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Antibodies, otherwise known as immunoglobulins, are glycoproteins
which perform a major role in helping to defend the host against infection.
They exist as both membrane-bound receptors of B lymphocytes and also as
secreted proteins, making up about 10-20% of plasma protein concentration in
most mammalian species [1, 2]. Immunoglobulins are found in most vertebrates
including fishes, amphibians, reptiles, birds and of course mammals. Their
general structure has been conserved through evolution, being made up of a
combination of ‘heavy’ and ‘light’ chains containing multiple homologous
protein domains having a characteristic fold of a series of anti-parallel p-
strands rolled up into a globular B-barrel structure stabilised by a conserved
disulphide bond between two of the strands [3]. Most immunoglobulins have
a basic symmetrical structural subunit of two heavy chains and two light
chains giving rise to two identical antigen-binding sites [1-4].

The N-terminal domain is called the variable or V region domain and it
is somatic changes in and selection of this which give rise to differences in
antibody-binding affinity and specificity for antigen. Immunoglobulins in most
species also exist in several different classes and sometimes subclasses, charac-
terised by different numbers and types of constant or C region domains
associated with virtually any of the possible V regions [1-3]. The differences
in the C regions or classes of the antibodies allow for antibodies with different
effector functions [1-4].

Comparative studies between species show that although immuno-
globulins exist in nearly all vertebrates there are differences in the types found
and in their functional properties. In mammalian species, the immunoglobulin
classes consist of IgM, IgD, IgG, IgA and IgE with heavy chains designated
respectively as ., 8, y. » and & [1-4]. Detailed studies within some species have
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revealed that sometimes these classes are further subdivided into subclasses,
although the precise numbers of subclasses and the gene organisation vary
between species, indicating that these have arisen as recent evolutionary events
[5]. Thus in rabbits IgA exists as thirteen subclasses [6]. whilst in humans there
are two IgA subclasses and in rats and mice only one [1-3]. Many species also
have several subclasses of IgG including humans, rats and mice which have
four subclasses whilst rabbits only seem to have one IgG [1-5]. In addition there
are two commonly occurring types of immunoglobulin light chain consisting of
one V-region domain and one C region domain called x and X [1-3]. As a
result of the processes which regulate somatic rearrangements and expression
of these immunoglobulin genes. each single B cell shows isotypic and allotypic
exclusion by producing antibodies with a single type and sequence of heavy
chain associated with a single type and sequence of light chain [1, 2, 4]. The
usage of k and A varies between species and in rats and mice approximately
90-95% of immunoglobulins have x light chains and 5-10% A, whereas in
humans the figure is nearer 60% k and 40% A.

IgG Isotypes

The IgG class is one which is characteristic of mammalian species although
both it and the mammalian IgE class seem to share some evolutionary charac-
teristics with the amphibian and avian IgY class [7]. IgG is the major class
of immunoglobulin found in mammalian sera and it has a heavy chain with
a V-region domain followed by three C region domains Cyl, Cy2, Cy3 (fig. 1)
[1-4]. Between the Cyl and Cy2 domains there is a less conserved proline-
rich stretch of amino acids which appears to confer flexibility on the molecule,
called the hinge region (fig. 1, 2a). In most IgG isotypes, the two heavy chains
are covalently joined by disulphide bonds between cysteine residues in the
hinge region although the exact number and positions of disulphides vary
with subclass and species [1-3]. Again depending upon the subclass, each light
chain is also usually covalently bonded by a single disulphide to a heavy chain,
sometimes to a residue in the y-chain hinge region (at position 220 for human
IgG1), and at other times to a cysteine residue in the N-terminal half of the
Cy1 domain at position 131 or 132 [3] (fig. 1). Interestingly, in species of the
camel family. investigators have found that in addition to conventional 1gG
molecules they also have subclasses of IgG which do not associate with light
chain and seem to lack a Cyl domain [15].

A number of available crystal structures (fig. 2) show that in the Fab, the
heavy- and light- chain V-region domains pack closely together and the antigen
binding specificity is formed by the close arrangement of three hypervariable
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loops from each domain [8]. The Cy1 domain also has a close packing arrange-
ment with light-chain Cx or Ci domain [8]. In the Fc fragment the two Cy3
domains also show a tight packing arrangement, but in contrast, the two Cy2
domains are held apart with the space between being occupied by conserved
N-linked carbohydrate on each of the chains [9]. The two heavy chains are
again brought together at the N-terminal end of the Cy2 domains by the
covalent disulphide bonding of the hinge region.

As can be seen from the human, rat and mouse sequences shown in figure
1, the IgG molecule is highly homologous between species. The four human
IgG subclasses are very similar in sequence (greater than 90% over the C-
region domains Cyl, Cy2 and Cy3) probably as a result of recent gene duplica-
tion events within evolution [3. 4. 16, 17]. As will be described below, this high
homology within human IgG subclasses has enabled the important residues
affecting function to be studied [4, 16-19].

IgG Functions

Essentially all antibodies are able to act as adaptable linkers to the available
effector systems by virtue of the ability to recognise and bind antigen through
the V regions whilst interacting with conserved effector systems through the
C-regions. Having two identical binding sites in a single IgG molecule allows
the antibody to bind with higher avidity to antigens with repeating epitopes
or to aggregates of antigen [1, 2, 4]. The flexibility of the [gG molecule, inherent
within the elbow bend of the Fab (between V and C domains). and particularly
within the hinge region allows for the two binding sites to cope with antigenic
epitopes with a range of spacing and orientations (fig. 2) [1, 2, 4, 13, 20]. The
binding of antigen can result in direct inactivation of infectious agents by
blocking of functional sites with enzymic or receptor-binding activity. More
importantly, IgG antibodies aggregated by antigen can interact with other

Fig 2. Shown are raster space filling models of a human IgG1l antibody (a) and the
Fc of an IgG antibody interacting with S. aureus protein A on the left and FcRn on the
right. () The models were created from PDB structure files in the Brookaven Database [8]
for a human Fab [9], a human IgG1 Fe [10], a human 1gG1 Fe-protein A complex [11], and
a human IgGl-rat FcRn complex [12]. Certain residues, in particular parts of the hinge, are
missing from the crystal structures although attempts have been made to computer-model
these features [13. 14]. For the models shown here, a peptide for the missing residues in the
lower hinge region was created and inserted between the Fab and Fc structures. The final
models were then aligned, superimposed and energy-minimilised for the protein backbones
using the computer software packages Quanta and Charmm. from Biosym Technologies
Inc. USA, running on a Silicon Graphics Iris Indigo workstation.
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components of the immune system by either activating the complement cascade
or by binding to Fcy receptors on various cell types [1, 2, 4]. Both of these
processes can assist in the opsonisation of antigen and in the triggering of
inflammation and the enhancement of an immune response against an infec-
tious agent [1, 2]. In addition to these antigen-dependent functions. 1gG is
also transported specifically to the neonate from the maternal plasma and
also IgG antibodies show a reduced catabolic rate (or increased half-life)
compared to other immunoglobulin classes and plasma proteins [1, 2, 4, 21].
Certain bacteria have exploited conserved sequences on the IgG molecule and
have evolved proteins, e.g. Staphylococcus aureus protein A and streptococcal
protein G, with high affinity for many IgG subclasses from many different
species (fig. 2b) [1, 2, 4, 22]. In addition, low-affinity auto-antibodies termed
‘rheumatoid factors’, which are often IgM anti-IgG Fec antibodies, have been
identified in several species. The sites recognised by these antibodies appear
to be conserved and many of these rheumatoid factor antibodies also make
use of conserved germline V-region sequences [23].

Yet another property reported for IgG subclasses in certain species (princi-
pally mouse IgG3 and perhaps the homologous rat IgG2c) is an ability to
self-aggregate through sites in the Cy3 region of the Fc [24]. Thus when these
[¢G antibodies bind to antigen their Fc regions allow large aggregates to form.
Monoclonal antibodies of these subclasses also have a tendency to aggregate
when purified, particularly when stored in the cold (cryoglobulins) or at lower
ionic strength (euglobulins).

In species such as the rabbit. the single IgG class of antibody seems able
to activate complement as well as to bind to Fcy receptors, however in several
other species, gene duplication events have led to multiple IgG subclasses (e.g.
human, rat and mouse having 4 [gG subclasses each) and then through changes
in sequence some of these subclasses have lost the ability to activate comple-
ment or to bind to some FcyR types [1-5, 16-18]. Although 1gG antibodies
and their associated effector systems are obviously conserved and homologous,
between species the numbers of I1gG subclasses vary and many of the duplica-
tions seem to have occurred after speciation [4. 5]. This suggests that there
may not be direct functional equivalence between subclasses in each species.

Any consideration of the interactions of IgG antibodies with Fc receptors
needs to take account of the different classes of receptor. In humans, there
are three identified classes of Fc receptors for human 1gG (FcyR). Much is
known about the gene organisation and the structure and function of these
receptors and they can be readily detected on the cell surface using specific
monoclonal antibodies [25, 26]. Human FcyRI (CD64) can bind monomeric
IgG with high affinity and is expressed constitutively on macrophages and
monocytes and can be induced on neutrophils and eosinophils. Human FeyRII
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(CD32) binds IgG only in complexed or polymeric forms and is widely ex-
pressed on a range of cell types including monocytes, macrophages, basophils,
eosinophils, Langerhans cells, B cells and platelets. Human FcyRIII (CD16)
is also a medium- to low-affinity receptor and is expressed on macrophages.
some large granular lymphocytes (LGL), killer cells (K cells), some natural
killer cells (NK cells), and neutrophils and can be induced on eosinophils and
monocytes [25, 26].

However, the expression of these three receptor classes on cell types is
very complex for several reasons [25, 26]. Firstly, each of these three classes
of receptor is encoded by a cluster of closely related genes, FcyRIA, B and
C, FcyRIIA, B and C and FeyRIITA and B. Most of these genes encode
transmembrane receptors which either have cytoplasmic domains capable of
signal transduction or which associate with signalling co-receptor complexes
[26]. For example, the FcyRIIIa form is a transmembrane receptor expressed
in conjunction with y-, (- and B-chains, and is found on K/NK cells, monocytes
and macrophages. This receptor complex is very homologous to the T cell
receptor complex with CD3. In contrast to the other Fcy receptors, the human
(but not the mouse) FcyRIIIB, found on neutrophils and eosinophils is not
transmembrane but is instead a glycosyl-phosphatidyl-inositol (GPI)-anchored
receptor [25, 26]. Additional complexity arises because some of these genes
then give rise to multiple transcripts, e.g. FcyRIIbl, b2 and b3 and finally
some of these genes exist within the population in different polymorphic forms,
e.g. FeyRIIa-R131/FeyRIIa-H131 and FeyRITIbNA1/FeyRITIbNA2 [25].

Recombinant IgG Antibodies

The recognition that the specificity resides within the variable domains
of the 1gG molecule whilst the functions of the different subclasses reside
within the constant domains facilitates the ready manipulation of the genes
and hence the proteins as recombinant products. Thus V regions from mouse
or rat monoclonal antibodies were co-expressed with human IgG C regions
to create chimeric antibodies with human effector functions [28-32]. Such
molecules were recognised to be of potential therapeutic value and facilitate
studies of the structural basis of antibody functions [31-33].

Further improvements in the protein engineering of recombinant anti-
bodies involved manipulating sequences within individual domains in order to
investigate the structural basis for IgG effector functions. Two basic approaches
have been used. Firstly researchers have compared the functions and sequences
of naturally occurring IgG molecules of different subclasses and from different
species [3, 16, 29-32, 34]. These comparisons are used to make predictions
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about which sequences are involved in determining the functional differences.
The predictions can be tested either by mutating residues to an inappropriate
type such as to alanine or alternatively sequences in one IgG subclass can be
changed to be similar to another subclass either by site-directed mutagenesis
or by making chimeric constructs between the two subclasses [35-37].

Information on the effector functions of different IgG subclasses was
confirmed using a number of matched panels of recombinant antibodies
[29-31]. A complete matched set of monoclonal antibodies including the hu-
man 1gG isotypes 1gGl [allotype Glm(za)]. 1gG2. 1gG3 [allotypes G3m(b)
and G3m(g)] and 1gG4. was constructed with specificity for the hapten NP and
its derivative NIP (5-iodo-4-hydroxy-3-nitrophenylacetyl) [30]. The antibodies
were tested for their abilities to mediate autologous complement-dependent
lysis of human red blood cells labelled with NIP, and for antibody-dependent
cell-mediated cytotoxicity (ADCC) of a NIP-conjugated human lymphoblas-
toid cell line by activated human mononuclear cells. The IgG1 antibody proved
to be the most effective in both complement-dependent and cell-mediated
cytotoxicity [30]. The effector cells in ADCC were inhibited by a CDI6
(FeyRIII) monoclonal antibody and had the phenotype of K cells. The two
IgG3 antibodies were not quite as good as the 1gG1 antibody in either assay
and the two allotypes of 1gG3 showed differences in complement lysis. Surpris-
ingly, this was despite the fact that I[gG3 was shown to be fixing many more
molecules of Clq than IgGl. Further studies demonstrated that although
human IgG1 bound less C1 than human [gG3, there was a much more efficient
deposition of C4b on the cell surface which accounted for the more effective
cell lysis by 1gG1 [38]. The other isotypes, [gG2 and IgG4. did not show any
significant functional activity in these assays [30].

Two independent groups have investigated the effect of varying the antigen
density as well as the epitope patchiness for complement lysis triggered by the
NIP chimerics [39. 40]. The IgG1 antibody was most effective when the antigen
concentration was higher. whereas the 1gG3 antibody was relatively better
at lower concentrations. The 1gG2 antibody gave good lysis at very high
concentrations of antigen but the IgG4 antibody did not give lysis under any
conditions. It was also shown that [gGl and IgG3 activated the classical
pathway of complement, but not the alternative pathway. At high antigen
concentration the I1gG2 antibody could also activate the classical pathway, but
the IgG4 antibodies could not. However, the 1gG2 antibody. did activate the
alternative pathway of complement.

In another series of studies using matched sets of human IgGl. 2, 3 and
4 antibodies to the conventional human cell surface antigen CD52, the 1gGl
antibody was again found to be the most effective antibody in complement-
mediated lysis [32]. The 1gG3 antibody was the next most active (two-fold
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lower in titre) followed by the 1gG2 antibody (10-fold lower titre) whilst the
IgG4 antibody did not work at all in complement lysis. Comparing these
results with the NIP chimerics revealed a large degree of similarity except that
the 1gG2 antibody to CD52 antigen was more active in complement lysis
[30, 32]. As described above, this observation may be due to different antigen
densities, or clustering of antigen, the CD52 antigen being equivalent to the
NIP antigen at high concentrations [39, 40].

Residues Affecting Complement Binding

As mentioned above, human IgG4 is the only human IgG subclass which
does not activate complement, and the subclasses 1gG1 and 3 are the most
effective [16, 30, 32, 39, 40]. For the mouse. it is the subclasses 1gG2a and
1gG2b which are active with 1gG1 and possibly 1gG3 being inactive whilst in
the rat, all four subclasses are active, with IgG2b and IgGl being the most
effective [16, 21, 34, 35]. Using comparisons of the amino acid sequences of
these 1gG antibodies, the residues which might be responsible for the different
functions were identified (fig. 1, 2) [16]. This led to a series of experiments in
which site-directed mutations of such residues were introduced into a comple-
ment-fixing mouse 1gG2b antibody., with specificity for the hapten NIP. A
sequence motif in the Cy2 region involving Glu318, Lys320 and Lys322 was
identified as being crucial for the binding of Clq the first component of the
complement cascade [35].

From figure | it can be seen that this motif is also present in some isotypes
which do not bind and activate complement such as human IgG4 and so there
must be other features which are crucial to function. It was proposed that the
difference between 1gG3 and 1gG4 was therefore dependent upon the former
having a long and very flexible hinge region whilst the later has a short and
more rigid hinge [16, 41]. Thus the greater segmental flexibility of the 1gG3
might allow greater access to the Fc region of the antibody for complement
binding. To answer this question, the hinges of 1gG3 and 1gG4 were swapped
in anti-DNS antibodies but it was found that although the upper hinge length
was responsible for the big differences in segmental flexibility, this was not
responsible for the differences seen in complement binding [42]. Further experi-
ments with domain swap mutants involving IgG1. 3 and 4 with specificity for
the hapten DNS and then domain swaps involving IgGl and 1gG4 with
specificity for the lymphocyte antigen CD52 demonstrated that the genetic
hinge region only has a marginal effect on complement activation and the
crucial differences between 1gG4 and IgG1 are in the COOH terminal half
of the Cy2 domain [43-45]. Between human 1gGl and 1gG4 there are only
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four residues which differ in this region, (296 Tyr/Phe, 327 Ala/Gly, 330 Ala/
Ser, 331 Pro/Ser), in the anti-DNS antibody system and also repeated with a
NIP-hapten-specific antibody it was shown that a substitution of serine at
position 331 in 1gG4 for proline (as in IgGl. 2 and 3) endows 1gG4 with the
ability to activate complement [45, 46].

Recently. starting with a human IgG1 antibody specific for the human
MHC class-1I, HLA-DR antigen, mutations were introduced to attempt to
alter complement and FcyR binding [47]. Surprisingly, two results with this
human IgG1 antibody show a big difference with earlier studies using mouse
[gG2b antibodies specific for NIP [35]. Firstly, a change in the residue 320,
previously reported from experiments with mouse IgG2b as being a crucial
residue for Clq binding. from Lys to Ala had no effect on complement. In
contrast, a change in the residue Leu 235 to Glu, which had previously been
implicated in FeyRI binding but not in complement activation using the mouse
[gG2b, abolished complement lysis by the human IgGl [36]. It should be
noted that in the three-dimensional folding of the B-strands residues which
are distant in the linear chain are brought closer together (fig. 1. 2).

The question of the role of the hinge in IgG is still not settled completely.
[n the experiments with anti-DNS, the hinge length of the 1gG3 was shortened
by deleting the repeat exons encoding a repeating peptide pattern (fig. 1).
Whilst it was reported that an antibody without a hinge was inactive in
complement activation, the shortened hinge versions were all apparently
similarly active [42]. However, in a system using antibodies specific for the
hapten NIP, it was reported that shortening the hinge of [gG3 resulted in an
improvement in the complement activation by this isotype [48. 49]. Also in
this NIP system, the hinge could be completely replaced with a single disulphide
bond whilst still retaining the ability to activate complement [49, 50]. Human
IgG1 has a different heavy-light chain disulphide bridge. compared to 1gG2,
3 and 4. whereby the light chain is disulphide bonded to the upper hinge
region of the antibody at position 220 as opposed to a cysteine normally
found at position 131 in the first half of the Cy1 domain (fig. 1). In the three-

dimensional structure, these residues are about 0.6 nm apart (fig. 2). A set of

mutated chimeric antibodies specific for the GD2, melanoma surface antigen,
in which the arrangement of the light-heavy chain bond in 1gG1 was altered
to be more like the other subclasses, was prepared and compared in comple-
ment lysis with human complement [51]. The mutated 1gG1 antibodies lost
their ability to activate complement. indicating that residues in the Fab and
upper hinge region are critical [51].

Further evidence for an involvement of residues in the Fab comes from
recent studies on mutated human IgG1 antibodies to the CDS2 antigen [33].
In human IgGl there are several naturally occurring allotypes of the heavy
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chain in the human population which vary in frequency in different racial
groups [52, 53]. Alternative allotypic residues are recognised at positions 214
in the Cyl (proximal to the hinge) and at positions in the Cy3. A gene encoding
the wild type allotype GIm(1.17) was mutated to give either the alternative
natural allotype Glm(3), or artificial allotypes Glm(1,3) or Glm(17) [18, 33].
Surprisingly, it was found that the ability of the antibodies to cause comple-
ment-mediated lysis was quantitatively dependent on the residue found at
position 214 (fig. 1, 2) in the Fab [18, 33].

Residues Affecting High-Affinity FcyRI (CDé64) Binding

The same strategies outlined above can be used to determine residues
critical for Fey receptor binding and activation. The high-affinity binding of
monomeric 1gG to the FcyRI receptor allowed this interaction to be studied.
Human IgG1 and 1gG3 bind FeyRI with the highest affinity (K, 10 % to 107
M) followed by lgG4 which is about 10-fold weaker in its interaction whilst
1gG2 does not readily bind to the receptor [16, 25]. Rat 1gG2b and mouse
[gG2a also bind human FcyRI readily whilst mouse [gG2b antibodies were
found to be poor at binding [54, 55]. A sequence comparison of 1gG Classes
indicated that residues in the IgG lower hinge region (encoded by the 5" end
of the Cy2 exon) might be crucial (fig. 1, 2). Changing the residue Glu235 to
Leu using site-directed mutagenesis improved the affinity of mouse 1gG2b for
FcyRI by 100-fold [36]. It was shown using reciprocal domain swap mutants
between TNP specific 1gG1 and 1gG2 antibodies that a region spanning 233
238 (Glu Leu Leu Gly Gly Pro in 1gGl) was critical for binding, and the
introduction of the whole of this sequence into IgG2 produced an antibody
which bound with higher affinity than IgG1 [56]. This result would indicate
that there are of course other critical residues, possibly in the C-terminal half
of the Cv2 region but also perhaps the heavy-light chain disulphide bonding
in the upper hinge region at position 220 (in 1gG1) rather than 131 (in 1gG2)
which are critical. Domain swap mutants between DNS specific 1gG2 and
1gG3 antibodies also support the critical role of these residues encoded in the
Cy2 regions [57]. Investigation of the residues responsible for the lower binding
affinity of 1gG4 compared to IgG1 and 3 showed that a change of Phe234 in
[gG4 to Leu improved the affinity [57]. However, in addition it was found
that in IgG3 the change of Pro331 for Ser as found in IgG4 decreased the
aflinity of 1gG3 for FeyRI [57]. In addition to these domain swap experiments,
the introduction of point mutations into NIP specific [gG3 antibodies in which
individual residues were changed to alanine indicated the critical role of the
residues Leu234, Leu235 and Gly237 [58, 39].
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Residues Affecting Low-Affinity FcyRIl (CD32) Binding

Studies of the direct binding of 1gG to the low affinity FeyRII are more
difficult. Most experimental systems employ some form of complexed or ag-
gregated IgG such as the rosetting of 1gG-sensitised red cells by FeyRII-
bearing leucocytes or alternatively IgG can be aggregated into small multimeric
complexes using antigen or F(ab), fragments of anti-light-chain-specific anti-
bodies mixed in a one-to-one ratio with the 1gG [60, 61]. CD3-specific antibod-
ies are able to trigger a mitogenic response from T cells il the antibody Fc
aggregates upon binding to Fc receptors on accessory cells and this can also
be used to assay binding function to low-affinity receptors [55. 56]. Generally,
the observations that IgG1 and IgG3 bound well to FeyRII but 1gG4 and
1gG2 did not again suggested that the sequence differences in the hinge and
lower hinge regions might be critical (fig. 2). Using rosette formation between
red cells sensitised by point-mutated 1gG3 antibodies with the cell lines Daudi
and K562 has indicated that some of the crucial residues for binding are
Leu234 and Leu237 [59. 60].

A complication in the interpretation of these results is the observation
that two alternative alleles of human FcyRIla exist and that this leads to a
functional difference in the ability of the receptor to discriminate between
different I1gG isotypes. This was originally identified for mitogenic responses
with murine CD3 antibodies but has been found to affect binding of rat and
human isotypes [54. 55]. Thus FcyRIIa-R131 binds mouse 1gG1 but not
human 1gG2 whilst FeyRIIa-H131 does not bind mouse IgG1. but does bind
human 1gG2. Both forms of the receptor bind human IgG1. but do not bind
human IgG4. Only a single amino acid change in the receptor (R—HI131) is
responsible for this remarkable ability to discriminate between the different
isotypes. Further studies have also indicated that the polymorphism affects
binding of rat 1gG2b [55]. Rat 1gG2b behaves in a similar way to human IgG2
and opposite 1o mouse 1gG1: however, unlike human IgG2. the rat 1gG2b
also binds to the high-affinity FcyRI receptor [55]. Another observation made
using mixed rat 1gG2b with mouse IgG1 hybrid Fc antibodies was that two
identical rat 1gG2b heavy chains are required for binding to FeyRIla but one
is sufficient for measurable FeyRI binding [55].

Recent results suggest that functionally the FeyR1la polymorphism may
have important consequences with regard to resistance to certain infections as
mediated by [gG2. and the racial differences in the allele frequencies may in part
explain the observed geographical and racial differences in discase incidences
such as Haemophilus influenzae infections [61]. In another clinical situation. this
polymorphism in the binding of human IgG2 by FeyR1Ila has been implicated
as a risk factor in the development of heparin-induced thrombocytopenia [62].
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Residues Affecting ADCC through FcyRIII (CD16)

As mentioned above, the FcyRIII receptor exists in two different forms
in humans, either as a transmembrane receptor (FcyRIIIa) found on K and
NK cells as well as activated macrophages or as a GPI anchored molecule
(FcyRI1Ib) on cells such as neutrophils. Most studies have concentrated on
functional assays of ADCC using effector cells expressing the transmembrane
FcyRIla. The rat [gG2b and the human IgGl antibodies to NIP and to
CD52 were particularly potent at triggering ADCC with human peripheral
blood mononuclear cells and activated lymphocytes as the effectors whereas
human IgG4 and rat 1gG2a were poor [30, 32, 34, 63]. A series of domain
swap mutants between human IgGl and human IgG4 were constructed to
identify residues responsible for the observed functional differences [44].
Firstly, it was verified that all of the critical differences between these two
isotypes liec in the Cy2 domain and secondly that they were in the COOH
terminal end of the Cy2 domain, a similar result to complement activation
as described above and involving four possible amino acid changes (296 Tyr:
Phe, 327 Ala:Gly, 330 Ala:Ser. 331 Pro:Ser) with in particular the residue
change Pro331 in IgGl for Ser in IgG4 prominent (fig. 1. 2) [44]. However in
a different set of experiments using point mutations of residues in the lower
hinge region of IgG3, the residues 235 and 237 were identified as critical for
ADCC [59]. The importance of this region for ADCC through Fc Rllla was
confirmed with the anti-HLA DR IgGl antibody, where changing the Gly at
237 to Ala or exchanging the whole region 233 to 236 for the sequence found
in IgG2 reduced activity [47). As mentioned above in this same system a
change of Leu235 to Glu not only abolished binding for FcyRI but also
complement activation but had no effect on ADCC through FcyRIIla [47].
The heavy-light chain disulphide bonding of 1gG1 at position 220 in the hinge
rather than 131 as in other classes may also be important. It was reported
that the mutation of these residues in an 1gG1 antibody specific for the mela-
noma antigen GD2 abolished ADCC by peripheral blood mononuclear cells
although it was not formally demonstrated that FcyRIIIa was the receptor
involved [51].

The results obtained with the domain swap mutants of IgG1 and 1gG4
antibodies were however further complicated. It was found that the results
obtained in this system were dependent upon the donor of the lymphocyte
effectors [44]. With some donors, IgG1 was effective whilst IgG4 was ineffective,
and in this case the domain swap mutants implicated the residues in the COOH
half of the Cy2 as critical. For some donors it was surprisingly found that
IeG1 and 1gG4 were both effective in ADCC and all of the domain swap
mutants were indistinguishable. With such donors of effectors it was found
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that the four isotypes IgG1. 1gG2, 1gG3 and 1gG4 gave very similar levels of

activity [44]. Several genetic polymorphisms of the FeyRI11a gene have recently
been described, but it remains to be demonstrated which if any of these might
be responsible for the functional polymorphism seen with the CD52 antibodies
[64, 65].

As mentioned above, rat [gG2b antibodies were found to mediate ADCC
with human K cells, whereas rat 1gG2a antibodies did not [63]. In a similar
fashion to the results with FcyRIla, studies with hybrid Fc antibodies between
rat IgG2b and rat IgG2a also showed that two identical rat 1gG2b heavy
chains were required in order to see functional ADCC [55, 63]. One explanation
for these observations is that one IgG antibody needs to bind or interact with
two FeyRlIla or FeyRIlla receptors to mediate functional binding. Although
it could be argued that this is due to an abnormal structure generated in the
hinge region when two different isotypes are paired, this does not seem to
disturb the interaction with FcyRI [55].

Glycosylation and Effector Functions

IgG molecules have a highly conserved N-linked glycosylation site within
the Cy2 domain at Asp 297 (fig. 1, 2) which has been found to be critical for
complement-mediated lysis as well as binding to and activation of all three
FcyR classes of receptor [1-4]. Antibodies produced without carbohydrate,
either through use of metabolic inhibitors, endoglycosidases by site-directed
mutation of the attachment site, or produced in bacterial expression systems,
all show greatly reduced biological functions [16-18. 66, 67]. An aglycosylated
human IgG antibody with specificity for the mouse CD8 antigen was found
not to deplete mouse CD8 lymphocytes in vivo, whereas the glycosylated
human IgG subclasses were very effective at depleting cells [68]. This property
has been exploited in the production of an aglycosylated form of the humanised
IgG1 CD3 antibody which can block T cell functions without depleting the
cells or triggering cytokine release thus eliminating some of the severe side
effects of CD3 antibody therapy [69]. Whilst glycosylation of antibody is
important for function. the precise structures attached to the IgG are complex
and can vary from one cell line to another depending upon the glycosyl
transferases present [67. 70]. There is some suggestion that the precise carbohy-
drate structure present on an antibody might have some influence over the
biological activity of the antibody in complement activation and FcyR binding
although further investigation is revealing an important role for the precise
oligosaccharide sequences and their interactions with the protein sequences
found in each isotype [67. 71, 72]. Two functions of IgG antibody which do
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not seem to be strongly dependent upon glycosylation are neonatal transport
and secondly the catabolic rate of 1gG [21, 73].

Neonatal Transport and the Role of FcRn

An interesting aspect of the IgG class in mammals which have been
studied is the acquisition of maternal IgG by the neonate [1, 2]. This is thought
to provide a level of protection against infection early in life before the infants
own adaptive immune response has had a chance to develop a significant
repertoire of its own. However there are significant differences in the way that
species obtain this IgG. In some species, for example rats, mice, horses and
pigs. the 1gG appears to be transferred to the infant during the first few hours
of life in the colostrum and the IgG is then absorbed from the gut. In other
species, humans being a key example, the 1gG is transferred across the placenta
to the neonate in utero.

An Fc receptor called FcRn was identified in rats and mice which seemed
to be responsible for the transport of 1gG across the gut during the first 24 h
after birth. The interesting feature of this receptor is that it was found to be
associated with p,-microglobulin and had homology with MHC class I mole-
cules [74]. Studies of B,-microglobulin knockout transgenic mice have con-
firmed that it is required for the acquisition of maternal IgG by neonates but
that 1gG levels in maternal colostrum are unaltered [75]. The rat FcRn was
co-crystallized with IgG and a full structure of the complex determined. The
receptor has a structure very similar to MHC class I but does not appear to
bind peptides in the groove between the two a-helices (fig. 2b) [76]. Instead.
one end of the two a-helices seems to form a contact with the interface between
the Cy2 and Cy3 domains of the IgG Fec [12]. Interestingly. this is a region
very similar to a binding site in the Fc identified from a crystal structure of
S. aureus protein A and human IgGl1 (fig. 2b) [11]. Protein A binding shows
a remarkable degree of conservation across species and between many I1gG
subclasses and perhaps the reason is that this same part of the IgG molecule
is conserved through a requirement for interaction with FcRn-like receptors.

The receptor exhibits only weak binding with IgG at neutral pH. but shows
increased affinity at low pH as might be encountered in the gut or in intracellular
vesicles [77. 78]. Itis thought that this pH dependence is involved in the recycling
of the receptor and the reversible binding of FeRn to IgG. Using a soluble form
of the FcRn receptor and recombinant IgG antibodies in plasmon resonance
binding assays, the pH dependence was shown to be dependent upon titrating
histidine residues in the Fc of the IgG molecule (residues 310 in the Cy2 and 433
in the Cy3 domain) and also in the FcRn heavy chain molecule itself (residues
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250 and 251) (fig. 1. 2) [78]. Mutations in the Cy2 residues 253, 310, 311, and
the Cy3 residues 433 and 434 of a mouse IgG1 antibody have been shown to
reduce the transmission from the intestinal lumen of neonatal mice [21, 79].
These studies also investigated the effect of mutating one heavy chain only in
the Fec pair and demonstrated that two functional heavy chains were required for
efficient transport, and this suggests that transportinvolves two FcRn molecules
interacting with one IgG [21. 79].

For many years, there has been a search for the human Fc receptor(s)
responsible for the trans-placental transport of maternal 1gG. Some workers
have argued in favour of the receptors FcyRI, FeyRII and or FeyRIII as
being involved in this transport. All four human lgG subclasses appear to be
transported so this observation is not readily reconciled with the affinities of
the four subclasses for the classical Fcy receptors. A human homologue with
high homology to the rat FcRn has been identified and sequenced. the molecule
has an MHC-class-I-like z-chain associated with p,-microglobulin [80]. The
transfected and expressed molecule shows a similar pH dependence in binding
to IgG as compared to rat FcRn. Also a recently published study using confocal
fluorescent microscopy has identified f,-microglobulin and 1gG as being co-
localized to intracellular apical granules in human placental syncytiotropho-
blasts [81]. The evidence thus now seems compelling that a homologous MHC-
class-I-like molecule is involved in maternal-fetal transport of IgG. the trans-
port being across the gut in some animals and across the placenta in others.

Although acquisition of maternal IgG by the infant is normally thought
to be protective. there are diseases and pathologies which result from the
transport of inappropriate specificities. For example, haemolytic disease of the
new-born occurs when antipaternal allotype blood group IgG antibodies (e.g.
against Rh-D antigens in humans) are acquired by the infant, resulting in the
destruction of red blood cells by an Fc dependent process [1, 2]. Other diseases
are associated with maternal antibodies specific for platelet alloantigens (neo-
natal alloimmune thrombocytopenia) or, for example, autoantibodies against
neurotransmitter receptors [82. 83]. Interestingly, haemolytic disease of the
new-born is also observed in several domestic species, such as horses and pigs,
but in line with the absence of placental transfer in these species the pathology
only occurs when the infants suckle the colostrum.

Is IgG Catabolism Related to Binding to FcRn?
It has for many years been realised that the biological half-life of 1gG mole-

cules is abnormally long (3-4 weeks) when compared to other plasma proteins,
including other immunoglobulin classes such as IgM and IgA (3-7 days) [1. 2.
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21, 84]. The other property which has been noted is that the half-life is also
dependent upon the total concentration of [gG in the plasma. Thusif the concen-
tration of [gG 1s raised as in conditions such as myeloma, the half-life is greatly
reduced whilst if the IgG concentration is lowered as in agammaglobunaemia,
the half-life of administered immunogloblin is extended. This suggested a satur-
able receptor-driven mechanism for the control of the catabolic rate of 1gG [85].
Thus a relatively constant plasma concentration of IgG can be maintained over
a fairly wide range of synthetic rates. It was proposed that the IgG molecule
might be endocytosed and then bound to a receptor which protected it from
lysosomal degradation and then recycled it back to the plasma. Thereis currently
strong evidence which indicates that the FeyRe (catabolism) receptor is similar
or identical to the neonatal Fc receptor FcRn [19, 21].

Firstly, the half-life of IgG is largely a function of the Fe and in particular
requires both the Cy2 and Cy3 domains [86]. Unlike the effector functions
mediated through the receptors FeyRI1, I and 111 the half-life is not drastically
dependent upon glycosylation of the Cy2 region, or upon amino acids implic-
ated in binding to these three classes of receptors or to complement [21. 73].
Secondly conserved residues present within 1gGs from most species and over-
lapping with the identified protein-A-binding site were identified as being
important in controlling catabolic rate (residues 253, 310, 311, 433 and 434)
[21, 87]. This is the same site to which the FcRn receptor binds as identified
within the crystal structure [12]. In particular, the same histidine residues
which have been identified as being important for the pH dependence of FeRn
binding to IgG are also important for controlling catabolic rate [77, 78, 87].
This pH dependence of binding of FcRn would also fit with the recycling
receptor hypothesis mentioned above [85]. Finally, the in vivo half-life of
mouse IgG1 appears to require two heavy chains in the Fc which both have
wild-type sequences just as for transport via the neonatal FcRn [21, 86].

So is FcRn or a closely related receptor. FcRe, responsible for the de-
creased catabolism of 1gG molecules? A number of observations reported in
the literature seem to implicate FcRn although the authors of these papers
do not always make this a conclusion. Thus studies have shown (1) that the
rat FcRn is expressed in adult hepatocytes and (2) in probing human tissues by
Northern blot with the human homologue. expression of RNA was identified in
a range of tissues including liver, kidney and pancreas [87, 88]. (3) It had been
observed that the IgG concentration of the plasma of transgenic f,m-deficient
mice is lower than normal litter mates although the studies did not look at
catabolic rates in these animals [75]. This definitive experiment has recently
been published by Ghetie et al. [89] and they found that in f2m deficient mice
the half-life of [gG1 was very short, suggesting that the one receptor FcRn
is responsible for both neonatal transport and plasma IgG homeostasis [89].
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There are some interesting predictions which might also relate to the role
of the FcRn receptor in controlling catabolic rates. Human IgG3 tends to
have a shorter half-life than the other human IgG subclasses the most common
allotypic form has one of the histidine changes (His435) in the Cy3 such that
it does not bind to protein A [1, 2, 4, 16, 17, 21]. This might also affect the
binding to the catabolic receptor and increase its catabolic rate. However, there
is another allotype of IgG3 found mainly within the Japanese population
which does have this histidine (435) and which also binds to protein A [4, 52].
An interesting question is whether these two allotypes would bind with different
affinities and have different catabolic rates in vivo?
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REIVINDICACIONES

Un anticuerpo anti-RGMa aislado, o un fragmento de unién a antigeno del
mismo, en donde la secuencia de aminoacidos de cada una de la region
determinante de complementariedad de la cadena ligera 1 (LCDR1), la region
determinacion de la complementariedad de la cadena ligera 2 (LCDR2), la region
determinante de la complementariedad de la cadena ligera 3 (LCDR3), la region
determinante de la complementariedad de la cadena pesada 1 (HCDR1), la
region determinante de la complementariedad de la cadena pesada 2 (HCDR2) y
la region determinante de la complementariedad de la cadena pesada 3
(HCDR3) comprenden lo siguiente: LCDR1: RASQDISSYLN (SEQ ID NO: 30),
LCDR2 YTSRLHS (SEQ ID NO: 31), LCDR3 QQLNTLP (SEQ ID NO: 32),
HCDR1: DAWMD (SEQ ID NO: 33), HCDR2 EIRSKANNHATYYAESVKG (SEQ
ID NO: 34) y HCDR3 RDGAY (SEQ ID NO: 35); o LCDR1:
RSSQSLVHSNGNTYLH (SEQ ID NO: 36), LCDR2 KVSNRFS (SEQ ID NO: 37),
LCDR3:SQSTHVP (SEQ ID NO: 38), HCDR1: TSYYWN (SEQ ID NO: 39),
HCDR2: YISYDGTNNYNPSLKN (SEQ ID NO: 40) y HCDRS3 SFG.

El anticuerpo anti-RGMa o un fragmento de union a antigeno del mismo de
conformidad con la reivindicacién 1, caracterizado ademas porque la region
variable de cadena pesada (VH) comprende lo siguiente: VH:
EVQLVESGGGLVQPGRSLRLSCTASGFTFSDAWMDWVRQAPGKGLEWVAEIR
SKANNHATYYAESVKGRFTISRDDSKSIVYLQMNSLRTEDTALYYCTRRDGAY
WGKGTTVTVSS (SEQ ID NO: 41); y en el que la region variable de cadena
ligera (VL) comprende lo siguiente:

VL:
DIQMTQSPSSVSASVGDRVTITCRASQDISSYLNWYQQKPGKAPKLLIYYTSRL
HSGVPSRFSGSGSGTDFTLTISSLQPEDFASYFCQQLNTLPWTFGGGTKVEME
(SEQ ID NO: 42).

El anticuerpo anti-RGMa o un fragmento de uniéon a antigeno del mismo de
conformidad con la reivindicacion 1 6 2, caracterizado ademas porque el
anticuerpo anti-RGMa es un anticuerpo humano, un anticuerpo humanizado o un

anticuerpo quimerico.
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El anticuerpo anti-RGMa o fragmento de union a antigeno del mismo de
conformidad con cualquiera de las reivindicaciones 1 a 3, caracterizado ademas
porque el anticuerpo anti-RGMa comprende regiones constantes de IgG1, 19G2,

IgG3 o IgG4 humano.

Una molécula de acido nucleico que codifica para la porciéon de proteina del
anticuerpo anti-RGMa o un fragmento de unién a antigeno de la misma de
cualquiera de las reivindicaciones 1 a 4, caracterizada ademas porque las
secuencias de nucledtidos que codifican para las secuencias de aminoacidos VH
y VL cada una son una secuencia de nucleétidos que comprende: VH:
gaagtgcagctggtggaatctggcggcggactggtgcagectggcagatccctgagactgtectgtaccgectc
cggcttcaccttctccgacgcectggatggattgggtgcgacaggctcctggcaagggcectggaatgggtggecg
agatccggtccaaggccaacaaccacgccacctactacgccgagtctgtgaagggecggttcaccatctcecg
ggacgactccaagtccatcgtgtacctgcagatgaactccctgcggaccgaggacaccgccctgtactactge
accagaagggacggcgcctactggggcaagggcaccacagtgacagtgtcctce (SEQ ID NO: 43) y
VL:

gacatccagatgacccagtccccctccteegtgtctgcttccgtgggecgacagagtgaccatcacctgtcgggcec
tcccaggacatctcctcctacctgaactggtatcagcagaagcccggcaaggcccccaagcetgctgatctacta
cacctcceggcetgcactccggcegtgecctctagattttccggctctggetccggcaccgactttaccctgaccatct
ccagcctgcagcccgaggacttcgcctcctacttctgtcagcagctgaacaccctgccctggacctttggcggag

gcaccaaggtggaaatggaa (SEQ ID NO: 44).

Un vector recombinante que comprende la molécula de acido nucleico de la
reivindicacion 5, caracterizado porque el vector recombinante se selecciona del
grupo que consiste en pcDNA 3.1, pConPlus, pcDM8, pcDNA I/Amp, pcDNA 3.1,
pREP4, pDON-AI DNA y un derivado del mismo.

Una célula hospedera que contiene el vector recombinante de la reivindicacién 6.

Un método para producir el anticuerpo anti-RGMa o un fragmento de unién a
antigeno del mismo de cualquiera de las reivindicaciones 1 a 4, en donde el

método comprende:

(i) un paso de cultivar la célula hospedera de la reivindicacién 7;
(ii) un paso de recuperar el sobrenadante del cultivo obtenido en (i); y
(iii) un paso de purificar el anticuerpo a partir del sobrenadante del cultivo

obtenido en (ii).
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9. Una composicion farmacéutica que comprende el anticuerpo anti-RGMa o un
fragmento de union a antigeno del mismo de cualquiera de las reivindicaciones 1
ad.
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Tramite: 11
Evento: 378

. Actuacion: 444
Sefor

SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: PL-MITSUBISHI TANABE PHARMA CORPORATION OSAKA
UNIVERSITY Y NATIONAL UNIVERSITY CORPORATION CHIBA
UNIVERSITY.-Solicitud de Patente de Invencién en Fase Nacional PCT para
“"PROTEINA DE UNION A RGMA".-Clase CO7K 16/28.-Expediente nimero

NC2017/0011975.

1. Me refiero al auto dictado por ese Despacho notificado por fijaciéon en linea del 12
de marzo del 2019.

2. Con el fin de responder las objeciones expuestas por la Sefiora Examinadora en su
Concepto Técnico correspondiente al Oficio N° 824 en relacidn con la claridad y concision
del Capitulo Reivindicatorio, y la novedad de la presente invencion, me permito dirigir su
atencidn a las siguientes modificaciones y argumentos técnicos por medio de los cuales
no sélo se superan completamente dichas objeciones sino que ademas se establece de

manera incontrovertible la patentabilidad de la solicitud en estudio.

3. CAPITULO REIVINDICATORIO.

3.1. Modificaciones al Capitulo Reivindicatorio.

Por otro lado, me permito manifestar que es deseo del solicitante presentar un
capitulo reivindicatorio modificado, que remplaza al actualmente presentado, con el
proposito de superar las objeciones presentadas como parte del concepto técnico

realizado por ese Despacho.

En conexidn con lo anterior, me permito resaltar que dicho capitulo no constituye
de ninguna manera una ampliacion al alcance de la solicitud, tal como fue originalmente
presentada, toda vez que define claramente el objeto de la presente invencién de
acuerdo con las ensefianzas de la descripcion. Las modificaciones realizadas se exponen

a continuacion:
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Se eliminaron las expresiones “en el listado de secuencias” (reivindicaciones 1, 2
y 7 actualmente presentadas), “en donde en cada una de las secuencias de CDR
uno o varios aminodcidos pueden estar sustituidos, eliminados y/o afadidos"
(reivindicacion 1 actualmente presentada) y “o una secuencia de aminodcidos que
tiene una identidad de al menos 90% con dicha secuencia de aminoacidos”

(reivindicacion 2 actualmente presentada) del capitulo reivindicatorio.

Se especificaron en la reivindicacion 4 actualmente presentada las regiones
constantes del anticuerpo reclamado como “IgG1, IgG2, IgG3 o IgG4 humano”, lo

cual cuenta con soporte en la pagina 11 de la descripcidn originalmente presentada.

Se incluyeron en la reivindicacion 6 actualmente presentada las caracteristicas

técnicas de la reivindicacién 7 actualmente presentada.

Se incluyé en la reivindicacion 8 actualmente presentada la lista de vectores
recombinantes de acuerdo a lo divulgado en la pagina 37 de la descripcion

originalmente presentada.

Se adicionaron las etapas (ii) y (iii) al método de la reivindicacién 11 actualmente
presentada, de forma que se define claramente el método reclamado, dichas etapas
encuentran soporte en la pagina 28 de la descripcidén originalmente presentada.

Se eliminaron las reivindicaciones 5 y 7 actualmente presentadas.

Se reenumeraron las reivindicaciones 6 y 8 a 11 actualmente presentadas, de tal
forma que ahora corresponden a las reivindicaciones 5 a 9. De la misma manera,

se reajustaron las dependencias de dichas reivindicaciones.

De esta forma, el capitulo reivindicatorio modificado queda constituido por 9

reivindicaciones, las cuales se refieren de manera mas clara y concisa a anticuerpos

anti-RGMa, moléculas que codifican para los mismos, y métodos para producirlo, que es

objeto de la presente solicitud, y cuenta con pleno sustento en las ensefianzas de la

descripcion.

3.2. Claridad y Concision del Capitulo Reivindicatorio.

Con respecto a la claridad y la concision del capitulo reivindicatorio, la examinadora

afirma lo siguiente:

"La reivindicacion 1 no concisa, puesto que menciona 'en donde en cada una de las
secuencias de CDR uno o varios aminodacidos pueden estar sustituidos, eliminados

y/o afadidos’, y no se definen cuadles son las sustituciones, eliminaciones o

2
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adiciones y adicionalmente reclama mdultiples posibilidades de CDRs cuyo desarrollo
no se evidencia en el capitulo descriptivo. Se sugiere restringir la solicitud a una
razonable generalizacion de CDR, de tal manera que se indiquen las sustituciones,
eliminaciones o adiciones.

(...) La reivindicacion 2 no es concisa porque reclama ‘'una secuencia de
aminoacidos que tiene una identidad de al menos 90% con dicha secuencia de
aminodcidos’. Lo cual abarca un numero elevado de opciones las cuales no limitan
el alcance de la solicitud, ni han sido exploradas por el solicitante. Se sugiere
realizar las aclaraciones pertinentes y definir las secuencias por su SEQ ID NO

precisa.”

Con respecto a estas objeciones, me permito mencionar que las frases citadas por
la examinadora que, en su opinién, afectan la concisién de las reclamaciones

correspondientes, se eliminaron del capitulo reivindicatorio modificado.

En este sentido, el capitulo reivindicatorio modificado limita de manera precisa el
alcance de la materia a ser protegida por la presente solicitud. Por lo tanto, solicito

amablemente retirar estas objeciones.

“Las reivindicaciones 1 y 2 no son claras, debido a que mencionan después de la
identificacion de la SEQ ID NO la frase 'en el listado de secuencias’y dicha frase no
es necesaria para la denominacion de las secuencias. Se sugiere eliminar dicha
frase y solamente enunciar el nimero de las secuencias mediante el uso de SEQ ID
NO.

Las reivindicaciones 1, y 2 no son claras, porque utilizan las expresiones 'uno o
varios’ y ‘al menos’, las cuales son imprecisas y no permiten distinguir la invencion

del estado de la técnica. Se sugiere sustituirlas por un valor preciso.”

En relacidon con estas objeciones, por favor note que las expresiones objetadas han
sido eliminadas del capitulo reivindicatorio. En consecuencia, las reivindicaciones 1
y 2 modificadas son completamente claras, por lo que solicito que las objeciones a

este respecto sean retiradas.

“La reivindicacion 4 no es clara, porque hace referencia a que el anticuerpo anti-
RGMa o fragmento de unidén a antigeno del mismo, comprende regiones constantes
de IgG humano. Sin embargo, no se establece de que tipo, en que posiciones y la
SEQ ID NO de dichas regiones de IgG humano. Se sugiere realizar las aclaraciones

pertinentes y definir adecuadamente el anticuerpo.”

En vista de esta objecién, me permito resaltar que la reivindicacion 4 modificada
ahora establece que el anticuerpo anti-RGMa comprende regiones constantes de

IgG1, IgG2, IgG3 o IgG4 humanas, tal como se define en las paginas 11 y 25 de la

3
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descripcion, cada una de los cuales tiene secuencias de aminoacidos intrinsecas
respectivas. Asi las cosas, tal como se aprecia en la Figura 1 del articulo "IgG
Effector Mechanisms" (Chem. Immunol. Basel, Karget, 1997, vol. 65, pp-88-110,
Anexo a la presente respuesta) publicado antes de la fecha de prioridad de la
presente solicitud, las secuencias de las regiones constantes de IgG1, IgG2, IgG3 e
IgG4 humanas habian sido reveladas previamente, y por lo tanto, son conocidas en
el campo técnico de la solicitud. Asimismo, cada una de las IgG humanas incluye la

region constante respectiva en el lado C-terminal de la regién variable.

Por consiguiente, un experto en la técnica es capaz de comprender la estructura de
los anticuerpos incluidos en la reivindicacion 4 modificada basandose en las
ensefianzas del arte previo. Por lo tanto, el anticuerpo estd adecuadamente definido

y la objecién debe considerarse como superada.

“La reivindicaciéon 5 no es clara, porque hace referencia a 'una proteina de unién a
RGMa, que compite con el anticuerpo anti-RGMa de la reivindicacion 1 6 2 para la
union a RGMa’, lo cual es considerado como la funcién o resultado a alcanzar de la
misma. Se sugiere caracterizar la proteina de unién por sus caracteristicas

estructurales y/o SEQ ID NO que permiten llegar a dicha funcioén.”

A este respecto, por favor note que la reivindicacion objetada no esta presente en
el capitulo reivindicatorio modificado. Por lo tanto, la objecidn queda

completamente superada.

"Las reivindicaciones 6 y 8 no son claras, porque reclaman ‘una molécula de acido
nucleico que codifica para la porcion de proteina del anticuerpo anti-RGMa o un
fragmento de unién a antigeno de la misma de cualquiera de las reivindicaciones 1
a 4’y 'Un vector recombinante que comprende la molécula de acido nucleico de la
reivindicacion 6 o6 7’. Dicho d&cido nucleico y vector no estan definidos
estructuralmente. Se sugiere caracterizar tanto el acido nucleico como el vector por

sus caracteristicas funcionales y/o sus SEQ ID NO.”

Con respecto a esta objecidon, me permito sefialar que las reivindicaciones 6 y 8
(reivindicaciones 5 y 6 del capitulo reivindicatorio modificado, respectivamente) se
han modificado de tal manera que definen claramente las caracteristicas esenciales

de la invencion.

En este sentido, la reivindicacion 5 del capitulo modificado ahora incluye las
secuencias de nucledtidos comprendidas en el acido nucleico que codifica el VH vy el

VL del anticuerpo anti-RGMa reivindicado.
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Asimismo, la reivindicacion 6 recita un grupo de posibles vectores recombinantes
(pcDNA 3.1, pConPlus, pcDM8, pcDNA I/Amp, pcDNA 3.1, pREP4, pDON-AI DNA y
un derivado del mismo), en donde las secuencias de dichos vectores son conocidas
en la técnica y/o pueden obtenerse de sus fabricantes, tales como Invitrogen,
Takara bio y similares. Por ultimo, es importante sefialar que la descripcidon

proporciona soporte para dichos vectores, por ejemplo, en la pagina 37.

Por consiguiente, un experto en la técnica podria entender la estructura del acido
nucleico de la reivindicacion 5 y los vectores de la reivindicacion 6. Por lo tanto,

solicito amablemente que se retire esta objecion.

- "La reivindicacién 10 no es clara, porque reclama ‘un método para producir el
anticuerpo anti-RGMa o un fragmento de unidn a antigeno del mismo de cualquiera
de las reivindicaciones 1 a 4, el método comprende un paso de cultivar la célula
hospedera de la reivindicacién 9°. Sin embargo, no lo caracteriza mediante una
secuencia légica de etapas y condiciones técnicas especificas en las que se lleva a
cabo dicho método. Se sugiere definir el método indicando la secuencia de etapas y

condiciones técnicas en que ocurren.”

En vista de esta objecibn, me permito resaltar que la reivindicacion 10
(reivindicacion 8 del capitulo modificado) ha sido modificada para incluir los pasos

(i) y (iii), con el fin de definir de forma mas clara el método reclamado.

En este sentido, la persona versada en la materia estaria en capacidad de llevar a
cabo el método reivindicado con cada uno de los pasos descritos y en el contexto
de la invencidn, por ejemplo, considerando las ensefianzas de las paginas 19 a 21,

23,24y 37,y los ejemplos 1, 2, 5 y 6 de la descripcion actualmente presentada.

Como consecuencia, pido amablemente reconsiderar la objecion a este respecto.

En relacion con los argumentos anteriormente expuestos, me permito sefialar que
el capitulo reivindicatorio modificado presentado junto con el presente memorial supera
completamente las objeciones presentadas por la Sefiora Examinadora. Asimismo, el
capitulo reivindicatorio modificado cuenta con la suficiente claridad, concisiéon y sustento
para definir la materia a reclamar, y por ende, cumple a cabalidad con lo estipulado por
el Articulo 30 de la Decision Andina 486 de 2000.

4. NOVEDAD.

Finalmente, la examinadora objeta la novedad de las reivindicaciones 1, 3 a 6, 8 a

11 a la luz de las ensefianzas del siguiente documento:
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- D1: US2010/0028340. “Antibodies against the RGMa protein and uses thereof”.

En opinién de la examinadora, el documento D1 ya revela las caracteristicas
técnicas esenciales del anticuerpo anti-RGMa en la reivindicacion 1; ademas, las
reivindicaciones dependientes 3 a 6 y 8 a 11 no mencionan ninguna caracteristica
adicional que sea nueva al anticuerpo de la reivindicacion 1. Como consecuencia,

concluye que dichas reivindicaciones no son nuevas en vista del documento citado.

Con respecto a lo anterior, me permito sefialar en primer lugar que la reivindicacion
1 se ha modificado de tal manera que ahora revela un anticuerpo anti-RGMa aislado, o
un fragmento de unién a antigeno del mismo, caracterizado por las siguientes secuencias

para sus CDRs:

LCDR1: RASQDISSYLN (SEQ ID NO: 30),
LCDR2: YTSRLHS (SEQ ID NO: 31),

LCDR3: QQLNTLP (SEQ ID NO: 32),

HCDR1: DAWMD (SEQ ID NO: 33),

HCDR2: EIRSKANNHATYYAESVKG (SEQ ID NO: 34) y
HCDR3: RDGAY (SEQ ID NO: 35);

(0]

LCDR1: RSSQSLVHSNGNTYLH (SEQ ID NO: 36)
LCDR2: KVSNRFS (SEQ ID NO: 37)

LCDR3: SQSTHVP (SEQ ID NO: 38)

HCDR1: TSYYWN (SEQ ID NO: 39)

HCDR2: YISYDGTNNYNPSLKN (SEQ ID NO: 40) y
HCDR3: SFG

Por otro lado, el documento D1 revela un anticuerpo anti-RGMa llamado 5F9, que

comprende las siguientes secuencias para sus CDRs:

VH 5F9 CDR-H1: SEQ ID NO: 57: NYGMN

VH 5F9 CDR-H2: SEQ ID NO: 58: MIYYDSSEKHYADSVKG
VH 5F9 CDR-H3: SEQ ID NO: 59: GTTPDY

VL 5F9 CDR-L1: SEQ ID NO: 60: RSSQSLEYDGYTFLE

VL 5F9 CDR-L2: SEQ ID NO: 61: EVSNRFS

VL 5F9 CDR-L3: SEQ ID NO: 62: FQATHDPLT

Después de comparar las secuencias mencionadas anteriormente, es evidente que

el anticuerpo 5F9 no comprende ninguna de las secuencias exactas de las CDR del

anticuerpo reivindicado.
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En este sentido, y considerando que la reivindicacion 1 modificada ya no menciona

gue uno o varios aminoacidos en las secuencias de las CDRs pueden ser sustituidos,

eliminados y/o agregados, no es correcto afirmar que las secuencias del anticuerpo anti-
RGMa 5F9 del documento D1 anticipan las caracteristicas técnicas esenciales del

anticuerpo reivindicado por la presente solicitud.

En consecuencia, y considerando que el Articulo 16 de la Decision Andina 486 recita
gue "Una invencion se considerard nueva cuando no esté incluida en el estado de la

técnica", la_presente invencién es nueva a la luz de D1 porque dicho documento

revela un anticuerpo con diferentes secuencias de CDRs de las CDRs del anticuerpo

reclamado, objeto de la presente solicitud.

No obstante, me permito afirmar que, asi como el documento D1 no revela el
mismo anticuerpo de la invencién, dicho documento tampoco ensefia ni sugiere la
obtencién de un anticuerpo con la misma estructura o secuencias que el anticuerpo

reivindicado.

Por consiguiente, la estructura y las secuencias del anticuerpo anti-RGMa,
especificamente el anticuerpo monoclonal humanizado anti-RGMa de la presente
invencion, que tienen CDR especificas, no podria obtenerse facilmente por la persona

versada en la técnica basandose en las ensefianzas de D1.

Ahora bien, en relacion con el anticuerpo divulgado por el documento D1, me
permito sefialar que la presente memoria descriptiva describe que el anticuerpo

humanizado anti-RGMa de la presente invencidn es superior al anticuerpo 5F9 en

propiedades tales como la uniéon a RGMa humana (especificamente, propiedad de unién a

la region C-terminal de RGMa) vy estabilidad térmica.

Ademas, el presente anticuerpo neutraliza no solo la actividad inhibidora del
crecimiento de neuritas de longitud completa de RGMa, sino también la actividad de un
fragmento del dominio C-terminal de RGMa, por lo que se pueden esperar efectos

excelentes del anticuerpo de la invencién (Ejemplos 7, 8 y 13).

A la luz de todo lo anterior, me permito entonces sefialar que el capitulo
reivindicatorio modificado es claramente nuevo e inventivo a la luz del estado de la
técnica. Por lo tanto, cumple a cabalidad con los requisitos de los Articulos 16 y 18 de la

Decision 486 de los Andes.

5. CONCLUSION.

Para finalizar, me permito reiterar que el capitulo reivindicatorio modificado

presentado junto con este memorial es totalmente claro y conciso al reclamar

7
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anticuerpos anti-RGMa, que estan plenamente soportados dentro del texto de la
descripcion, cumpliendo asi con lo exigido por la mencionada Decision Andina 486 de
2000.

Por otro lado, en virtud de los argumentos discutidos con respecto a los
documentos citados, se estableci6 de manera incontrovertible que los anticuerpos anti-
RGMa, que son objeto de la solicitud en estudio, son novedosos y de ninguna manera
resultarian evidentes para la persona versada en la materia a partir de las ensefanzas de
los documentos referenciados, demostrando irrefutablemente la patentabilidad de la

presente solicitud.
6. SOLICITUD DE NUEVO EXAMEN DE PATENTABILIDAD.

Finalmente, me permito manifestar que es deseo del solicitante requerir a ese
Despacho la expedicion de un nuevo examen de patentabilidad, lo anterior en caso de
que el Sefior Examinador no considere suficientes los argumentos y las modificaciones al
capitulo reivindicatorio presentadas en respuesta al Oficio N° 824, y teniendo en cuenta

la adicion de nuevas reivindicaciones adicionadas al capitulo en cuestién.
7. Anexo al presente memorial, me permito presentar:

- Copia de las paginas 56 a 58 que corresponden al capitulo reivindicatorio
modificado, tal como se discuti6 en el presente memorial, constituido por

9 reivindicaciones; y

- Copia del articulo "IgG Effector Mechanisms" Chem. Immunol. Basel, Karget, 1997,
vol. 65, pp-88-110

8. Adicionalmente, me permito mencionar que el pago del nuevo examen de

patentabilidad se efectud el dia de hoy a través de la plataforma SIPI.

9. En vista de lo anterior, ruego a usted proceder a estudiar nuevamente la solicitud a
la luz de las modificaciones y los argumentos presentados y conceder el privilegio de

patente solicitado.

Sefior Superintendente,

\ \
(RL);\ZIA LLOREDA RICAURTE

T.P. 53.215

Direcciones para Notificacion: notificacionesip@lloredacamacho.com

notificacionespatentes@lloredacamacho.com
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