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Plaintiff, SB2, INC. (“SB2"}, by ils attorneys, atleges as follows:
THE PARTIES

1. SB2isa corporatiaﬁ organized and existing under the laws of the State of
Delaware with its principal place of business located at 905 Pepperwood Drive, Danville, CA
94506.

2. Defendant ALEXION is a corporation organized and existing under the laws of
the State of Delaware with its principal place of business in Cheshire, CT 06410.

JURISDICTION AND VENUE

3. This is a civil action for patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. §§ 1 et seq. Subject matter jurisdiction is proper under 28 U.S.C. §§
1331 and 1338(a).

4. This Court has personal jurisdiction over ALEXION because, on information and
belief, ALEXION regularly and systematically conducts business in this District.

5. Venue is proper in this judicial district under 28 U.S.C. § 1400(b} because, on
information and belief, ALEXION has committed, and intends to commit, acts of infringement in
this District.

INTRADISTRICT ASSIGNMENT

6. This is an Intellectual Property Action within the meaning of the Court’s
Assignment Plan, and therefore is subject to assignment on a district-wide basis pursuant to Civil
Local Rule 3-2(b).

FIRST CLAIM FOR RELIEF
INFRINGEMENT OF U.S. PATENT NO. 5,624,821

7. SB2 incorporates by reference its allegations in Paragraphs 1-6 above.

8. On April 29, 1997, United States Patent No. 5,624,821 (the **821 Patent”),
entitled “Antibodies with Altered Effector Functions,” was duly and legally issued to Scotgen
Biopharmaccuticals Incorporated, as Assignee. A true and correct copy of the ‘821 Patent is

attached hereto as Exhibit 1.
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9. Scotgen Biopharmaceuticals assigned the “821 Pateﬁt to SB2. SB2 is the present
owner of the ‘821 Patent.

10.  On information and belicf, and based on likely evidentiary support after a
reasonable opportunity for investigation and discovery, ALEXION is presently making, using,
offering for sale, and/or selling antibodies, including the Soliris® humanized monoclonal
antibody, that infringe one or more claims of the “821 Patent.

11.  Unless enjoined by this Court, ALEXION will continue to infringe the ‘821
Patent, and SB2 wil] continue to suffer irreparable harm for which there is no adequate remedy at
law. Accordingly, SB2 is entitled to preliminary and/or injunctive relief against such
infringement pursuant to 35 U.S.C. § 283.

2.  ALEXION’s infringement of the ‘821 Patent has caused and continues (o cause
damage to SB2 in an amount to be determined at trial,

13.  ALEXION's infringement of the ‘821 Patent has been and continues to be
deliberate and willful, thereby rendering this an exceptional case pursuant to 35 US.C. §§ 284
and 285.

SECOND CLAIM FOR RELIEF
INFRINGEMENT OF U.S. PATENT NO. 5,648,260

14.  SB2 incorporates by reference its allegations in Paragraphs 1-13 above.

15. On July 15, 1997, United States Patent No. 5,648,260 (the “*260 Patent”), entitled
“DNA Encoding Antibodies with Altered Effector Functions,” was duly and legally issued to
Scotgen Biopharmaceuticals Incorporated, as Assignee. A true and correct copy of the ‘260
Patent is attached hereto as Exhibit 2.

16. Scotgen Biopharmaceuticals assigned the *260 Patent to SB2. SB2 is the present
owner of the ‘260 Patent,

17. On information and belief, and based on likely evidentiary support alter a
reasonable opportunity for investigation and discavery, ALEXION is presently making, using,
offering for salc, and/or selling antibodies, including the Soliris® humanized monoclonal

antibody, that infringe one or more claims of the “260 Patent.
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18.  Unless enjoined by this Court, ALEXION will continue to infringe the 260
Patent, and SB2 will continue to suffer irreparable harm for which there is no adequate remedy at
law. Accordingly, SB2 is enitled to preliminary and/or injunctive relief against such
in(ringement pursuant to 35 U.S.C. § 283.

19.  ALEXION’s infringement of the ‘260 Patent has caused and continues to cause
damage to SB2 in an amount to be determined at trial.

20.  ALEXION’s infringement of the ‘260 Patent has been and continues 1o be
deliberate and wiliful, thereby rendering this an exceptional case pursuant 1o 35 U.8.C. §§ 284
and 285.

PRAYER FOR RELIEF

Wherefore, Plaintiff SB2 prays that this Court will:

(a) Enter judgment that ALEXION has infringed one or more claims of the ‘82!
Patent;

{(b) Enter judgment that ALEXION has infringed one or more claims of the “260
Patent;

(c) Enter judgment that ALEXION’s infringement of the ‘821 Patent constitutes
willful and deliberate infringement thereof;

(d)  Enter judgment that ALEXION’s infringement of the ‘260 Patent constitutes
willful and deliberate infringement thereof;

(e) Preliminary and permanently enjoin ALEXION, and its of! ficers, agents, servants,
employees and attorneys, and those persons acting in active concert or participation with it, from
infringing the ‘821 Patent and ‘260 Patent;

(H Award SB2 damages adequate to compensate it for ALEXION’s infringement of
the ‘821 Patent and 260 Patent, trebled pursuant to 35 U.S.C. §284, together with interest;

(&) Declare that this is an exceptional case pursuant to 35 U.S.C. §285, and award
SB2 its attorneys’ fees, costs and expense in this action;

(h) Award SB2 its costs; and

(i) Grant such other and further relief as the Court may deem necessary and proper.
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JURY DEMAND

Pursuant to Rule 38(b) of the Federal Rules of Civil Procedure and Civil Local Rule 3-

6(a), plaintiff SB2 demands a trial by jury on all issues so triable.

-

Dated: January 25 (2008

COMPLAINT FOR PATENT TNFRINGEMENT

WILSON SONSINI GOODRICH & ROSATI
Professional Corporation

y
o il 4/
// / }/f '{/ R

By: _ ! </ _
F.T. Alexandfa Mahancy

Altomneys for Plaintiff SB2, INC.
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Jeast one amino acid residuc in the constant portion of the
antibody with a different residuc.
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[GGTCTT]S* Glu3a3-Ala

3 [GGTAGCGGTTITTAA]S® Ser337-Ala

Fig.7
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ANTIBODIES WITH ALTERED EFFECTOR
FUNCTIONS

“I'his is a continuation of application Ser. No. 08/208,084
filed Mar. 9, 1994, pending, which is 2 contiguation of
application Ser. No. 07/314.035, filed Dec. 24, 1991,
abandoned, which is a continuation of application Ser. No.
07/303.668, filed Jan. 18, 1989, abandoned, the entire speci-
fications of each of which are incorporated herein by sefer-
entce.

FIELD OF INVENTION

This invention rclates to altered antibodies and concens
an antibody with an altered effector function. a method of
producing such an antibody, and a process for altering an
effectar function of an antibody.

BACKGROUND TO THE INVENTION

Antibodics, or immunoglobulins, comprise two heavy
chains hinked together by disuiphide bonds and two light
chains, each light chain being linked to a respective heavy
chain by disulphide bonds, The general structure of an
antibody of class lgG (ic an immunoglobulin {Tg} of class
gamma (G)) is shown schematically in FIG. 1 of the
accompanying drawings.

Each heavy chain has at onc end a variable domain
followed by a number of constant domains, Each light chain
has a variable domain at onc end and a constant domain at
its other end, the {ight chain variable domain being aligned
with the variable domein of the heavy chain and the light
chain constant domain being aligned with the first canstant
domain of the heavy chain,

Antigen binds to antibodies via an antigen binding site in
the variable domains of each pail of light and hieavy chains,
Other molecules, known as effector molecules, bind to other
sites in the remainder of the molecule, je other than the
antigen binding sfics, and this portion of antibody will be
referyed to hexein as “the constant portion” of an antibody,
such sites being located particularly in the Fc region con-
stituted by the portions of the heavy.chains extending
beyond the ends of the light chains.

Antibodies have scveral cffector functions mediated by
binding of effector molecules. For axample, binding of the
Cl component of complement to antibodies activates the
complement system. Activation of complement is important
in the opsonisation and lysis of cell pathogens. The activa-
tioa of complement also stimulates the Inflammmatory
respose and may also be invelved in autoimmune hyper-
sexsitivity. Further, antibodics bind to cells via the Feregion,
with a Fe receptor site on the antibody Fe region binding to
a Fc receptor (FeR) on a cell. There are a number of Fe
receptors which are specific for different classes of antibody,

1

0

L]

0

including IgG (gamma receptors), IgE (cta receptors), IgA o

{alpha receptors) and IgM (mu receptocs). Binding of anti-
body to Fc rocoplors on celf surfaces triggers a nnmber of
important and diverse biological responses incdluding engulf-
ment and destruction of antibody-coated particles, clearance
of immune complexes, lysis of antibody-coated target cells
by killer cells {called antibody-dependent cell-mediated
cytoloxicity, or ADCC). release of inflammatory mediators,
placental transfer and control of immunogiobulin produc-
tion.

Although various Fe receptors and receptor sites have
been studied to a certain extent, there is still much which is
unkaown about thelr location, stracture and functioning.

- 2
SUMMARY OF THE INVENTION

Accarding to one aspect of the preseat invention, thers is
provided a modified antibody of the class IgG in which at
least one amino acid residue in the constant postion (as
herein defined) has been replaced by a different residue,
altering an effector function of the antibody as compared
wilth unmodified antibody.

An effector function of an antibody may be altered by
altexing, ie enhancing or reducing, the affinity of the anti-
body for an cffector molecule such as an Fc receptor or 2
complement component. Binding affinity will generally be
varied by modifying the effectar molecule binding site, and
in this case it is appropriate to locate the site of interest and
modify at least part of the site in a suitable way. It is also
envisaged that an alteration in the binding site on the
antibody for the effector molecule need nat alter signifi-
cantly the overall binding affinity but may alter the geometry
of the interaction rendering the cffector mechanism ineffec-
tive as in non-productive binding, It is further envisaged that
an effector function may also be altered by modifying a site
not directly iavolved in effector molecule binding, but
otherwise involved in performance of the effector function,

By altering an cffector function of an antibody it may be
possible to conwrol various aspects of the imrmne response,
¢g enhancing or supeessing various reactions of the immune
systern, with possible beneficial effects in diagnosis and
thexapy.

For examyple, it is known Lo use ronoclonal antibodies for
guided localisation of mafignani lesions in patients with a
pumber of solid tumours, such as ovarian and testicular
cancer. However. their general use has been Limited because
several major problems such as false posdtive, false negative
as well as non-specific tocalisation continue to exist. The
amounts of radioiodine-labelled tumour-associsted mono-
clonal antibody reaching their target (issues afier intra-
venous administration in humans arc small (Epenetos ¢t al,
1986). One problem is 2 high non-specific uptake in normal
ymph nodes and the rapid catabolism of murine monoclotial
antibodies in these studies. The use of human monoclonal
antibodies may also give high backgrounds due fo von-
specific binding to the high affinity receptors (Fe gamma RI)
of the lymphatics, liver and spleen. An gltered monoclonal
antibody which docs not bind to this high affinity receptor
may $mprove agtibody-guided tmmour localisation by
enhancing specific turnout uptake of the antibody while
decreasing the background due to non-specific binding to
FcR.

Ideally, monoclonal antibodies used for therapy of
tumours would be radiclabelled or exploit the host's own
effector mechanisms. Tt Is not yet clear which of these will
be the most significant 1n vivo for clearance of antibody-
coated target cells, but ADCC by mononuclear cells, par-
ticalarly K cells, sesms the most ctfective (Hale et at, 1985).
It may be possible to prodoce antibodies which Teact only
with certain types of Fc recoptor; for example, modified
antibodies could be produced which do not bind the high
afinity Fc gamms RI of cclls of the RES. but, when
aggregaicd on a surface may bind Fe gamma RII expressing
cells and trigger ADCC and specifically destroy, the target
cell :

Production of a modified antibody can be cartied out by
any suitable technique including techniques that are well
known to those skilled in the art. For example an appropriate
profein sequepce, eg forming part or all of a relevant
constant domain, ¢g (2 domein. of an antibody. and
include appropriately aliered residue(s) can be synthesised
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and then chemically joined into the appropriate place in an
antibody molecule.

Preferably. however, genetic engineering techniques are
used for producing an altered antibody. The presenlly pre-
ferred such technique comprises:

a) preparing a first replicable cxpecasion vector including
a suitable promoter operably linked to a DNA sequence
which encodes at least part of an 1gG heavy or light chain,
eg the Vg, Cyl and C,,2 domains of an IgQ keavy chain, the
appropriate residue(s) of which have besh altered;

b) if necessary, preparing a second replicable cXpression
yector including a suitable promoter operably linked to a
DNA sequesce which encodes a complementary Ig light or
heavy chain;

¢} transforming 2 cell line with the first or both preparcd
vectors; and

d) culturing sald transformed cell line to produce an
altercd antibody.

The present invention also includes vectors used to trans-
form the cell line, vectors used in producing the transform-
ing vectors, cefl lines transformed with the transforming
vectors, ol lines transfurmed with preparative vectors, and
methods for their production.

Preferably, the cell line which is transformed to produce
the antibody of altered effector function is an immortalised
mammalian celf line, which is advantagecusly of lymphoid
origin, such as 2 mycloma, hybridoma, trioma or quadroma
c&11 line. The cell Hoe may also comptise a normal lymphoid
ccll, stch as a B-ccll, which has besn immortalised by
transformation with a virus, such as the Bpstein-Barr virus.
Most peefarably, the immortaiised cell lise is a myeloma cell
line or a derivative thereof.

Although the celi line used to produce the antibody of
altered effector function is preferably a mammalian cell line,
any other snitzble cell ling, such as a bacterial cell line or a
yeast cell line, tnay alternatively be used. In particular, it is
envisaged that E. coli-derived bacterial strains could be
used. :

1 is known that some immartalised lymphoid cell Lines,
such as myclomu cell lines, in their nommal state secrcie
isolated Ig light chains. If such a cell line is transformed with
the vector prepared in step a) of the process defined above,
it will not be necessary o carry out step b) of the process,
provided that the normally sccioted chain is complementary
to the chain encoded by the vector prepared i step a).

However, where the immortalised cell line does not
socrete on does not secrete a complementary chain. it will be
necessary to cary ow step b). This step may be earried out
by further manipulating the vector produced in stepa) 50 that
this vector encodes not only the heavy chain but also the
light chain. Alicrnatively, step b) is capied out by peepariag
a second vector which i5 used to transform the immortalised
cell line.

The techniques by which sach vectoss can be produced
and used 1o tansform the immortalised cell lines are well
known in the art, and do pot form any part of the invention.

Tn the case where the immortalised cell line secreics a
complementary light chain, the transformed cell line may be
produced, for example, by transforming a suitable bacterial
cell with the vector and then fusing the bacterial cell with the
tmmortalised cell line by spheroplast fusion. Alternatively,
the DNA may be directly introduced into the immortatised
cell line by electroporation.

The DNA sequence encoding the relevant altered portion
of the anttbody may be prepared by oligonuclectide syathe-

13
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sis. Altematively, the DNA encoding the altered portion may
be prepared by primer directed oligonucleotide site-directed
mutagenesis. This technique in essence involves hybridising
an oligonucleotide coding for a desired mutation with a
singie strand of DNA contzining the mutation poinl and
using the single strand as a template for extension of the
oligonucieotide to produce a strand containing the mutation.
“This techaique, in various forms, is described by Zolier and
Smith, 1982; Zoller and Smith, 1984, Nomis et al., 1983;
Kramer et al., 1982.

For various reasons. this technigue in its simplesi form
does not always produce a high frequency of mutation. An
improved technigue for introducing both single and multipic
mulations in an M13 based vector has been described by
Carter ¢t al., 1985a.

The invention can be applied to antibodies of different
specics, eg homan, rodent (mouse, rat, hamster) ete, and
differcnt class. The invention can also be appiied to naturally
oceuring antibodies, chimeric antibodies (cg of the type
disclosed in PCT/GB85/00392) or altercd antibodics alicred
in ofher ways (cg of the type disclosed in GB 2188638).

As onc cxample, work has been carried oul on IgG, to
alter (he binding affinity for the receptor known as Fc
gamma R1.

in man, and in mouse, three Fc gamms receptors have
been partially characterised: Fe gamma R1, Fe garuma RIL,
and FC gamms R, and these are expressed on distinet but
overlapping hacmatopoetic cell types (Anderson and
Looney, 1986). Furthermore, these different receptors have
differing affinitfes for IgG subclasses. As mentioned above,
binding of antibody to these teceptors on celf surfaces
triggers a number of important and diverse biological
responses. It is not known which receplor, if any, is primarily
responsible for which effect, but evidence suggests that it is
the low affinity receptors which are rclevant for these
physiological effects. The receptors in man aod mouse have
been proposed as homologues on & humber of physical
criteria. Cloning and sequencing of the low affinity Fc
gamma RII from both sources has confirmed this prediction
(Lewis ¢t al 1986, Ravetch ct al 1986). The high affinity
receptor Fo gamrma R1 has been studied cxtensively and in
both man and mouse binds monomeric IgG (man=IgG1 and
15G3; mousealgG2a) and is found on the same cell types.

The Fe region of I3G comprises two constant domains,
C2 and C3, as shown in FIG. 1. As with the mouse systcm
much effort has gone into the determination of the contrl-
bution of each of the two domains, C gamma 2 and C gamma
3, to the interaction, Isolated C;,3 domains, (pFc fragments)
were reported to have no inhibitory activity on the forraation
of monocyte roseties (Abramson et af 1970). But other
reports have shown that this fragment wes capable of
inhibiting Fe gamma R1 binding (Bamett-Foster of al 1980}
indicating that the C gamma 3 domain was jpvolved in
binding human Fc gamarua R1. This view became predomi-
nant uatil Woof and colleagues demonstrated that this inhibi-
tory aclivity could be removed by eatensive purification of
the pFc’ fraction by passage over protein A and anti-L chain
colarmns, These purified samples showed no inhibition of
monomer binding (Woof et al 1984). Additionally, the
ability of monoclonal antibodics directed again epitopes on
the Cj,3 domain to interact with FcR bound antibody, but not
those 1o epitopes on Cp, 2. is consistent with a binding site on
the C,2 domain (Partridge ot al, 1986).

In a comprehensive study of the high affinity receptor for
human }gG on human monaocytes (Fc gamma R1) Woof,
Berion and collcagues also localised the binding-site to the
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€2 domain of human TgGt (Woof et al, 1984; Pariridge et
al, 1986). A range of IgG subclasses from differcat specics,
as welt as fragments of human immunoglobulin, were tested
for thefr ability o inhibit the intersetion between human IpG
and human monocytes in a direct-binding microassay.

IgGs were grouped into those found to exhibit tight,
intermediate or weak binding 10 the FeR on human mono-
cytes (Fc gamma R1). By comparison of the amino-acid
sequences in these different affinity groups a potential
monocyte-binding site in the hinge-link region {Leu234
«S5er239) was proposed, with possible involvement of the
two beta-strands and joiniag bend formed by the residues
Gly316-Lys338 (Woof et al, 1986). The latter region had
alzeady been proposed as the Clg binding sitc (Burfon et al,
1980). The burnas Fe gamma R1 receptor binds human JgG1
and mouse IgG2a as a monomer, but the binding of mouse
TpG2b is 100-Fold weaker (Woof et al, 1986). A comparison
of the sequence of these proteins in the hinge-link region
shows that the scquence (234 to 238) Leu-Leu-(Gity-Gly-Pro
in the stwong binders becomes Len-Glu-Gly-Gly-Pro in
mouse gamma Zb.

In an attempt 1o alter the binding affinity the substitution
GluZ35 by Leu was made in the mouse IgG2b heavy chain.
The numbering of the residues in the heavy chain is that of
the EU index (see Kabat et al., 1983). The normal mouse
antibody docs not bind to human Fe gamma K1, but by
changing residue 235 from glutamic acid to leucine, eg by
site dirscted mutagenesis, affinity for the human Fe garama
R1 is increased by over 100-fold, The magnitade of the
increase in affinity was much greater than could have been
expected and suggests that single amino acid changes in this
region could be used to produce altered antibodics more
suited to a range of ie vivo applications in man and other
animals. This change docs pot alter other Ig binding sites
such as for coraplement component Clq.

It should also be possible to alter the affinity of Fe gamma
R1 binding by replacing the specified residue with & residue
having art inapprogriate functionatity on its sidechain, or by
inroducing a charged functional group, such as Glu of Asp,
of perhaps an aromatic nos-polar residue such as Phe, Tyr or
Trp.

These chapges would be expected to apply cqually to the
mwine, human and rat systems given the seugence homol-
ogy between the different immunoglobulins. I has been
shown that in human IgG3, which binds to the human Po
gamma R1 receptos, changing Leu 235 to Glu destroys the
interaction, of the mutast for the receptor. The hinding sitc
for this receptor can thus be switched on or switched off.

Mumations on adjacent or close sites in the hinge Hak
region (eg replacing residues 234, 236 or 237 by Ala)
indicate that alterations in residues 234, 235, 236 and 237 at
least affect affinity for the Fc gamma R receplor,

Hence in a forther aspect of the present invention provides
a modificd antibody of the class IgG having an altered Fe
region with altered binding affinity for Fc gamma Rl as
comparad with the upmodified antibody.

Such an antibody convemiently has a modification at
residue 234, 235, 236 or 237,

Affinity for other Fe receptors can be altered by a similar
approach, for controlling the immune respomsc in different
ways.

As a further example, work has also been calied out to
alter the lytic properties of Ip following binding of the Ci
component of complement.

‘The first component of the cornplement system. Cl. actu-
ally comprises three profeins known as Cig, Clr and Cis

6

which biod tightly together. It has been shown that Clg is
responsible for binding the three protein complex to Ig.

1t has heen shown that isolated Fe fragment inhibits the
interaction of Clg with an Ig (Yasmeen cg al., 1576).

It has also been shown that the binding of Clg is depen-
dent on jonic strength, suggesting that ionic interactions are
involved.

1t is possible to cleave the C,,3 domain from the remain-
der of an Ig molecnle. and it has been shown that deletion
of the Cg3 domain does not abolish Clq binding activity
(Colomb and Porter, 1975).

It is also possible to isolate the C,2 domain from Igs. &
tas been shown that such isolated C,2 domains have the
same binding affinity for Clq as do isolated Fc fragments
(Isenman ¢t al., 1975).

From thiz, it has besn inferred that the binding site for Clq
is tocated in the C;,2 domain of the Ig. Various attempts have
been made to identify the particular amino acid residoes in
the C';,2 domain involved in Clq binding. In a first approach,
synthetic peptides comesponding to short sections of the
Cp2 domain were tested for inhibition of Clq binding. This
identified two possible binding sites (Boakle ct al., 1975 and
Lukas ct al.. 1981).

In 2 second approach, a comparison of the scquences of
several Ig Cp2 domains was made in conjunction with
studies of their three dimensional structure. This fed to the

" jdentification of two further proposals for the site of Clg

a5

60

binding (Brushouse and Cebra, 1979 and Burton et &l.,
1980).

1t has mow been found that the Clg binding activity of an
antibody can be altered by providing the antibody with an
gitered Cp,2 domain in which at least onc of the amino acid
residues 318, 320 and 322 of the heavy chain has been
changed to a resiine having a different side chain,

‘Ihe nurnbering of the residucs in the heavy chain is that
of the EUJ index (see Kabat et al., 1983).

The present inventors have discoversd that, in a specific
Clg-binding Jg refered 1o below, by changing any oge of
residues 318 (Glu), 320 (Lys) and 322 (Lys), to Ala, it is
possible 1o abolish Clq binding.

Moreover, by making mutations at these residucs, it has
been shown that Clq binding is retained as long as residue
318 has a hydrogen-bonding side chain and residues 320 and
322 both have a positively charged side chain.

The Applicants believe that these three residues are peab-
ably involved directly in the binding Clg to IgG. However,
it is also possible that these residues are not dircetly involved
in physical contact with Clg. These residues may help one
C,y2 domain to pack against an adjacent domain in an IgG
agregate, thus producing the at least two molecules of IgG
together which are required for Clg binding. If this is the
case. the Clg may be in direct contact with the IgG in an
chtirely different arca. The Applicants, however, do not wish
to be in any way limited to cither of these theories.

Altering residue 333 (Glu), which Is close to the three
specified residues. or residue 253 (Tic), which is distant from
the three specified residucs, does not alter Clg binding
activity, cven though previous studies have implicated resi-
due 333 (Glu) in Clg bindiag.

It is to be noted that residues 318, 320 and 322 are highly
conserved in mouse and human IgGs which are complement
binding.

Tt has also been shown that alteration of the three specified
residues only alters the Clq hinding activity, and does not
alter antigen binding-activity, protein A binding activity
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(protein A binds to the C,2/C,3) interface), or the ability of
the F¢ to bind to jnouse macrophages.

Tt is believed that the process of the peesent invention can
be used to abolish Clg binding activity by replacing any one
of the three specified residnes with a residue having an
inappropriate functionality on ils side chein, It is not nec-
essary to replace the jonic residues only with Ala to abolish
Cly binding. It will also be possible to usc other alkyl-
substituted non-ionic residues, such as Gly, Tle, Leu, or Val,
or such aromatic ron-polar residues as Phe, Tyr, Trp and Pro
in place of any one of the three residues in order 1o abolish
Clg binding. It will also be possible to use such polar
pop-lonic residues as Ser, Thr, Cys, and Met in place of
residues 320 and 322, but not 318, in order to abolish Clq
binding activity.

It may be that the side chains on lonic or non-ionic polar
residues will be able to form hydrogen bonds in a similar
sapner to the bonds formed by the Glu residue. Thercfore,
replacement of te 318 (Glu) residuo by a polar residue may
modify but not abolish Clg binding activity.

Tt has further boen shown that replacing residue 297 (Asn)
with Ala results in temoval of lytic activity while only

 slightly reducing (about three fold weakex) affinity for Clg.
1t is thoupht this is because the alteration destroys the
glycosylation site and that the presence of carbohydraie is
required for complement activition. Any other substitution at
this site will also destroy the glycosylatioa site.

Fuurther, the mutation Lys 320 to Gln has an affinity for
Clq only slightly weaker than the wild type but is non Iytic.
This indicates that good Clq binding may be insufficicnt for
lysis and that perhaps & precise orientation of Clg is
required.

All antibody isotypes sequenced to date possess the Clig
binding motif, or a closely related motif which is effective
in binding Clq when it is transplanted into the mouse IgG2b
antibody, Clearly there must be fusther determinants for
Iysis. For example, antibody isotypes with short hinges and
jow segmental flexibility are now-lytic (Oi et al. 1984)
suggesting that (a) the interaction of Clg with the motif may
be slerically blocked due 1o close approach of the Fe by the
Fab arms (Leatherbarrow et al., 1985) or (b) the interaction
of Clq and antibody requires an exact aligament for lysis and
therefore requires some fleaibility per se.

The present invention is now described, by way of
example onty, with zeference to the accompanying drawings,
in which:

FIG. 1 illustrates the siructure of an ig;

FIG. 2 illustrates the sequence of cloning steps used to
produce an antibody of atered Fo gamma R1 binding
activity;

FIG. 3A and FIG. 3B show the sequence of mouse 1gG
gamma 2b gene,

FIG. 4 Is 2 graph Hlustrating ighibition of '**I-labelled
pooled human IgG binding to high affinity receptors on
U937 cells by mousc gamma 2b immunoglobulins;

FIG. 5 it a Scatchard plot of ***1-BL235 binding to U937
high affinity receptors;

FIC. 6 shows the nucleotide sequence and protein
sequence of the human gamma 3 gene; and

FIG. 7 shows the nuclaotide sequence encoding the Cj2
domain of mouse IgG2b anitbody with mutants and the
sequences of the oligonucleotides nsed g construct soms of
the mutants referred to belaw.

The following conesrns experiments on mouse IgG2b to
alter the affinity thereof for human Fc gamma R1i.

15
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DNA encoding the variable and constant region exons of
antibodies can be manipulated in vitro and reintroduced into
Iymphoid cell ines (Neuberger, 1585). Using vectors based
on pSV-gpt (Mulligan & Berg 1981) and the Ig heavy chain
promotor/cobancer, antibodics can be expressed and
secreted. One such vector, pSV-VNP 2b (Neuberger and
Williams [98S5) encodes 2 variable domain which binds
nitrophenylacetyl (NP) and the constant domains of the
naturel moase IgG2b antibody. The antdbody produced using
this vector does not bind to human Fc gameona Ri.

Part of the structure of the pSV-VNP 2b vector is shown
in FIG. 2(a). The vector was partially digested with Sacland
2 fragment contalning both the C,2 aed Cp,3 domaing was
cloned into plasmid M13K19 (Carter et al. 1985a) as shown
in FIG. 2(b).

The Sacl site at the N-tegminal end of the C,3 domain
was removed by site directed mutagenesis with an oligo-
nucleotide which retains the amino acid sequence at this
N-terminat end.

A point mutation in the C,2 domaiz was then produced
using a synthetic oligonuclcotide as shown in FIG. 3, in the
region indicated between bases 956 and 375 and marked
EL235. Further details of the construction of the mutation is
given below. The mechanism. of the point mutation is shown
in FIG. 2(c)

The mutant C;2-Cy;3 fragments were recloned into the
pSV-VNP 2b vector (o replace the wild type Cp2-Cpd
domains. The mistant pSV-YNP 2 b vectors were incorpo-
rated into J558L., cultured to produce antibody and the
antibody mutant keown as BL235 was purified on NIF-

Sepharose.
Construction of matations in the C gamma 2 exon

Mutations were constriscted in the M13B 19-C gamma 2/C
gamma 3 as in Carter ct &t (1985a). The principles and
methods ars described in detail in Carter et al, (1985b), and
Duncan.

The mutant EL235 was assayed by inhibition of binding
of human IgG as well as by direct binding 1o a human
monocyte cell line (Woof et al, 1984; 1986}, Inhibition of
binding of monomeric ***-labclled normal pooled human
12G to high affinity Fc receptors on a buman monocyte celt
lne, U937, was measured i a quantitative microassay
systeny in which free and ccli-bound label were separated by
centrifugation through a water-immiscible eil. The binding
of wild-type gamma 2b and the mutant EL235 were com-
pared by competition of labelled polyclonal human IgO.
FIG. 4 shows the inhibition curves for this experimeat. In
FIG. 4 empty circles reprosent wild type and solid circles
mutant EL235. The result has been normalised such that the
fractional binding of ***J-1gG=1 in the sbscaoe of inhibitors.
The metant inhibits the binding of human IgG1; the wild
type protein showed no inhibitory activity. Direct binding of
radiolabelled mutant EL23S to U937 ¢ells gives a binding
copstant of 3.13x10° M~ (FIG. 5), very simillar to the value
for pooled human IgG in the same experinent.

FIG. 5 is a typical Scatchard plot of ‘**T-BL235 binding
to 1937 high affinity FC receptors. The pumber of moles of
125111 235 bound per mole of cells, 1, was calculated using
the following relationship:

r= 6xloﬁxl%
[}

where Tg(2b is the concentration of bound ‘*1-EL235. A
regrescots the concentration of free 2*1-EL235. The coef-
ficient of correlation of the plot was 0.95.
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Thus a point muation sliered the binding affinity of
mouse IgG2b for human Fo gamma R1 by greater than TABLE 2
100-fold. - -
Mutations were made in the humsn gamma 3 gene (Huck had titre (/) Affnizy eM
et al., 1985); the Hind XE-SpHI fragmeat was first subcloned 5 Molgtizh 3 10
into M13 mp19 after attaching BamH! linkers. Then sythetic Meight 0.15 -
oligonuclcotides were used as deseribed previously to make Molgal X —
the mutations:
10
234 Leu to Al Pro 331 - Al 3 —
235 Leu o Glu Pro 331 - Gly — 12
236 Gly to Aha Gl 333 - Al 3 12
37 Gly to Ala Thr 335 - Al 3 10
Ser 337 - Als 3 i1
. 15 G 283 - Als 3 —_—
as indicated on FIG. 6. is 285 - Ala 3 12
The BamHl fragment was attached to 2 Hind TI-BamHI His 290 - Aln 3 1
fragment encoding the variable domain of the B18 antibody Gl 22?; -Ala 3 -
{as in Neuberger ct al., 1984 and 1985) and cloned for A 3 -
expeession into a pSVgpt vector. 20 Do 253 - Ala 3 P
The propertics of the recombirant antibodies in binding in Ser 267 - Als 3 —
Fe gamma R1 were determined indirectly in & competition 33!!1; gg-:lh g —
assay as described in connection with FIG. 4. Table 1 shows Lye 317 - Al 3 -
the conceatration of antibody required 10 inhibit the binding Lys 236 - Ala 3 —
of "1 labelled pooled humar IgG to U937 cells. 2 Ly 340 - Ala 3 -
TABLE L Mutations of MolgG2b which abolish fyric activity
I, (M)
Wild type 1w 10 Glu 318 - Val I — .
Glu 319 - A x et than 300
{Lews 234, Leu 235, Gly 236, Oly 237) e : fx:« than 300
Lys 320 - Gin x 13
Ala 234 4x10* 1ys 322+ Ak x gregier (an 300
Glu 233 groater than 1078 Lys 322 - Gln x -
Ala 238 1%t Asn 297 - Ala x 3l
Ala 337 33107 as
Mutations of MolgG2b which conserve lytic activity
The table gives the approximate values of Ly, (ie the
concentration of JgG3 at which the fractional binding of **I
fabelted pooled baman IgG is 0.5). 40 A 3 12
Tiiese findings have important implications for the use of Ly 322 :ﬂ 3 1

antibodiss, both murine and haman, in diagnostics and
ihezapy, as discussed above.

The present 1esults show that Fo gamma R1 receptor can
be selectively switched on ot off, and this might be of great
use in the preparation of antibodies for in vive diagnosis or
therapy of humans as well as other animals,

Similar experiments were carried out at mouse gG2b o
alier lytic activity following binding of Clg, Further mutants
of the pSV-VNP 2b vector were produced using the proce-
dure described above, with point mutations being produced
in the Cy2 domain using synthetic cligopucleotides as
showa in FIG. 7, and antibodics produced as previously
described.

Antibody produced using the pSV-VNP 2b vector, with
wild type C;2-C,3 domains binds Clg (ses Table 2).

The ability of the resulting purified antibodics to lyse
specifically NIP-kephalin derivatised shecp red blood cells
(Weltzien ct al., 1984) was tested in a quantitative hacmoly-
sis microassay (Young et al., 1986). The results of the test
are shown in Table 2. The titre in ug/ml antibody represents
the amount of amtibody required for 50% lysis after 30
minutes at 37° C.

A number of the matant aptibodies were tested for affinity
for radiolablled Clg (Leatherbarrow and Dwek, 1984) after
apgregating the ant-NP antibodies on NP-Affigel. The
results are shown also in Table 2.

43

30

55

60

65

Antibodies with the V, domain attached to human IgG1
and mouse IgG1 were kindly supplicd by Dr M Bruggemann
and Mr PT Jones respectively,

Mutants Glu318-Ata, Lys320-Ala and Lys322-Ala have 8
dramaticaily reduced affinity (Table 2). However, they retain
binding for the NF hapten and protein A (which binds at the
Cy2-C,3 interface). This suggests that the loss of Cig
binding is not due to major structural changs in the antibody.
Mutations in adjacent residucs (Glu333-Ala) or disiant resi-
dues (Tle253-Ala) retaig Clq affinity.

The results suggest that a surface patch defined by the side
chains of residees 318, 320 and 322 determine whether an
18G will intezact with Clg. These residues are highly con-
gerved in human and mouse IgGs, indicating that alterations
of side chains at these three locations can be used to
construct therapeutically uscful variants of human C,2
domains which do not activate complement, o which have
an enhanced affinity for complement. '

Evidence that this surface patch is the complete binding
site for Clg comes from a polypeptide mimic containing the
Glu X Lys X Lys moif which proved to inhibit Clq lysis in
a model system. This work is described In a copending PCT
application No. PCTAGB88&/00213 of Rescarch Corperation
entitled “Complement Binding Peptide™ filed on the same
date as this application.

Exhibit 1
Page 15



5,624,821

i1
it will be appreciatcd that the present invention bas been
described above purely by way of illustration and that
variations and modifications can be made without departing
from the scope of the invention.
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We claim:

1. A modified antibody of class IgG, in which at least onc
amino acid from the beavy chain constant region selecied
from the group consisting of amipo acid residues 234, 235,
236, 237, 297, 318, 320 and 322 is substituted wilh another
amino acid which is diffcrert from that present in an
unmodified antibody, thereby causing an alteration in an
effector function while retaining binding to antigen as com-
pared with the unmodified antibody.

2. The modified antibody according to claim. 1, in which
at least one amino acid from the heavy chain constant region
selected from the group consisting of amine acld residucs
234, 235, 236 and 237 is substituted with an amino acid
which is different from that present in an unmodified
antibody. thereby causing an alteration in binding affinity for
# Fe receptor as compared with the unmodified antibody.

4. The modified antibody according to claim 2, having a
reduced binding affinity for Fc gamma RI receplor as
compated with unmodified antibody.

4. The modified antibody according to claim 2, wherein at
least onc awmine acid from the heavy chain constant region
selected from the group consisting of amino acid residues
234, 236 end 237 is substituted with alanine.

%_The modified antibody according to claim 2, wherein
amino acid residue 235 from the heavy chain constantregion
is substituted with glotamine.

6. The modified antibody according to claim 1, in which
amino acid residue 27 from the heavy chain constant region
is substitated with an amino acid which is different from that
present in an uamodified antibody, thereby causing 2 reduc-
tion in Iytic propertics as compared with the unmodified
antibody.

7. The modified antibody accarding to claim 6, wherein
amino acid 297 from the heavy chain constant region js
substituted with alsnine.

8. The modified antibody according to claim 1. in which
at least one amino acid from the heavy chain constant region
selected from the group consisting of amino acid residues
318, 320 and 322 is substituted with an amino acid which is
different from that preseat in an wamodified antibody,
thereby causing a reduction in binding affinity for Clq as
compared with the unmodified antibody.

9. The modified antibody according 10 claim 8, wherein at
least onc amino zcid from the heavy chain constant region
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selected from the group consisting of amino acid residies
318, 320 and 322 is substituted with alanine, thereby redue-
ing Clg binding affinity.

10. The modified antibody according to claim §, wherein
amino acid residue 318 from the heavy chain constant region
has been substifuied with valine.

11. The modificd antibody according to claim 8§, wherein
amiso acid residue 322 from the heavy chain constant region
is substifuted with glutamine,

12. The modified antibody according to claim 1, com-
prising rodent or human Ig(.

13, The modified antibody according to claim 1, wherein
the unmodified antibody is & naturally occurriog antibody, or
a recombinantly altered antibody.

14. A process for modifying an atibody of class 1gG,
comprising substituting at least one amino acid from the
heavy chain constant region selected from the group con-
sisting of amine acid residues 234, 235, 236. 297, 318. 320
and 322 with an amino acid which is differeat from that
present jo an unmodified antibody. thereby altering an
affinity for a effector molecule while retaining binding to
antien as compared with the affinity of the unmodified
antibody.

15. A method of producing modified antibody of class IgGy
with an altered effector function as compared with unmodi-
fied antibody comprising:.

(&) preparing a replicablie expression vector comprisiag 2
suitable promoter operably linked to a DNA which
encodes at least part of & constant region of ap immy-
noglobulia heavy chain and in which at least onc amino
acid from the heavy chain constant region selected
from the group consisting of amino acid residues 234,
235,236,237, 297,318, 320 and 322 is substituted with
an amino acid which is different from that present inaa
unmedified antibody therebyy causing an alteration in an
effector function while retaining binding to antigen as
compared with the unmodifizd antibody;

(b) wansforming a cell line with said vector; and

() culmming said wansformed cell line to produce said
modified antibody.

16. The method accerding to claim 1% further comprising

after step (8):

peeparing a second replicable expression vector compris-
ing a promoter operably linked to a DNA which
encodes a complementary immunoglobulin light chain
and wherein said cell line is further transformed with
said vector.

10
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40
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17, The method according to claim 15, wherein the
conetant region of an immunogiobulin heavy chain has at
least one amino acid sclected from the group consisting of
amino acid residues 234, 235, 236 and 237 substimuted with
an amino acid which is different from that present in an
pomodified antibody, thereby causing an alteration in bind-
ing affinity for a Fe receptor as compared with the unmodi-
fied antibody.

18. The method according to claim 15. wherein said
constant region of an immunoglobulin heavy chain has
amipo acid residue 297 substituted with an amino acid
which is diffcront from that present in an unmodified
antibody, thereby causing a reduction in lytic properties as
compared with the unmodified antibody.

19. The method according to claim 15, wherein said
comstant region of an immunoglobulin heavy chain has at
least one amino acid selected from the group consisting of
amino acid residues 318, 320 and 322 substituted with an
amino acid which is differeet from that present in am
unmedificd antibody, thereby causing 2 reduction in binding
affinity for Clg as compared with the unmodified antibody.

20. The method of claim 17, wherein at least one amino
acld from the heavy chain constant region selected from the
group consisting of amino acid residues 234, 236 and 237 i
substituted with alasine.

. 21 The method of claim 17, wherein amino acid residuc
235 from the heavy chain constant region is substituted with
glutamine,

22. The method of claim 18, wherein amino acid 297 from
the heavy chain constant regioh is substituted with stanine.

23, The method of claim 19, wherein at least on¢ #mino
acld from the heavy chain constant region selected from the
group consisting of amino acid residues 318, 320 and 322 is
substituted with alanine, thereby reducing Clq binding affin-

24, The method of claim 19, wherein amino acid residne
318 from ihe heavy chain constant region has been substi-
mted with valine.

25, The method of claim 19, wherein amino add residuc
322 from the heavy chain constant region is substituted with
glutamine.

* x ¥ x ¥
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A PN
CCCTETAATGGAGGATAAGCCATGTACAARTCCATTTCCATCTCTCCTCATCAGCTCCTA

23
LEGGPSVFEIFPPNTIKDVLMI
ACCTCGAGBGTGBACCATCOBTCTTCATCTTCCCTCCARATATCAAGGATGTACTCATGA
3’ (ATGAGTACC

SLTPKVTCVVVDVSEDDPDYV
TCTCCCTGACACCCAAGGTCACGTGTGTGATGETGRATETGAGCGAGGATEACCCAGALG

5 11e253-Ala
QI SWFVNNVEVHTAQTAQTHR
TCCAGATCAGCTGETTTGTGAACAACGTGGAAGTACACACAGCTCAGACACAAACCCATA
297

EDYNSTIRVYSTLPILQH®QD W
GAGAGGATTACAACAGTACTATCCGGGTGGTCAGCACCCTCCCCATCCAGCACCAGRACT

31TCCTAATGCGGTCATEAT] 5* Asn297-Ala

5850 37 22
MSGKEFKCKVNNKDLPSPIE
GGATGAGTGGCAAGGAGT TCAAATGCAAGGTCAACAACAAAGACCT CCCATCACCCATCG
3’ {CACCGTTCCGRAAGT| 5’ Glu318-Ala 3 | TGG6TAGL

3" [CCTCAMGOBGACGTTCC] 5 Lys320-Ala
3’ [TTACGOGGRCAGTTG) 5* Lys322-Ala

337

RTISKTIK
AGAGAACCATCTCAAAMTTAAAGGTGGGACCTGCAGGACA

5’ GluB33-Ala
3 [GGIAGCGRITTIAA 5’ Ser337-Ala

FIG. 7
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DNA ENCODING ANTIBODIES WITH
ALTERED EFFECTOR FUNCTIONS

This is a Continuation of application Ser. No, 08/208.084
filed Mar. 9, 1094, peoding, which is a continuation of
application Ser. No. 07/814.035. filed Dec. 24, 1991,
abandoned, which is a continuation of application Sex. No.
07/303,668, filed Jan. 18. 1989, abandoned, the entire speci-
fications of each of which arc incorporated herein by refex-
ence.

FIELD OF INVENTION

"I'his invention telates to altered antibodies and concerns

an antibody with an aitered effector fuction, a method of

ing such an antibody, and a process for altering an
effector function of an antibody.

BACKGROUND TO THE INVENTION

Antibodies, o immunoglobulins, comprise two heavy
chains linked together by disulphide bonds and two kight
chains, each light chain being linked to a respective heavy
d:ainbydialﬂplﬁdcbonds.'l‘lwgcnerﬂsmmrcofan
antibody of class IgG (ic an immunoglobulin (Ig) of class
gamma (G)) is shown schematically in HG. 1 of the
accompanying drawings.

Bach heavy chain has at one end a variable domain
followed by a number of constant dorains. Bach light chain
has a variable domain at onc end and a constant domain at
its other end, the light chain variablc domain being sligned
with the vadable domain of the heavy chain apd the light
chain constant domain being aligned with the first constant
domain of the heavy chain,

Antigen binds to antibodics via an antgen binding site in
the varisble domains of each pair of light and heavy chains.
Other molccules. known as effector motecules, bind to other
sites in the remainder of the molecule, ie other than the
antigen binding sites, and this partion of antibody will be
cefeared to herein as “the constant partion” of an antibody,
such sites being located particularly in the Fe region con-
stituted by the portions of the heavy chains extending
beyond the ends of the light chains,

‘Agtibodies have several effector functions mediated by
binding of cffector moleeules. For cxamyple, binding of the
Ci component of complement to antibodies activates the
complement sysiem. Activation of complement is important
in the opsonisation and lysis of cell pathogens. The activa-
tion of complement also stimulates the inflammatory
response and may also be involved in autoimmenac hypes-
sensitivity. Further, antibodies bind to cclls via the Fe region,
with a Fc receptor site on the antibody Fe region biading to
a Fc recepior (FcR) on a cell. Theze are a pumber of Fc
receptors which are specific for different classes of antibody,
including ¥gG (gamma receptors), IgE (cta teceptors), IgA
(alpha recepiors) and IgM (mu receptors). Binding of ant-
body to Fe receptors on cell surfaces triggers a number of
important and diverse biological responses includiog engulf-
ment and destruction of antibody-coated particles, clearance
of immune complexes. lysis of antibody-coated target cells
by killer cells {ralled antibody-dependent cell-mediated
eytotoxicity, or ADCC). release of inflammatory mediators,
placental transfer and control of immunoglobulin produc-
tion.

Although various Fe receptors and receptor sites have
been studicd to a certain extent, there is still much which is
unknown sbout their tocation, structure and functioning.

SUMMARY OF THE INVENTION

According to one aspect of the present invention. there is
provided 2 modificd antibody of the class 1gG in whick at
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least one amino acid residoe in khe comstant portion (as
hercin defined) has been replaced by a different residue,
altering an eficctor function of the antibody as compared
with unmodified antibody.

An offector function of an aatibody may be altered by
altering, ic enhancing or reducing, the affinity of the anti-
body for an effector molecule such as an Fc receptor or a

compopert. Binding affinity will generally be
varied by modifying the effector molecule binding site, and
in this case it is appropriate to locate the site of interest and
modify at least part of the site in a suitable way. It is also
envisaged that sn alteration in the binding site on the
antibody for the effector molecule need not alter signifi-
cantly the overall binding affinity but may altes the geometry
of the intcraction rendering the effector mechanism ineffec-
{ive as in nop-productive binding. It is further envisaged that
an sffector function roay also be altered by modifying a site
not directly involved in effiector molecale binding, but
otherwise involvad in perfarmance of the effector function.

By altering an cifectar function of an antibody it may be
possibie to control vatious aspects of the immune response,
eg cchancing of supeessing various reactions of the immune
system. with passible beneficial cffects in diagnosis and
therapy.

For example, it is known to usc motocional antibodies for
guided jocalisstion of malignant lesions in patients with a
pumber of solld wumours, such as ovaran and testicular
cancer. However, their geacral usc has been limited because
scveral major probtems such as faise positive, false negative
as well as non- ¢ Tocelisation contipus to exist. The
amounls of radioiodine-labelled tumour-associated mono-
clonal antibody reaching their target tissues after intra-
vegous administration in humans are small (Epenetos et al,
1986). One problem is a high sos-specific uptake in normal
lymph nodes and the rapid catabolism of murine monecional
antibodies in these studies. The use of humar moncclonal
antibodics may siso give high backgrounds due to non-
specific binding to the high affinity receptars (Fe gamma RI)
of the lymphatics, liver and spleen. An aliered monoclonal
antibody which does not bind to this high affinity recepior
may improve antibody-guided tumour localisation by
enhancing specific tumour uptake of the amtibody while
decreasing the background due to non-specific binding fo
FeR.

Ydsally, monocional antibodics used for therapy of
tumors would be radiolabelied or exploit the host's own
effector mechanisms. It is aot yet clear which of these will
be the most significant in vivo for clearance of antibody-
coated tanget cells, but ADCC by mmonosuclear cells, par-
ticularly ¥ cells, seems the most effective (Hale et al, 1985).
Tt may be possible to produce antibodics which react only
with certaln types of Fc receplor; for example, modified
antibodics could be produced which do not bind the high
efinity Fc gamma RI of cells of the RES. but, when
ageregated on a surface may bind Fc gamma RIT expressing
gacllf and trigger ADCC and specifically destroy the larget

Production of a modified antibody can be camied cut by
any suitable technique including techniques that are well
known to those skifled in the art, For example an appropriate
protein sequctice, g forming past or all of a relevant
consiant domain, eg Cy2 domain, of an antibody, and
include appropriatcly altered residue(s) can be synthesised
and then chemically joined into the appropriate place in an
antibody molecule.

Praferably, however, genetic enginecring techniques are
used for producing ap altered antibody. The presently pre-
ferred such technique compeises:
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a) preparing a first replicable expression vector including
a suitable promoter cperably linked to a DNA sequence
which encodes et least part of an lgG heavy or light
chain, &g the V. Cy) and C,2 domains of an 1gG
heavy chain, the appropriate residue(s) of which have
been altered;
b) if necessary, preparing a second replicable expression
vector including a suitable promoter operably linked to
a DNA sequence which encodes a complementary Ig
light or heavy chain;

¢} transforming a cell line with the first or both prepared

vectors; and

d) culturing said tansformed cell line to produce an

altezred antibody.

The present invention also includes vectors used to trans-
form the cell line. vectors used in producing the transform-
ing vectors, cell lines transformed with the transforming
vectors, cell lines transformed with preparative vectors, and
methods for their production.

Preferably, the cell line which is transformed to produce
\he aptibody of altered effector function is an immortalised
mammalian cell line, which is advantageously of lymphoid
origin, such as a myeloma, hybridoma., trioma or quadroma
cell line. The cell line may also comprise a normal lymphoid
cell. such as a B-cell. which has beeo immortalised by
wansformation with a viros, such as the Epstein-Barr viras.
Most preferably. the immuortalised cell line is a myeloma ccll
tine or a derivative thereof.

Although the cell line used to produce the aptibody of

altered cifector function is preferably a mammalian cell line,
any other suitable cell line. such as a bacterial cell line or a
yeast cell tine, may afternatively be uscd. In particlar, it is
envisaged that E. coli-derived bacterial strains could be
used. .
It is known that some immortalised lyraphoid cell lines,
such as myeloma cell lines. in their normal state scerete
isolated Ig light chains. 3 such a cell line is transformed with
the vector prepared in step 2) of the process defined above,
it will not be necessary to cary out step b) of the process,
provided that the normally sccreted chain is complementary
to the chain encoded by the vector prepared in step a).

However, where the immortalised ccll line does not
secrete of does not secrete a complementary chain, it will be
necessary to carry out step b). This step may be carried out
by forther manipulating the vector produced in step a) so that
this vector encodes not only the heavy chaia but also the
light chain. Alternatively, step b} is carried out by preparing
a second vector which is used to transform the immortalised
cell line.

The technigues by which stch vectors cah be produced
and used to transform the immortalised cell lines are well
known in the art. and do not form any part of the inveation.

In the case where the immaortalised cell line secretes a
complementary light chain. the transformed cell line may be
produced, for example, by transfarming a suitable bacterial
cell with the vector and then fusing the bacterial cell with the
immortalised cell line by spheroplast fosion. Alternatively,
the DNA may be directly introduced into the immortalised
cell line by clectroporation,

The DNA sequence encoding the relevant altered portion
of the antibody may be prepared by oligonuclestide synthe-
sis, Alierzatively. the DNA encoding the altered portion may
be preparcd by primer dirccted oligonucicotide site-directed
mutagencsis. This technique in essence nvolves hybridising
an oligonucleotide coding fox a desired mutation with a
singie strand of DNA containing the mutation point and
using the single strand as a template for extension of the
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oligonucleotide to produce 2 strand contaning the musation.
This technique. in varfous forms, is described by Zoller and
Smith, 1982; Zoller and Smith. 1984; Noris et al. 1983;
Kramer et al. , 1982,

For varjous reasons. this technique in fis simplest form
docs not always produce a high frequency of mutation. An
improved technique for introducing both single and multiple
mutations in an M13 based vector has been described by
Carter ¢t al., 19852

The invention can be applied 1o antibodies of different
species, ¢g human., rodeat (mouse. rat. hamster) etc, and
different class. The invention can also be spplied to paturaily
occuring antibodies, chimetic antibodies {eg of the type
disclosed in PCT/GB85/00392) or altered antibodies aftered
in other ways (og of the type disclosed in GB 2188638).

As one example, work has been camied out on IgG, to
alier the binding affinity fox the receptor kmown as Fc
gamma Rl

In man, and in mouse, three Fe gamma receptors have
been partially characterised: Fe gamma Rl, Ye gamima RII,
and FC gamma R,,, and these are expressed on distinet but
overlapping hacmatopoetic e¢ll types (Anderson and
1coney. 1986). Furthermore, these different receplots have
differing affinities for Ig6 subclasses. As mentioned above,
binding of anmtibody to these receptors on ccll surfaces
triggers & number of important and diverse biological
responses. It is not known which receptor. if any. is primarily
responsible for which effect, but evidence suggests that it is
the fow affinity receptors which are relevant for these
physiciogical effects. The receptors in man and mouse have
been proposed as homologues on a number of physical
criteria. Cloning and sequencing of the low affinity Fe
gamma RH from both sources has con filmed this prediction
{Lewis ot al 1986, Ravetch ¢t al 1986). The high affinity
geceptor Fe gamma R1 has been studicd cxtznsively and in
both man and mouse binds monomeric IgG (man=IpG1 and
Tg(G3; mouse=ig(Gi2a) and s found on the same cell types.

The Fc region of IgG comprises two constant domains.
C,2 and C,3, as shown in FIG. 1. As with the mouse system
much effort has gone into the determination of the contri-
bution of each of the two domains, C gamma 2 and C garmma
3, to the interaction. Isolated Cp,3 domains, {pFc’ fragments)
were reported to have no inhibitory activity on the formation
of monocyte Toseites (Abramson et al 1970). But other
reports have shown that this fragment was capable of
inhibiting Fc gamma Rl binding (Barnett-Foster et al 1980)
indicating that the C gamma 3 domain was involved in
binding human Fc gamma R1. This view became predomi-
nant until Woof and colleagues demonstrated that this inhibi-
tory activity could be removed by extensive purification of
the pFe fraction by passage over protein A and anti-L, chain
columns, These purified samples showed no inhibition of
monomer binding (Woof et al 1984). Additionally, the
ability of monoclonal antibodies directed again epitopes on
the €,,3 dotnain 10 interact with FeR bound antibody, bat aot
those to cpitopes oo Cjy2, is consistent with a binding site on
the Cj,2 domain (Partridge ct al, 1986).

In 2 compreheasive smdy of the high affinity receptor for
humae IgG op human monocytes (Fe gamma RI) Woof,
Burton and colleagues also localised the binding-site to the
C,;2 domain of hurnan IgG1 (Woof e1 al, 1084; Partridge ct
al, 1986). A range of 1gG subclasses from different species,
as well as fragments of human immunoglobulin, were tesied
for their ability to inhibit the interaction between human IpG
and human monocytes in a direct-binding microassay.

IgGs were grouped inte those found to exhibit tight,
intermediate or weak binding to the FeR on human mogo-
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cyles (Fc gamma RI). By comparison of the amino-acid
sequences in these different affinity groups a potential
monocyte-binding site in the hinge-link region
(Lou?34-5er239) was proposcd, with possibie involvement
of the two beta-strands and joining bend formed by the
residues Gly316-Lys338 (Woof et al. 1986). The latter
region had aiready been proposed as the Clq binding site
(Burton ¢t al, 1980). The humaz Fc gamma Rl receptor binds
humac IgGl and mouse IgG2a as a monome, but the
binding of mouse IgG2b is 100-fold weaker (Woof et al,
1986). A comparison of the sequence of these proteips in the
hinge-litik region shows fhat the sequence (234 to 238)
Leu-Leu-Gly-Gly-Pro in the strong binders becomes Leu-
Glu-Gly-Gly-Pro in mouse gamma b,

In ag attempt to alter the binding affinity the substitution
Glu235 by Leu was made in the mouse IgG2b heavy chain.
The numbering of the residues in the heavy chain is that of
the EU index (sec Kabat ct al., 1983). The normal mouse
antibody does not bind to human Fc gamma RL but by
changing residue 235 from glutamic acid to leucine, cg by
site directed mutagenesis, affinity for the human Fe gamma
Rl is inctcased by over 100-fold. The magnitude of the
increase in affinity was much greater than could have beea
expected and suggests that single amino acid changes in this
region could be used to produce altered antibodies more
suited to 2 range of in vive applications in man and other
animals. This change does not alter other Ig binding sites
such as for complement component Clg.

It should also be possible to alter the affinity of I'c gamma
R binding by replacing the specified gesidue with a residuc
having art inappropriate functionality on its sidechain, or by
introducing a charged functiopal group. such as Glu or Asp,
o perhaps an aromatic non-polar residue such as Phe, Tyr o
Tip.

These changes would be expected o apply equally to the
murine, human and rat systems given the scugence homol-
ogy between the different immunoglobulins. It has beca
shows that in human IgG3, which binds to the human Fe
gamma Ri receptor, changing Leu 235 to Glu dostroys the
intexaction of the mustant for ihe rceptor. The binding site
for this receptor can thus be switched on or switched off.

Mutations on adjacent or close sites in the hinge link
region {(ep replacing residnes 234, 236 or 237 by Ala)
indicate that alterations in residues 234, 235, 236 and 237 at
least affect affinity for the Fe gamma RI receptor.

Hence in a further aspect of the present invention provides
a modified antibody of the class IgG having an aliered Fe
region with altered bindieg affinity for Fc gamma RI as
comparcd with the unmodified antibody.

Such an antibody conveniently has a modification at
residue 234, 235, 236 or 237.

Affinity for other Fc receptors can be altered by 2 similar
approach. for coatrolling the immune response in different
ways.

As a further example, work has atso been camied out to
alter the lytic properties of Ig following binding of the C1
component of coamplement.

‘Fhe first component of the complement system. Cl, actu-
ally comprises three proteins known as Clg, Clr and Cis
which bind tightly together. It has been shown that Clq is
respansible for binding the three protein complex to Ig.

It has been shown that isolated Fe fragment inhibits the
interaction of Clq with an Ig (Yasmeen eg al.. 1976).

1t has also been shown that the binding of Clg is depen-
dent on iopic strength. suggesting that ionic interactions are
involved.

It is possible to cleave the C,3 domain from the remain-
der of an Ig molecule. and it has been shown that deletion
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of the C,3 domain docs not abalish Cliq binding activity
(Colomb and Porter, 1975).

1t is also possible 1o isclate the Cp2 domain from Igs. I
has been shown that such isolated Cy2 domains have the
same binding affinity for Clg as do isolated Fe fragments
(Ischmag et al., 1975).

From this. it has been infered that the binding site for Clg
is located [o the C,,2 domain of the Ig. Various atierpls have
been made to identify the particular amino scid residues in
the Cy;2 domain involved in Clg binding. Tn a first approach,
synthetic peptides comesponding to short sectons of the
C,;2 domain were tested for inhibition of Clg binding. This
identified two possible binding sites (Boakle et ak., 1975 and
Lukas ¢t al., 1981).

In a second approach, a comparison of the sequences of
several Ig C,2 domains was made in conjunciion with
stadies of their three dimensional structure.. This led to the
identification of two further proposals for the site of Clg
binding (Brunhouse and Cebsa, 1579 and Burton ¢t al.,
1980).

1t has now been found that the Clg binding activity of an
antibody can be altered by providing the antibody with an
altered C,,2 domain in which at least one of the amino acid
residues 318, 320 and 322 of the heavy chain has been
changed to a residuc having a different side chain.

The numbering of the residucs in the heavy chain is that
of the BU indax (see Kabat et al., 1983).

The present inventors have discovercd that, in a specific
Clg-binding Tg referred to below, by changing any one of
residues 318 (Glu), 320 (Lys) and 322 (Lys), to Ala, it is
possible to abolish Clq binding.

Moreover, by making rutations at these residues, it has
been shown that Clg binding is retained as Jong as residue
318 has a hydrogon-bonding side chain and residues 320and
322 both have 2 positively charged side chain.

The Applicants believe that these three residues are prob-
ably involved dircetly in the binding Clq to IgG. However,
itis also possible that these residucs are not directly involved
in physical contact with Clq. These residues may helip one
C,;2 domain to pack against au adjacent domain in an IpG
agregate, thus producing the at least iwo molecules of IgG
together which are required for Clg binding, If this is the
case, the Clg may be in direct coalact with the 1gG in an
entirely different arca, The Applicants, however, do not wish
to be in any way limited to cither of these theorics.

Altering residus 333 (Glu), which IS close to the three
specified residues, or residue 253 (Le), which is distant from
the three specified residues, does not alier Clg binding
activity, even though previous studies have implicated resi-
due 333 (Glu) in Clq binding.

It is to be noted that residucs 318, 320 and 322 are highly
conserved in mouse and human IgGs which ar¢ complement
binding.

It has also been showa that alteration of the three specified
1esidnes only alters the Clq binding activity, and does not
alter antigen binding activity, profcin A binding activity
{protcin A binds to the C;2/C3} interface), or the ability of
the Fc to bind to mouse macrophages.

1t 15 believed that the process of the preseat invention can
be used to abolish Clq binding activity by replacing any one
of the three specified residues with a residue baving an
inappropriate functionality on its side chain. It is not nec-
essary to replace the fonic residues only with Ala to abolish
Clg binding. It will also be possible to use other alkyl-
substimted non-ionic residues, such as Gly, He. Ley, or Val,
or stich arormatic non-polar residucs as Phe, Tyr, Trp and Pro
in place of any onc of-the three residues In order to abolish
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Clg binding. It will also be possible to use such polar
non-onic residues as Ser, Thr, Cys, and Met in place of
residues 320 and 322, but not 318. in order to abolish Clg
binding activity.

1t may be that the side chains on ionic of non-ionic polar
residues will be able to form hydrogen bonds in a similar
manner to the bonds formed by the Glu residue. Therefore,
replacernent of the 318 (Glu) residue by a polar residue may
modify but not abolish Clg binding activity,

Tt has further been shown that replacing residue 297 (Ash)
with Ala results in removal of lytic activity while cnly
slightly reducing (about three fold weaker) affinity for Clq.
It is thought this is because the alteration destroys the
glycosylation silc and that the presence of carbohydrate is
required for complement activation. Any other substitntion
at this site will also destroy the glycosylation site.

Further, the mutation Lys 320 to Gln has an affinity for
Clq only slightly weaker than the wild type but is non Iyric.
This indicates that good Clq binding roay be insutficient for
Iysis and that perhaps a precisc orlentation of Clg is
required.

All antibody isotypes sequenced to date possess the Clg
binding motif. or A closely refated motif which is cffective
in binding Clg whe it is transplanted into the mouse IgG2b
antibody. Clearly there must be further detesminants for
lysis. For example. antibody isotypes with short hinges and
low segmental fexibility are non-lytic (Oi ot al, 1984)
suggesting that (a) the interaction of Clq with the motif may
be sterically blacked due to ctose approach of the Fc by the
Fab arms {Leatherbamrow et al., 1985) or (b) the interacton
of Clg and antibody requires an cxact atignment for lysis and
therefore reguires some flexibility per se.

The present inventiom is now described, by way of
example only, with reference Lo the accompanying drawings.
in which:

FIG. 1 illustrates the structure of an Ig;

FIG. 2a-FIG. 24 lfustrates the sequence of cloning steps
used to produce an aptibody of altered Fc gamma Rl binding
activity;

Y1G. 3z and FIG. 3b show the sequeace of mouse 1gG
gamma 2b gene;

FIG. 4 s a graph Dustrating ivhibition of ***I-labelied
pooled human IgG binding o high affinity receplors on
(1937 cells by mouse gamnma 2b immupoglobulins;

FIG. 5 is a Scatchard plot of *I-EL235 binding to U937
high affinity receptors;

FIG. 6 shows the nucleotide sequence and protein
sequence of the hurnan gamma 3 gene; and

FIG. 7 shows the nuciectide sequence encoding the C,2
domain of mouse IgG2b antibody with mutants and the
sequences of the oligonucleotides used to construct sone of
the mutants referred to below.

The following concerns experiments on mouse IgG2b to
alter the affinity thereof fox human Fe gamma RL

DNA encoding the variable and constant region exons of
antibodics can be manipulated in vitro and reintroduced into
tymphoid cell lines (Neuberger, 1985). Using vectors based
on pSV-gpt (Mulligan & Berg 1981) and the Ig heavy chain
promotorfenhancer, antibodi¢s can be cxpressed and
secreted. One such vector, pSV-VINP 2b (Neuberger and
Williams 1985) encodes a variable domain which binds
nitrophenylacetyl (NP) and the constant domains of the
patural monse IgG2b antibody. The antibody produced using
this vector does not bind to huran Fc gamma Rl

Part of the structure of the pSV-VNP 2b vector is shown
in FI6. 2(2). The vector was partially digested with Sacl and
a fragment containing both the Cp2 and o3 domains was
cloned into plasmid M13K 19 (Carter et al, 1985a) as shown
in FIG. 2(b}).
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The Sacl site at the N-texminal end of the Cp3 domain
was removed by site directed mutagenesis with an olige-
pucleotide which rereins the amino acid sequence at this
N-terminal cad.

A point mutation in the ;2 domaia was then produced
using a synthetic oligonucleotide as shown in FIG. 3, in the
region indicated between bases 956 and 975 and marked
EL233, Further details of the construction of the mutation is
givett below, The mechanism of the point mutation is shown
in FIG. 2(c).

‘The mutant C,,2-Cy3 fragments were recloned ioto the
PSV.VNP 2b vector to replace the wild type Cp2-C3
domains, The motant pSV-VNFP 2b vectors were incorpo-
rated isto J558L. cultured to produce antibody and the
antibody mutant known as EL235 was purified on NIP-
Sepharose.

Constrictionr of Mutations in ths C Gamme 2 Exon

Mutations were constructed in the MI13B19-C gamma 2/C
gammz 3 as in Carler et al (1985a). The principles and
methods are described in detail in Carter 2t al. (1985b), and
Duncan.

The mutant EL235 wasg assayed by inhibition of binding
of humae IgG as well as by direct binding to & human
monecyte cell line (Wouf et al, 1984; 1986). Inhibition of
binding of mopomezic '*T-labelled normal pooled human
IgG to high affinity Fc receptors on 2 human monocyte celi
line, 1937, was measured in a quantitative microassay
system in which free and eell-bound label were separated by
centrifugation through a watcr-irumiscible ofl. The binding
of wild-type gamma 2b and the mutant EL235 were com-
pared by competition of labelled polyclonal human IgG.
FIG. 4 shows the inhibltion curves for this experiment. Tn
FIG. 4 empty circles represent wild type and solid circles
mutant FL235, The result has been normalised such that the
Fractional binding of ***I.IgG=1 in the absence of inhibitors.
The mutant inhibits the binding of human IgG1l; the wild
type protein showed no inhibitory activity. Direct binding of
radiolabelled mutant BL235 to 1937 cells gives a binding
coustant of 3.13x10° M (F1G. 5), very similar to the value
for pooled human IgG in the same experiment.

FIG. 5 Is a typical Scalchard plot of ***I-EL235 bindisg
to U937 high affinity FC receptors, The number of moles of
12511 235 bound per mole of cells, r, was caiculated using
the following relationship:

ru 6:(!0”x1%
no.

where 1gG2b is the concentration of bound ***I-EL235. A
represents the concentration of free ***FEL23S. The cocf-
ficient of correlation of the plot was (.95,

Thus a point mulation altered the binding affinity of
mouse Ig(Zb for buman Fc gamma RE by greater than
100-fold.

‘Mutations were made in the human gamma 3 gepe (Huck
gt al., 1985): the Hind IN-SpHI fragment was first subcloned
into M13 mpl9 after attaching Baml Hnkers. Then sythetic
oligonucleotides were used as described previously to make
the mutations:

234 Leuto Ala

235 Leu to Glu

236 Gly to Ala

237 Gly to Ala
as indicated on F3G. 6.

The BamHI fragment was attached to a Hind IH-BamHT
fragment encoding the variable domain of the B1§ antibody
{as in Neuberger ct al., 1984 and 1985) and cioned for
expression into a pSVgpt vector.
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‘I'ne properties of the recambinant antibodies in binding in
Fc gamma R1 wete determioed indirectly in a compétition
assay as described in connection with FIG. 4. Table 1 shows
the concentration of antibody required to inhibit the binding
of 12*] labelled pooled human IgG to U937 cells.

TABLE 1

I (M)
Wikl type
{Len 234, Leu 235, Gly 236, Gly 237) ling
Mutants
Al 234 4107
Giu 235 greater thun 1078
Alx 136 3% 10+
Al 237 3% 1077

The table gives the approximate values of Iy (ie the
concentration of IgG3 at which the fractional binding of **’I
Iabelled pooled human IgG is 0.5).

These findings have important implications for the use of
antibodies. both murine and human, in diagnostics and
therapy, as discussed above.

"The prescnt resnlts show that Fe gamma Rl receptor can
be sclectively switched on or off, and this might be of great
use in the preparation of antibodies for in vivo diagnosis ar
theeapy of hurmans as well as other apimals.

Similar experiments were carried out at mouse 1gGb to
alter iytic activity following binding of Clq. Further mutants
of the pSV-VNP 2b vector were produced using the proce-
dure described above, with point mutations being produced
in the C,2 domain using synthetie oligonucleotides as
shows in FIG. 7. and antibodies produced as previously
described.

Antibody produced using the pSV-—VNP 2b vector, with
wild type Cp2~C,,3 domains binds Clq (see Table 2).

The ability of the resulting purified antibodics to lyse
specifically NIP-kephalin derivatised sheep red blood cells
(Weltzier et al.. 1984) was tested In a guantitative hacmoly-
sis micronssay {Young et al., 1986). The results of the test
are showa in Table 2. The titre in ug/ml antibedy represents
the amount of antibody required for 30% lysis after 30
minutes at 37° C.

A number of the mutant antibodies were tested fox affinity
for radiolablled Clg (Featherbatrow and Dwek, 1984) after
aggregating the anti.NP antibodies on NP-Affigel. The

15

25

3

as

L

45

10
TABLE 2-continacd
6 G (nghmh Affinity oM
Ser 267 - Al 3 —
Asp 270 - Ala 3 —
Gln 274 - Al 3 —
Lys 317 - Al 3 -—
Lys 236 - Ala 3 —
Lys 340 - Al 3 —
Mautations of Mol gGZb which abolish lytic activity
Gla 218 - Val x —_
Glu 318 - Ala H greater than 300
Lys 320 - Ala x greater than 300
Lys 320 - Gln x 13
Lys 322 - Ala x grestor (hau 300
Lys 322 - Gin Y —
Asn 297 - Al x k11
Mutations of MotgG?h which conserve Iytic ativity
Glhe 318 - Thr 3 iz
Lys 320 - Arg 1 1n
Lys 322 - Atg 3 11

Antibodies with the V » domain attached to human IgG1
and rouse JgG1 were kindly supplied by Dr M Bruggemann
and Mr PT Joacs respectively.

Mutants Glu318-Ala, Lys320-Ala and Lys322-Ala have a
dramatically reduced affinity (Table 2). However, they retain
binding for the NP hapten and protein A (which binds at the
C2-Cp3 interface). This suggests that the loss of Cly
binding is not due so major structural change in the antibody.
Mutations in adjacent residues (Glu333-Ala) or distant
residucs Me253-Ala) retain Clg affinity,

The results suggost that a surface patch defined by the side
chains of residues 318, 320 and 322 determine whether a0
Tg(3 will interact with Clq. These residues are highly con-
served in buman and mouse IgGs, indicating that altcrations
of side chains at these three locations can be uscd to
construct therspentically uscful variants of human Cg2
domains which do not activate complement, of which have
an cohanced affinity for ement.

Evideace that this surface patch is the complete binding
site fox Clq comes from a polypeptide mimic containing the
Glu X Lys X Lys motif which proved to inhibit Clq lysis in
& modet system. This work is described in a copending PCT
application Ne. PCT/GB88/100213 of Rescarch Corpora-
tion entitled “Complement Binding Peptide™ filed on the
samne date as this application.

results are shown also in Table 2. It will be appreciated that the present invention has been
described ahove purcly by way of lustration and that
TABLE 2 3o variations and modifications can be made without departing
from the scope of the inventicn.
I3 tive {ug/ml) Affinity sM
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We claim:
1. Isolated DNA encoding at least part of a constaat region
of an inusunoglobulin heavy chain in which at least one
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amino acid selccted from the group consisting of amino acid
residues 234, 235. 236, 237, 297, 318, 320 and 322 Is
substituted with an amine acid which is different from that
present in an unmodified antibody theceby causing an alter-
ation in an effector function while retaining binding to
antigen as compared with the uamodified aptibody.

2. The isolated DNA of claim 1, wherein at least one
amino acid selected from the group consisting of amino acid
residues 234, 235, 236 and 237 of said immunoglobulin
heavy chain i¢ substitsted with an amino acid which is
different from that in 20 unmodified antibody. thereby caus-
jng 2 reduction in binding affinity for a Fc receptor as
compared 1o the unmodified antibody.

4. The isolated DNA of ciaim 2, wherein at least one of
residues 234, 236 and 237 of said immunoglobulin heavy
chain is substitited with alanine.

4. The isolared DNA of claim 2, wherein residue 235 of
said jmmonoglobulin heavy chain is substituted with
glutamine.

5. The isolsted DNA of claim 1, wherein amine acid
residue 297 of said immunoglobulin heavy chain is substi-
tuted with aa amine acid which s different from that present
in an ummodified antibody, thereby causing a decrease in
Iytic properiies s compared with an anmodified anlibody.

6. The isalated DNA of claim 5, wherein residue 257 of
said immunoglobulin heavy chain is substituted with ala-
nine.

7. The isolated DNA of ciaim 1. wherein at least one
amine acid selected fram ihe grotp copsisting of amino acid
residues 318, 320 and 322 of said immuroglobulin heavy
chain is substituted with an amino acid which is different
from that in an unmodified antibody, thereby cavsing 2
teduction in binding affinity for Clq as compared with
unmodified antibody.

8. The isotated DNA of ciaim 7, wherein at least one of
residues 318, 320 and 322 of said immunoglobulin beavy
chain is substituted with alanine, thereby reducing Clg
binding affinity.

9. The isolated DNA of claim 7, wherein residue 318 of
said immunoglobulin heavy chain is substituted with valine.

10. The isolated DNA of claim 7, wherein residue 322 of
said immupoglobulin heavy chain js substituted with
glutamise.

11. A replicable expression vector comprising a suitable
promoter operably linked to a DNA which encodes at Jeast
part of & constant region of an immunoghobulin heavy chain
in which at least one amino acid sclected from the group
consisting of amino acid residues 234, 235, 236, 237,297,
318, 320 and 322 is substituted with an amino acid which is
different from that present i an unmodified antibody
thereby causing an alteration in an effector function while
retaining binding to antigen as compared with the unmodi-
fied antibody. *

12. The replicable expression vector of claim 11, whersin
st least one amino acid sefected from the group consisting of
amino acid residues 234, 235, 236 and 237 of said immu-
noglobulin heavy chain is substituted with an amino acid
which is diffexent from that in an unmodified antibody,
thereby causing a reduction in binding affinity for a Fe
receptor as compared (o the unmodified antibody.

13. The replicable expeession vector of claim 12, wherein
at least one of residues 234, 236 and 237 of said immunc-
globulin heavy chain is substituted with alanine.

14. The replicable expression vector of claim 12, wherein
residue 235 of said immunoglobulin heavy chain Is substi-
tuted with glutamine.

15. The replicable expression veetor of claim 11, wherein
awnino acid residue 297 of said immunoglobulin heavy chain
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is substituted with an amine acid which is different from that
preseit in an uamodified antibody, thereby causing a reduc-
tion in dyric propertics as compared with an unmodified
antibody.

16. The replicable expression vector of claim 15, whetein
residue 297 of said immunoglobulin heavy chain is substi-
tuted with alanine,

17. The replicable expression veetor of claim 11, whezein
at least one amino acid selected from the group consisting of
amino acid residues 318, 320 and 322 of said immunoglo-
bulit heavy chain is substifuted with ah amino acid which is
different from that in an unmodified antibody, thereby caus-
ing a reduction in hinding affinity for Clq as compared with
unmodified antibody.

18. The replicable expression vector of claim 17, wherein
at least one of residues 318, 320 and 322 of said immuno-
globulin heavy chain is substiuted with alanine, thereby
reducing Clq binding affinity. :

19. The replicable expression vector of claim 17, wherein
sesidue 318 of said immunoglobulin heavy chain is substi-
tuted with valine.

20, The replicable expression vector of claim 17, wherein
residue 322 of said immunoglobulin heavy chain is substi-
tited with glutamine.

&
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21. A transformed host cell comprising the replicable
expression vectar of clain 11.

22, A mansformed host coll comprising the replicable
expression vector of claim 12,

23. A transformed host cell compeising the replicable
expression vector of claim 13.

24, A transformed host cell comprising the replicable
expression vector of claim 14,

25. A transformed host cell comprising the replicable
expression vector of claim I5.

26. A transformed host ccll comprising the replicable
expression vector of claim 16.

27, A transformed host cell comprising the replicable
expression vector of claim 17,

28, A transfarmed host ccll comprising the replicable
expression vectos of claim 18.

29, A tramsformed host cell comprising the replicable
expression vector of claim 19.

39, A transformed host cell comgrising the replicable
expression vector of claim 20.
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