selected from the group cosnpyiG, R, Y, H, D, W
and K;

X97 is an amino acid selected from the group cosniR, A, V, S, L and
H;

X99 is an amino acid selected from the group cosnmyiD, E, G, A, R, V,
Kand Q;

X100 is an amino acid selected from the group cosimy G, S and N;
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X100a is an amino acid selected from the group cmmg G, T, P, V, R, N
and K;

X100b is an amino acid selected from the group cmimg V, S, T, L, Y,
A, H, Gandl;

X100c is an amino acid selected from the group c@img Y, W and S;

X100d is an amino acid selected from the group ¢mmg R, V, L, Y, A,
W, K, G, QandI;

X100e is an amino acid selected from the group cmimg T, L, A and S;

X100f is an amino acid selected from the group aesmm T, L, G, P, N, A,
Q, F, land D;

b) a variable domain of the light chain (jVof a human antibody or a

variable domain of the light chain of a humanizatizdy.

20. The antibody according to claims 1-18 that dpady binds to
human IL-17A, comprising:

a) A derivative of the heavy chain variable doméif,,) comprising 3
hypervariable regions HCDR1, HCDRZHCDR3, wherein:

HCDR1 comprising the amino acid sequence of G-T-F-8-P-M-G
(SEQ ID NO: 4),

HCDR2 comprising the amino acid sequence of A-I-S-8-G- D-R-I-Y-
A-D-S-V-K-G (SEQ ID NO: 5);

HCDR3 comprising the amino acid sequenc&€ e4-V-R-R-R-F-D-G-T-S-
Y-Y-T-G-D-Y-D-S (SEQ ID NO: 6);

b) A variable domain of the light chain (Wof a human antibody or a

variable domain of the light chain of a humanizatizdy.

21. The antibody according to claim 20 that specificdlinds to human
IL-17A, comprising:
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a) A derivative of the heavy chain variable dom@,,) comprising an
amino acid sequence

QVQLVQSGGGLVQAGGSLRLSCAASGGTFATSPMGWLRQAPGKGT
EFVAAISPSGGDRIYADSVKGRFTISRDNAGYFIYLQMNSLKPEDTAVYYC
AVRRRFDGTSYYTGDYDSWGQGTLVTVSS (SEQ ID NO: 7);

b) A variable domain of the light chain (Wof a human antibody or a

variable domain of the light chain of a humanizattedy.

22. The antibody according to claim 21 that specifichlinds to human IL-
17A, comprising Vu-derivative, wherein said variable domain comprises

amino acid sequence at least 90% identical to SERQ: 7.

23. The antibody according to claim 22 that specifichlinds to human IL-
17A, comprising:

a) The \{,y-derivative comprising the amino acid sequenceEQ 3D NO:
7

b) The variable domain of the light chain  Vof a human antibody
comprising the amino acid sequence of

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLL
IlYDASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYSYSPVER)
GTKVEIKR (SEQ ID NO: 8).

24. The antibody according to claim 23 that specificddinds human IL-
17A and comprises M;-derivative and a variable region of the light chév,) of
a human antibody, wherein said variable domains pce® an amino acid
sequence at least 90% identical to SEQ ID NO: 8.

25. The antibody according to claims 1-18 that gpeadly binds human IL-
17A and comprises:

a) The heavy chain comprising the following amic@aequence:
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QVOQLVQSGGGLVQAGGSLRLSCAASGGTFATSPMGWLRQAPGKGT
EFVAAISPSGGDRIYADSVKGRFTISRDNAGYFIYLOQMNSLKPEDTAVYYC
AVRRRFDGTSYYTGDYDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGT
AALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
SLSPGK (SEQ ID NO: 9).

b) The variable domain of a human antibody lighdini(\V.) comprising the
following amino acid sequence:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLL
IYDASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYSYSPVER
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVD
NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFNRGEC (SEQ ID NO: 10).

26. The antibody according to claim 25 that speaily binds human IL-
17A and contains the heavy chain and the light chaiherein said chains
comprise amino acid sequences at least 90% idemticBEQ ID NO: 9 and/or
SEQ ID NO:10.

27. The antibody according to claim 19, whereind santibody has the
binding affinity to human IL-17A characterized with, of 10'° M and lower.

28. The antibody according to claim 19, wherein kgetic association
constant k(1/Ms) for human IL-17A IS not less than
10° 1/Ms.
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29. The antibody according to claim 19, wherein kingetic dissociation
constant dis(1/s) for human IL-17A IS not more than
10° 1/s.

30. The antibody according to claim 19, whereird satibody inhibits the
activity of human IL-17A by no less than 50%.

31. The antibody according to claim 19, whereird smitibody is produced

by mammalian, yeast or bacterial cells.

32. The antibody according to claim 19 comprisimg @r more additional
amino acid substitutions in Fc-region comparedh® mhative Fc, wherein said
substitutions improve physical-chemical and phaokametic properties of an
antibody, as compared to an antibody with the eafig, and do not result in the
loss of antibody’s ability to bind IL-17A.

33. A fragment of an antibody according to claims 1- 32

34. The fragment of an antibody according to claim @®erein said
fragment is represented by a light chain, heavynclaand variable domains of the
light and/or heavy chain that are a part of anbaaly sequence, which includes a

bio-specific antibody variant.

35. The fragment of an antibody according to claim @4herein said
fragment is represented by a light chain, heavynclaand variable domains of the

light and/or heavy chain that are parts of Fab.

36. The fragment of an antibody according to claim @dherein said
fragment is represented by a light chain, heavyn¢laand variable domains of the

light and/or heavy chain that are parts of scFv.
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37. Methods of production of antibodies according tg ahclaims 1 — 32
or fragments thereof according to claims 33-36oming phases selected from the
following: directed mutagenesis, display methodsenadic engineering,
biochemistry and high-performance biotechnologyhods well known for the art,
which can include the methods for directed mutagisnat different positions of

the VHH domain of Camelidae antibodies.

38. A DNA construct encoding the antibody accordinghy of claims 1
- 32 or the antibody fragment according to anylaines 33-36.

39. An expression vector comprising one or several Dbstructs

according to claim 38.

40. A cell line comprising the expression vector acaogdo claim 39 or

DNA construct according to claim 38.

41. A method of production of the humanized monocloaatibody
according to claims 1- 32 or the antibody fragmacatording to claims 33-36,
which involves incubation of a cell line accorditmgclaim 40 in a culture medium
under the conditions sufficient to obtain said lamdly or fragment thereof,
followed by the isolation and purification of obtad antibody or its active

fragment.

42. A host cell comprising the vector accordingleom 39.

43. A method of production of the antibody accordingatty of claims 1-32
or the antibody fragment according to claims 33\8Bich involves incubation of

the host cell according to claim 42 in a culturedimen under the conditions
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sufficient to obtain said antibody or fragment #udr followed by isolation and
purification of obtained antibody or its activegraent.

44. A pharmaceutical composition comprising thebaaly according to any
of claims 1-32 or fragments thereof according @it 33-36, in combination

with one or several pharmaceutically suitable exois, diluents or carriers.

45. The pharmaceutical composition according tointlad4, further

comprising active pharmaceutical ingredients setbtom TNFe inhibitors.

46. The pharmaceutical composition according torckd, to be used in the

therapy of IL-1A-mediated disease or disorder.

47. The pharmaceutical composition according to clabnwherein an IL-
17A-mediated disease or disorder is selected from:umiagoid arthritis,
osteoarthritis, juvenile chronic arthritis, sepéicthritis, Lyme arthritis, psoriatic
arthritis, reactive arthritis, spondyloarthropathsystemic lupus erythematosus,
Crohn’s disease, ulcerative colitis, inflammatoowel disease, insulin dependent
diabetes mellitus, thyroadenitis, asthma, allejsorders, psoriasis, dermatitis,
systemic sclerosis, graft-versus-host disease,t gegéction, acute or chronic
immune disease associated with organ grafting, oglosis, atherosclerosis,
disseminated intravascular coagulation, Kawasaldeale, Graves' disease,
nephrotic syndrome, chronic fatigue syndrome, Wegsndisease, Henoch-
Schonlein purpura, microscopic polyangiitis withhakinvolvement, chronic active
hepatitis, uveitis, septic shock, toxic shock spmae, sepsis syndrome, cachexia,
infections, invasions, acquired immune deficiengnmdsome, acute transverse
myelitis, Huntington chorea, Parkinson diseaseh@imer disease, stroke, primary
biliary cirrhosis, hemolytic anemia, malignancidseart failure, myocardial
infarction, Addison disease, polyglandular autoimesyndrome type | and type

I, Schmidt's syndrome, acute respiratory distregsdrome, alopecia, alopecia
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areata, seronegative arthropathy, arthropathy, eR®itsyndrome, psoriatic
arthropathy, arthropathy associated with ulceratioktis, enteropathic synovitis,
arthropathy  associated with  Chlamydia, Yersinia an8almonella,
spondyloarthropathy, atheromatosis disease/coromsatgrosis, atopic allergy,
autoimmune bullous disease, pemphigus, pemphidiaséas, pemphigoid, linear
IgA diseases, autoimmune hemolytic anemia, Coonaisgtipe hemolytic anemia,
acquired pernicious anemia, juvenile pernicious naag Myalgic
encephalomyelitis/chronic fatigue syndrome, chrattive hepatic inflammation,
cranial giant arteritis, primary sclerosing hepstitcryptogenic autoimmune
hepatitis, acquired immune deficiency syndrome @)D AlDS-associated
diseases, hepatitis B, hepatitis C, common variablaunodeficiency (common
variable hypogammaglobulinemia), dilated cardionatby, female sterility,
ovarian insufficiency, Premature ovarian failurejnponary fibrosis, cryptogenic
fibrosing alveolitis, post inflammatory interstitidung pathologies, interstitial
pneumonitis, connective tissue disease associatdd imterstitial lung disease,
mixed connective tissue disease associated widnsititial lung disease, systemic
scleroderma associated with interstitial lung disearheumatoid arthrisit
associated with interstitial lung disease, systeluppus erythematosus associated
with lung disease, dermatomyositis/polymyositisoagged with lung disease,
Sjogren disease associated with lung disease, @ikygl spondylitis associated
with lung disease, diffuse pulmonary vasculitismisiderosis associated with
lung disease, drug-induced interstitial lung diseaffbrosis, radiation-induced
fibrosis, obliterating bronchiolitis, chronic eosphilic pneumonia, lung disease
with lymphocyte infiltration, post infectious insgitial lung pathologies, gouty
arthritis, autoimmune hepatitis, autoimmune hejgatytpe | (classic autoimmune
or lupoid hepatitis), autoimmune hepatitis type(dbsociated with anti-LKM
antibody), autoimmune hypoglycemia, type B insuliresistance with
acanthokeratodermia, hypoparathyroidism, acutd-gssociated immune disease,
chronic graft-associated immune disease, osteoarfyr primary sclerosing

cholangitis, type | psoriasis, type Il psorias@ippathic leukopenia, autoimmune
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neutropenia, NOS-kidney diseases, glomerulonephritmicroscopic renal
polyangiitis, Lyme disease, discoid lupus erythersas, idiopathic of NOS-male
sterility, antisperm immunity, multiple sclerosisall( types), sympathetic
ophthalmia, pulmonary hypertension secondary toneotive tissue disease,
Goodpasture syndrome, pulmonary manifestationsobfapteritis nodosa, acute
rheumatic fever, rheumatoid spondylitis, Still'ssefise, systemic scleroderma,
Sjogren's Syndrome, Takayasu disease/arthritigiraotune thrombocytopenia,
idiopathic thrombocytopenia, autoimmune thyroid odiers, hyperthyroid,
autoimmune hypothyroidism (Hashimoto disease), pdii autoimmune
hypothyroidism, primary myxedema, phacogenic usgitprimary vasculitis,
vitiligo, acute hepatic disease, chronic hepatsedse, alcoholic cirrhosis, alcohol-
induced liver damage, cholestasis, idiosyncratipatie disease, drug-induced
hepatitis, nonalcoholic steatohepatitis, allergind asthma, group B streptococcal
infection (GBS), mental disorders (including depress and schizophrenia), Thl-
and Th2-mediated disease, acute and chronic pamo(s forms), malignancies
such as lung cancer, breast cancer, stomach cdnleeider cancer, colorectal
cancer, pancreatic cancer, ovarian cancer, prosiateer and hematopoietic
malignancies (leukemia and lymphomas), abetaligepraemia, acrocyanosis,
acute and chronic infections and infestations,eateukemia, acute lymphoblastic
leukemia, acute myeloid leukemia, acute or chrdmcterial infection, acute
pancreatitis, acute renal failure, adenocarcincai@al ectopics, AIDS dementia
complex, alcohol-induced hepatitis, allergic comfintis, allergic contact
dermatitis, allergic rhinitis, allograft rejectiorglpha-lI antitrypsin deficiency,
lateral amyotrophic sclerosis, anemia, angina,remmteorn cell degeneration, anti-
CD3 therapy, antiphospholipid syndrome, hyperspeuiyit reactions against
receptors, aortic and peripheral aneurysms, adiggection, arterial hypertension,
coronary sclerosis, arteriovenous fistula, ataaaijal fibrillation (constant or
paroxysmal), atrial flutter, atrioventricular blgcB-cell lymphoma, bone graft
rejection, bone marrow transplant (BMT) rejectitmndle branch block, Burkitt

lymphoma, burns, cardiac arrythmia, myocardial stog syndrome, cardiac
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tumor, cardiomyopathy, inflammatory response todsgp cartilage graft rejection,
brain cortex degeneration, cerebellar disorder,otthaor multifocal atrial
tachycardia, chemotherapy-induced disorders, cbromyelocytic leukemia
(CML), chronic alcohol addiction, chronic inflammay pathologies, chronic
lymphatic leukemia (CLL), chronic obstructive pulnawy disease, chronic
salicylate intoxication, rectocolic carcinoma, cestive cardiac failure,
conjunctivitis, contact dermatitis, pulmonary heacoronary artery disease,
Creutzfeldt-Jakob Disease, culture-negative sepsystic fibrosis, cytokine
therapy-induced disorders, boxer's encephalopataynyelinating disease, dengue
hemorrhagic fever, dermatitis, dermatological ctods, diabetes, diabetes
mellitus, diabetes-related atherosclerotic vasculsease, diffuse Lewy body
disease, congestive dilated cardiomyopathy, basalgl;a disease, Down's
syndrome in middle age, motor disorders inducedCiN& dopamine blockers,
drug sensitivity, eczema, encephalomyelitis, endbts, endocrinopathy,
epiglottiditis, Epstein-Barr viral infection, erytdgia, extrapyramidal and
cerebellar symptoms, familial hemophagocytic lynmupbktocytosis, fetal thymus
graft rejection, Friedreich's ataxia, peripherakemr disease, fungal sepsis, gas
phlegmon, gastric ulcer, glomerulonephritis, angaor or tissue graft rejection,
gram negative sepsis, gram positive sepsis, gramadodue to intracellular
organisms, hairy-cell leukemia, Hallervorden-Spatiisease, Hashimoto's
thyroiditis, hay fever, heart transplant rejectibl®mochromatosis, hemodialysis,
hemolytic uremic syndrome thrombotic thrombocytopenic purpura, bleeding,
hepatitis (A), bundle branch arrhythmia, HIV-infiects/HIV-neuropathies,
Hodgkin disease, hyperkinetic motor disorders, hsgasitivity reactions,
hypersensitivity-associated pneumonitis, hypertansi hypokinetic motor
disorders, examination of hypothalamo-pituitaryesdd axis, idiopathic Addison's
disease, idiopathic pulmonary fibrosis, antibodydraged cytotoxicity, asthenia,
infantile muscular atrophy, aortal inflammationfluenza virus A, exposure to
ionizing radiation, iridocyclitis /uveitis/optic netis, ischaemia/reperfusion-

induced disorders, ischaemic stroke, juvenile rhedoid arthritis, juvenile spinal
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muscular atrophy, Kaposi's sarcoma, renal transpfejection, legionellosis,

leishmaniasis, leprosy, corticospinal damage, tieoea, liver transplant rejection,
lymphoedema, malaria, malignant lymphoma, maligriastiocytosis, malignant

melanoma, meningitis, meningococcemia, metaboiagathic diseases, migraine,
multiple system mitochondrial disorders, mixed aective-tissue disease,
monoclonal gammapathy, multiple myeloma, multiplgstem degeneration
(Mencel Dejerine-Thomas Shi-Drager and Machadoplgseanyasthenia gravis,
intracellular Mycobacterium avium, Mycobacteriuntbéuculosis, myelodysplastic
syndrome, myocardial infarction, myocardial ischendisease, nasopharyngeal
cancer, neonatal chronic lung disease, nephritephmotic, neurodegenerative
disorders, neurogenic muscular atrophy |, neutrigpdaver, non-Hodgkin’'s

lymphomas, abdominal aortic branch occlusion, maftecclusive disease, OKT3®
treatment,  orchitis/epididymitis,  orchitis/vasectom reversal operations,
organomegaly, osteoporosis, pancreatic graft nejgctpancreatic carcinoma,
paraneoplastic disease /tumor-related hypercalcepaieathyroid graft rejection,

pelvic inflammatory disease, perennial rhinitisripgrdial disease, peripheral
atherosclerosis (atherlosclerotic) disease, pemgbhescular disease, peritonitis,
pernicious anemia, Pneumocystis carinii pneumonFOEMS syndrome

(polyneuropathy, organomegaly, endocrinopathy, mtmmal plasma-proliferative

disorder and skin changes), postperfusion syndrgmep head syndrome, post-
cardiotomy post-infarction syndrome, preeclampgaogressive supranuclear
paralysis, primary pulmonary hypertension, radmtidherapy, Raynaud's
phenomenon and disease, Raynoud's disease, Refdiseése, regular narrow
QRS tachycardia, renal vascular hypertension, fegen injury, restrictive

cardiomyopathy, sarcoma, scleroderma disease,esehibrea, Dementia with
Lewy bodies, seronegative arthritis, shock, sickdl disease, skin allograft
rejection, skin changes, small intestinal graftecgpn, solid tumors, specific
arrhythmias, spinal ataxia, spinocerebellar dedmadls, streptococcal myositis,
cerebellar structural damage, subacute sclerosiagenephalitis, syncope,

cardiovascular syphilis, systemic anaphylaxis, amm®@hensive systemic
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inflammatory response syndrome, systemic-onsetjleveheumatoid arthritis, T
cells or FAB ALL, telangiectasia, thrombosis obiites, thrombocytopenia,
toxicity, grafting, trauma/bleeding, hypersenstivi reactions type |lI,
hypersensitivity reactions type 1V, unstable angingemia, urinary sepsis,
urticaria, valvular heart disease, varicose varasculitis, venous diseases, venous
thrombosis, ventricular fibrillation, viral and fgal infections, vital encephalitis /
aseptic meningitis, vital hemophagocytic syndrom@é/ernicke-Korsakoff
syndrome, Wilson's disease, heterograft rejectmnahy organ or tissue, acute
coronary syndrome, acute idiopathic polyneuritiscuta inflammatory
demyelinating radicular neuropathy, acute ischeradlt-onset Stills disease,
alopecia areata, anaphylaxis, antiphospholipicdbadi syndrome, aplastic anemia,
coronary sclerosis, atopic eczema, atopic dermatautoimmune dermatitis,
autoimmune disorder associated with streptococaufection, autoimmune
enteropathy, autoimmune hearing loss, autoimmumgipproliferative syndrome
(ALPS), autoimmune myocarditis, autoimmune prematuwvarian failure,
blepharitis, bronchiectasis, bullous pemphigoid, rdicvascular disease,
catastrophic antiphospholipid syndrome, celiac alise cervical spondylosis,
chronic ischemia, cicatrical pemphigoid, clinicalbplated syndrome (cis) with the
risk for multiple sclerosis, conjunctivitis, childbd-onset mental disorders,
chronic obstructive pulmonary disease (COPD), dawystitis, dermatomyositis,
diabetic retinopathy, diabetes mellitus, herniatiesk, prolapse of intervertebral
disc, drug-induced immune haemolytic anaemia, emdiits, endometreosis,
entophthalmia, episcleritis, erythema multiform,vese erythema multiform,
gestational pemphigoid , Guillain-Barre syndromeB&} hay fever, Hughes
syndrome, idiopathic Parkinson's disease, idiopaithterstitial pneumonia, IgE-
mediated allergy, autoimmune hemolytic anemia, usidn body myositis,
infectious ocular inflammatory disease, inflammgtatemyelinating disease,
inflammatory heart disease, inflammatory kidneyedse, idiopathic pulmonary
fibrosis/ usual interstitial pneumonia, iritis, kétis, keratoconjunctivitis sicca,

Kussmaul disease or Kussmaul-Meier Disease, Lapalgy, Langerhans' cell
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histiocytosis, marbled skin, macular degeneratiomcroscopic polyangiitis,
Bechterew disease, motor neuron disease, mucosgbhpgoid, multiple organ
failure, myasthenia gravis, spinal cord dysplagradsome, myocarditis, nerve root
disorders, neuropathy, non-A, non-B hepatitis, @pkuritis, osteolysis, ovarian
cancer, oligoarticular JIA, peripheral arterial lostve disease, peripheral vascular
disease, peripheral artery disease (PAD), phlebipslyarteritis nodosa,
polychondritis, polymyalgia rheumatica, poliosiglyarticular juvenile idiopathic
arthritis, multiple endocrine deficience, polymytasi polymyalgia rheumatica
(PMR), post pump syndrome, primary parkinsonisrasfate and rectal cancer and
hematopoietic malignancies (leukemia and lymphorpa)statitis, pure red-cell
aplasia, primary adrenal insufficiency, relapsireumomyelitis optica, restenosis,
rheumatic heart disease, SAPHO (synovitis, acnetufmsis, hyperstosis and
osteitis), sclerodermia, secondary amyloidosis,ckhtung, scleritis, ischias,
secondary adrenal insufficiency, silicon-associatamnhnective tissue disease,
Sneddon-Wilkinson disease, ankylosing spondylitevens—Johnson syndrome,
systemic inflammation response syndrome, craniariis, Toxoplasma rhinitis,
toxic epidermal necrolysis, transverse myelitis, AFS (tumor necrosis factor
receptor-associated periodic syndrome), allergactiens type |, diabetes type II,
urticaria, usual interstitial pneumonia, vasculitigernal conjunctivitis, viral
retinitis, Vogt-Koyanagi-Harada syndrome (VKH syoadie), wet macular

degeneration, wound healing, and Yersinia- or Sakfla-associated arthropathy.

48. A method for the treatment of IL-A7mediated disease or disorder,
characterized by administration of a therapeufycaffective amount of the
isolated antibody according to claims 1-32 or fragtrthereof according to claims

33-36 to a patient who needs such a treatment.

49. The method for the treatment according to ck@nwherein an IL-17A-
mediated disease or disorder is selected from:nmhéaid arthritis, osteoarthritis,

juvenile chronic arthritis, septic arthritis, Lymaethritis, psoriatic arthritis, reactive
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arthritis, spondyloarthropathy, systemic lupus Reymatosus, Crohn’'s disease,
ulcerative colitis, inflammatory bowel disease uiins dependent diabetes mellitus,
thyroadenitis, asthma, allergic disorders, psmjadermatitis, systemic sclerosis,
graft-versus-host disease, graft rejection, acuteclowronic immune disease
associated with organ grafting, sarcoidosis, adweoosis, disseminated
intravascular coagulation, Kawasaki disease, Gtalirssase, nephrotic syndrome,
chronic fatigue syndrome, Wegener's disease, HeB8ohbnlein purpura,
microscopic polyangiitis with renal involvement,rohic active hepatitis, uveitis,
septic shock, toxic shock syndrome, sepsis syndrocaehexia, infections,
invasions, acquired immune deficiency syndrome,teadwansverse myelitis,
Huntington chorea, Parkinson disease, Alzheimegadis, stroke, primary biliary
cirrhosis, hemolytic anemia, malignancies, heatturfa, myocardial infarction,
Addison disease, polyglandular autoimmune syndragpe | and type I,
Schmidt's syndrome, acute respiratory distressreynel, alopecia, alopecia areata,
seronegative arthropathy, arthropathy, Reiter'sdsyme, psoriatic arthropathy,
arthropathy associated with ulcerative colitis,eempathic synovitis, arthropathy
associated with Chlamydia, Yersinia and SalmoneBapndyloarthropathy,
atheromatosis disease/coronary sclerosis, atoperggyl autoimmune bullous
disease, pemphigus, pemphigus foliaceus, pemphidgméar IgA diseases,
autoimmune hemolytic anemia, Coombs positive hetiwolgnemia, acquired
pernicious anemia, juvenile pernicious anemia, Migaéncephalomyelitis/chronic
fatigue syndrome, chronic active hepatic inflammti cranial giant arteritis,
primary sclerosing hepatitis, cryptogenic autoimeinepatitis, acquired immune
deficiency syndrome (AIDS), AlDS-associated dissaseepatitis B, hepatitis C,
common variable immunodeficiency (common variabipdgammaglobulinemia),
dilated cardiomyopathy, female sterility, ovariasufficiency, Premature ovarian
failure, pulmonary fibrosis, cryptogenic fibrosirggveolitis, post inflammatory
interstitial lung pathologies, interstitial pneunitad) connective tissue disease
associated with interstitial lung disease, mixednextive tissue disease associated

with interstitial lung disease, systemic sclerodem@mssociated with interstitial lung
73



disease, rheumatoid arthrisit associated with stitexl lung disease, systemic
lupus erythematosus associated with lung disea@padomyositis/polymyositis
associated with lung disease, Sjogren disease iatsbcwith lung disease,
ankylosing spondylitis associated with lung diseas#use pulmonary vasculitis,
hemosiderosis associated with lung disease, digeed interstitial lung disease,
fibrosis, radiation-induced fibrosis, obliteratibgonchiolitis, chronic eosinophilic
pneumonia, lung disease with lymphocyte infiltrafigpost infectious interstitial
lung pathologies, gouty arthritis, autoimmune hiisatautoimmune hepatitis type
| (classic autoimmune or lupoid hepatitis), autmiome hepatitis type Il
(associated with anti-LKM antibody), autoimmune baglycemia, type B insulin
resistance with acanthokeratodermia, hypoparattiymi, acute graft-associated
immune disease, chronic graft-associated immureades osteoarthrosis, primary
sclerosing cholangitis, type | psoriasis, type $opasis, idiopathic leukopenia,
autoimmune neutropenia, NOS-kidney diseases, gldomephritis, microscopic
renal polyangiitis, Lyme disease, discoid lupugstegnatosus, idiopathic of NOS-
male sterility, antisperm immunity, multiple sclei® (all types), sympathetic
ophthalmia, pulmonary hypertension secondary toneotive tissue disease,
Goodpasture syndrome, pulmonary manifestationsobfapteritis nodosa, acute
rheumatic fever, rheumatoid spondylitis, Still'ssefise, systemic scleroderma,
Sjogren's Syndrome, Takayasu disease/arthritigiraotune thrombocytopenia,
idiopathic thrombocytopenia, autoimmune thyroid odiers, hyperthyroid,
autoimmune hypothyroidism (Hashimoto disease), pdii autoimmune
hypothyroidism, primary myxedema, phacogenic usgitprimary vasculitis,
vitiligo, acute hepatic disease, chronic hepatsedse, alcoholic cirrhosis, alcohol-
induced liver damage, cholestasis, idiosyncratipatie disease, drug-induced
hepatitis, nonalcoholic steatohepatitis, allergiad asthma, group B streptococcal
infection (GBS), mental disorders (including depress and schizophrenia), Thl-
and Th2-mediated disease, acute and chronic pamo(s forms), malignancies
such as lung cancer, breast cancer, stomach cdnleeider cancer, colorectal

cancer, pancreatic cancer, ovarian cancer, prosiateer and hematopoietic
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malignancies (leukemia and lymphomas), abetaligepraemia, acrocyanosis,
acute and chronic infections and infestations,eateukemia, acute lymphoblastic
leukemia, acute myeloid leukemia, acute or chrdmcterial infection, acute
pancreatitis, acute renal failure, adenocarcinoai@al ectopics, AIDS dementia
complex, alcohol-induced hepatitis, allergic comfimtis, allergic contact
dermatitis, allergic rhinitis, allograft rejectiorglpha-lI antitrypsin deficiency,
lateral amyotrophic sclerosis, anemia, angina,remmteorn cell degeneration, anti-
CD3 therapy, antiphospholipid syndrome, hypersefitsit reactions against
receptors, aortic and peripheral aneurysms, adidgection, arterial hypertension,
coronary sclerosis, arteriovenous fistula, ataaaijal fibrillation (constant or
paroxysmal), atrial flutter, atrioventricular blgcB-cell lymphoma, bone graft
rejection, bone marrow transplant (BMT) rejectibmndle branch block, Burkitt
lymphoma, burns, cardiac arrythmia, myocardial stog syndrome, cardiac
tumor, cardiomyopathy, inflammatory response todsgp cartilage graft rejection,
brain cortex degeneration, cerebellar disorder,otthaor multifocal atrial
tachycardia, chemotherapy-induced disorders, cbromyelocytic leukemia
(CML), chronic alcohol addiction, chronic inflammay pathologies, chronic
lymphatic leukemia (CLL), chronic obstructive pulnawy disease, chronic
salicylate intoxication, rectocolic carcinoma, cestive cardiac failure,
conjunctivitis, contact dermatitis, pulmonary heacoronary artery disease,
Creutzfeldt-Jakob Disease, culture-negative sepesystic fibrosis, cytokine
therapy-induced disorders, boxer's encephalopataynyelinating disease, dengue
hemorrhagic fever, dermatitis, dermatological ctods, diabetes, diabetes
mellitus, diabetes-related atherosclerotic vasculsease, diffuse Lewy body
disease, congestive dilated cardiomyopathy, basalgl;a disease, Down's
syndrome in middle age, motor disorders inducedCiNS dopamine blockers,
drug sensitivity, eczema, encephalomyelitis, endbts, endocrinopathy,
epiglottiditis, Epstein-Barr viral infection, erytdgia, extrapyramidal and
cerebellar symptoms, familial hemophagocytic lynmupbktocytosis, fetal thymus

graft rejection, Friedreich's ataxia, peripherakmr disease, fungal sepsis, gas
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phlegmon, gastric ulcer, glomerulonephritis, angaor or tissue graft rejection,
gram negative sepsis, gram positive sepsis, gramadodue to intracellular
organisms, hairy-cell leukemia, Hallervorden-Spatiisease, Hashimoto's
thyroiditis, hay fever, heart transplant rejectil@mochromatosis, hemodialysis,
hemolytic uremic syndrome thrombotic thrombocytopenic purpura, bleeding,
hepatitis (A), bundle branch arrhythmia, HIV-infecs/HIV-neuropathies,
Hodgkin disease, hyperkinetic motor disorders, hsgesitivity reactions,
hypersensitivity-associated pneumonitis, hypertansi hypokinetic motor
disorders, examination of hypothalamo-pituitaryesdd axis, idiopathic Addison's
disease, idiopathic pulmonary fibrosis, antibodydrated cytotoxicity, asthenia,
infantile muscular atrophy, aortal inflammationfluenza virus A, exposure to
ionizing radiation, iridocyclitis /uveitis/optic netis, ischaemia/reperfusion-
induced disorders, ischaemic stroke, juvenile rregoid arthritis, juvenile spinal
muscular atrophy, Kaposi's sarcoma, renal transptaejection, legionellosis,
leishmaniasis, leprosy, corticospinal damage, tieoea, liver transplant rejection,
lymphoedema, malaria, malignant lymphoma, maligriastiocytosis, malignant
melanoma, meningitis, meningococcemia, metaboiagathic diseases, migraine,
multiple system mitochondrial disorders, mixed aective-tissue disease,
monoclonal gammapathy, multiple myeloma, multiplgstem degeneration
(Mencel Dejerine-Thomas Shi-Drager and Machadoplgseanyasthenia gravis,
intracellular Mycobacterium avium, Mycobacteriuntbéuculosis, myelodysplastic
syndrome, myocardial infarction, myocardial ischendisease, nasopharyngeal
cancer, neonatal chronic lung disease, nephritephmotic, neurodegenerative
disorders, neurogenic muscular atrophy |, neutripdaver, non-Hodgkin’'s
lymphomas, abdominal aortic branch occlusion, mftecclusive disease, OKT3®
treatment,  orchitis/epididymitis,  orchitis/vasectom reversal operations,
organomegaly, osteoporosis, pancreatic graft nejgctpancreatic carcinoma,
paraneoplastic disease /tumor-related hypercalcepaieathyroid graft rejection,
pelvic inflammatory disease, perennial rhinitisripgrdial disease, peripheral

atherosclerosis (atherlosclerotic) disease, pemgbhescular disease, peritonitis,
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pernicious anemia, Pneumocystis carinii pneumonRFOEMS syndrome
(polyneuropathy, organomegaly, endocrinopathy, mlomal plasma-proliferative
disorder and skin changes), postperfusion syndrguep head syndrome, post-
cardiotomy post-infarction syndrome, preeclampgaogressive supranuclear
paralysis, primary pulmonary hypertension, radmtidherapy, Raynaud's
phenomenon and disease, Raynoud's disease, Refdis@ése, regular narrow
QRS tachycardia, renal vascular hypertension, fegen injury, restrictive
cardiomyopathy, sarcoma, scleroderma disease,esehibrea, Dementia with
Lewy bodies, seronegative arthritis, shock, sickddl disease, skin allograft
rejection, skin changes, small intestinal graftecgpn, solid tumors, specific
arrhythmias, spinal ataxia, spinocerebellar dedmals, streptococcal myositis,
cerebellar structural damage, subacute sclerosiagenzephalitis, syncope,
cardiovascular syphilis, systemic anaphylaxis, amm@hensive systemic
inflammatory response syndrome, systemic-onsetjlezégheumatoid arthritis, T
cells or FAB ALL, telangiectasia, thrombosis obiites, thrombocytopenia,
toxicity, grafting, trauma/bleeding, hypersenstijvi reactions type |lI,
hypersensitivity reactions type 1V, unstable angingemia, urinary sepsis,
urticaria, valvular heart disease, varicose vearasculitis, venous diseases, venous
thrombosis, ventricular fibrillation, viral and fgal infections, vital encephalitis /
aseptic meningitis, vital hemophagocytic syndrom@é/ernicke-Korsakoff
syndrome, Wilson's disease, heterograft rejectmnahy organ or tissue, acute
coronary syndrome, acute idiopathic polyneuritiscuta inflammatory
demyelinating radicular neuropathy, acute ischeradlt-onset Stills disease,
alopecia areata, anaphylaxis, antiphospholipicdbadi syndrome, aplastic anemia,
coronary sclerosis, atopic eczema, atopic dermatautoimmune dermatitis,
autoimmune disorder associated with streptococaufection, autoimmune
enteropathy, autoimmune hearing loss, autoimmumpipproliferative syndrome
(ALPS), autoimmune myocarditis, autoimmune prenm&atuwvarian failure,
blepharitis, bronchiectasis, bullous pemphigoid, rdicvascular disease,

catastrophic antiphospholipid syndrome, celiac aliee cervical spondylosis,
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chronic ischemia, cicatrical pemphigoid, clinicalplated syndrome (cis) with the
risk for multiple sclerosis, conjunctivitis, childbd-onset mental disorders,
chronic obstructive pulmonary disease (COPD), dagystitis, dermatomyositis,
diabetic retinopathy, diabetes mellitus, herniatiesk, prolapse of intervertebral
disc, drug-induced immune haemolytic anaemia, emdiits, endometreosis,
entophthalmia, episcleritis, erythema multiform,vese erythema multiform,
gestational pemphigoid , Guillain-Barre syndromeB&} hay fever, Hughes
syndrome, idiopathic Parkinson's disease, idiopaittterstitial pneumonia, IgE-
mediated allergy, autoimmune hemolytic anemia, usidn body myositis,
infectious ocular inflammatory disease, inflammgtademyelinating disease,
inflammatory heart disease, inflammatory kidneyedse, idiopathic pulmonary
fibrosis/ usual interstitial pneumonia, iritis, kétis, keratoconjunctivitis sicca,
Kussmaul disease or Kussmaul-Meier Disease, Lapaigy, Langerhans' cell
histiocytosis, marbled skin, macular degeneratiomcroscopic polyangiitis,
Bechterew disease, motor neuron disease, mucosgbhpgoid, multiple organ
failure, myasthenia gravis, spinal cord dysplagradsome, myocarditis, nerve root
disorders, neuropathy, non-A, non-B hepatitis, @pkeuritis, osteolysis, ovarian
cancer, oligoarticular JIA, peripheral arterial lostve disease, peripheral vascular
disease, peripheral artery disease (PAD), phlebipslyarteritis nodosa,
polychondritis, polymyalgia rheumatica, poliosislyarticular juvenile idiopathic
arthritis, multiple endocrine deficience, polymytasi polymyalgia rheumatica
(PMR), post pump syndrome, primary parkinsonisrosfate and rectal cancer and
hematopoietic malignancies (leukemia and lymphorpa)statitis, pure red-cell
aplasia, primary adrenal insufficiency, relapsireumomyelitis optica, restenosis,
rheumatic heart disease, SAPHO (synovitis, acnetufmsis, hyperstosis and
osteitis), sclerodermia, secondary amyloidosis,ckhtung, scleritis, ischias,
secondary adrenal insufficiency, silicon-associatamnhnective tissue disease,
Sneddon-Wilkinson disease, ankylosing spondylitevens—Johnson syndrome,
systemic inflammation response syndrome, craniariis, Toxoplasma rhinitis,

toxic epidermal necrolysis, transverse myelitis, AFS (tumor necrosis factor
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receptor-associated periodic syndrome), allergactrens type |, diabetes type II,
urticaria, usual interstitial pneumonia, vasculitigernal conjunctivitis, viral

retinitis, Vogt-Koyanagi-Harada syndrome (VKH syodie), wet macular
degeneration, wound healing, and Yersinia- or Saéfla-associated arthropathy.

50. The method for treatment according to 49, frrtbomprising the
administration of TNFe inhibitors.

79



