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tﬁi POLYPEPTIDES WITH Fc BINDING ABILITY
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Field of Invention
' The present invention generadlly relates to
molecules having Fc binding ability such as those with Fe
receptor-like activity. The present invention also relates
to the molecules, nucleic acids encoding the molecules,

' antagonist compounds, pharmaceutical compositions

comprising the molecules and compounds, methods for testing
potential antagonists, methods for producing the

‘polypeptides, methods of treatment of disease and other
- aspects. '

Background of the Invention _

' Cell surface receptors for the Fc¢ portion of IgG
(Fc,R) are expressed on most hematopoietic cells, and
through the binding of IgG play a key role in homeostasis
of the immune system and host protection against infection.
By way of example F¢,RII is a low affinity receptor for IgG
that essentially binds only IgG immune complexes and IgA
immune complexes and is expressed on a diverse range of
cells such as monocytes, macrophages, neutrophils,
eosinophils, platelets and B cells (1-3). Fc,RII is
involved in a number of immune responses including
antihody-dependent cell-mediated cytotoxicity, clearance of
immune complexes, release of inflammatory mediators and
regulation of antibody production (1-6).

Similarly Fc receptors for other classes of
immunoglobulin also occur. For example the Fc receptor for
IgE is present on mast cells, basophils and Langerhans

- cells.

. Both the IgG and the IgE Fc receptors contain an
extracellular Ig-interactive region which comprises two Ig-

‘1ike disulphide bonded extracellular domains of the C2 set

(7-11). These receptors are structurally conserved in all
the Ig-superfamily leukocyte FcR (including !'c,ln:l:, Fc RIII,
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Fc.RI and FcoRI) and presumably represents an Ig-
interactive motif (12-16). 1In previous studies the
invéntors identified the IgG binding region of human Fc,RII
(17, 18). Chimeric Fc, RII/Fc.RI o chain receptors were
used to demonstrate that the second extracellular domain of
Fc,RII was responsible for the binding of IgG, with a
direct binding region located between residues Asn®> to
Ser’. Molecular modelling of FCRII domain 2 predicted a
structure comprising 7 B strands (A, B, C, €/, B, F, G)
forming two entiperellel B sheets'(conteining the ACFG end
BC’E strands respectively), stabilised by a disulphide bond
between strands B and F and a core of hydrophobic residues
(20). The aAsn* to Ser’*’ binding region was shown to
encompass an exposed loop region (the F-G 1oop) at the
interface of domains 1 and 2. '

In work leading up to the present invention, the
inventors surprisingly discovered that alteration of amino
acid residues in the Fc receptors leed to altered
affinities for immunoglobulin.

Sume:_.-z of the Invention
' The invention reletes to a polypeptide with Fec

binding ebility wherein the polypeptide is altered compared
to a native Fc receptor by addition, deletion or
substitution of one or more amino acids compared to said
native Fc receptor. '

The invention also relates to a method of testing
compounds for. their ability to act as an Fc receptor
antagonist, to the antagonist compounds identified by the
method, to nucleic acid molecules encoding the polypeptides
of the invention and to methods of making the nucleic acid
molecules. In addition the invention relates to methods of
detecting immunoglobulin, methods of removing
immunoglobulin, methods of treatment and pharmaceutical
compositions involving the peptides of the invention or
their antagonists.

2
vt

4

(



v

WO 96/08512 - PCT/AU95/00606

10

15

20 .

25

30

35

Bri'e_f" Description of the Figures _
Figuxe, 1. IgG complex binding of chimeric F

rechkptors. COS-7 cell monolayers were transfected with
chimeric cDNA constructs: D1eD2y (a), Y109-116¢ (b), Y130~
135¢ (¢), or Fc,RI (d). The binding of IgG immune
complexes was assessed directly on the monolayers by EA
rosetting using mouse IgGl sensitised erythrocytes.

Figure 2. Human IgGl-dimer binding of chimeric Fc
receptors. Radiolabelled dimeric human IgGl was titrated
on COS-7 cells transfected with wild-type Fc,RIIa

(N) or chimeric receptor cDNAs; DleD2y (O), y109-116¢ (@),
v130-135¢ (0). All of the chimeras were expressed on the
cell surface as determined by EA rosetting outlined in
Figure 1. '

Figure 3. Human IgGl-dimer binding by Fc,RIXIa alanine
point mutants. Radiolabelled dimeric human IgGl was

titrated on COS-7 cells transfected with wild-type Fc,RIIa
or Fc,RIIa containing alanine point mutations, (A) B-C loop

mutants, Lys‘’-Ala (0), Pro‘“-ala (A), Leu'*-Ala (0),

val***-ala (0), (B) C’-E loop mutants, Phe'*’-aAla (+), Ser**’-
aAla (0), Arg/His*i-ala (¢), Leu***-Ala (X), Asp**’-Ala (EB),
Pro*-ala (a). Comparison of the lev_eis of human IgGl
dimer binding to Fc¢,RII mutants relative to wild-type
Fo,RIIa, (C) B-C loop mutants, (D) C’-E loop mutants. The
binding of wild-type Fc,RIIa taken as 100% and mock
transfected cells as 0% binding. Results are expressed as
+ S.E. To control for variable receptor expression between
the mutant Fc,RII COS-7 cell transfectants, levels of
expression were determined using a radiolabelled monoclonal
anti-Fc,RII antibody 8.2, and dimer binding normalised to
that seen for wild-type Fc,RII. ' Typical levels of 8.2
binding in cpm + S.E : WP Fc,RII 95279; Lys'’-Ala 71660;

val“_ala 61636; Leul'>-Ala 44696; Pro'®-Ala; Phe’**-Ala

74707; Ser*°-ala 139802; Arg/His**-Ala 140475; Leu*’-Ala
121096; Asp*’-Ala 100149; Pro**-Ala 172047.
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Figure 4. Molecular model of the extracellular Ig
intersqtive region of Fc,RII putatively involved in the
intéraction with IgGl. The position of the loops and G/A
strand from domains 1 and 2 are indicated. Examples of
anino acids, autations: pf which alter‘Fc receptor function
such as Phe'®" and Gly'** are also shown.

Figure 5. Oligonucleotides used in SOE-PCR of Example 2.

Figure 6. Histod:am showing the effect of mutations on IgE

receptor binding immunoglobulin.

Figure 7. Histogram showing a comparison of Fc¢ receptor
mutants binding IgG, and IgG,.

Figure 8. Graph showing efficiency with which chimeric _
receptors bind IgE, ecy ( ), yey ( ), ¢cC’ (), BF ( ) and

Figure 9. | Photograph of :SDS-PAGE showing specificity

of the fusion p:oﬁein, (HSA:FcYRII) for mouse IgG2a (Yy2a)
IgG2b (Y2b) and HAGG but not for Fab’2 fragments (1302).
Shows epitopes present in the fusion protein as detected by
four different anti-FcYRII antibodies (8.2, 8.26, IV-3 &
8.7). The fusion protein was radiolabelled with I'?° and

. precipitated us:l:ig Ig or antibodies ihcmn then subjected to

SDS-PAGE after reduction.

Figure 10a. G:aph-'nhow:l.ng' the eiegrance of HSA:FCcYRII
(-3~ ) and FcYRII (-—@—) in the blood.

‘Pigure 10b. Graph showing faillure of HSA:FPcYRII to
accumulate in the urine affinities. '

Figure 11. Graph showing the binding affinities of
HAGG to HSA:FcYRII-silica (0) and HSA:silica (0). HAGG did
not bind HSA:silica. ' -
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Figure 12, Nucleotide and predicted amino acid
sequeheg of HSA: FCyRII DNA.
4 ~ .
- PFlgure 13, Graphs showing results of ELISA studies on

the ability of the fusion protein, rsHSA-FcR (—@—) to
bind immune complexes. The recombinant receptor rsFcR is
denoted by (—ER—).

Figure l4a. . BLISA studies of serum from a patient with
rheumatoid arthritis. Plates were coated with anti-Fc,RII
antibody and then with rec.sFc,RII. ' o

Figure 14b. Shows results o£ plates coated w_ith
rec.sFCRII. ' -
Figure 15. Graph of heat depleted HAGG using Fc,RiI-

HSA silica (0). This shows that immune complexes are
depleted from liquid by incubation with HSA:Fc,RII protein
silica resin but not by HSA-silica resin (0) no silica is
denoted by (W). -

Figure 16. Graph showing no depletion of monomeric
immunoglobulin using FeRII-HSA silica. This indicates the -
fusion protein does not bind monomeric Ig.

- Pigure 17. - Titration of rsFc,RII from various sources.

The binding of the recombinant p:otoin_ £rom various sources
is detected by use of anti-FcRII antibody 8.2 followed by
anti-mouse Ig labelled with peroxidase. The sources of t:hé
recombinant protein are CHO cells (CHO rs FcR) (—6— ),
bacteria expressing a fusion protein consisting of the
extracellular domains of FcyRII fused to maltose binding
protein (C2 MBP-rsPcR) (), the extracellular domains
of rc,aztl'::'-'c:l.oavod from the FcyRII maltose binding fusion
protein (C2 rs FcR) (-{J-). A fusion protein (d2) ¢--{ )
was used as a control. This contains a single FcR domain
and has no functional activity. '
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Figure 18. = Graph of inhibition of HRP labelled rsHSA-
FoyRIK by rheumatoid factors and sera. Titration of
patients’ sera in the HRP-HSA:Fc,RII ELISA assay. _
Patients’ sera (columns 1-14) was titrated on Hagg coated
plates prior to addition of the HRP fusion protein
conjugate. Titration of normal serum is also shown (column
15). No inhibition of activity was seen with normal serum
but, all sera except column 12 profoundly inhibited Pc
receptor binding to Hagg.

Figure 19. Names of various peptiods and absorbences
thereof ‘in the test for antagonist compounds.

Detailed Description of Preferred !mbodimegts
The invention relates to a polypeptide with Fc

binding ability wherein the 'poly:':ept:lde is altered compared
to a native Fc receptor by addition, deletionm or
substitution of one or more amino acids suéh_ that said
alteration results in improved characteristics compared to
said nature receptor. '
The term "a polypeptide with Fc binding ability"
means a polypeptide or protein comprising natural or
gsynthetic amino acids which has an ability to bind the Pc
region of immunoglobulin. The immunoglobulin may be of any
class such as IgG, IgE, IgA, IgM or IgD. The
immunoglobulin may be derived from any animal such as
human, rat, mice, cattle, sheep, goats and other domestic

- animals, including birds such as chickens,. ost::l.cheg and

-The term “"altered compared to a native Fc
receptor" means that the polypeptide is different to the
native Fc receptor. Such difference may include
differences in :lmunogiohu_lin binding ability, difference
in therapeutic ability ., am:l.no acid composition or
solubility and the like. -

The term ﬁ:l.mproved characteristics" means that a
desirable characteristic compared to the native Fc receptor

THIS SHEET HAS BEEN This Sheet Has Been Reﬂlaced
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- is achieved. This characteristic may enhance or decrease

Fc biading ability, cause increased serum half life of the
polypeptide for use as a therapeutic or make the
polypeptide detectable. '

' In a first embodiment the present invention
relates to a polypeptide with Fc¢ binding ability wherein
the polypeptide is an Fc¢ receptor-like molecule with an
altered ability to bind immunoglobulin wherein said altered
a.b._'llity is brought about by alteration of one or more amino

'~ acid residues which affect immunoglobulin binding.

' The phrase "Fc receptor-like molecule" means a

" molecule which is able to bind immunoglobulin to at least

some degree. The immunoglobulin may be IgG, IgE, IgA, IgM
or IgD. The molecule will usually be a peptide,
polypeptide or protein, or made up, at least partially, of

‘amino acids. 'In its most usual form the molecule will be a

peptide composed of a number of amino acid residues linked

by peptide bonds. The amino acid components may be natural

or synthetic and will be known to those skilled in the art.
' The phrase "an altered ability to bind

- immunoglobulin® means t:hat; the molecule has an _
‘immunoglobulin binding activity different to that of one or

more native Fc receptors. This includes the ability of the
molecule to bind one form of immunoglobulin compared to
another form of immunoglobulin i.e. where the molecule has

‘an altered ability to bind immune complexes, aggregates,
 dimeric or monomeric immunoglobulin compared to a native Fc

receptor. The activity of the molecule may be increased or
decreased compared to a native Fc receptor for a given
immunoglobulin class. _

_ The phrase "alteration of one or more amino acid
residues which affect immunoglobulin binding ability" means
that the comparable amino acid residue or region of amino
acid residues, implicated in immunoglobulin binding in a
native Fc receptor are changed in the Fc receptor-like

‘molecule. The amino acids implicated in immunoglobulin

binding may function directly in immunoglobulin binding
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or may be involved indirectly such as by maintaining the

| st:ruc;g::al integrity of the receptor so that binding can

occyr. “The change(s) may be the result of insertion,
deletion or substitution.

The p:osent .invcnt:ors have detemimd that amino
acid residues or regions of residues in the first and
second domains of the Fc,RII receptor and Fc,I receptor
function in bi.n.d.:l.ng of immunoglobulin. Aas the
extracellular .r_.'_e__g:l._ons of Fc receptors for immunoglobulins
are conserved it is expected that similar regions of PFc
receptors for other immunoglobulins such as IgA, IgM and
IgD will be implicated in imglobnlin binding and hence
be within the ambit of the present invention. |

Preferably the Fc receptor-like molecule is ‘in
the form of an isolated preparation meaning it has
undérgonq some purification away from other proteins and/oxr
non-proteinaceous molecules. The pur:l.t:y of the preparation
may be represented at least 4096 Fc receptor-like molecule,
preferably at least 60% Fc :ecept:or-l:lke molecule, more
preferably at least 75% Fc receptor-like molecule, even
more preferably at least 85% Fc _recept:oz‘-_l':ll:e molecule and
still more preferably at least 95% Fc receptor-like
molecule relative to nbn-l_"c receptor-like molecule material
as determined by weight, activity, amino acid similarity,
antibody reactivity or any other .éonven:lo_nt means.

The Fc receptor-like molecule may be bound to a
cell membrane or a support means, or be soluble in form.
Where a pharmaceutical use is indicated preferably the
molecule is soluble for example as a genetically engineered
soluble molecule.

Soluble Fc :eceptor-like molecules can be made by

methods such as those of Ierino et al J. Exp. Med. (Nov)

1993.

. . The molecule may also be labelled with a reporter
molecu:l.e providing, under suitable conditions, a detectable
signal. Such reporter molecules include radio-nucleot_ides,
chemiluminscent molecules, bioluminescent molecules,

(
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fluorescent molecules or enzymes. Commonly used enzymes
inclukoho:seradish peroxidase, glucose oxidase, f-
glattosidase and alkaline phosphatase amongst others.

. Preferably the Fc receptor-like molecule is an

amino acid mutant, variant or derivative of a native Fc

receptor. This means that the Fc¢ receptor-like molecule
conprises a peptidé which has undergone deletion,
insertion, substitution or other changes to its amino acid
residues compared to a native Fc receptor. The native Fc
receptor providing the basis for the mutant, variant or
derivative may be derived from human or animal species.
Such animal species are preferably mammalian species such
as mice, rats, rabbits, bovine, ovine, porcine or caprine
species. | | |

Deletion, insertion or substitution of amino
acids to produce the F¢ receptor-like molecule of the
present invention may be performed by known means. Where
the Fc receptor-like molecule is recombinant derived, the
nucleic acid encoding the molecule will have incorporated
in its sequence the appropriate code for one or more amino-
acia insertibns or substitutions or have undergone the
appropriate deletion from its coding sequence. Where the
receptor-like molecule is produced by de noveo peptide
synthesis the desired amino acid sequences may be
incorporated. _

Insertions or substitutions may be achieved by
placing a stretch of amino acid residues from another type
of Pc receptor into the Fc receptor-like molecule which is
being constructed. For example the first domain from one
receptor such as F¢, receptor may be used to replace the
first domain in Fc, receptor to produce the desired result.
Alternatively, or in addition, sité directed mutagenesis or
other techniques may be used to achieve amino acid
substitution. Deletions may be achieved by removal of one
or more amino acids.

' Substitution of amino acids may be conservative
by replacing an amino acid with a residue of similar
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be :I.ncq\ccordance with Table 1.
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Table 1

Exemplary Substitutions

PCT/AU95/00606

"Ala Ser

- Arg Lys

Asn Gln; His

Asp Glu '

Cys Ser

Gln Asn

Glu. Ala

Gly Pro

His Asn; Gln

Ile Leu; Val

Leu. Ile; Val

Lys Arg; Gln; Glu
Met Leu; Ile '
Phe Met; Leu; Tyr
Ser Thr |
Thr _ Ser

Trp Tyxr

Tyr ~ Trp; Phe

Val , | Ile; Leu

Alternatively substitutions may be with an amino
acid of different chemical characteristics imparting a
different character to the molecule when compared to a
native Fc receptor. .

In a preferred embodiment the invention relates
to an Fc receptor-like molecule having enhanced ability to
bind immunoglobulin wherein the enhanced ability is brought
about by alteration of one or more amino acid residues
which affect immunoglobulin binding ability.

The phrase “"enhanced ability to bind
immunoglobulin® means that the molecule has an
immunoglobulin binding activity higher than, or increased
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compa:{ed to, a native Fc receptor in a given class.

The alteration of one or more amino acid residues
may gbein the first or second domain.

Where the Fc receptor-like molecule has an _
enhanced ability to bind IgG, preferahly alterations in the
first domain to included changes to the _A/b_. ‘c/c’ and/or
E/F loops and/or G/A strand. The loops referred to
hereafter are the loops identified in the putative 3-D
structures or the:l.ré equivalents for the _recebtors discussed
earlier and identified in the Examples. The term
"equivalents" means amino acid residues that occur in the
sanme position on the native Fc receptor which comprise the
putative loops. It also includes egivalent loop structures
in other native Fc r_:_ecept:ors. In addition all of the amino
acia residue positions discussed herein are relative to the
amino acid sequences of Fc,RII or Fc¢.RI.

The loops of F.,RII are as follows:

Domain 1 A/B @Glu?® - ser®**

c/c’ “nu - :105‘
B/F Asn*® - Asp®
Domain 2 B/C Ser’”® - val*
C’/BE  Phe'® - Pro’*
F/G Asn®® - Ser’®?
G/A strand _ val” - Pro*

Loops for r,_,a:: are:

Domain 1 A/B Asn' - Asn®
c/c’  Asn® - Leu'
. B/¥ Lys® - Glu®
Domain 2 B/C. muo mn-l
C’/E Tyr'*® - Hig*
P ./G LY‘IS‘ - Ilem

G/A strand . Vval” - ser”

"



WO 96/08512 . PCT/AU95/00606

10

15

20

25

30

35

- 13 -

.  Alterations to the second domain of a Fc
receptqr-like molecule specific for IgG include changes in

‘the fB/C, C’/E and/or F/G loops, and/or G/A strand which

connects domaing 1 and 2.
Preferably the changes comprise substitution of

‘one or more amino acids especially a conservative

substitution. Such changes include but are not limited to
replacement by alanine, glycine, serine, aspazag’:lné or
small synthetic neutrally charged amino acids. Most
preferably the replacement is alanine.

More preferably the alterations are at the
following positions 133, 134, 158, 159 and/or 160.

Still more preferably the Asp* and/or Pro**
residues of FcYRII are replaced by alanine.

Where the Fc receptor-like molecule has an
enhanced ability to bind IgGE preferably the alterations in

‘- the first domain include changes in A/B, C/C’ and/or E/F

loops and/or the G/A strand that connects domain 1 and
domain 2. _

Alterations to the second domain of a Fc
receptor-like molecule specific for IgE include changes in
the B/C, C’/E and/oxr F/G loops. |

More preferably the changes are at the following
positions 130, 156, 160 and/or 161. '

Still more preferably the Trp®*°, Trp*¢, Tyr'®
and/or Glu’** is/are replaced by alanine.

In another preferred embodiment the invention
relates to an Fc receptor-like molecule having reduced
ability to bind immunoglobulin wherein the reduced ability
is brought about by the alteration of one or more amino
acid residues which affect immunoglobulin binding ability.

‘The phrase “reduced ability to bind
immunoglobulin" means that the molecule has an -
immunoglobulin binding activity lower than, or decreased
compared to, a native Fc receptor in a given class. This
includes a reduced activity for binding of one form of
immunoglobulin such as, for example, dimeric
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immun?globulin.
‘g The reduced binding ability may be brought about

by deletions, insertions or substitutions of amino acid
residues in the first or the second domain. Preferably the
reduced binding ability will be the result of substitution
or deletion of one or more amino acid residues although
insertions are also clearly'contemplatea. '

' Preferably substitutions will be with an amino
acid residue (matural or synthetic) which has different
chemical characteristics to the corresponding amino acid in
the relevant native Fc receptor in question. Such as for
example the substituted amino acid may have different
charge, acidity or basicity. :

The additions, substitutions and/or deletions may
be made in accorﬂance_with'standn:d methods as described
above. . .

Where Fc receptor-like molecule has a reduced
ability to bind IgG preferably alterations in the first
domain include replacement of that domain or changes to the
A/B, C/C’ or E/F loops or G/A strand. |

More preferably the changes are at the following
positions 10 to 21, 42 to 48 and/or 59 to 62.

Alterations to the second domain of a Fc
receptor-like molecule specific for IgG preferably include
changes to the F/G, B/C, or C’/C loops. _

More preferably the changes are at the tollowing

. 8till more preferably the first domain is deleted
or replaced by a domain from an ¥Fc receptor for another
immunoglobulin.

_ _ Alternativaly still more preferably the Lys®'?,
Pro’*, Leu®, val*‘, Phe'’” and/or Arg/His'' of FcRII is/are
replaced by alanine. '

Where the Fc receptor-like molecule has a reduced
ability to bind IgE preferably alterations in the first
domain include the A/B, C/C’ or E/F loops.

iy
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\ More preferably the changes are at the fqllowing'
pos:l.ttqes in the first domain 10 to 21, 42 to 48 and/or 59
to 62.

Alterations in the second domain of a Fc

' receptor-like molecule specific for IgE preferably include

chanqes to the F/G, C’/E or B/C loops.

More preferably changes are at one or more of the
following positions: 131, 132, 155, 158 and/or 159.

Still more preferably the B/C loop (Ser®®® to
Vali'*) of Fc,RI is deleted or replaced by a B- C loop from a
receptor for another immunoglobulin. ,

Alternatively still more preferably the C’/E loop
(Ser'*® to Thr'**) of Fc,RI is deleted or replaced by a C'/E
loop from a receptor from another immunoglobulin.

‘still more preferably Tyr***, Glu**?, vall*®*, Leu**
and/or Asp'®® of Fc,RI is/are replaced by alanine.

In addition to the alteration discussed earlier
the alterations contemplated may be other alterations which

. make the polypeptide useful as a therapeutic or reagent

Thus the alteration may be in the form of an addition
deletion or subtraction. For example where addition is
contemplai:ed a polypeptide or other suitable molecule may
be added to a native Fc receptor in order to increase the
size of the molecule or to provide a linker which links a
native Fc receptor with a reporter molecule.

In a second embodiment the invention relates to a
polypeptide with. Fc binding .ab:llity wherein the polypeptide
is altered compared to a native Fc receptor such that the
size of the polypeptide is larger than said native Fc
receptor. S _
The inventors have surprisingly found that the

‘addition of an amino acid sequence to a polypeptide with Fc
binding ability not only results in an extended life in the

body of an animal but also retains biological acti'&ity of |
the Fc binding component. Thus, the augmented polypeptide

_ has a greater serum half life compared to soluble protein

with Fc binding ability and is therefore capable of being
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more effeotive as a therapeutic than an altered soluble
netivquc receptor.
£ ~ Preferably the polypeptide with Pc binding
ability is in an isolated form such as that described
earlier in relation to the Fc receptor-like molecule.
' Preferably the polypeptide of the invention is in

soluble form'where'it is to be used in serum or other

administration routes requiring solubility. This would
generally mean that the transmembrane region is not
included however the intracellular region may be included.

Preferably the augmentation of the Fc binding
polypeptide is achieved by linking an amino acid sequence,
such as a second polypeptide or other suitable molecule to
a peptide with Fc binding ability. The peptide with Fc
binding ability ﬁey be a native receptor, a modified native
receptor (for example a receptor without the transmembrane
or cytoplasmic regions) or a Fc receptor-like molecule as
described earlier. _ y .

Preferably the polypeptide with Fc binding
ability is of a size larger than about 67 kD since proteins
below this size are excreted by the kidneys._ubre

. preferably the polypeptide is in the size range of 67 to

1000 kD. Still more preferably the polypeptide. is
approximately 100 kD.

Preferebly'the augmentation is achieved by adding
a peptide, polypeptide or other molecule which is well
tolerated in an animal. Such peptides or polypeptides
include human serum albumin (HSA), bovine serum albumin,
other Fc receptors, immunoglobulin from any species,
cytokines, complement regulating molecules (eg. CD46, CDSS5,
CD59), complement receptors and cytokine receptors. Such
additions could include more than one molecule of the same
or a different type. The other molecules suitable include
dextrans, cerbohyd:etee, polyethylene glycoland synthetic
polymers.

The polypeptide may be directed egeinst any class
of Ig. Preferably the polypeptide is directed against IgG
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or IgE. Even more preferably the pblypeptide is HSA:FCYRII
as hergén described.

4 " The polypeptide with Fc binding ability may be
producéd by any convenient means such as through .
recombinant DNA technology as a fusion protein, or
alternatively the two components may be produced separately
(by recombinant DNA or other means) and then linked.

Alﬁernatively one or both components may be made via

.peptide synthesis. These methods are described in more

detail later onmn.

In a third embodiment the invention relates to a
polypeptide with Fc binding ability comprising a component
capable of detection.

The term "component capable of detection” means
that the polypeptide is linked to or contains a detectable
signal such as a reporter molecule, a biosensor or a
molecule which may be directly or indirectly detected. The
reporter or label is a component which is capable of
detection such as by radio labelling, chemiluminescent
labelling, fluorometric labelling, chromophoric labelling
or labelled antibody binding. Detection may be achieved by

- direct labelling of the polypeptide with a ligand such as,

for example, biotin.which specifically binds to
streptavidin linked cova;ontly to horseradish peroxidase or
another enzyme such as alkaline phosphatase. The actual

-component capable of detection may be suitably chosen by
those skilled in the art.

Preferably the polypeptide is in an isolated form
as described above. _ :

Preferably the polypeptida comprising a component
capable of detection comprises the polypeptide described in
the first or second embodiments of the invention.

" Preferably the component capable of detection is present

on, or comprises part of the augmentation. Alternatively,
the component capable of detection may be present on the Fc
binding portion of the'molecule provided this does not
inhibit Fec binding ability.
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\ Preferably the component capable of detection is
an enszyme such as horseradish peroxidase.

e T In another embodiment the present invention -
relates to a method of testing a compound for its ability
act as an antagonist of an Fc receptof said method
cbmbrising contacting the compound with a polypeptide with
Fc binding ability or a native Fc receptor under conditions
and for a time sufficient to allow binding of the compound
to the polypeptide or receptor and determ:l.ning whether
binding has occurred.

The term “"Fc receptor' used di.:ectly above
includes any native or non-native Fc reeeptor ©or a portion
thereof which binds Fec.

' - The compound tested may be any compound which
could possibly be useful as an Fc receptor antagonist.

Such compounds may be antibodies, including polyclonal and
monoclonal antibodies, or fragments of antibodies, such as
scantibodies, antibody nimtics (Smythe & von Itzstein) and
the like. The compounds may be extracts from produced from
plants or animals suc_h- as rain forest plants. corals and
the like. The compounds may be peptides or peptide-like
substances or other organic suhst#ncos such as those
derived from combinational libraries (Geysen et al 1995;
Stratton-Thomas et al 1995, Lorne Conference on Protein
Structure and Function, Australia).

The method of the invention may be conducted in
any suitable manner known to those skilled in the art. The
polypeptide with Fc¢ binding ability or the Fc receptor may
be attached to a support leaving the Fc binding site free.

| Then the immunoglobulin and compound under investigation
‘may be added to the attached polypeptide or Fc receptor.

Alternatively Ig or the Fc fragment thereof may be attached
to a support. The pol:fpept::lde ‘or the Pc receptor and
compound under 1nvest::lgation may be added to the bound
ligand.

Those skilled in the art will also be familiar

with the conditions and. time needed to allow any birding of
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the pplypept:lde or native Fc receptor to the compound being

" test

4 "'. neteminat:lon of whether binding has taken place
may be made by any convenient means. This may be achieved
by common detection method such as by using a labelled
polypeptide or labelled FcR or by using a labelled Ig.
Such detection methods are well known by those skilled in
the art and are discussed elsewhere in this document.

The method may be used to screen compounds which
are potential inhibitors of receptors for any class of
imunoglobulin. Preferably the method is used to screen
compounds for their ability to block binding of XIg to the
Fcy receptor or the Pce receptor.

In another embodiment the present invention
relates to antagonist compounds identified by the above
method which interfere with the amino acid residues in Fc
receptors which are involved in immunoglobulin binding.

Such compounds embrace any compound which interact with

these amino acid residues or regions of residues so as to
interfere with or reduce immunoglobulin binding and include
compounds which bind to these residues or regions of
residues by hydrophobic, electrostatic or other chemical
interaction. This also includes compounds which interfere
w:l.tli the structural integrity of the molecule thereby
reducing its affinity for immunoglobulin as well as
compounds which directly interfere with the amino acids

involved in imuno'globulin binding. Also included are

compounds that bind to Ig, as opposed to its :eceptor, and
thereby inhibit the receptor-Ig interaction. The
antagonists may be antibodies, pept::l.dos, peptide-like
substances or any other compound as described above.
Preferably the antagonist once identified, is in an
isolated form. As such, the Fc receptor antagonists may be
used in the treatment of asthma, rheumatoid arthritis,

~lupus , glomerulomnephritis, IgA nephropathies, etc. and a

host of immune complex and other diseases including but not
limited to autoimmune diseases.
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. '~ Where the antagonist is intended to block or
redua\IgG b:l.nd:l._ng' then the compound will preferably
intéract with the A/B, C/C’ or E/F loops in the first
domain or with the F/G, B/C or C’/E loops in the second
domain or the G/A strand. Preferably' the compounds will be
capable of binding to or blocking the function of one or
more of the following residues in the native Fc receptors
10-21, 42-48, 59-62, 113, 114, 115, 116, 129 131, 133, 156,
158, 159 and/or 160 or their functional equivalents.
| Where the antagonist is intended to block or .
reduce IgE binding in disease such as asthma or allergy
then the compound will preferably interact with the A/B,
C/C’ or E/F loops in the first domain and/or the F/G, C’/E
or B/C loops of the second domain or the G/A strand.

'- ' preferably the compounds will be capable of
binding to or blocking the function of the following
residues: 10-21, 42-48, 59-62, 131, 132, 155, 158 and/or
159, _ . _

In another embodiment the present invention
contemplates pharmaceutical composil::l.ons' containing as an
active ingredient the polypeptide with Fc binding ability
including the Fc¢ receptor-like molecules or the antagonist
compounds described above, depending on the condition to be
treated, together with a pharmaceutically appropriate |
carrier or diluent. For example, polypép{::l.de with Pc
binding ability or Fc receptor-like molecule with enhanced
immunoglobulin binding ability may be used to treat
diseases including by not limited to glomerulonephritis,
lupus, a:th::l.ﬁi.s', heparin induced thrombocytopoenia.
thrombosis syndrome (HITTS) or idiopathic thrombocytopoenia
pupuera (ITP) ,' asthma, allergy, ecszema, Ig nephropathies
and rheumatoid arthritis. PFc receptor-like molecule with
reduced binding ability may be used to treat disease where
it is desirable to remove 'only some or one particular kind
of immunoglobulin. Antagonist compounds'_ may be used in the
treatment of inappropriate or excessive immunoglobulin
levels or aggregates or immune cbnplexes are part of the
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symptoms of the disease such as asthma, allergy, rheumatoid
arthnig}s, etc. For the purpose of describing the
phatmacéutical compositions, all of the above molecules and
compounds will be referred to herein as "active molecules".
The use of the term “active molecules” therefore should be

- read as one or more of the above molecules depending on the
- condition to be treated..

The active molecules of the pharmaceutical
compositions are contemplated to exhibit therapeutic
activity when administered in an amount which depends on
the particular case. The variation depends, for example,

"on the animal and the active molecule. For example, from

about 0.05 ug to about 100 mg of Fc receptor-like molecule
or antagonist compound may be administered per kilogram of
body weight per day to alter Fc receptor-immunoglobulin
interaction. Dosages may be adjusted to provide the
optimum therapeutic response. For example, several divided
doses may be administered daily, weekly, monthly, or in
other suitable time intervals or the dose may be
proportionally reduced as indicated by the exigencies of
the situation. The active molecules may be administered in
a convenient manner such as by the oral, intravenous (where

- water soluble), intraperitoneal, intramuscular,

subcutaneous, topical, intranasal, intradermal or
suppository routes or implanting (e.g. using slow release

- molecules) . Depending on the route of administration, the

active molecules may be required to be coated in a material
to protect said molecules from the action of enzymes, acids
and other natural condition which may inactivate said
ingredients. .

- The active molecules may also be administered in
dispersions prepared in glycerol, liquid polyethylene
glycol, and/or mixtures thereof and in oils. Under
ordinary conditions of storage and use, these preparations
contain a preservative to prevent the growth of

" microorganisms.
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\ In another embodiment the present invention
relatges to a nucleic acid molecule encoding a polypeptide

witlr Fc binding ability wherein the structure of the
polypeptide is altered compared to a native Fc receptor by

 addition, deletion and/or substitution of the amino acids

encoded by the nucleic acid such that said alteration |
results in improved characteristics compared to said native
receptor. - |
_ The term “nucleic acid molecule® refers to
molecule made up of natural or sy_nthetic purines and
pyrimidines. The nucleic acid molecule may be DNA or RNA,
single or double stranded, linear or circular and may form
a part of a larger nucleic acid molecule. .

The term “polypeptide with Pc binding ebility"
the meaning given earlier. .

The terms “the polypeptide is eltered ccnpered to
a native Fc receptor" and “improved characteristics" have
the same meaning as given earlier.

Preferably th.e nucleic acid molecule is in

isolated form meaning it has undergone some purification

away from other nucleic acids and/or non-nucleic acid
molecules. The purity of the preperetion .may be
represented by at least 40% nucleic acid molecule encoding
a polypeptide with Fc binding ability, preferably at least
60% nucleic acid molecule, more preferably at least 75%
nucleic acid molecule, even more preferably at least 85%
nucleic acid molecule, even more preferably at leat 95%
nucleic acid molecule relative to nucleic acid molecules
not encoding a polypeptide with Fc binding ability as
determined by nucleic acid homology, sequence or any other
convenient means.

In a preferred embodinent the present invention
relates to a nucleic acid molecule encoding an Fc¢ receptor-
like molecule comprising an altered ability to bind Fc
wherein said ability is brought about by alteration of one
or more amino acid residues which affect iﬁmmoglohulin
binding ability.
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\ The phrase "Fc receptor-like molecule” has the
maaninqigiven earlier.

~

£ ~. The phrases "altered ability to bind

- immunoglobulin®, “"the alteration of one or more amino acid

residues which affect immunoglobulin binding ability" have
the same meanings as given earlier.

The nucleic acid molecule may encode an Fc¢
receptor-like molecule which functions as a receptor for
any type oflimmunoglohulin such as IgG, IgE, IgA, IgM, or
IgD. The Fc¢ receptor-like molecule encoded may be derived
from any species, such as human, mouse, rat, bovine, ovine,
caprine etc and may comprise a combination of different
sources. The term “derived from" means that the original
coding sequerice providing the basis for the nucleic acid
molecule prior to alteration comes from the species

_ Those skilled in the art will know which
techniques may be used to alter the amino acids encoded by
a nucleic acid in order to produce a nucleic acid molecule
in accordance with the invention. The nucleic acid
molecule may be made by site mutagenesis of DNA encoding
native Pc receptor, splice extension overlap pcn, de novo
synthesis, etc. - .
‘Preferably the nucleic acid molecule encodes a
mutant, derivative or variant of a native Fc receptor as

 described earlier.

Preferably the nucleic acid molecule encodes an

" F¢ receptor like peptide which has enhanced ability to bind

IgG or IgE. The phrase "enhanced ability" has the same
meaning as given earlier.

More preferably where the nucleic acid molecule
encodos an Fc receptor-like molecule with an enhanced
ability to bind IgG the molecule comprises codons resulting
in one or more altered amino acids in the A/B, C/C’ and/or
B/F loops of the first domain or B/C, C’/B and/or F/G loops
of the second domain and/or the G/A strand that connects
the two domains.
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. Still more preferably the codons result in
altenaQ‘amino acids at positions 158, 159, 160, 133 and/or
134¢ Most preferably the altered amino acids comprise
alanine, glycine, serine, asparagine or small synthetic
neutrally charged amino acids. Most preferably the codon
specifies the amino acid alanine.

Still more preferably the nucleic acid molecule
comprises a cDNA encoding Fc,RII with the codon for Asp*
and/or Pro*t specitjing alanine. Even more preferable the
nucleic acid molecule is Asp*’-Ala or Pro**-Ala as
described in the Examples. .

Alternatively more preferably-tha nucleic acia
molecule encodes an Fc¢ receptor-like molecule with an
enhanced ability to bind IgE. The molecule comprises
codons resulting in one or more altered amino acids in the
A/B, C/C’ and/or E/F loops of the first domain or the F/G,
C’/E and/or B/C 1oops of the second domain or the G/a
strand. _ _
‘8till more preferably the codons result in
altered amino acids at positions 130, 156, 160 and/or 161.

Still more preferably the nucleic acid molecule
comprises a cDNA encoding Fc.RI with the codon for Trp**°,
Trp**¢, Tyr'*® and/or Glu'®* gpecifying alanine. Even more
preferably the nucleic acid molecule is Trp?*°-Ala, Asp**’-
Ala, Tyr‘‘“°-ala or Glul‘’-Ala as described in the Examples.

Alternatively preferably the nucleic acid
molecule encodes an Fc receptor like peptide which has
reduced ability to bind IgG or IgE. The phrase "reduced
ability" has the same meaning as given earlier.

The amino acid alterations specified by the
codons will generally be amino acids with different
chemical characteristics such as that described earlier.

More preferably where the nucleic acid molecule
encodes an Fc receptor-like molecule with a reduced ability
to bind IgG the molecule comprises codons which result in

‘one or more altered amino acids in the A/B, C/C’ and/or E/F

loops in the first domain and/or the B/C, C’/E and/or F/G
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S Still more preferably the codons result in
alteted amino acids at positions 10-21, 42-48, 59-62, 113,
114, 115, 116, 129, 131 155 and/or 156.

' Bven more preferably the codons for the first

domain of Fc,RII are removed or replaced by those for a
receptor for another immunoglobulin.

Alternatively even more preferably the codons for
Lys'®®, Pro*™, Leu*®, val*®, Phe’*®, Arg/His?*’ and Ile!** |
and/or Gly'*® are replaced by the codon for alanine in the
Fc,RII. Still more preferably the nucleic acid molecule
comprises the constructs DleD2,, Lys''’-Ala, Pro'l‘-Ala,
Leu'’*-aAla, Val'*-aAla, Phe'*-Ala and/or Arg/His*'-Ala
described in the Examples. _

Alternatively more preferably where the nucleic
acid molecule encodes an Fc receptor-like molecule with a
reduced ability to bind IgE the molecule comprises codons

which result in one or more altered amino acids in the A/B,

C/C’ and/or E/F loops in the first domain or the F/G, C’/E

and/or B/C loops in the second domain or the G/A strand.
Still more preferably the codons result in

altered amino acids at positions 10-21, 42-48, 59-62, 129,

131, 132, 155, 158, 159. _

- Even more preferably the codons for the first

domains of Fc,RI are removed or replaced by those for a

receptor for another immunoglobulin.

'M.temt:l.vely even more preferably the codons for
Tyri?®, Tyrdl, Glu'*?, val’®®, Leu!® and/or Asp®®® is/are
replaced by the codon for alanine in Fc,RI. Still more
preferably the nucleic acid molecule of the invention )
comprises the constructs y109-116g, Y130-135g, Tyr*i-ala,
Glu**?-ala, v;i’"-a,l;, Leu**-Ala and Asp'*’-Ala as described
in the Examples. _

In another preferred embodiment the invention
relates to a nucleic acid molecule encoding a polypeptide
with Fc binding ability wherein the polypeptide is altered
compared to native Fc receptor such that the size of the
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polypeptide is larger than said native Fc receptor.
‘ﬁi Preferably the nucleic acid molecule encodes a
pol¥peptide that is soluble. ' '

Preforably the nucleic acid comprises a component
encoding naivo Fc receptor, the extracellular region
thereof or the Fc roooptor-liko molecule described earlier
and a component encoding an amino acid sequence that
results in the protein boing larger thnn about 67 kbD.
Preferably the protein encoded is in the range of 67 kD to
1000 kbD. '

Preferably the non-Fc binding component encoded
is a peptide well tolerated by an animal such as HSA, other
Fc receptors, Igs from any species, oytokinas and
complement reégulating molecules such as those discussed

,oar;ier. Even more preferably the nucleic acid has the same

sequence as HSA : FCYRII or is substantially similar
thereto. | | B |

In a further preferred embodiment the invention
relates to a nucleic acid molecule encoding a polypeptide
with Fc binding ability oonprising a oomponant capable of
detection.

The term “componont oapablo of detection® has the
same meaning as given earlier.

Preferably the nucleic acid molecule encodes the
polypeptide dosoribod in the first or second embodiments of
the invention and preferably the component capable of
detection is encoded by the appropriate nucleotide sequence
such as a nucleotide segquence encoding an immunoglobulin,
HRP, Alk-Phos or other detectable component.

' The invention also extends to the nucleic acid
molecules used as primers to produce the nucleic acid

" molecule of the invention. The p:inoro described in the

!:anplos are particularly preferred.
The invention further extends to a method of

- making the nucleic acid molecule of the 1nwontion'

comprising producing*a nucleic acid encoding a polypeptide
with Fc binding ability the structure of which is altered

(
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compared to a native Fc receptor by addition, deletion or
subst%tution of one or more amino acids such that said
altqrazion results in improved characteristics compared to
said native receptor. | _

| The term "producing a nucleic acid molecule”
encompasses direct mutagenesis of a native Fc receptor gene
by chemical means, SOE-PCR, de novo synthesis or addition
of a nucleic acid such that a fusion protein is encoded.
The different methods of effecting mutations will be well
known to those skilled in the art.

The invention also extends to vectors comprising
the nucleic acid molecules encoding the polypeptide with Fc
binding ability described above and host cells expressing
the nucleic acid molecules. Suitable vectors and host cells
will be well known to those skilled in the art. 1In a
preferred from the invention relates to the ¢DNA constructs

and host cells containing them described in'the'nxamples.

_ The invention also relates to a method of
producing the polypeptides of the invention by recombinant
means. The method comprises causing the nucleic acid
molecule of the invention to be expressed and isoclating or
purifying the polypeptide to at least some degree.
Generally the nucleic acid molecule will be present on a
suitable vector or integrated into a host genome. Suitable

- hosts, vectors and purification methods will be known to

those skilled in the art. However for the purposes of
illustration only, some discussion of hosts and vectors is
given below. - _ _

Suitable prokaryotic hosts include but not are
limited to Egcherichia, Streptomyces, Bacillus and the
like. Suitable eukaryotic host include but are not limited
to yeast, such as Pichia and Saccharomyces and animal cells
in culture such as VERO, HelLa, mouse C127, Chinese hamster
ovary (CHO), WI-38, BHK, COS, MDCK, NS1, J558 and insect
cell lines. Such recombinant techniques have now become
well known and are described in Methods of Enzymology,
(Academic Press) Volumes 65 and 69 (1979), 100 and 101
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(1983{. and the references cited therein. Aan extensive
teohniogl.discussion'ombodging most commonly used
reccdinbinant DNA methodologies can be found in Maniatis et
al., Molecular Cloning, Cold Spring Harbor Laboratory

- (1982) or Current Protocols in uolooular Biology, Greene

Publilhing (1988, 1991).

' once the nucleic acid encoding the polypeptide
has been produced, the DNA may be introduced into an
expression vector and that construction used to transform
an appropriate host cell. An exprosdiop vector is
characterised as having expression control sequences such
that when a DNA sequence of interest 1s_oporab1yllinkod
thereto, the vector is oqpablo of directing the production

" of the p:oduot enoodod by the DNA sequonce of inte:ost in a

host cell containing the vector.

After the recombinant product is produced it is
desirable to recover the product. If the product is
exported by the cell producing it, the product can be
recovered directly from the cell culture medium. If the
product is retained intracellularly, the cells must be
physically disrupted by mechanical, chemical or biological
means in order to obtain tho'intracellular'prodnot.

With a protein product, it is desirable that the
purification protocol provides a protein product that is
essentially free of other proteins, and eliminates or
reduces to acceptable levels other host cell contaminants,
such as DNA, RNA, potential pyrogens and the like. Thus it
may bo desirable to use a commercially available system
such as FLAG™ poptido system to allow easy purification.
Alternatively the inherent Ig binding property of the
polypeptide may be used to affinity purify it or anti-Fc
receptor antibodies may be used. |

As mentioned above, a variety of host cells may

‘be used for the production of the polypeptide of the

invention. The choice of a particular host cell is well
within the knowledge of the ordinary skilled person taking
into account, inter alia, the nature of the receptor, its
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rate of synthesis, its rate of decay end the
eheragteristiee of the recombinant vector directing the

_exp:eezion of the receptor. The choice of the host cell
_expression system dictates to a 1erge extent the nature of

the cell culture procedures to be employed. The selection
of a particular mode of production be it batch or
continuous, spinner or air 1lift, liquid or immobilised can
be made once the expression system has been selected.
Accordingly, fluidised bed bioreactors, hollow fibre
bioreactors, roller bottle cultures, or stirred tank

_bioreectors, with or without cell microcarrier may

variously be emplayed. The criteria for such selection are
appreciated in the cell culture art.

In another embodiment the invention relates to a
method of determining the presence of end/or amount of

immunoglobulin in a sample said method comprising

contacting said sample with the polypeptide of the present
invention, or an Fc receptor or a part thereof, for a time
and under conditions sufficient to allow the polypeptide or
Fc receptor or part thereo:'end any immunoglobulin present
in said sample to bind and detecting the presence of and/or
determining the amount of said bound polypeptide-

_immunoglobulin, Fc receptor-immunoglobulin or part Fc

receptor-immunoglobin. ,
The sample may be from any source where it is

desired to dete:mine the presence of immunoglobulin.

Samples from body fluids and secretions such as blood,
saliva, sweat, semen, vaginal secretions may be used.
Solid tissue samples such as biopsy specimens from kidneys,
etc, are also contemplated. |

The term “an Fc receptor" refers to any native or
non-native Fc receptor or a port;on thereof whether derived
£from natural sources or by recombinant means. Preferably
the Fc receptor is at least partly purified.

Detection of-the bound polypeptide or Fc receptor
can be determined by any convenient means. Preferably
presence oflimmnnoqiebelin is detected by a reporter
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molecyle. Alternatively the bound antihody-teceptor may be
detecleq by an enti-polypeptide labelled with a label,
repcdrter molecule anti-Ig or other detectable sign.el
Determination of the amount of immunoglobulin may be mede
by comparison to a standard curve obtained using known
quantities of Ig under identicel conditions.

The polypeptide of the p:eeent invention or Fc
receptor may be soluble or bound to a solid support such as
nitrocellulose, paper, mtticee or resins which wi11 be
known to those skilled in the art. )

Another embodiment of the invention relates to a’
kit for detecting imnoglobulin including immune complexes
in a sample, seid kit comprising in compertnentelieed form
a first compertment edepted to receive the polypeptide of

‘the invention or an Fc receptor end at 1eest one other

compartment adapted to contain a detector means.

The phrese rdetector means" refers to means for _
detecting immunoglobulin bound to Fo receptor-like molecule
and includes the appropriate subetretes; ‘buffers, etc
required for detection of the bound imnoglobulin-
receptor.

In this connection the 'po'.l.ir’peptide of the
invention in the form of an Fc receptor-like molecule with
enhanced ability to bind immunoglobulin of the present
invention provides a useful laboratory reagent. This is
particularly so with an Fo :eceptor-like molecule specific
for IgG because the Fc receptox-like molecule is cepeble of
eelectively binding i:muneglobulin complex. Thus the Fc
receptor-like molecule including one with enhenced Ig
binding ability may be used in im:neprecipitetion as a
replacement for protein A, for exenple, which does not
exhibit a selective binding ebility.

In a releted embodiment the present invention
:provides a method of detecting immune complex in a semple N
comprising contecting said semple with the polypeptide of
the invention or an Fc receptor specific for IgG for a time
and under conditions sufficient for any complex present in
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the sample and the polypeptide or Fc receptor to form a
furthér complex and detecting said further complex.

. *\_ The above method utilises the ability of the
polybeptide of the invention and the Fc receptor for :l:gG to
bind complexes as they do not recognise monomeric IgG.

'rurther the use of the Fc receptor-like molecule with

enhanced ectivity provides a more sensitive agssay as it
will detect lower levels of complex in the sample and also
be selective for the same.

'l‘he above method my be a useful tool in
diagnosis of diseases where immune complexes are implicated
such as, for example, glomerulonephrit.ts, lupus, arthritis,
heparin induced thrombocytopoen:l.e thrombosis syndrome
(HITTS), Gullien-Baré syndrome or idiopathic
thrombocytopoenie pupuera (ITP). :

In a further embodiment relates to a method of
removing imnoglohulin from a sample compr:lsing contacting

. said sample with the polypeptide of the invention or an Fc

receptor for a time and under conditions suitable for any
imnoglohulin in the sample to form a complex with said
polypeptide or Fc receptor and separeting said complex from

the remainder of the sample.

The senple used in the method may be any sample
such as that described above or may be a sample
continuously taken from a patient such as blood or plasma

‘which is withdrawn, treated by the method and then returned

to the pat:l.ent as part of a closed system.

'~ Preferably the polypept:l.de or Fc receptor used is
specific for IgG and/or IgA. It has been noticed by the
present inventors that FcYRII described herein is able to
bind IgA. Thus, use of FCYRII would be perticularly
advantageous in the treetnent of diseases involving immune

- complexes of. IgG and/or IgA such as IgA nephropathies.

Preferably the method :I.s directed at renoving immune _
complex existing in the sample and the polypeptide used is
capable of binding immune complexes containing IgG or Iga.
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\ Seperetion of the complex mey be achieved by any
conveul.q\nt meens such as by standard heemoperfusion or
plasﬁephoresis technologiee but utilising a device
containing the polypeptide of the p:esent invention or a Fc
receptor or a portion thereof bound to a solid support.
Such a solid support includes silica, eepho:._'oee""‘, agarose,
cellulose membranes, etc. Such a device would preferably
comprise a container enclosing the polypeptide or receptor
or part thereof attached to a support, an inlet through
which the sample can flow in and an outlet through which
the sample can be 'retu:r'.'ne:d to the patient.

In yet another embodiment the present invention
relates to a method of removing imnoglohulin from a body
£luid comprising teking body fluid :Erom a patient,
contacting the body fluid with the polypeptide of the
invention or an Fc receptor, for a time and under
conditions sufficient to allow the polypeptide to bind said
imnoglobulin, removing said bound imnoglobulin from the
body fluid and replecing said body £1luid in the patient.

P_refe:ebly the method involves :emovel of immune
complex. This may be used in the treatment of diseases
where it is desirable to remove immune complex such as in
lupus, IPT, HITTS, rheumatoid arthritis or after infection
in a glomerulonephritis petient.

More p:eferebly the method is used in .
plesmephoresis in the treetment of imne complex diseeses.
Even more preferably the method utilises an Fc receptor-
like molecule with enheneed ebility to bind IgG.

Preferably the rc reeepto:-like molecule is bound
to a eolid'suppo:t such as a membrene when used in
plasmaphoresis. Any suitable support could be used such as
silica, agarose, seph_eros':e“- or cellulose deriiet’ives and
will be known to those skilled in the art.

In another embodiment the p:eeent invention
reletes to a method of treetment of dieeeee where the
disease involves immune complexes or antigen-antibody
interactions, said method comprising edministering an
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effective amount of the polypeptide of the invention, an Fc

_ receptor or an ‘antagonist compound o:E the invention to a

subject.- _ .

'~ The subject may be a human or an:l.ma.l, preferably
a mammal. o . -
Preferably the polypeptide with an increased

serum half life is used in the method of the invention.

More preferably this polypept_ide comprises the Fc receptor-
like molecule with enhanced immunoglobulin bindin§ ability
is used in the method. In some diseases however an Fc
:eceptor-l:l.l:e molecule with reduced :I.mnoglobulin, or
differential imnoglobul:l.n binding abil:l.ty may be
indicated such as where it is desirable bind one form of
immunoglobulin and not another. For example, an Fc
receptor-like mo:l.ecule with altered IgG bind:l.ng ehil:l.ty
such that it hinds complexes and not monomers may be
useful. _ _ _

Preferably the polypeptides used in the method
are soluble. More preferably they are administered in a
pharmaceutical composition. The polypeptide of the
:I.nvent:lon opt:l.onally compr:l.s:l.ng the Fc receptor-like

B molecules with enhanced IgG binding ability may be used in

the treatment of diseases where an excess of

~ immunoglobulin is implicated as a causative agent of the

inflammation or disease such as immune complex diseases, _
glomerulonephritis, lupus, rheumatoid arthritis, diseases
involving inappropriate production of IgG after infection,
heparin induced thrombocytopoen:l.a thrombosis syndrone
(HITTS) hypereeute graft rejection and idiopathic
thrombocytopoenia pupuera (ITP).

In addition, the polypeptides of the present
invention, Fc receptor-like mplecules with enhanced IgG
binding ability may be used :I.n the' treatment of any disease
involving IgE, where Ig! is one of the ceusati.ve agents of

_ disea.se. Such diseases include asthma, ‘allergy and eczema.

Such a method compr:l.ses administering an

- effective amount of the polypeptide of the invention, or an
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Fc regeptor, to a patient.

L Y It is envi"seoed that the polypeptide of the
invention, particularly a soluble one comprising IgE
specific Pc receptor-lilr.e molecule with enhanced activity
according to the invention will be perticulerly useful as a
competitive iphibitor of IgE binding when edninistered to a

_ subject. The polypeptide will :Eunction in two ways.

First, it will ebeorb unhound IgR and second it will
displace elreedy hound IgE or prevent rebinding of IgE by
virtue of its strong affinity tor Igz In this way the
action of ng in an esthna etteck or allergic reaction such
as in food ellegy or hee sting my be reduced or
ellevieted

siniler coments epply to a soluble IgG specific
polypeptide of the invention. It is envieeg'ed that

. particularly a soluble IgG speci:!ic rc receptor-:l.il:e

molecule with enhanced activity according to the invention
will be useful as a competi_tive inhibitor of IgG binding
when administered to patients. First it will absorb to
imne complexes eggregetes or Ige which will prevent
binding to cell surtece !‘,.,R, e.g. ,.,RI, F.RII, F,RIII

‘which will prevent or reduce activation of inflammation.

In this way imne compler induced inflammation,
e.g. in rheumtoid erthritis, Good pestures syndrome,
hyperecute grett re:jection or :I.upus wi:l.l be reduced or
enevieted.

The invention will now be described with
reference to the following non-limiting Examples.

Example 1
Materials and Methods
Chimeric !'c.,RII/!'c RI and mutant Fc,RII receptor

cmus and erpression constructs.

Chimeric rc.,RII/!'c,nIa chain or mutant rc.,.RII
cDNAs were constructed by Splice Overlap Extension (SOE)
PCR (27) using' the Fc,RIIa™ cDNA (7) as ‘template. SOE PCR
was performed as follows: Two PCR reactions were used to
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ampl:l.fy the Fc RII-Fc.RI or Fc,RII fragments to be spliced
togetlier. The reactions were performed on 100ng of the
rc.,nIIaﬁh CDNA in the presence of 500ng of each
oligonucleotide primer, 1.25nM ANTPs, 50nM KCl, 10mM Tris-

Cl pH 8.3 and 1.5nM MgCl, using 2.5 units of Taq polymerase

(Amplitaq, Cetus) for 25 amplification cycles. A third PCR
reaction was performed to splice the two fragments and
amplify the spliced product. 100ng of each fragment
(purified by size fractionation through an agarose gel)
(28) was used with the appropriate oligonucleotide primers
under the above PCR conditions.

| . The chimeric Fc,RII/Fc,RI a chain receptors were
generated as follows. Chimera g, €109-116: oligonﬁcleotide
pairs (NR1 + CHM10) and (CHMO0S + EG5) were used to produce
two fragments which were spliced together using
oligonucleotides NR1 and EG5. Chimera g, e130-135:
oligonucleotide pairs (MRl + PM12) and (PM11 + EGS)
followed NR1 and EG5. The sequence of the olig'ontj.éleotide
used and their positions of hybridisation with the
Fo,RITaNR cDNA are:

NR1, 5’ - mcmmccmmm_ccmnmmcrc-s ', (mucleotide
position 10-30); :

EG5, 5' me'rcaaccacamcmnce-a' (967-981) ;

CHMOY9, 5’ - CACATCCCAGTTCCTCCAACCGTGGCACCTCAGCATG-3’, (419-
437 with nucleotides 442-462 of Fc,RI a chain);

CHM10, 5’ - AGGAACTGGGATGTGTACAAGGTCACATTCTTCCAG-3’,
(462-487 with 446-462 of FCRI a chain),

PM11, 5’ - GTGGTTCTCATACCAGAATTTCTGGGGATTTTCC-3’, (473-490
with 492-506 of Fc.RI a cha:l.n);

PM12, 5/ - cmmmmccacaccmmccmcccac-a“ (516-531
with 491-506 of FcRI a chain) .

83quences derived £rom Fc.RI a chain are
underlined, Fc.RII not underlined; non-homologous sequences

~including restriction enzyme sites used in cloning of the

PCR products are :I.n_-hold type. Nucleotide positions refer
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to the previcusly published Fc.,RIIa and FcRI a ohein cDNA
sequetses (7, 13).

. The Fc,RII Alenine point mutant cDNAs were
generated using the following oligonnoleotide combinations.
Pro‘*‘-ala, (GBCO1 + EG5) and (GBCO2 + NR1); Lys'’-Ala:
and (GBCO4 + NR1); Leu'*-Ala, (BGCO5 + EGS)
and (GBCO6 + un1); val*“-31a, (osco7 + 305) and GBCO8 +
NR1) ; Phe"’-hle, (GCcEOL + EG5) and (GCEO2 + NR1); Ser®* -
Ale. (GCEO3 - EGS) and GC804 o+ NRl); MQ‘/His”‘-Ale (GCEO5 +
EG5) and GCEO6 + NR1); Leu'*’-ala, (GCEO7 + EG5) and GCEO8 +
NR1); Asp’*’-Ala, (Gcnos + EG5) and (GCE10 + NR1); Pro**-
Ala, (GCEll + EG5) and (cc=1z + NR1). Oligonucleotide NR1
and EG5 were used to splioe together the two component

- fragments of eeeh mtent to produce the poini: substituted

cDNAs. The sequence of the oliqonucleot:ides used and their
positions of hybridisei:ion wil:h the Fc,RIIaNR CDNA are: NR1
and EG5 as described ebove;

GBCOl, 5’'-GAAGGACAAGGCTCTGGTCAAG-3’,
443-464);

(nucle'ot:ide position

GBCO2,
GBCO3,
GBCO4,
GBCOS,
GBCO6,

5’ -CTTGACCAGAGCCTTGTCCTTC-3’,

5 -CTGGAAGGACGCTCCTCTGATC-3*,
5 -GACCAGAGGAGCGTCCTTCCAG-3",
5/ -GGACAAGCCTGCTGTCAAGGTC-3 ',
5 -GACCTTGACAGCAGGCTTGTCC-3 ",

(443-464);

(440-461);
(440-461);
(446-467);
(446-467);

(447-469) ;
(447-469) ;

@BCO7, 5’ GLCAAGCCTCTGGCTALGG’!CLC-S' ;
GBCO8, 5’ -GTGACCTTAGCCLGAGGCTTG’I‘C -3/,

GCEO1,
GCEO2,
GCEO3,
GCEO4,
GCEOS5,
GCEOG,
GCRO7,
GCEO8,
GCEO9,
GCE10,

57 -CCCAGAMGC'!TCCCG’H.‘TGG -3/,
5/ -CCAAACGGGAAGCTTTCTGGG-3",

5'ecasnnnmwcocwcc@mwoeamc-3'.
5/ ~GATCCAAACGAGCGAATTTCTG-3 ",
57 -GAAATTCTCCGCTTTGGATCCC-3 ",
57 -GGGATCCAAAGCGGAGAATTTC-3 ',
5’ -ATTCTCCCGTGCTGATCCCACC-37,
5’ -GGTGGGATCAGCACGGGAGAAT-3 "/,
5 7 -CTCCCGTTTGGCTCCCACCTTC-3 7,
5/ -GAAGGTGGGAGCCAAACGGGAG-3 ',

(490-611);

(490-611);

(492-614);

 (492-614);
(494-616);

(494-616);

(497-619) ;
(497-619);

(500-622) ;
(500-622) ;

(
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GCEll, 5’ -CCG‘I‘TTGGA_TGCTACC‘I‘TC‘J,‘CC-_B.' . (503-625);

'ccz1zz'5'QGcnssAeewaecamccaaacee-3', (503-625) .

N
'1_‘he Ala c_oden or its complement are shown in bold type.

Chimeric and mutant receptor CDNA expression
constructs were produced by subcloning the cDNAs into the
eul_:_aryoti.c expression vector pPKC3 (29). - Bach cDNA was

~engineered in the PCR reactions to have an EcoRI site at
their 5’ end (the 5’=-flanking ol:l.g‘cnucleot:lde pr:lmer NR1

contein:l.ng an EcoRI recognition site), and a Sall site at
their 3’ end (the 3’-flanking oligonucleotide primer EGS,
containing a Sall recognition site), which enabled the
CDNAs to be cloned into the EcoRI and SalI sites of pKC3.
The nucleotide sequence integrities of the chimeric cDNas
were determined by dideoxynucleotide chain-termination
sequencing (30) using SequenaseTM (United States
Biochemical Corp., Cleveland, OH) as described (31).
Trangfections-C0S-7 cells (30-50% confluent per
Scm’ Petri-dish) were transiently transfected with FCR cDNA
expression constructs by the DEAE-dextran method (32).
Cells were incubated with a transfection mixture (iml/Scm2
dish) consisting of 5-10mg/ml DNA, 0.4mg/ml DEAE-dextran
(Pharmacia, Uppsala, Sweden) and 1mM chloroquine (Sigma, St
Louis, Mo) in Dulbecco’s Modified Eagles Medium (DME) (Flow
Laboratories, Australia) cbnte:l.ni_ng 10% (v:v) Nuserum (Flow
Laboratories, Australia), for 4hr. The transfection
n:l.rture wag then removed, cells treated with 10% (v:v)
dinethysulphoxide in Phoephete buffered saline (PBS, 7.6mM
Na,HPO,/3. 25mM NaH.PO,/145mN NaCl) pH7.4 for 2 min, washed
and returned to fully eupplemented culture med:l.um for 48-72
hr before use in asgays. COS-7 cells were maintained in
DME supplemented with 10% (v:v) heat inactivated foetal

calf serum, 1000/ml penicillin, 100mg/ml streptomycin, 2mM

glutamine (Commonwealth Serum 'I.abor_atorles. Australia) and
0.05mM-2-mercaptoethanol (2mE) (Kock Light Ltd., UK).
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. Monoclonal antibodies and Ig re_egehts - The anti-
Fc,RIX«mAb 8.2 was produced in this laboratory (19). The

" mousé IGE anti-TNP mAb (TIB142) was produced from a
hybridoma cell line obtained from the American Type Culture

Collection (Rockville, Ma); the mouse IgGl anti-TNP mAb
(A3) was p:oduced from a hybridone ce11 1ine which was a
gift of Dr A I.opez (33). 'Human IgGl mye'.l.oma protein was
purified from the sem of a mye:loma patient as described

" (34). Human :l:gG:I. o:l.igomers were prepered by chemical

c:osslinking using s-acetylmercaptosuccinie enhydride
(SAMSA) (Signa. st I.ouis, Mo) and N—Succinimidly 3-(2-
pyridyldithio) propionete (SPDP) (Pierce Chemical Company,
Rockford, IL) as follows: hIgGl welom protein (Smg at
10mg/ml) in phosphate ‘buffer (0 01M sod_,ium phosphate pH
7.5/0.15M NaCl) was treated with a 5-fold molar excess of
SPDP in dioxine, for 30 min. zzcese reagents were removed
by dialysis into PBS pH 7.0 / 2uM EDTA. The SAMSA modified

~ hIgGl was treated with 200m1 hydroxylmine (1lmM in PBS pH

7.0) for 30 min, then m:l.xed with SPDP mditied hIgGl (1:1
molar ratio) and incubated for a further hr. The reaction
was terminated with N-ethylmalemide (Sigma, St Louis, Mo) .
added to a final concentration of 6.6mM (35). All
reactions were performed at room t’enipereture. Dimeric
hiIgGl was purified £from monomeric and oligomeric hIgGl by
size fractionation chromatography on Sephacryl 8-300 HR
(Pharmacia LXB Biotechnology) .

Erythrocyte-hntihody rosetting - CO8-7 cell
monolayers transfected with FcR expression constructs were
incubated with EA complexes, prepared by coating sheep-red
blood' cells (SRBC) with 'trinit:ob'enzene' sulphonate (TNBS)
(Fluka Chenika, Switzerland) and then eensitising' these

cells with mouse IgGl or IgE anti-ms mAb (36). Two ml of

2% EAs (v:v) were added per 5cm’ dish of transfected cells
and incubated for 5 minutes at 37°C. Plates were then
centrifuged at 500g for 3 min and placed on ice for 30 min.
Unbound EA were removed by washing with L-15 medium
modified with glutamine (Flow Laboratories, Australia) and
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_ conta:l{ning 0.5% Bovine serum albumin (BSA).

"¢« Direct binding of dimeric-hIgGl or dimeric-mIgGl
- CQS-7 cells transfected with FcR express:lon constructs
were harvested, washed in PBS/0.5% BSA and resuspended at
107/ml in L-15 medium/0.5% BSA. 50m1 .0f cells were
incubated with 50ml serial dilutions of 3*I-dimeric-hIgGl
for 120 :hin at 4°C. ¥1-dimeric-Ig was prepared by the

'chloramine-'l.' method as described (37) and shown to compete
equally with unlabelled dimeric-Ig in binding to Fc

receptor expressing COS-7 cells. Cell bound 1251_dimeric-
IgGl was determined following centrifugation of cells
through a 3:2 (v:v) mixture of dibutylphthalate and

- dioctylphthalate oils (Fluka Chemika, Switzerland) and cell

bound ***I-dimer determined. Non-specific dimer b:l.nd:l.ng was
determined by assaying on mock transfected cells and

- subtracted from total binding to give specific dimeric-:l:g@l

bound. Levels of cell surface Fc,RII expression were
determined using the anti-Fc,RII mAb 8.2, shown to bind
distantly to the binding site (19), and used to correct for
variable cell surface recepto: ezp:ess:l.on between the
mutant Fc,RII COS-7 cell transfectants. The binding of 8.2
was determined in a direct binding assay as described for
the human IgGl-dimer binding assays.

RESULTS _ .
Chimeric receptors identify multiple regions of Fc RII
involved in IgG binding. |

In order to det:erm:l.ne the roles of domain 1 and

the B-C or C’'-E 1oop regions of domain 2 in the binding of

IgG by human Fo,RII, chimeric receptors were generated
whereby each of these regions in Fc,RIT were replaced with
the equivalent regions of the human Fc.RI a chain.
Chimeric receptor cDNAs were constructed by SOE PCR,
subcloned into the eukaryotic éxpi:ession vector PRC3 and
transiently transfected into COS-7 cells. The IgG binding
capac_:l_.ties of the chimeric receptors were determined by
both EA rosetting and the direct binding of dimeric higeGl.
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The snbstitution of !‘c.,RII domain 1 with that of the Fc,RI
a chnin\produced a receptor (designated D1.D2,) which as
exp‘cted retained the capacity to bind the highly
sensitised IgG-n complexes (!'ig. la), however in contrast
to the wild-type receptor aia not bina dimeric-hIgGl (Fig.

" 2). Similarly, the replacement of the region of the Fc,RI

0. chain comprising residues Ser'®-vall* (B-C loop) or
Ser'**-Thr®** (C’-E loop) of l"c.,nII domain 2 with the
equivalent regions of the Fc.RI a chain (producing chimeras
Y109~ -116¢ and 7130 -135¢ respectively), also resulted in the
loss of hIgGl-dimer binding (Fig. 2), yet these receptors -
retained the ability to bind :l:gG-BA complexes (Fig. 1b,c).
COsS~-7 cells transfected with an expressible form of the
!'c .RI o chain (17) did not ‘bind either hIgGl dimers of IgG-
EA (Fig. 14, Fig. 2). Thus the ability of chimeric Fc,[RII
containing domain 1 or B-C, C’-E domain 2 substitutions to
bind the highly substituted EA complexes but not dimeric-
hIgGl, suggests that these receptors bind IgG with a lower
affinity than wild-type !'c.,RII. These findings demonstrate

‘that although the domain 1 and domain 2 B-C, C’-E regions

do not seem to dir_ectly bind IgG, they do appea.r to make a
contribution to the binding of IgGé by Fc,RII.

Fine structure nnnlysis of the B-C and C’'-E loops of Fc RII
domain 2.

The contribution of the B-C and C’-E loop regions
of Fc,RII to the binding of IgG was. determined using a
peﬁnt nutagsnesis strategy where individual residues in
both the B-C (residues Lys**-val®*‘) and C’-E (residues
Phe'*-Pro*) loops were replaced with alanine. cDNAs
encoding the mutant receptors were also generated using SOE
PCR and subcloned into the eukarvotic expression vector
PRC3. The resultant expression constructs were transiently
transfected into cos-7 cells and the Ig binding capacity of
the mutant receptors determined by assessing the binding of
dimeric hIgGl. The levels of cell membrane expression of
the mutants on the COS-7 cell transfectants were determined
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using the anti-Fc,RII mAb 8.2 (shown to detect an epitope
distant: to the binding site) and were comparable to the of
the ,wil\-type receptor (see legend Fig. 3). The relative
capacity of the mtant: receptors to bind hIgGl were
determined using the direct b:i.nd:lng agsay :Eollawing
correction for variation in cell surface expression levels,
and expressed as percentage of wild-type Fc,RII binding.

'~ The replacement of the B-C loop residues (Lys®,
val’¥, Leu'’®, Pro''f) in tura with Ala, in each case
resulted in diminished hIgGl-dimer binding (Fig. 3). The
most dramatic effect was seen on substitution of Lys'"’ and

. Leu!®, which exhibited only 15.9 + 3.4 (mean + SD) and 20.6

+ 4.0 percent binding compared to wild-type Fc,RII. The
replacement of Vall* or Pro'!* with Ala had a lesser effect,
these receptors displaying 53.5 + 13.5 and 73.5 + 7.9
percent wild-type binding :espect:l.ve_ly. These results
suggest that each of these residues in the B-C loop
contribute to the binding of IgG by Fc,RII, whether as
direct contact residues or indirectly by maintaining the
correct conformation of the binding site. Alanine
replacement of residues 129 to 134 of the C’-E loop (Phe'?,

~ Sexr™, arg/His'®, Leu?, asp!*’, Pro!’) also suggests this

region plays a role in the binding of IgG by Fc,RII.
Substitution of Phe'®® and Arg/His'’! decreased hIgGl-dimer

. binding by over 90% and 80% respectively to 8.2+ 4.4 and

21.9 + 3.9 compared to that of wild-type Fc,RII (Fig. 3).
In contrast, replacement of residues Asp?** and Pro'*
increased binding to 113.5 + 8.8 and 133.5 + 0.2 percent of
the wild-type receptor. The substitution of Ser'* or Leu*
had no significant effect on the binding of hIgGl, as these
mutants exhibited comparable binding to wild-type Fc,RII
(Fig. 3). These findings suggest Phe'” and Arg/His® may
play an :I.mportant role in the bind:l.ng of hIgGl, and the
obgservation that the substitution of Mp‘” and Pro**
increase binding also suggest an important role for these

- residues, which appears different from Phe'’’ and Arg/His'*.

Again, a distinction between a possible direct binding role
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‘oxr cor\trihrution to structural integrity ‘of the receptor

cennouke made; however these findings clearly identify
bothfthe B-C and C'-_! loops as pley_ing a role in the
binding of IgG by Fc,RII. The positions of the residues .
proposed to have binding roles on the putative domain 2
model suggests that it is the region of the B-C-C’-E-F-G
face forming the interface with domain 1 that is iavolved
in the contact of Fc.RII with IgG (Fig. 4).

DISCUSSION

The findings presented herein provide evidence to
suggest that the interaction of IgG with hFc,RII involves
mu.ltip:l.e regions of the receptor. Of the entire
extracellular region, only the 154-161 segment was
demonstrated to directly bind IgG, since insertion of only
this region into the corresponding region of the human
Fc.RI a chain, imparted IgG binding function to Fc,RI.
Moreover, replacement of this region in Fc,RIT with that of
Fc,k:l:e resulted in loss of IgG binding, implying tha.t
residues Asn'* to Ser'‘ of Fc,RII comprises the key IgGl
interactive site of hFc,RII. However, the generation of
further chimeric hrc.,RII/rc,RIa receptors as described in
this application has suggested that two additional regioms
of hFc RII domain 2, although not directly capable of
binding 1gG, also influence the binding of IgG by hFc,RII.
The replacement of the regions encompassing Ser!®® to val''®
(B-C loop) and Phe'®” to Pro'** (C’-E loop) of hFcRII with
the equivalent regions of the ro,RI a cha.in. produced
receptors which despite containing the putative binding
site (Asn“‘ to Ser'*!) and retaining the ability to bind
IgG-EA, lost the capacity to bind dimeric hIgGl. Indeed,
site-directed mt‘ageh'esis performed on each individual
residue of the 109-116 and 129-134 regions identified a

‘number of residues which eppear to play crucial roles in

hIgG1l binding by Fc,RII. The replaceme_nt of Lys**, Pro'%,
Leu’® and Vall® of the B-C loop, and Phe*® and Arg/His? of
the C’-E loop with alanine, all resulted in diminished
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hIgGl binding. Therefore, these findings provide strong
evide:ice to suggest that the B-C and C’-E loops of hFc,RII
also, codtribute to the binding of IgG.

The findings described herein suggest the nature
of the residue at 131 piays a role in .the binding of hIgGl,
as replacement with alanine results in a marked reduction
in binding of this isotype to hFc,RII. Thus, although the
F-G loop of' hFc,RII is clearly the major region involved in
the direct interaction with IgG, as demonstrated in that
only this reg:l.on has been definitively shown to directly
bind 1gé (20), residue 131 also appears to play a binding
role. N :
The moiecular model of the entire 1",.,1!_‘.!:]: shows

that the regions involved in Ig binding are located on the

gsame face of domain 2 and at the interface between domains
1 and 2. Furthermore, this also indicates that the A/B and
E/F loops of domain 1 as well as the strand connecting

domains 1 and 2 (G/A strand) are located in the same region

] (interdomain interface) and. contribute to the binding area

of the domain. This area foms a hydrophobic pocket and
development of receptor antagonists would be targeted at
this region.

!'urthemre since !' «RII and F,RI as well as
ol:her F.R are homologous then their overall structure and
general principles of the location of the binding sites

would be similar to that disclosed in this application.

The studies described herein demonstrate that
domain 1 of hFc,RII, although does not appear to play a
direct role in IgG binding, does play an important role in
the affinity of IgG binding by hF¢,RII. This is suggested
as replacement of domain 1 of l;i'c.,RII with domain 1 of
hFc.eRI, reduced the capacity to bind IgG, as shown by the
failure of this receptor to bind dimeric hIgGl. These data
imply that the IgG binding role of domain 1 is likely to be
an influence on receptor conformation, stabilizing the
structure of domain 2 to enable efficient IgG binding by
hFc, RII. This proposal is consistent with the localisation
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of thq IgG binding site of hFC,RII to loop regions in
giomain'ge at the :i.nj:erfaée w:lf.tlh domain 1. 'rhe binding site
is therefore in close proximity to domain 1 and as such
predicted to be influenced in conformation, presumably by
the loop and strand region at the bottom of domain 1 i.e. G
strand, and the A-B, E-F and C’-C loops. '
.Further support for the involvement of the B-C
and C’-E loops of hFc,RII domain 2 in the binding of IgG
has been pro#ided in the cloning and subsequent Ig binding

~ studies of rat FC,RIII (38), which is structurally and

functionally homologous to Fc,RII. Two rat Fc,RIII
isoforms, IIIA and IIIH, which have extensive amino acid
differences in their second extracellular domains, have
been shown té bind rat and mouse IgG subclasses
differently. Both isoforms bind rtIgGl rtIgG2b and mIgGl,
however differ in that only the :I::t;t!'i form binds rtIgG2b and

 mIgG2b. Significantly, the amino acid differences between

rat Fc,RIIIA and IIIH isoforms are situated predominantly
in the predicted B-C and C’-E loops of domain 2 (Fig. 5).
However, it should be noted that the F-G loop regions of

- rat Fc,RIIIA and IIIH are almost totally cdniérved, which

together with the observation that both forms bind rtigGl
rtIgG2a and mIgG@l, is consistent with the proposal that the
F-G 1bop region is the major IgG interactive region, and
that the B-C and C'-E loop regions provide supporting

binding roles.

It is interesting to note that a number of
pa:a:l.léls are also apparent in the molecular basis of the
interaction of hFc,RII with IgG and that of hFc,RI with
IgE. The Ig binding roles of the two extracellular domains
of hFC,RI are similar to hFc,RII, with domain 2 responsible
for the direct binding of IgE and domain 1 playing a
supporting structural role (17,26). Furthermore, as
described for hFcRII, we have also identified multiple IgE
binding regions in domain 2 of hFc,RI. Using chimeric
bFc,RII/Fc,RI receptors we have demonstrated that domain 2

of hFc,RI contains at least 3 regions each capable of
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directly binding IgE, as the introduction of the Fc.RI
regio%g encompassed by residues Trp* to Iays""} Tyri?® to
Asp'? add Lys'™ to Gln'" into the corresponding regions of
hFc,RII was found to impart IgE binding to hFc,RII (17,

20). These data suggest at least 4 regions of hFc.RI
domain 2 contribute to the binding of IgE, Sexr*®’ to Phe'%,
Axrg'* to Glu'**, Tyr'*’ to Asp*”* and Lys'* to Ile'’. Three of
these regions correspond to the 3 regions identified herein
as important in the binding of IgG by Fc,RII, Arg'* to
Glul*®*, Tyr'?* to Asp®’® and Lys'* to Ile!*’, which encompass
the B-C, C’-E and F-G loops respectively. Thus, as
described herein for hFc,RII, these findings implicate the
B-C, C’-E and P-G loops juxtaposed in domain 2 at the
domain 1 interface, as the crucilal IgE interactive region
of hFc.RI.

EXAMPLE 2 Characterisation of Domain 2 of FcYRII
MATERIALS AND METHODS | |

| Mutants were constructed and constructs used to
transfect COS cells as in Example 1.

RESULTS AND DISCUSSION :
Additional mutants of domain 2 of FcYRII were
made. Three point mutations where a single amino acid
residue was changed to alanine were constructed. The mutant
cDNAS were used to transfect COS cells and tested for the

"ability of the proteins encoded by the mutants to bind

human IgGl dimers. Mutations at Asn'?’ and Gly*?* has no
effect on binding whereas mutation at Lys'*® was found to
decrease binding (data not shown). The amino acid residues
tested are found in the space between the C’ and the C
loops. The results indicate that the 123 and 124 positions
do not conti::l.bute to bind:lng site and that the 125 posgition
is involved in binding. '
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COnst{:uction of C’ - C hFcYRII Ala point mutant CDMAs

4

Y _
- Asn®#3-.aAla, CC-01 + EG5 and CC-02 + NR1

Gly'3¢-ala, CcC-03 + EG5 and CC-04 + NR1
Lys'?°-Ala, CC-05 + EG5 and CC-06 + NR1

Oligonucleotide sequences and their positions of
hybridization with the FeYRII a™ cDNA are as follows:

CC-01, 5’-CATTCTTCCAGGCAGGAAAATCCCAG-3’, (nucleotide

position 467-498);

€C-02 5'-CTGGGATTTTCCTGCCTGGAAGAATG-3’, (467-494)
CC-03 5’ -CTTCCAGAATGCAAAATCCCAGAAATTC-3’, (473-500);
CC-04 5'-GAATTTCTGGGATTTIGCATTCTGGAAG-3’, (473-500);
CC-05 5’ -CCAGAATGGAGCATCCCAGAAATTC-3’, (476-500);
CC-06 S’ -GAATTTCTGGGATGCTCCATTCTGG-3', (476-500).

EXAMPLE 3 Comparison of the binding of human IgGl and
IgG2 to 'the'A_lanine mutants of FcYRIIX

. The binding of human IgG2 was also assessed and .
some similarities and differences in the nature of
mutations that affect binding of IgGl or IgG2 were observed
(Fig.7). | - ‘ | |

Mutations of Lys'’, Pro'™, Leul®, Phe'®, His!%,
I%%, @*°° decrease IgGl and IgG2 binding. |

Mutation of Valll* decreases IgGl binding omly.

Mutation of Sexr®®®, Leu'?, Aspi®®, Pro'®, myrl¥’
reduces IgG2 binding omly. '~

Mutation of Thr'*® and Leu'*® also enhances IgGl
and IgG2 binding. -

EXAMPLE 4 The IgE Binding Site of Fc.RI

Similar experiments to those described for the
IgG receptor re,l;:l::l: were performed on the IgE receptor,
Fc RI. '

Three regions of the IgE receptor were the ta:gét
of mutagenesis experiments. These regions defined by
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res:.dues 112 to 116, 129 to 134 and 154 to 161 are located
in t:he second domain of Fc,RI. The experiments where
perfom\d wherein individual amino acid residues were
mutated to alanine and the effect on IgE binding meagured.
Mutation of the Fc,RI was performed by splice overlap
extension on described for the Fc,RII using the
oligonucleotides shown in PFig. 5. _

Mutation of Tyr'’* or Glu?*? profoundly decreased
the capacity of Fc,RI to bind IgE (Fig. 6). By contrast
mutation of Trp'*® resulted in enhancement or improvement of
Ige bindi.ng by Fc.RI.

Mutation of the residues in the segment from (and
including) residue 154-161 also showed that mutation of
Val'*® completely ablated binding and mutation of Leu®*® or
Asp'® also decreased IgE binding. Furthermore mutation of
Trp'*, Tyr'®® or Glu'®’ enhanced IgE binding to Fc,RI. Since
domain 1 is also involved in Ig binding and since we have -
developed a molecular model of Fc,RII and since we know
Fc,RII and Fc,RI are highly related broteins it is likely
that similar regions of Fc,RI domain 1 to those of Fc,RII
will be involved in binding i.e. in Fc,RI the, A/B loocp
residues Asn' - Asn®*, C/C’ loop, residues Asn*’ - Glu‘’ and
the E/F loop residues Lys®® - Asp®.

on the basis of these studies it is clear that
certain residues have a major role in Fc,R interaction and
that nanibulat:lon of these residues would be useful in the
production of useful pharmaceutical or diagmostic reagents.
Thus mutation of Tyr®!, Glu?*?, Val®®, Leu'®, asp™® all

- decrease IgE binding. Conversely mutation of Trp'*’, Trp’**,

Tyr'® or Glu'®’ all improve Fc,RI function since these
mutant receptors are able to bind IgE more effectively than
the wild type receptor.

EXAMPLE 5 Eff_eét of Chiﬁe:ic Recégtors on IgE Binding
MATERIALS AND METHODS

Chimeric receptors were made as described in
Example 1. Chimeric receptors were produced which have
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Domaiq 2 of the FCeRIT but have varying components in

Domin% '.l'he temnology is as follows '

gey 'denotes a receptor with Domains 1 & 2 from FCeRII

' 'and a transmembrane rogion from !'c'yRII. This was

.used as a control. |

YEY : denotes a reoepl:ox w:l.t:h Domain 1 from FeYRII,
Domain 2 from rceR:I:I and a transmenbrane region
from FoyRII.

G ' denotes Yey which oonta.ins the G strand from
FceRI

EF : denotes YEY which oonta:l.ns the E/F loop from

) FCeRI

cc’: denotes Yey which conta:l.ns t:he CC’ loop from
rcen: '

The oligonucleotides used to create the above
chimeric receptors were as follows : '

ce’ NR1 + LR3 "
' LRA + BG5S
EF  NR1  + EG32
o BG33 + EGS

6 NR1 + LR1
' LR2 + EG5

NR1 and EG5 are as described in Example 1.

Antisense LRl 5’ - GGTTCACTGAGGCTGGTCTGGC-3

Sense LR2 5 - CAGCCTCAGTGAACCTGTGTACC-3’

Antisense LR3 5’ - CGTCTCTTCTGACAGGCTGCCATTGTGGAACCAC-3’
Sense . LR4 5’ - GTCAGAAGAGACGAATTCACCCAGCTACAGGTCC-3’
Antisense EG32 5’ - mmmmmmnmocmacmmm 3
Sense EG33 5/ -

MTA‘I‘TG‘I'GM!‘GCCMMGMGACAGCGGGGAGTW-3 '
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The efficiency of binding of the chimeric
reccptors to IgE was assayad using IgE coated erythrocytes

on monSlayers of COS cells transfected with ¢cDNA encoding

the const:ucts described directly above. Radiolabelled Fc
portion of IgE was used in the study of the chimeric
receptors. '

RESULES & DISCUSSION

The results of the rosetting assay showed that
the cells transfected with the CC’ chimeric comstruct
rosette less well (data not shown) than the other
transfectants. |

The chimeric :eceptdrs were subjected to a
quantitative'assdy_nsing :adiolabeiled Fc portion of IgE
(see Figure 8). The chimeric receptor Yey restores binding

‘to the same level as that seen in the normal receptor (cey

in this case). This implies that the EF and the G regions
are important in binding in FceRII.

EXAMPLE 6 : Prbduetidh of a soluble polypeptide with Fc

binding ability and production of the

~ FCYRII Fusion Protein .
Two examples of the genetically engineered

polypeptide of the invention are recombinant_soluble FCYRII
(whiéh consists only of the extracellular domains of
FCYRII) and a fusion protein consisting of human serum
albumin genetically fused to the extracellular domains of
FCYRII. _ _
The'recambinant soluble Fc receptor (rec.
SFCYRII) can be generated using standard mutagenesis
techniques including splice overlap extension (SOE) as

described earlier., The:rcynrzanA or genomic DNA or a

combination thereof is mutated such that a translation
termination codon (e.g. TAA,TGA OR TAG) is 1nserted into
the DNA in a position that will terminate the translation

- of RNA derived from such mutant DNA to yield proteins

containing the Ig binding extracellular region without the
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transyembrane anchoring segment.

¢ Thus a molecule was generated by using SOE to
introduce the codon, TAG, 3 of the residue 170. This
mutated DNA was introduced into seve::el expression systems
and a polypeptide with Fc binding ability was obteined.
The expression systems included CHO cells, fibroblasts, a
yeast (Pichia pastoris) and bacculovirus. The molecular
weight of the rec.sFcYRII varies according to the |
expression system, ie. 30 KD from CHO cells or 26 KD from
Pichia pastoris. This is due to differences in
glycosyletion. c:I.eerJ.y many other expression systems could
be used including becterie, plants and mammals.

The second example of a polypeptide of the

present invention is a fusion protein which is produced by

 fusing DNA encoding a polypeptide with Fc binding ability

to DNA encoding a different protein to generate a new
protein which retains Fc binding ability. Such new protein
would include human serum albumin fused to FcYRII. This
protein can b_e generated using SOE to fus_e the DNA encoding

HSA to FcYRII. This is done in such a way that the

residues near the C terminus of HSA are fused to amino acid
residues in the amino terminus of rc'yRII. It is important -

 to note that although in this ‘example FcYRII encoding DNA

is used in the fugion protein, it is elso possible to use
DNA encoding other proteins such as the DNA encoding the Fc
receptor-like noleoules described earlier.

MATERIALS & METHODS

The HSA: FCYRII fusion p:otein wag produced
according to the following method. Oligonucleotides HTZ an
HT7 were used to emplity the HSA DNA. HT4 contains the
restriction site (Rco RI) for cloning and HT7 contains a
sequence that overlaps with FcYRII. The sequences are as
follows: | |

HT4 5’ ATCGLTGALHCATGAAGAAG@GGTGGGTMC 3’
HT7 5’ GGGGGAGC/ GCC‘!MGGCAGCTTGAC 3’
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The Eco RI restriction site is shown in bold in
HT4 a%ove. Just adjacent to this is the ATG which is the
HSA .sta®t codon. A slash in the HT7 sequence shown above
denotes the FCYRII-HSA junction.

Oligonucleotides HT8 and HTS5 were used to amplify_
the required'éegmant (extracellular domains) of FcYRII.
HT8 contains a sequence that overlaps with the HSA segQquence
(and also oligonucleotide HT7). HTS also contains a
translation termination codon as well as a restriction site
(Eco RI) for cloning purposes. The sequences of the
Qligoﬂucleotides.a:e as follows :

HT8 5’S CCTTAGGC/GCTCCCCCAAAGGCTG 3’

"HT5 5’ CCCCATCATGAATTCCTATTGGACAGTGATG 3°

The slash in the HT8 sequence shown above denotes
the junction between HSA and FcYRII encoding DNA.
The Eco RI site in HTS5 is denoted by bold type. The
termination codon, CTA is adjacent to the Eco RI site.
Note that HT7 and HTS5 are antisense sequences.

The constructs made were used to transform Pichia
pastoris cells. Western blots of the proteins expressed
were conducted. |

RESULTS & DISCUSSION

A Western blot was performed using a polyclonal
anti-FcYRII antibody. The supernatants from the
transformed yeasts were tested with the antibody and the
results demonstrated that only the supe:natants from
HSA:FcYRII transfected cells and the cell transfected with
a construct encoding soluble FcYRII reacted with the
antibody. The controls did not react (results not shown).

The Western blotting detected a protein of
approximately 100KD which is of the expected molecular
weight being 67KD f£rom HSA plus 30kD from FCYRII
extracellular domains. A recombinant FcYRII of 30kD was
also detected by the antibody.
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. The 100KD protein produced bound to |
immunaq&obulin-coated beads but not to Fab’2 coated beads
indfcating that it has specificity for the Fc portion of

IgG. In addition sequencing of the SOE produce confirmed

the predicted sequence o! the fusion protein as shown in

‘Fig. 12.

It is dlehr that FcyR extracellular domains can

‘be attached to additional molecules and still retain Fc
. receptor activity. Since there are a number of Fc

receptors closely related to the !c?RII, especially in
their Ig binding extracellular regions, it is clear that
modifications of the type described for FcYRII would also
be possible for thase other Fc receptors such as FcYRI,
FceRI, FCYRIIX and FcoRI. This appears to be particularly'
the case when the receptors mentioned immediately above
have essentially the same number of amino acids in the
extracellular regions. In addition the FceRI, FcYRII, FCOR
and FceRIII all have extracellular regions that are
organised into two di-sulphide bonded domains that are
members of the immunoglobulin super family. Furthermore,
the ligands for rcanI, ?cYRI:I, 'FceRI and FCOR are all
homologous.

It is also clear that the non-Fc¢ binding portion
of the fusion protein may be attached to the other species
receptors discussed above. The *foreign* component of the
fugion protein may be an immunoglobulin provided that the
1nnunogolohu11n would be a type unable to bind the Fc
bdnding portian of the fusion peptide. Por example, the
extracellular portion of FCYRII could be attached to IgM or

" the extracellular portign of PceRI could be attached to

IgG. Other foreign protein components could include
ovalbumin, other Fc receptors, compliment, other
recombinant derived proteins including CD46, CDS9, DAF,
CRI, CR3 and proteins especially those involved in
regulating inflammation including cytokines and complement
regulating proteins. The receptor could also be attached to
other high molecular weight entities. :
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Although the above experiments contemplate
production of polypeptides aecording to the invention via
recgmbi t means it is also possible that polypeptides
according to the invention could be generated_by other non-
recombinant means. This could be achieved by chemical
means such as attaching the Fc binding portion of the
protein to other molecules such as dextrans, lipids, and
carbohydrates with the p:oviso that the molecules produced
retain Fc binding ability.

Figure 9 shows that nsa-rcynzz is specific for
immunoglobulin, and that the fueion protein is correctly
folded since the epitopes detected by the monoclonal
antireceptor entibodies are intact. :t also demonstrates
that HSA-FCYRII binds mouse IgGl (myl), IgG2b (y2b) and
human IgG (HAGG) but it does not'binA.IgG iacking_an Fc
portion (1302). |

EXAMPLE 7 HSA:FCYRII administered to an animal.

Figure 10a depicts curves showing the clearance
of the HSA:FCYRII fusion protein from the blood of mice.
The animals were 1njected_w1th either HSA:FcYRII fusion
protein or soluble FCYRII and the disappearance from the
circulation measured. The conclusions are that the half
life of the receptor reyRII is approximately 40 minutes
whilst that of HSA: FcYRII is 140 minutes. Also the
HSA:FcYRII persists for many hours, eg. 9% of the dose was
present after 8 hours and 7% at 24 hours. 1In contreet; all
the soluble FCYRII was excreted.

The appearance of any receptor or fusion protein
in urine was monitored (rig. 10b). The soluble FCYRII
appeared very rapidly whereas there was no detectable
fusion protein in the urine, ie. this was not excreted.

EXAMPLE 8 Method of Removing Immunoglobulin From a

Sample

The FcR or a mutant or fusion protein thereof is
attached to a solid support. When this method is used in
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plasmaphoreeis the 'sblid suppo::t w:l.ll be a membrane or the
like. c‘w\he subst:ate may be silica such as in this Example.
Humaf albumin (native) and HSA:FcYRII were coupled to
silica beads in two separate p:epa:ations

‘The coupling of the protein to produce a reagent
in accordance with the present invention may be achieved by
standard methods. In the present !xample the hydroxyl _
groups on the silica beads were replaced by amino groups
via an exchange reaction with 3-aminopropylt:iethyoxysilane
(APTS) . This activates the silica heads. The protein was
mixed with a carbodimide (such as EDC) and added to the
activated silica beads. Carboxyl groups on the protein
combine with the carbodiimide to form an O-acylisourea
derivatiVe which in turn reacts with the amino groups on
the silica beads to form an amide with elimination of the
urea derivative.

In a different version of preparing the reagent,

‘the protein and carbodiimide were reacted in the presence

of N-hydroxysuccinimide to form a more stable amino-
reactive intermediate. 'B'-mercabto'ethanol was added to
quench the unreacted carbodiimide. The protein succinimide
derivative was then added to the activated silica ‘beads.

'l.‘he preparat:lon of hunan albumin attached to
silica and HSA: rc'ya:l::l: attached to si.lica was carried out as
£ollows

50 mg NH,-silica beads

0.9 mg of HSA OR HSA-FCYRII

30 mg of EDC ’ |
in mPBS pH6 (4ml) incubated o/n at 4°C
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Table 2
‘ .

&
. = 2 parallel tubes with HSA (plus 1?°I HSA)

3' washes mPBS 3 washes 0.1lm NaHCO,
(pH 7.4) (pH 8.3)
+EDC 85% bound 72% bound

=-EDC 30% bound 14% bound

_ Table 2 shows that after conjugation of HSA to
silica (measured by the use of tracer labelled HSA in
mixture), three washes with NaHCO, were required to remove
non-specifically bound material.

PLE 9 Ab:llj.t:x. oF HSA:FcYRII to Bind Immune

Complexes
MATERIALS & METHODS

_ Similar 'to_ Example 7. BEach tube 2ug of silica
matrix conjugated with either 1.8ug of the HSA:FCYRII
fusion protein or HSA in a volume of 1ml of PBS and 0.5%
BSA. Three hundred nanograms of either iodinated HAGG or
monomeric IgG was added. Additional controls included tubes
with no silica to determine non-specific depletion.
Samples were taken at the indicated time points and the
quantity of label HAGG or monomeric Ig remaining in the
supernatant after removal of silica beads was determined.

' In this Example the ability of one of the
proteins of the present invention, HSA:FCYRII to bind
immune complexes as represented by HAGG is illustrated.

. The ability of the proteins of the present
invention to bind one form of immunoglobulin and not
another form has important therapeutic implications. The
proteins of the present invention have been found to
specifically bind immunoglobulin complex as opposed to
monomeric Ig. _ o .

The binding of immune complexes in the form of
HAGG was to HSA:FcYRII was tested. These results are
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described in Table 3.
% '
? ) Table 3
Support  Tracer Ligand % Ligand Bound*
HSA-FCYRI Hagg ' 35.5 37.5
HSA ' Hagg 4.0 5.4

*bound after overnight at 4°C PBS+0.5 BSA

Table 3 describes the b‘:l.nd:l.ng' of immune complexes
in the form of aggregated Ig (HAGG) to the BSA.!‘c'anIa
fusion protein but not to HSA on silica.

The interaction of HAGG with HSA:FCYRII was
studied. This is shown in Figure 11.

The results shown in Figure 11 indicate that _
there is a clear difference in the binding of labelled HAGG
to HSA:FCYRII compared to binding to HSA. In addition they

show that as the concentration of unlabelled competitor

HAGG is added, the binding of labelled HAGG is
progressively inhibited to the level seen in HSA-silica.

EXAMPLE 10 Immune Complex Assgay

The polypeptides of the present invention are
useful in detecting the presence of immune complexes. In
this example it is clear that the pol:?pept:ldes of the
present invention can be used to detect immune complexes
and that ce:ta.:l.n modifications may be made to opt:l.m:lse the
assays. :
Two approaches are used in the development: of the
immune complex assays. The first utilises recombinant
soluble (rec.sFcYRII) in combination with anti-Fc receptor
antibodies. The second approach uses the HSA fusion
protein. ' : | |

The assays described in this example use an ELISA

' format but the principles apply to any format such as

chemiluminescence, biosensor, agglutination, etc.
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nmms AND METHODS

IMMUNE mux ASSAY (ICA) .

c::at::l.ng‘;lc:otitre Stripwells with 8.26 Monoclonal Antibody
8.26 monoclonal antibody (mAb) diluted to 5 ug/ml

in carbonate buffer pH 10.0. Aliguot 50 ul volumes of

diluted 8.26 mAb were placed into Nunc maxisorp microtitre

stripwells and incubated at 4°C for 12 hours. 8.26 mAb

coated microtitre sttipwalls_ are stable for at least two
weeks . '

B:I.ndi.ng Capture of Recombinant FCRII
This step is performed just prior to assay.
Stripwells were decanted prior to assay and wash x2 with

PBS/0.2%BSA PH7.4. Wells are blocked by adding 200 pl

PBS/2%BSA pH7.4 then incubated for 30 min at room
temperature. This was decanted and 100 ul recombinant
FcRII was added, 1|,lg‘lm1 per well. This was then incubated
at 37°c for 30 m:l.:_:.. wglls were then washed x4 with
PBS/0.2%BSA.

Elisa Assay

Standard (100 HUl), control or test sample were .
added per well. A standard curve was prepared by diluting
heat aggregated IgG in PBS. This was incubated at 37°C for
30 min. then washed x4 with PBS/0.2%BSA. Working dilution
of goat anti-human IgG alkaline phosphatase conjugate (100
pl) (Sigma) was added and then incubated at room
temperature for on hour then washed x4 with PBS/0.2%BSA.
p-nitrophenyl phosphate substrate (Sigma 104 phosphatase
tablets:-2.5mg.ml carbonate buffer) (100 pl) was added and
this was incubated at room temperature in the dark for 30
min. then the reading was taken at OD 405 nm. Note: Samples
tested for anti-mouse reactivity by substituting mouse
IgG2b (Sigma MOPC-141) for 8.26 mAb.

Fig. 13 shows that ELISA plates were coated with
rec.sFcYRII denoted in the figure as rsFcYRII or with
HSA:FcYRII fusion protein '(denoted in the figure as rsHSA-
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FCR) . \Aggregated immunoglobulin (HAGG) was titrated and
bound i@mmoglobulin detected using HRP conjugeted anti-

humsn Ig.

' Using standard protocols for attachment of
proteins to ELISA pletes it is clear that "spacing" the
protein with Fec h:l.nding eb:llity away from the surface
improves the a.otiv:lty of the protein. '.I.'hi.e can be
eooomplished by standerd methods such as by using an
antibody that binds to the polypeptide of the invention or
by attaching the extrecelluler domains of the polypeptide
to another molecule suoh as a protei.n, dextran, etc. A
ugseful antibody for a spacer is antibody 8.2 or 8.26. The {
detection of immune complexes in the form of HAGG or in
gserum of petients with rheumatoid arthritis is :I.mroved by
using these approaches. Table III below shows that
rec.sFcYRII" bound to anti-FoR ent:l.body binds preferentially
to HAGG over monomer:l.o Ig (meeeured OD 405am). The
monomeric Ig is contaminated with 10-20% aggregates.

Table 4

Moncmeric V Heat Aggregated IgG (OD 405 nm)

Conc RFCRII . RFCRIT Only RFGRIT IgG* ©  RPCRII + HAGGO
ng/ml
750 33 204 . 1230
. 500 ' a3 208 - 1136
- 280 ' 15 - 202 1444
125 T ' 158 1030
1.5 1 2. 122 906
I Ca 102 808
Blank 28 59 _ 456

* Mostly monomeric Ig (known contain 10-20% aggregated Ig)

In this connection Fig 14 shows Elisa plates were
either coated with ent:l.-!‘o'yRII entibody 8.2 and then with
rec.sPCYRII (A) or with rec.sFcYRII (B). Lfter blocking
with BSA serum from a pa.tient with rheumatoid arthritis was

This Sheet Has Been Reﬂlaced'

 REPLACED
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added ‘and bound immunocomplexes resolved using HRP
conjuqa{ed anti-human Ig. Using ej.ther of the a.boye
approaches immune complexes can be detected. Clearly
variations on the above methods may be used.

ld

EXAMPLE 11 Immunophoresis Device & Methods of Use

Inmune complexes may be removed from the
circulation using the polypeptides of the present invention
attached to a sol:l.d,supborl: in a plasmaphoresis device, for
example. Attachment of such polypeptides to a solid
support such as silica was discussed earlier in respect of -
HSA:FCcYRII. _
To demonstrate that the HSA:FcYRII protein is

functional the fo_llow_i.ng tests were conducted. It has been

demonstrated that immune complexes (in the form of HAGG)

~bind to HSA:FcRII and not to HSA or HSA:silica. See

Figures 11, 14, 15 and 16. Figure 14 demonstrates that 1%
labelled HAGG (A) or monomeric Ig (B) was incubated with
HSA:FcYRII-gsilica or HSA silica for up to 20 hours at room
temperature. Samples were removed at various time points
and HAGG or Ig remaining after removal of the silica
complexes was determined. Figure 15 shows immune complexes
are depleted from liquid by incubation with HSA:FcYRII
protein-silica resin but not by HSA-silica resin.

We have also demonstrated that monomeric immunoglobulin
does not bind to HSA-FcYRII. In this connection see Fig 16
in which monomeric radio-labelled immunoglobulin does not
bind to HSA-FcYRII silica or to HSA-silica.

EXAMPLE 12 Assay for the Discovery of Antagonists to

Fc_Receptors o
A cell frqd_ system has been devised to detect the

presence of compounds that inhibit the activity of Fc
receptors. In the present example FcYRII is exemplified

.but the strategy is equally applicable to other Fc

receptors.
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The principle of the invention is to use known or
compounds to attempt to ‘inhibit the binding of
polypeptides with Fc binding ‘ability to immune complexes.
The polypeptides of the present invention may be labelled
directly or indirectly. These polypeptides may be .
rec.sFCYRII or HSA:FcRII. In the format described, an
ELISA assay is used wherein immune complexes are attached
to a surface under standard incubation conditions.
Polypeptides of the invention are directly labelled with a
reporting enzyme, horseradish peroxidase (HRP) and mixed
with the putative antagonists. This mixture is added to
the immune complexes and any inhibition of binding of the
polypeptides of the invention to immine complexes results
in a decrease in the colour developmnt when m-substrate
is added as per a standard ELISA. |

It is important to note that any rcporl::l.ng
substance could be used, eg. radiociodine, other enzymes
such as alkaline phosphatase, beads or erythrocyte to which
the receptor had been attached, flurogenic substances, etc.
In the present format HRP is attached to HSA-FCYRII. Our
results indicated that when HRP is used as a label it is
necessary to employ a spacer :I.n order to preserve Fc

A}

-binding ability.

An alternative strategy which requires use of an
indirect assay may be employed. In such an assay the
polypeptide of the invention is added to a mixture of
putative inhibitors and the mixture is then added to the
immune complexes which are attached to a surface.
rollowi.ng an incubation period the surface is washed and
any Fc receptor ‘that is bound is detected using anti-
receptor antibody. Any antagonists of the Fc binding
ability of the polypeptides inhibit the binding to immune
complexes and reduce potential sigmal. '

Specifically the following protocol was used.
HAGG plates were prepared by :I.neuha.t:l.ng 50 ul-well HAGG at
25 ug/ml in coating buffer (0.5M carbonate/bicarbonate,
PHY9.6), for 16 hours at 37°. Some wells contained no HAAG
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as a negative control. To prevent non-specific binding to
the su:face, the wells of the plates were treated with mPBS
con:ai\inq 1% (w/v) bovine serum albumin at 3 hours at 37°.
The wells were then ringed three times by immersion in
mPBS. Samples containing soluble FcYRII were diluted as
required and added in a volume of 30 ul. Dilutions of a

~ standard of rec.sFcYRII were made and added in a volume of

30 u1 to generate a standard curve. Last, 30 il of a
detection reagent (consisting of a 1/1000 dilution of
Anmersham (#9310) anti-mouse IgFab’2 fragment HRP conjugate
and the anti-FcyYRII antibody 8.2 at 0.6 ug/pl (in PBS, 1%
BSA) was added and incubated for 1 hour at 37°. The plates
were then washed by immersion 8 times in PBST. Subsequently

ABTS reagent was added (100 ml) and read at a 405 nm.

The data in rigure 17 demonstrates that
rec.s?cyRII produced in mammalian cells (CMOrsFcR) or in
bacteria (C2rsFcYR2) or even as a fusion protein with a
bacterial maltose binding protein (C2MBPrsFcR) can be used
in this assay. The specificity of the assay is
demonstrated by the fact that the molecule comprising a
single FcYRII domain (d2) shows no detectable binding to
immune complexes.

It should be notod that in both examples it is
possible that other receptors could be used to detect
binding to other innunoglohulin classes and immune
complexes such as IgE and FceR, IgM and rcun or FcYRIII or .

FCYRII and IgG complexes.

We have been able to demonstratc that the above
method and variations thereof are able to usefully detect

~ compound that inhibit the intggaction of FCYRII with immune

camplexes.
Specifically the following method has been used.
HAGG plates were prepared by incubating 50 pl/well at 25

- Mg/ml in coating buffer for 16 hours at 37°C. A negative

control containing no HAAG was also prepared. To prevent
non-specific binding to the surface, the wells of the
plates were treated with mPBS containing .5% (w/v) Tween 20
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(for jibrary screening) or 1% (w/v) bovine serum albumin
for 3¢hours at 37°C.

* " rThe specificity tests for inhibition of binding
of rec.sFcYRII were conducted as follows. Wells were rinsed
3 times by immersion in mPBS containing 0.05% (w/v) Tween
20 (PBST). Serial 1:2 dilutions in a volume of 25 Ul of
rec. srcynzr (purifiod from supernatants of cso cells
transfected with DNA encoding rec.sPcRII) with starting
concentration of 45 ug per Hl. The HRP conjugated
HSA:FCYRIT fusion protein was added (25 pl at 1:100
dilution). This corresponds to qpproximately 4 pg/pl or
40nM wrt rsHSA-FcYRII fusion Hnr-conjugate. This was
incubated for 1 hour at 37°C. ' ' '

8creoning of tho 1ibrnriss'of compounds or
biological preparations ‘the inhibition of Fc binding

'activity were conducted as follows ' Wells were rinsed

three times by immmsrsion in mPBS containing .05% w/v Tween
20 (PBST). Solutions (2 pl) containing compounds were
added to a solution containing HRP conjugated HSA:FCYRII
fusion protein (100 pl at 1:200 dilution). This
corresponds to approximately 4 Hg/ul or 40 nM wrt rsHSA-
FCYRII fusion HRP-conjugate). This was incubated for 1
hour at 37°C then 90 pl was transferred to a plate
conraining HAGG as ‘defined above.

Scroening biological preparations or libraries
for inhibition of Fc binding ability (second version).
Wells were rinsed by immersion of PBS as described above.
Serial dilutions of the solution (patients sera or
libraries of compounds) in 100 ul of mPBS containing 1.0%
BSA (w/v) were incubated for 1 hour at 37°C, plates were
washed 4 times in PBS and then the HRP conjugated
HSA:FcYRII fusion protein was added (50 pl at 1:100
dilution)._This corresponds to approximately 8 ug/pl or 80

nM wrt rsHSA: rcYRII fusion protein HRP-conjugate. This was

incubated for ome hour at 37°C. The platos were then
washed by 5 times immersion in PBST._ ABTS reagent (100 ul)
was added and this was read at A405nm.
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- Data (not shown) was generated by using

. .
_. _:ec.qun to specifically inhibit the binding of HRP

conjugated HSA:FcYRII protein to immune complexes that were

~attached to the plate surface. As increasing quantities of

the rec.sFcRII were added to the assay the amount of HRP-
HSA:FcYRII binding to HAGG decreased. These results
indicated that the binding of the HRP-HSA:FcYRII fusion

. protein to immune complexes is specific and that inhibitors

of the interactions between FcYRII and immune complexes can
be detected. _ S

In another experiment (Fig 18) the presence of
inhibitors of FcYRII:immune complex interactions were
identified in the sera of patients. 1In these cases the
sera were titrated in the HAGG coated elisa plates and HRP-
HSA:FCcYRII fusion protein was added. Clearly the sera of

the patients containing rheumatoid factors inhibit the

binding of the HRP-HSA:FCcYRII protein to immune complexes.
This is indicated by a reduction in the absorbence compared
to that obtained using normal sera (column 15).

| In another experiment the HRP-HSA:FCYRII was used
to screen a library of organic compounds. This library was
produced by standard chemistry as described in Simon et al
PNAS 89 :9367 (1992) "Peptoids A Modular Approach to Drug
Discovery®". In this a collection of synthesised compounds
is produced and the capacity of individual compounds (or
sets of compounds) to inhibit the binding of HRP-HSA:FcYRII
to immunogoblin is assessed by preincubating the library
components (the compounds) with HRP-HSA:FcYRII fusion
protein or any other polypeptide of the present invention.
The poiypeptides may be specific for other classes of
immunoglobulin such as IgE or IgA. The HRP-HSA:FcYRII is
mixed with the compounds and the effect on binding to HAGG
(oxr any immune complex) is determined as described directly
above. Inhibition of binding is indicated by decreased
absorbence compared to the control (no inhibitor). The
results of such an experiment are given in Fig 19. This
shows a di-peptoid library which was screened as described
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above., As an example of the type of results obtained, the
maximum.pinding is indicated by an absorbance (at 540 nm)
of .6€19 units. In the presence of compound TCl this
absorbance value falls to .3085 which is equivalant to the
background value, .304. TC1 completely inhibits the |
interaction with immune edﬁpIQSQS'df'tha-nRP'pOIypeptide
conjugate. In addition some compounds clearly do not

~ inhibit the interaction, for example RBl. Incubation of

the conjugate with RB1 ddes not inhibit the interaction
since an absorbance of .597 was obtained which is similar
to the maximum binding (.619) obtained by the conjugate
binding to HAGG in the absence of any inhibitor. It should
be noted that these functional assays can be used to screen
£or inhibitors of F¢ receptor function either by binding to
the Fc receptor or by binding to the immune complex (IgA,
IgE, IgG, IgM, IgD) at the site where the Fc receptors
bind. This second type of antagonist does not £it the
classical definition of an antagonist of Fc receptor.
function, however, it is still within the scope of the
present invention in as far as the present invention
relates to a method of testing compounds for their ability
to inhibit Pc receptor function and to the antagonists per

se identified by such a method.
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1. & ~ An isolated polypeptide with Fec binding ebility,
wherein the polypeptide is altered compered to a native Fc
receptor by eddition, deletion end/or substitution of one
or more amino acids compared to said znative receptor and
said alteration results in improved characteristics
oompered to said native receptor.

2. The polypeptide of claim 1 which is an Fc
receptor-like moleoule with an altered ability to bind Fc
wherein said altered ability is brought about by alteration
of one or more amino acids which affect immunoglobulin '

~ binding ability.

3. The polypeptide of claim 1 or claim 2 which is
able to bind IgG, IgE, Ig‘h, IgM or Ig‘D
4. The polypeptide of claim 3 ‘wherein the

alterations are in the tirst end/or second domain.

- 5. The polypeptide o£ oleim 4 wherein the

alterations are in A/B, C/C’ and/or E/F loops of domain 1
and/or G/A strand end where the polypeptide is able to bind
IgG or IgE.

6. The polypeptide of clein 4 wherein the
alterations are in B/C, C’/E, and/or F/G loops of domain 2
and where the polypeptide is able to bind IgG or IgE.

7. The polypeptide of claim 5 or claim 6 having
enhanced ebility to bind Fc conpered to a native Fc
receptor in a given class.

8. The polypeptide of claim 7 wherein the
eltdretions are in the first domain at amino acid positions
133, 134, 158, 159 end/or 160 compered to a native Fc
receptor.

9. The polypeiptide of cleim 8 wherein the amino
acids are changed to alanine. o

10. The polypeptide of claim 9 wherein Asp!®® and/or
Pro'* are changed to alanine.

11. The polypeptide of claim 7 wherein the
alterations are in the second domain at amino acid
positions 130, 156, 160 and/or 161 compared to a native rc

This Sheet Has Been Repl

[

THIS SHEET HAS BEEN
REPLACED .

Il

10




WO 96/08512 R PCT/AU9S/00606

10

15

20

30

'35

. S -e- RO O O

- receptor.

12. : The: polypeptide of claim 1l ‘wherein the amino
acidas e\hered are changed to alamine. _

13. The polypeptide of claim 12 wherein Trp!3?,
Trp!%é, Tyr!®® and/or Glu !’ are changed to alanine.

14. The polypeptide of claim 4 having a reduced
ability to bind immunoglobulin compared to a native Fc
receptor in a given class. :

1s. ‘The polypeptide of claim 1 wherein the
polypeptide is altered compared to a native F¢ receptor
such that the size of the polypeptide is larger than said
native Fc receptor.

16. The polypeptide of any one of claims 1 to 15
which is solu’hle'.. _

17. The polypeptide of claim 15 or claim 16 wherein
said size is 67 to 1000 kD.

18. The polypeptide of claim 15 in the form of a
fusion protein comprising an Fc¢ binding component and a
fusion component. _ _ _ |
19. The polypeptide of claim 18 wherein the Fc
binding component is an extracellular region of a native Fc
receptor, a portion of said native Fc receptor or the
polypeptide of any one of claims 1 to 7.

20. The polypeptide of claim 19 wherein the fusion
component is a physiologically tele_ret_ed protein or other
moleeule selected from the group of human serum elbun:l.n', Fc
receptor, complement regulating molecules, complement
receptors, cyt:oi::l.n'e receptors, dextran, carbolydrate,
polyetheylene glycol and synthetic polymers.

21. The polypeptide of claim 20 comprising
HSA:PCYRII.

22. The polypeptide of claim 1 comp:ieing a component
eepeble of detection.

23. The polypeptide of cleh 22 wherein the component

capable of del:eci:i.or_n_ comprises a d_:l.:ect or indirect label.
24. The polypeptide of claim 23 wherein said
component capable of detection is a radiolabel,
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chemijuminescent label, chromophoric label, a lahelled
antibedy, or a detectable enzyme such as horse radish
peroxidase or alkaline phosphatase.

25. A method of testing a compound for its ability to
act as an_entaoonist of an Fc receptor said method

L]

: comprising contacting the compound with a polypeptide with.

Fc binding ability or a Fc receptor or part thereof under
conditions and for a time snfficient to allow any hinding
of the compound and the polypeptide or Fc receptor or part
thereof to take plece,,end then deternining whether binding
has occurred.

26. The method of claim 25 wherein the polypeptide of ‘
any one of claims 1 to 7, 14, 15 and 22. _ -

27. The method of claim 25 wherein said compound is
tested for its ability to inhibit binding of IgG or IgE.
28. An antagonist compound isolated by the method of
claim 26. | _ _ :

29. "~ The entegoniet'of claim 28 wherein seid compound
is capable of blocking the function of the A/B, C/C’,

and/or E/F loops in the £iret donein and/or the B/C, C’/E
and/or F/G loops in the second domein end/or the G/A strand
of an IgG or an IgE Fc receptor.

30. The antagonist of claim 28 which acts by binding
Ig ratherxr than Fc receptor.

31. A pharmaceutical composition comprising the
polypeptide of any one of cleins 1 to 21 or the antagonist
of claim 28 together with a phernnceuticelly eppropriete
carrier or diluent.

32. © An isolated nucleic ecid nolecule encoding a
polypeptide with Fc binding ability wherein the polypeptide
is altered compared to a native Fc receptor by addition, '
deletion end/or substitution of the amino acids encoded by
the nucleic acid compared to a native Fc receptor and

' wherein said elteration results in inproved charecteristics

compared to said native receptor._
33. _ The molecule of claim 32 which encodes an Fc

receptor-like molecule ccmprising an altered ability to
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bind imunoglobulin wherein said ability is brought about
by allaeration of one or more amino acid residues which

affect oglobulin binding ability.

34.  The molecule 'of_ claim 32 or claim 33 wherein said
polypeptide encoded binds IgG, IgE, IgA, IgM or IgD. _
35. The molecule of claim 32 which encodes a soluble -
polypeptide. _

36. The molecule of claim 33 wherein the polypeptide

encoded has alterations :I.n'A/B, C/C’ and/or E/F loops of
domain 1 and/or G/A strand and where the polypebtide is
able to bind IgG or IgE.

37. The molecule of cla:l.m 33 wherein t:he polypeptide
encoded has alterations in the B/C, C’/E and/or F/G loops
of domain 2 and where the polypeptide is able to bind :l:gG
or IgE. '
3s. The molecule of claim 33 which encodes a
polypeptide with an enhanced ability to bind immunoglobulin
compared to a native Fc receptor in a given class.

39. The molecule of claim 36 wherein the alterations
are in the first domain at amino acid positions 133, 134,
158, 159 and/or 160 compared to a native Fc receptor.

40. The molecule of claim 39 wherein the amino acid
altered are changed to alanine.

41. The molecule of claim 40 wherein Asp**® and/or
Pro'** are changed to alanine. :

42. The molecule of claim 37 wherein the alterations

are in the second domain at amino acid positions 130, 156,
160 and/or 161. |

43. The molecule of claim 42 where in the amino acids
altered are changed to alanine.

44. | '.l‘he molecule of clhim 43 wherein Trp'®°, Trp?Ss,
Tyr'®® and/or Glul‘! are changed ot alanine.

4s. A molecule of claim 33 encoding a polypeptide
with a reduced ability to bind imnoglobulin compared to a
native ¥c receptor. :

46. 'I.'he molecule of claim 32 wherein the polypeptide
is altered compared to a native Fc receptor such that the
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size @f the .polypeptide' is 1erg'e”r than said netive Fc

receptor.

47.°  The molecule of any one of claims 32 to 46
'wherein the polypeptide is soluble.

48. The molecule of claim 46 or’ clein 47 wherein the
size of the polypeptide is 67 to 1000 kD '
49. The molecule of claim 46 wherein said polypeptide

is a fusion protein comprising an F¢ binding component and
a fusion component. ' ' .

50. The molecule of claim 49 wherein said Fc binding
component is provided by a nucleotide sequence which
encodes a polypeptide having enhenced Fc binding ability
compared to a native Fc receptor or by a nucleotide
segquence encoding a native Fc receptor or a portion
thereof.

51. - The molecule of. clein 50 wherein the fusion
'conponent encoded is a phwsiologicelly tolerated protein
selected from the group of human serum elbunin F¢
receptors, complement receptors, complement regulating
proteins and cytokine receptors.

52, The molecule of claim 51 being the construct
encoding HSA:FCYRII. |

53. A vector comprising the molecule of any one of
claims 32 to 52.

54. A host cell transformed or transfected with the
vector of claim 53. - |

55. A method of making a nucleic acid molecule

encoding a polypeptide with Fc binding ebility wherein the
polypeptide is altered conpered to a netive F¢ receptor by
addition, deletion and/or substitution of one or more amino
acids encoded by said nolecule conpered to a native Fc
receptor and wherein seid alteration results in improved
characteristics compared to said native receptor, said
‘method comprising producing a nucleic acid molecule
encoding the polypeptide by eddition. deletion and/or
substitution of one or more codons specific for amino acids
affecting imnunoglobulin binding ebility of the

is Sheet Has Been R laced

i

|

ion st N s mtbe AR
v v

THIS SHEET HAS =
REFLAGED

s ———— SR Raithaal
e

IIII ]




wososstz | [T ) AU A 0 A PCTATES0060s
' *# ¢ L M 0§ % e

10

15

20

25

30

35

polyp?ptide..
56. o A method of producing the polypeptides of any one
of ola:l.ms 1 to 24 comprising obtaining expression of the
polypeptide in the host cell of claim 54. '

57. A method of detemining the :presence and/or
amount of immunoglobulin in a sample said method comprising
contacting said sample with the polypeptide of any one of
claims 1 to 24, or an Fc receptor or part thereof, for a
time and under conditions sufficient to allow the
polypeptide or the Fc receptor or part thereof and any
immunoglobulin present in said sample to bind, and
detecting presence of and/or determining the amount of said
bound polypeptide - immunoglobulin, bound Fc receptor-
immunoglobulin or bound part Fc receptor-immunoglobulin.
58. A kit for detecting immunoglobulin, including for
detecting immune complexes, in a sample, said kit
comprising in compartmentalised form, a first compartment
adapted to receive the polypeptide of any one of claims 1
to 24 or an Fc receptor or a part thereof and at least one
other compartment adapted to contain a detector means.

59. The method of claim 57 or the kit of claim 58
wherein said polypeptide is specific for IgG or IgE.
60. A method of removing immunoglobulin from a sample

comprising contacting said sample with the polypeptide of
any one of claims 1 to 21 or an Fc receptor or part thereof
for a time and under conditidns sufficient for 'any
immunoglobulin present in the sample to form a complex with
said polypeptide or Fc receptor or part thereof and
separating said complex from the remainder of the sample.

. 61, A method of removing 'imnoglohul:l.n from a body

f£luid comprising taking body fluid from a patient,
contacting the body fluid with the polypeptide of any one
of claims 1 to 21 or an F¢ receptor or part thereof, for a
time and under conditions sufficient to allow the
polypeptide, Fc receptor or part thereof to bind said
immunoglobulin, removing said bound immunoglobulin from the
body fluid and replacing sai.d body £1luid in the patient.
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62. , The method of claim 60 or claim 61 wherein said
imnos&obulin removed is immunoglobulin complex.

63. 7 " 7The method of claim 62 where:l.n the polypeptide
used is specific for IgG or IgE. .
5  64. A method of treatment of disease where an excess

of immunoglobulin is implicated as a causative agent of the
disease said method comprising administering an effective
amount of the polypeptide according to any one of claims 1
to 21 to said patient.
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