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composite heavy chain, amino acid residues 5, 8, 10, 12 to
17, 19, 21, 22, 40, 42 to 44, 66, 68, 70, 74, 77, 79, 81, 83
to 85, 90, 92, 105, 109, 111 and 113 at least are acceptor
residues and amino acid residues 23, 24, 31 to 35, 49 to 58
and 95 to 102 at least are donor residues.

4. An anti-CD3 antibody molecule having affinity for the
CD3 antigen comprising a composite heavy chain and a
complementary light chain, said composite heavy chain having
a variable domain comprising acceptor antibody heavy chain
framework residues and donor antibody heavy chain antigen-
binding residues, said donor antibody having affinity for
said cD3 antigen, wherein, according to the Kabat numbering
system, in said composite heavy chain, amino acid residues
s, 8, 10, 12 to 17, 19, 21, 22, 40, 42 to 44, 66, 68, 70,
74, 77, 79, 81, 83 to 85, 90, 92, 105, 109, 111 and 113 at
least are acceptor residues and amino acid residues 23, 24,
31 to 35, 49 to 58 and 95 to 102 at least are donor
residues.

5. An anti-CD4 antibody molecule having affinity for the
CD4 antigen and comprising a composite heavy chain and a
complementary light chain, said composite heavy chain having
a variable domain comprising acceptor antibody heavy chain
framework residues and donor antibody heavy chain antigen-
binding residues, said donor antibody having affinity for
said CD4 antigen, wherein, according to the Kabat numbering
system, in said composite heavy chain, amino acid residues
5, 8, 10, 12 to 17, 19, 21, 22, 40, 42 to 44, 66, 68, 70,
74, 77, 79, 81, 83 to 85, 90, 92, 105, 109, 111 and 113 at
least are acceptor residues and amino acid residues 23, 24,
31 to 35, 49 to 58 and 95 to 102 at 1least are donor
residues.

6. An anti-adhesion molecule antibody molecule having
affinity for an adhesion molecule and comprising a composite
heavy chain and a complementary light chain, said composite
heavy chain having a variable domain comprising human
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acceptor antibody heavy chain framework residues and donor
antibody heavy chain antigen-binding residues, said donor
antibody having affinity for said adhesion molecule wherein,
according to the Kabat numbering system, in said composite
heavy chain, amino acid residues 5, 8, 10, 12 to 17, 19, 21,
22, 40, 42 to 44, 66, 68, 70, 74, 77, 79, 81, 83 to 85, 90,
92, 105, 109, 111 and 113 at least are acceptor residues and
amino acid residues 23, 24, 31 to 35, 49 to 58 and 95 to 102
at least are donor residues.

7. The antibody molecule of any one of claims 2 to 6
wherein amino acid residues 71, 73 and 78 in said composite

heavy chain are additionally donor residues.

8. The antibody molecule of any one of claims 1 to 7,
wherein amino acid residues 26 to 30 and 59 to 65 in said
composite heavy chain are additionally donor residues.

9. The antibody molecule of any one of claims 1 to 8,
wherein at least one of amino acid residues 1, 3, and 76 in

said composite heavy chain are additionally donor residues.

10. The antibody molecule of any one of claims 1 to 9,
wherein at least one of amino acid residues 36, 94, 104, 106

and 107 in said composite heavy chain are additionalliy donor

residues.

11, The antibody molecule of claim 10, wherein at least
one of amino acid residues 2, 4, 6, 38, 48, 67 and 69 in
said composite heavy chain are additionally donor residues.

12. The antibody molecule of any one of claims 1 to 11
wherein amino acid residues 7, 9, 11, 18, 20, 25, 37, 39,
41, 45, 47, 48, 72, 75, 80, 82, 86 to 89, 91, 93, 103, 108,
110 and 112 in said composite heavy chain are additionally
acceptor residues.

13. The antibody molecule of any one of claims 1 to 12,
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wherein said complementary light chain is a composite light
chain having a variable domain comprising acceptor antibody
light chain framework residues and donor antibody 1light
chain antigen-binding residues, said donor antibody having
affinity for said predetermined antigen, wherein, according
to the Kabat numbering system, in said composite 1light
chain, amino acid residues 5, 7 to 9, 11, 13 to 18, 20, 22,
23, 39, 41 to 43, 57, 59, 61, 72, 74 to 79, 81, 82, 84, 86,
88, 100, 104, 106 and 107 at least are acceptor residues and
amino acid residues 24 to 34, 46, 48, 50 to 56, 58, 71 and
89 to 97 at least are donor residues.

14. The antibody molecule of claim 13, wherein amino acid
residues 1, 3 and 47 in said composite light chain are
additionally donor residues.

15. The antibody molecule of claim 13 or claim 14,
wherein amino acid residues 36, 44, 47, 85 and 87 in said
composite light chain are additionally donor residues.

16. The antibody molecule of any one of claims 13 to 15,
wherein at least one of amino acid residues 2, 4, 6, 49, 62,
64 to 69, 98, 99, 101 and 102 in said composite lightly
chain are additionally donor residues.

17. The antibody molecule of any one of claims 13 to 16,
wherein at least one of amino acid residues 1, 3, 10, 12,
21, 40, 60, 63, 70, 73, 80, 103 and 105 in said composite
light chain are additionally donor residues.

18. A therapeutic or diagnostic composition comprising
the antibody molecule of any one of claims 1 to 17 in
combination with a pharmaceutically acceptable carrier,
diluent or excipient.

19. A method for producing a recombinant antigen binding
molecule having affinity for a predetermined antigen
comprising the steps of:
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(1] determining the amino acid sequence of the
variable domain of the heavy chain of a donor antibody which
has affinity for said predetermined antigen;

(2] determining the amino acid sequence of the
variable domain of the heavy chain of a non-specific
acceptor antibody;

(3] providing a composite heavy chain for an
antibody molecule, said composite heavy chain having
acceptor framework residues and donor antigen binding
residues wherein, according to the Kabat numbering systenm,
amino acid residues 5, 8, 10, 12 to 17, 19, 21, 22, 40, 42
to 44, 66, 68, 70, 74, 77, 79, 81, 83 to 85, 90, 92, 105,
109, 111 and 113 at least are acceptor residues and amino
acid residues 23, 24, 31 to 35, 49 to 58 and 95 to 102 at
least are donor residues;

[4] associating the heavy chain produced in step [3]
with a complementary 1light chain to form an antibody
molecule;

(5] determining the affinity of the antibody
molecule formed in step [4] for said predetermined antigen;

(6] if the affinity determined in step [5] is not
equivalent to that of the donor antibody, providing a heavy
chain as described in [3] above but in which amino acid
residues 71, 73 and 78 are additionally donor residues;

{7] associating the heavy chain produced in step {6]
with a complementary 1light chain to form an antibody
molecule;

(8] determining the affinity of the antibody
molecule formed in step [7] for said predetermined antigen;

(9] if the affinity determined in step [8] is not
equivalent to that of the donor antibody, providing a heavy
chain as described in [6] above but in which amino acid
residues 26 to 30 are additionally donor residues;

[10] associating the heavy chain produced in step [9]
with a complementary 1light chain to form an antibody
molecule;

[{11] determining the affinity of the antibody
molecule formed in step [(10) for said predetermined antigen;

1004 of 1849 Bl Exhibit 1095



10

15

20

(V]
(5]

30

35

[(12] if the affinity determined in step [11] is not
equivalent to that of the donor antibody, providing a heavy
chain as described in [9] above but in which at least one of
amino acid residues 1, 3, and 76 are additionally donor
residues;

[(13]) associating the heavy chain produced in step
(12] with a complementary light chain to form an antibody
molecule;

[(14] determining the affinity of the antibody
molecule formed in step [13] for said predetermined antigen;

[(15]) if the affinity determined in step [14] is not
equivalent to that of the donor antibody, providing a heavy
chain as described in [12] above but in which at least one
of amino acid residues 36, 94, 104, 106, 107 are
additionally donor residues;

[16] associating the heavy chain produced in step
{15]) with a complementary light chain to form an antibody
molecule.

[(17) determining the affinity of the antibody
molecule formed in step [16] for said predetermined antigen;

(18) if the affinity determined in step [17] is not
equivalent to that of the donor antibody, providing a heavy
chain as described in [15) above but in which at least one
of amino acid residues 2, 4, 6, 38, 48, 67 and 69 are
additionally donor residues; and

[19]) associating the heavy chain producéﬂ in step
(18] with a complementary light chain to form an antibody
molecule.

20. The method of claim 19, further comprising the steps
of:

(1) determining the amino acid sequence of the
variable domain of the light chain of said donor antibody
which has affinity for said predetermined antigen;

(2) determining the amino acid sequence of the
variable domain of the 1light chain of a non-specific
acceptor antibody;

(3] providing a composite 1light chain for an
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antibody molecule, said composite 1light chain having
acceptor framework residues and donor antigen binding
residues wherein, according to the Kabat numbering system,
amino acid residues 5, 7 to 9, 11, 13 to 18, 20, 22, 23, 39,
41 to 43, 57, 59, 61, 72, 74 to 79 to 79, 81, 82, 84, 86,
88, 100, 104 and 106 to 109 at least are acceptor residues
and amino acid residues 24 to 34, 46, 48, 50 to 56, 58, 71
and 89 to 97 at least are donor residues;

(4] associating the light chain produced in step [3]
with a complementary heavy chain to form an antibody
molecule;

(5] determining the affinity of the antibody
molecule formed in step [4] for said predetermined antigen;

[6] if the affinity determined in step (5] is not
equivalent to that of the donor antibody, providing a light
chain as described in [3] above but in which amino aciad
residues 1, 2, 3 and 47 are additionally donor residues;

[7] associating the light chain produced in step (6]
with a complementary heavy chain to form an antigen-binding
molecule;

(8] determining the affinity of the antigen-binding
molecule formed in step (7] for said predetermined antigen;

(9] if the affinity determined in step [8] is not
equivalent to that of the donor antibody, providing a light

in {6] above but in which amino acid
residues 36, 44, 47, 85 and 87 are additionally donor

residues;

chain as described

o

[10] associating the light chain produced in step (9]
with a complementary heavy chain to form an antibody
molecule;

[(11] determining the affinity of the antibody
molecule formed in step [10] for said predetermined antigen;

[12] if the affinity determined in step [11] is not
equivalent to that of the donor antibody, providing a light
chain as described in [9] above but in which at least one of
amino acid residues 2, 4, 6, 49, 62, 64 to 69, 98, 99, 101
are additionally donor residues; and

[(13]) associating the light chain produced in step [9]
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with a complementary heavy chain to form an antibody
molecule.
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AMENDMENT

This amendment is filed in xesponse to the Office

Action mailed September 7, 1993.

A petition for extension of time

and the appropriate fee is attached.

In the claims:

Please cancel claims 73 to 107,

119, without prejudice.
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\Please amend claims 67 and 71 as follows:
6%. (Amended) An antibody meclecule having affinity for
a predetermin?; antigen and comprising a composite heavy chain and

a complementarﬁ(@ ght chain, said composite heavy chain having a

variable domain\bdk¢rising human acceptor antibody heavy chain
[ framework} residues\’,nd donor antibody heavy chain {[antigen-
binding] residues, said'xfnor antibody having affinity for said
predetermined antigen, satM_variable domain further comprising

complementarity determining eqgions, whexein, according to the
N

Kabat numbering system, in sadd composite heavy chain, said
N

A

- complementarit determining regione comprise donor residues at

least at residues 31 to 35, 50 to S8 and 95 to 102; amino acid
AN

residues 5, 8, 10, 12 to 17, 19, 21, 25}\40, 42 to 44, 66, 68, 70,

74, 77, 79, 81, 83 to 85, 920, 92, 105, 111 and 113 at least
are acceptor residues; and amino acid residud 23, 24, [31 to 35,]
49 [to 58], 71, 73[,] and 78 [and 95 to 102] |t least are donor

residues.
Claim 71, line 2, please delete "48" and insert --46--.

REMARKS
Claims 67-72, 108 and 114 are pending. The number of
claims pending in the present application has been reduced in order
to expedite the prosecution of the case. The deletion of some
claims should not be taken to be an admission that the subject

-2 -
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matter of the deleted claims is unpatentable. The Applicants
reserve the right to file continuation applications directed to the
deleted subject matfer. The Examiner is thanked for bringing the
typographical error in Claim 71 to the Applicants’ attention.

To the extent the rejecticons are maintained against
amended claim 67, and the remaining claims, Applicants respectfully

request reconsideration for the reasons set forth below.

Rejections Under 35 U.S.C. § 112, First Paragraph

In paragraph 16 of the present Office Action, the
Examiner contends that the application does not contain any support
for the recitation of acceptor residues in the light or heavy
chains. It is submitted, for the following reasons, that the
Examiner’s contention is incorrect.

At a very helpful interview held at the beginning of
1393, there was some discussion of the word "comprising" as used in
the c¢laims under consideration at that time. In those c¢laims, it
- was only specified that certain residues should be donor residues.
It was considered that it was not clear whether these were the only
residues which could be donor residues. The alternative view was
that these were only the minimum number of residues which must be
donor but that any of the other residues could also be donor.

If the second line of interpretation were taken, the
claims could be read to cover a situation in which all except one
'of the residues in the wvariable domain were denor residues. In

-3 -
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this case, the c¢laims could then be interpreted to cover a
structure similar to a "chimeric" antibody comprising a donor
variable domain and a human constant region. Such chimeric
antibodies were already well known at the priority date.

It plainly is not the intention of the Applicants to
claim chimeric antibodies or any similar structures. As can be
seen from the description, the superhumanised antibodies of the
present invention are compared to the prior art chimeric
antibodies. Moreover, the present invention was intended to deal
with the problem of chimeric antibodies in that chimeric antibodies
were believed to be too "foreign" because of the presence of the
complete donor variable domain.

For the above reasons, it is clear that the wording of
the claims needed to be changed so that the Applicants’ intention
of excluding chimeric antibodies was made effective. The language
now present in the claims puts this intention clearly into effect.

As to support for this wording, the Examiner is referred
firstly to page 16, under the heading "Protocol". It can be seen
_from this paragraph that the first step in the process involves the
choice of an appropriate acceptor-chain variable domain. This
acceptor domain must be of known sequence. Thus, the protocol
starts with a wvariable domain in which all the residues are
acceptor residues. In the sentence bridging pages 16 and 17, it is

stated that:

-4 -
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"The CDR-grafted «chain 1is then designed

starting from the basis of the acceptor
sequence".

On page 17, in the middle paragraph, it is stated that:

"The positions at which donor residues are to

be substituted for acceptor in the framework

are then chosen as follows...."

This again shows that, unless a residue is chosen for substitution,
it will remain as in the acceptor sequence.

It must also be borne in mind that the purpose of the
invention is to obviate some of the disadvantages of prior art
proposals. The proposal of using chimeric antibodies had the
disadvantage that they were more “foreign" than desirable. The
problem of making CDR-grafted antibodies was that they generally
did not provide good recovery of affinity. Thus, the aim of the
present invention was to minimise as far as possible the "foreign*
nature of the antibody while maximising as far as possible its
affinity.

Bearing the passages referred to above and the aim of the
invention in mind, it would have been abundantly clear to the
skilled person reading the application that as many residues as
possible should remain as acceptor residues. If this were not the
case, it could hardly be said that the composite chain is based on
the acceptor sequence.

The skilled person reading the application can plainly
see that certain residues have been considered for changing from

acceptor to donor. These are clearly set out in the description.

-5 -
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It would be plain to the skilled person that all other residues
should not be considered for changing at all. It would therefore
be obvious that any residue which is not specified as being under
consideration for changing must remain as in the acceptor chain.

It may be that there is no explicit statement in the
description that the specified residues should remain as in the
acceptor chain. However, the disclosure in a specification is not
limited to the explicit disclosure but also includes that which is
implicit. It is implicit, in the recitation that the chain is
based on the acceptor and that only certain residues are considered
for changing, that all non-specified residues must remain as
acceptor residues. Subject matter which might be fairly deduced
from the disclosure is not new matter. Acme Highway Products Corp.
v. D.S. Brown (Co., 431 F.2d 1074, 1080, 167 U.S.P.Q. 129, 132-133
(6th Cir. 1970), cert denied, 401 U.S. 956 (1971).

Another way to look at it is to consider a different way

in which the claim could be drafted. It could be specified that in

the composite chain, at least a certain minimum number of residues
are donor residues (as in the present claims) and at most a certain
maximum number of residues are donor residues. The maximum number

would be derived by listing all the residues which are considered

for changing. Such an amendment would have clear explicit basis in

the description because all those residues are mentioned as such.
However, the effect of such an amendment would be to produce claims
of exactly the same scope as the present claims. It can thus be

-6 -
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seen that the present claims do not add subject matter but are
plainly properly based on the disclosure in the description.

It is therefore submitted that the claims are fully
supported by the description, are commensurate in scope with the
disclosure in the description, and are properly delimited over the
prior art.

The rejections of Claims 73-107, 109-113, and 115-119

under 35 U.S.C. §112 has been rendered moot by their withdrawal.

In paragraph 26 of the Office Action, the Examiner
maintains the rejection of the claims for lack of enablement. It
is submitted that this rejection cannot stand for the following
reasons.

The Examiner contends that the description does not
provide a "representative" number of Examples falling within the
scope of the claims. Even if this were the case (and it is not,
for reasons set out below) this does not provide a proper basis for
rejection under 35 U.S.S. §1l12. A '"representative" number of
Examples is not required to obtain a patent. All that is required
is that the disclosure be enabling. Enablement does not depend on
the number of examples provided. Sufficient disclosure can be
provided by illustrative examples gor terminology. Further, "It is
well settled that patent applications are not required to disclose
every species encompassed by their claims, even in an unpredictable
art." In re Vaeck, 20 U.S.P.Q.2d 1438, 1445 (Fed. Cir. 1991).

-7 -
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The Examiner also appears to be arguing that it may be
that some antibodies will not be susceptible to the protocol of the
present invention, i.e. that not all embodiments will work. Even
if this were the case (and it is not, for reasons set out below).
this also does not provide a proper basis for rejection under 35
U.5.C. §112. That inoperative embodiments may be encompassed is
not detrimental. "It is not the function of claims or the
specification to exclude all inoperative substances." Ex parte
Janin, 209 U.S.P.Q. 761, 763 (Bd. of App. 1979). “The mere fact
that a claim embraces undisclosed or inoperative species or
embodiments does not necessarily render it unduly broad." Horton
v. Stevens, 7 U.S5.P.Q.2d 1245, 1247 (Bd. of Pat. App. & Int. 1988).

Apart from the legal points made above, it is submitted
that the Examiner is incorrect on the technical facts. Before
expanding on this, however, it would be worthwhile to make a few
points concerning affinity. There is no absolute value which can
be set which defines good affinity. Affinity can be measured, for
instance in reciprocal moles (M'). In this measurement system,
atfinity can vary from 10°® to 10'.

Natural antibodies, as produced in.vivo, do not all have
the same affinity, even for the same antigen. Thﬁs, in the normal
polyclonal antiserum produced on challenge by an antigen, the body
will produce a variety of antibodies having affinities within the

range given above. Monoclonal antibodies, as produced by hybridoma

1015 of 1849

Bl Exhibit 1095



DOCKET NO.: CARP-0009 PATENT

technology, also have varying affinities, again'within the range
given above. The variation in the affinity may in part be due to
the structure of the antibody and in part to the structure of the
antigen. It may therefore be that a good antibody directed against
antigen X has an affinity of only 10’ whereas a good antibody
against antigen Y may have an affinity of 10!’. These are both good
antibodies, even though they have very different affinities.

It can be seen that if an engineered antibody is produced
against antigen X with an affinity of 10%, this will be regarded as
being exceptional, in that the affinity has gone up 10 fold
compared to the good antibody. However, if an engineered antibody
recognizing antigen Y is produced with an affinity of 10%, this
will be regarded as being an awful result as the affinity will have
been reduced 10,000 fold.

Thus, the only sensible way to determine whether an
engineered antibody is successful is to compare its affinity with
that of the prototype antibody from which it is derived. It is
pointless to look at the absclute value of the affinity because
this does not tell you anything about the success or failure of the
engineering operation. It is for this reason that the Applicants
have provided such gualitative evidence of the success of the
protocol described in the application.

Further, in some cases, a residue which is selected for

changing according to the protocol described in the application may
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not need to be changed. It may be that, fortuitously, it is the
same in the donor and acceptor chains. This does not mean that, if
the residues had been different, it would not have been changed.
It merely means that, in effect, the change had already been made.

As to the number of antibodies which have been shown to
have been successfully superhumanised using the protocol of the
present invention, the Examiner is requested to look at the sheets
attached to the previous response submitted April 7, 1993.
Although Applicants are not required to provide a "representative
number of examples", the provision of so many antibodies in these
attachments should have satisfied any doubts on the part of the
Exaiminer. Yet the Examiner makes no reference to these attachments
and the evidence they provide.

The Examiner is also referred to the passage beginning on
page 17 through page 19 of the last response. This shows in detail
that a representative number of antibodies falling within the terms
of the present claims were superhumanised successfully. Again the
Examiner has not even referred to these pages. The Examiner has
not provided any reasoning as to why these pages are ‘not
persuasive. It is submitted that mere allegation is not enoﬁgh.
'The Examiner must also provide references or, if based upon
personal knowledge, an affidavit, in support of the Examiner’'s
allegafions. MPEP § 706.02.

As has been shown by the third sheet attached to the
previous response, the successful antibodies are representative not

- 10 -
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only in number, but also as regards to antigens recognized. The
antigens include cell surface antigens found on both healthy and
cancerous cells, soluble cytokines and adhesion molecules. These
are all very different in structure and function, yet antibodies
against each of them have been successfully superhumanised using
the protocol of the present invention.

It is no doubt the case that some of the antibodies
referred to in the sheets were more successfully humanised than
others. However, the reasons for this were clearly set out in the
previous response. Thus, evidence that the replacement scheme is
not generally applicable has not been provided.

The Examiner places much reliance on the prior art as, in
her view, showing that there woula have been no reasonable
expectation of success. The Applicants agree that, if there were
only the prior art to go on, then there would have been no
reasonable expectation of success, However, the skilled person
trying to put the present invention into practice does not have to
rely on only the prior art. The skilled person has available the
teaching of the present application. It is specifically stated in
the application that the present protocol represents a departure
from the procedures of Reichmann and Queen, at least. Thus, the
skilled person would not rely on Reichmann and Queen as teachings
relevant to whether the present description is enabling.

It is submitted that the skilled person would rely on the
clear teaching given in the application and find that it is

- 11 -

1018 of 1849

Bl Exhibit 1095



DOCEKET NO.: CARP-0009 PATENT

enabling. The specification plainly sets out what actions need to
be taken. It is presumed that the Examiner agrees that the skilled
person could have taken those actions. The application also sets
out that, contrary to the teachings of Reichmann and Queen, the
protocol is generally applicable. The application further shows
that it had been successfully implemented. Thus, it is submitted
that the skilled person would find that the present application is

properly enabled the full extent of the claims.

Rejections Under 35 U.S.C. § 103

The Examiner rejected all the claims as being obvious
over Reichmann and Queen. However, this rejection appears contrary
to her previous assertions. When attacking the enablement of the
claims, the Examiner stated that:

“... in light of the prior art (for instance, Reichmann

et al., Queen et al., and Chothia et al.) such a

universal property appears to be unpredictable... The

prior art does not teach that standardized principle...

is possible."
(emphasis added)

The Applicants agree with the Examiner that the prior art
provides no predictability of success and certainly no expectation
that a generally applicable principle can be devised. It is

submitted that this is a clear indication that the surprising
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discovery that there is a generally applicable principle involves
an invention.

The Examiner indicated that the arguments previously
presented by the Applicants were deemed to be non-persuasive
because they did not address the combined effect of Reichmann and
Queen. This, of course, assumes that the skilled artisan would
have combined Reichmann and Queen in the first place. The Examiner
has shown no reason why Reichmann and Queen would have been
combined. It is submitted that there is no reason why they should
be combined.

The earlier publication is Reichmann. This shows a
relatively simple procedure in which the six CbRs from a rat
antibody against a leukocyte cell surface antigen are transferred
onto human frameworks. The only additional residue change is in
the heavy chain at residue 27. The reason that this residue is
changed is because it was atypical in the human (acceptor) chain.
The change was to replace residue 27 with the more normal acceptor
residue. Thus, the teaching of Reichmann is that, as long as you
have normal human (acceptor) chain, all that is needed is for the
CDRs to be changed.

Queen does in fact refer to Reichmann. Reichmann is
reference 24 1in Queen. However, this is only referred to in
passing on page 10029 as being an example of the work of Winter and

his colleagues. The teaching of Queen clearly goes beyond that of
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Reichmann. Thus, there is no incentive to try to combine the
teachings of Reichmann and Queen.

Even if one could find some motivation for combining
Reichmann and Queen, it is submitted that Reichmann would not add
to Queen such that Applicants invention would be rendered obvious.
Reichmann teaches the skilled person to use a normal acceptor
sequence and merely to change the CDRs. If the acceptor sequence
is not normal, then the abnormal residues are to be changed to
normal acceptor residues. This is all disclosed in Queen. Since,
at best, Queen incorporates all the teaching of Reichmann, even if
Reichmann and Queen are combined, the total teaching is no more
than teaching of Queen by itself. If the Examiner is of the
contrary view, she is requested to point out specifically the
teaching in Reichmann which is not present in Queen and why she
believes this additional teaching, when combined with the teaching
in Queen, renders the present claims obvious.

For the reasons set forth in the previous response, it is
submitted that Queen, and therefore also a.combination of Queen and
Reichmann, does not render the present claims obvious.

The E=xaminer noted that the previously presented
drguments concentrated on the process aspects of the disclosure in
Queen and contended that this is irrelevant as far as the product
claims in the preserit application are concerned. It is submitted
that this is not correct. The only specifically disclosed product
in Queen does not fall within the terms of the present claims. It

- 14 -
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is therefore necessary for the Examiner to show that a product
falling within the terms of the claims would have been produced
using the teachings of Queen, alone or in combination with the
prior art, or obvious variants thereof. If there is no expectation
that such a product would have been produced, then the product
claims are not obvious.

To maintain otherwise 1is to employ impermissible
hindsight. Queen only describes the replacement of some acceptor
residues outside the CDR for a "specific" antibody. Queen does not
disclose, or even suggest, a "general" approach for replacing
acceptor residues outside the CDRs with donor residues. In fact,

the absence of such disclosure in Queen, or in any of the prior art

cited, was previously emphasized in the Examiner’'s rejection under

§ 112 for enablement. Therefore, it is respectfully submitted thaﬁ
the Examiner would not have even contemplated that Queen discloses,
or suggests, a general superhumanised antibody as claimed without
the benefit of Applicants’ disclosure. Neither would one skilled
in the art.

Further, it is submitted that the Examiner has not
established a prima facie case of obviousness. The teachings from
the prior art itself should appear to have suggested the claimed
subject matter to a person of ordinary skill in the art to
establish a prima facie case. In re Rijckaert, 28 U.S.P.Q. 2d 1955
(Fed. Cir. 1993). As already qdmitted by the Examiner in the
rejections under § 112, the expectation that a generalized approach

- 15 -
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is feasible is nowhere present in the prior art. Thus, the claims
as drafted, covering superhumanised antibodies in general (i.e.,
not limited to a particular antibody) are not obvious over the
prior art.

The Examiner also asserts that how the residues are
identified is irrelevant. It is submitted that this is not the
case when the rejection is one for obviousness. The references do
not disclose the residues claimed by Applicants. To render
Applicants’ claims obvious, the Examiner needs to show that the
prior art could lead one skilled in the art to identify the same
residues as are identified in the present claims. The Examiner has
not shown any reason why the skilled person, carrying out the
method described by Queen, alone or in combination with Reichmann,
would have expected to identify the specific sets of residues
identified in the present claims. In this regard, it is noted that
a rejection for obviousness was not levied against the method
claims in the Qffice Action--i.e., claims 118 and 119.

It is again to be pointed out that the present claims
cannot be generalized to "an antibody in which the CDRs and some,
(unspecified) framework residues have been changed." The present
claims relate to "an antibody in which the CDRs and only certain,
specific framework residues have been changed." Nothing in the
prior art, whatever combination is used, leads the skilled person

to the specific set of residues set forth in the present claims.

1023 of 1849
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It is therefore submitted that the present claims are not

at all obvious over Queen, combined with Reichmann, or on its own.

Paragraphs 18 to 25 and 27 to 29

The contents of paragraphs 18 to 25 and 27 to 29 are
noted with appreciation.

The foregoing represents a bona fide attempt to advance
the case to allowance. Applicants respectfully request that all
presently pending claims be allowed.

Respectfully submitted,

Doreen éZiko TIUJlllO
Registration No. 35,719

Date: February 7, 1994

WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS

One Liberty Place - 4&th Floor

Philadelphia, PA 19103
(215) 568-3100

- 17 -

1024 of 1849

Bl Exhibit 1095



A
k

'\.-\ rl!RF. \-'01..“.“32 14 MARCH 198%

DAIE FILED: Uo/Z286/Z2U1U

h .

hl

.ﬂmcrent paths, and by ensuring that an azimuthally uniform

coverage of stations i3 used in the averaging calculation. To

compensate for other factors, such as facal depth, fault geometry
and corner frequency would require such a detailed knowledge
of the earthquake source that the M, measurement itself would
pe redundant,

The results of this analysis can be summarized in five points.

{1) A globaj average moment-magnitude relationship M, has
been defined which can be used to predict My over a wide range
of magnitudes and scalar moments.

{2} The vasiance of surface wave measuremtents for an event
of a particular scalar floment is ~0.2 magnitudc units.
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£3) Large regional biases in M, exist.

(4) Diflerences in source scaling may explain some of the
differences. Specificaily, observations show that the transition
from a slepe of unity 10 a smaller value occurs at large-moments
for continental events than for ridge and fracture zone events,
suggesting systematic differences in stress drop.

{5) Orher systematic factors affecting the calculation of M,
also appear 1o contribute to the observed regional bias.

We thank Professor ). H. Woodhouse for reading and correet-
ing the manuscript and Professor H. Kanamori for constructive
criticism throughout ouy work on this subject. This work was
supported by the NSF,

12, Daiewenski, A M., Ekstrém, G., Woodhouse. 1. H. & Zwarl, G. Phys. Eorch plaasl, lner,
tin the press}.

13, Xanamori, H. J, graphys Res. 82, 1981-2987 11977,
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15. Litnkamper, J. L Bull seitm Spe Amc 74, 2357-1378 119841,

6. Kammon, H. Anderson, D. L Bull peism. Soc Am. 88, 1073-1095 119753,

17. Ekstréon, G. & Drlewonski, A, M. Bull jeism Soc Am 75, 23-39 119851,

18, Sipkin. 8 A Bull seism. Soc. Am 76, 1315-1501 986E.

19. Harkrider, D. G. Bull seism. Soc Am. 54, 637-6T9 {1964),
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Reshaping human antibodies for therapy

Lutz Riechmann', Michael Clark’, Herman Waldmann™ & Greg Winter®

MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK ©
* Depanment of Pathology, University of Cambridge, Tennis Court Road, Cambridge CB2 1QP, UK

A human IgGI antibody has been reshaped for serotherapy in humans by introducing the six hypervariable regions from
the heavy- and light-chain variable domains of a rat antibody directed against human lymphocyies. The reshaped human
antibody is as effective as the rar antibody in complement and is more effective in cell-mediated lvsis of human lymphocyies.

I~ 1890 it was shown that resistance 1o diphtheria toxin could
be transfeired from one anima! to another by the transfer of
serum. It was concluded that the immune serum contained an
anti-toxin, later called an antibody'. Fos many years animal
antisera were used in the treatment of microbizl infections and
for the neptralization of toxins in man?, More recently rodent
monoclorﬁl antibodies {mAbs)® have been used as ‘magic bul-
lets™ to kill and to image wmours™, The foreign immuno-
tlobulin, however, can elicit 2n anti-globulin response Which
may interelere with therapv or causg ullergi¢ or immune com-
plex hypersensitivity™. Thus ideally human antibodics would be
used. Human immunoglobulins are widely used as both prophy-
factic and microbisidal agents®, but it would be far better w0
have wvailable human mAbs of the desired speciticity. [t has
proven diftieult, however, to make such mAbs by the conven-
tiona! route of immonafizatien of human antibody.producing
cetls”, -

There is un alternative aporouch. Antibody genes have been
wansfected into lymphoid celis, and the encoded antibodies
expressed and secreted; by shuflling genomic- exons, simple
chimaeric anlibodies with mouse variable regions and humaan
canstant regions have been made'™*%. Such chimaeric antibodices

* Address from April 1988; Department of Molecular Biology, The
Research tnstitute of Seripps Clinic, North Torr:y Pines Road, L Jella,
California 92937, LISA

# To whom correspondence should be addressed.
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have at least two advantages over mouse antibodies. First, the
effector functions can be selecied or tailored as desired. For
example, of the human IgG isotypes, EgGl and 1203 appear to
bethe most effective for complement and cell-mediated iysis'> "%,
and therefore for killing tumour cells, Second, the use of human
rather than mouse isotypes should minimize the anti-globulin
responses during therapy'™'? by avoiding anti-isotypic anti-
bodies. The extent 10 which anti-idiotypic responges to rodent
antibodies in therapy are dictared by foreign componenis of the s
variable versus the constant region is not known, but the use of ¥
human isotypes should reduce the anti-idiotypie response. For
example, when mice were made tolereng 1o rat immunoglobulin.
constant-region  determinams, administration of i anie
Jymphocyte antibodies did evoke anti-idiotypie responses. but
tbese were deluyed and wesker than in snimals that had not
been made tolerant*™. Nevertheless, it is tikely that a chimaetic
antibody would provoke a greater immune responase thap a
human mAb,

We have attempted to build rodent antiven binding sites
directly imo human tntibodies by transplanting only the antigen
binding site, rather than the e¢ntire variable domain, from 3
rodent untibody. The aptigen binding site is e3sentiully ¢encoded
by the hypervariable loops at one end of the f#-sheet framework. -
The hypervariable rcglons of the heavy ;.h.un ol mouse unti-
bodics Jg:nnst 4 hapten™ ora protein _mugen were prc\luusi‘-
transplanted into 2 human heavy chain, and, in association with
the mouse light chain, the antigen binding site was retained.

Carter Exhibit 2011
Carter v. Adair
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TGGCTGEAC TTCRRCTET TAGGEGTAGCTGETAGCTCTGGCTLCCAG
CAGTRGCAGGCTTGAGOTCTGEACATATATATGGGTARCARTGACATCCACTITGCCTTT +480 (A A L @ L L 6 U A A S 5 G 5 0

spl il‘:!l eliges 1, ¥, Vil

i
T ARTICLES NATURE VOL. 132 24 MARCH 1oeg - -
u h
Hindt11] j— Hindllll — —
- R " JATGCARATCCTCTGAATETRCAT GO TARATATARGOTTTGTCTRTACE . STl ATGCRRATCC TCTGRATCTACATCGTARATATAGGTTTGTCTATACS
ANA slortis #—3 PHA starts p— ANA storts ——ANA slaris
ncanncasnnnﬁﬂcmmoarcn(iﬂmTcTC‘rcmcns‘nncmnscnc;!cnoonl:c'n:n +60 ACARACAGRARARCATGAGATCACAGTTCTCTCTACAGT TAC TCAGCACRCAGGACCTCA +60
signa plice ATGH
(nGHSCl!LFLUHTHI’)l
CCATGGGRTGGAGLTGTATCATCCTLTTC T 1GGTAGCAACAGLTRCAGGTARGGOGCTCA + 120 signal Splice
ATGRAGTTGTGGETGAACTEGATTTTCLTTTYRACACTTTTARAT m 6 o s € t I L F L Y A T A rl
N %X L 4 L ™MW § F Lt L T i L N ** CCATGGGRTGGAGCTGTATCATCCTCITCT TGGTAGCARCAGETACRGGTARGOGGLTCA 120

signal 1 S 1o CAGTAGCRGGC TTGAGGTCTGGRCATATATATGGGTGRCRATCACATCCACTTTGLCTTT + 180
(€ U W syquoLQESGPGLUR soli
CTCTCCACAGGTGTLCAL 1 CCLAGGTCCRACTGCAGGAGRGCGGTCCAGGTCTTGTGAGA +240 pitce| signal 1 5 10
-~ GGIATCCAGTETGAGGTGRRACTGT TG GRATCTGGRGCAGE L TTCGTACAG (G UH s)b 1 an T aqgs P S 5L SA
@ 1 0 C)E U KX LLESGG®SGGTL U DO CTCTCCACACETGTCCAC TCLGACATCCRGATGACCCAGAGCCEARGEAGCCTORGCGCE +240
eliga Xt oliga X GCCATGAGATGTGACATCARGATGACCCAGTCTCCCTCATTECTGTCTGCA
15 20 25 - 30, COR 1 0|KHTQSPSFLSH
PSUTLSLTCTUSGSTFS aliga XV
CCTAGCCACACCCTGAGCCTGRCCTGCACCGTGTCTOGCAGERCCTTCAGCGATTTCTAL +300 [T 20 25 ap  COR 1
CCGGGGGGTTCTATGAGRCTCTCCTGTGCAGG TTCTGGATTCACCT TCARCTGATTTCTAC s us DRUYT I T cR As g i 1 D % v L
P 6 6GSHALSCATSGSGFTFT AGCGTGGGTGACAGAGTGACCATCACCTGTARRGLARGTCAGARTATTGACARATACTTA +100
oligo IX TCTGTGLGAGACAGAGTCACTCTCAACTGEARAGEARGTCAGRATATTGACARATACTTA
a5 ‘9 0 - 43 50 52 a S U6 DRUTTLMNCEKRAS N1 DK ¥ L
LIURQPPGRGLEHIG” oTigo XY
ATGAALTCGGTOAGACAGLCACCTOGACGAGGTCTTGAGTGGATTGGATTTATTAGAGAL +360 s 40 45 sp  CDR 2
ATGARC TGGATECGCCAGEC T GCRGGGARGGCACCTGAGTGGCTGGGT TTTATTRGAGAC Muvaaogk?PekrAPKLLI Y T n H]
W I ROQPAGKAPELUWLG® G AL TGOTACCAGLAGRAGCEAGGTAAGGCTCCARAGETGE TGATCTACARTACARACAAT +380
oligo X1 AACTGGTRTCAGCRARAGCT TGGRGARTCTCCCARACTCCTGATATATAATACARACART
b 53 55 ¢€DR2 60 65 70 [(l]w v aaktLeGEsP XL L 1 v[H T 8 nj
%K__RKGVTTEVNPSUKG]HUTﬁL
ARGC TRAAGG T TACACAACRGAGTACAATCCATC 10T GAAGGUGAGAGTGACARTGCTG +420 55 60 &5 70
ARAGEGTAARGG T TACACARCAGRGTACAATCCATLTGTCARGGEGEOGTTEACCATCTLE 6 UPS5AF S GG S 65 S5 GTDFTF
[x A x g v T T E v:'n P S UK GJR F T | 5 TTGCRAALGGGTGTGCCAAGERGATTCAGCGGTAGCGETAGCGOTACCGACTTCALLTTE +420
. TTGCRAACGGGCATCCCATCARGGTTCAGTGGCAGTGGATCTGGTACTGATTTCACACTE
75 80 82 a b e¢83 8 [Ca 7] I P S RARF S GS G S G T O F T L
Vo TsS KHOGF S$LALSSUVTARADT aligo XY
GTAGACACCAGCRAGARCEAGT TCAGCCTGAGACTCRGERGCGTGACAGLCGCCGACACE +480 5 a0 83 90 COR 3
AGAGATARTACCCARARCATGC TCTATCT TCARATGARCACCCTAAGAGC TGAGGARCACT T 1 §$ 5 LOPEGDIATVYVYC
A D NTOQ®HMHKLYLGHMNTLRGAETDT RCLATCAGCRGCCTCCRGLCACRGGREATCGLCACCTACTACTGCTTGCAGCATATARGT +480
sliga XII ACCATCAGCAGCCTGCAGCCTGAAGRTGTTGCCRCATATTTCTGCTTGCAGCATATAAGT
%0 95 CDR 3 100 _a btot 105 T 1§ s LQFPEDUVYVATUWYFC[LQ®H I 5]
A v Y v cAR[EGHTARTPTFT DVYIHocnQ
GCSGTCTATTATTG TGCARGAGAGGGECACAC TGCTGCTCCTTTTGATTACTGGGGTCAR +540 g5 100 105 108
GCCACTTACTACTGTGCAAGRGAGLLCCACACTGCTGCTCCT FTTGATTAC TGGGGCCAR F 6 Q G T K UYUE I KA
A Tv vYcCcAARIEGHTARATPTFDVY¥|UTG O AGUCCGCOCRCGTTCOGCCARGGGACCARGGTOGRAATCARRCGTGAGTAGRATTTAAAC +540
sligas V, VI, VH oot AGGCCGCGCACGTTTGGARCTGGGACCARGC TOGRGCTGARACGE
110 153 | Splice (AP mr 7]F 6T GTKTLETL KR
G S L Yy TUS § - |gamni - Sanki (
GGCAGCCTEGTCACAGTCTECTCAGET, ... o. it aeeen v e e 3% +600 TTTGETTCCTCAGTTECATCC-3°

GGAGTCATGGTCACAGTCTCCTCA
G UunvrTUus s ¥
Oligonucleatides: 11: 3°-TGC AGC ATC AGC C-3°, WIV:S-CTGCTGGTACCA

Oligonueleatides: |2 5-GGC CAG TGG ATA GAC-3", H1: 5'-CAG TTT CAT CTA GTTTAAGTA TTT GTC AAT ATT CTG ACT TGC YYT ACA GGT GAT GGT-F7,
GAACTG GAT A-3°, N:S-GCAGTT GGG TCT AGA AGT GGA CACC-3', XY :5°-GCT TGG CAC ACCCOT TTG CAA ATT GTT TGT ATT GTA GAT CAG
Y¥:5"-TCAGCT GAG TCG ACT GTG AC-3", YI:S'-TCA CCT GAG TCG ACT GTG CAG-3', XV: 5°-CCC TTG GCC GAA CGT GCG COC CCT ACT TAT ATC CTG CAA
AC-37, VI $'-AGT TTC ACC TCG GAG TGG ACA CCT-3°, VI 5°-TCA CCT GAG GCAGTAGTAGGT-3".

GAG ACT GTG AC-3"; IX: 5-GGC TGG COA ATC CAG TT-3°, X: 5-CTG TCT CAC
CCAGTT CAT GTAGAA ATC GCT GAA GGT GCT=3", %1: 3-CAT TGT CAC TCT
CCCCTT CAC AGA TGG ATT GTACTC TGT TGT GT A ACC YT AGC TTT GTC
TCT AAT AAATCC AAT CCACTC-3", Xi1: 5°-GCC TTG ACC CCAGTA ATC AAA
AGG AGC AGC AGT GTGGCC CTC TCT TGC ACA ATA-3', XIN: S'-AGA AAT
CGG/C TGA AGG TOA AGC CAG ACA C-3".

Fig. 1 Heavy-chain {a) and light-chain () sequences of the variable domains of reshaped (upper line) or rat YTH 34.5HL (lower line)
antibodics. The reshaped heavy-chain variable domain HuVHCAMP, was based on the HuVHNP gene’*'® with the framework regions of
human NEW {sce note) alternating with the hypervariable regions of rat YTH 34.5HL, The reshaped light-chain variable domain HuVLCAMP
is a similar construct, except with the framework regions of the human myeloma protein REIL, with the C-terminal and the } non-coding
sequence taken fram a human J,-region sequence™®. The sequences of oligonucleotide primers are given and their locations on the genes are
marked.

Methods. Messenger mRNA was purified™ from the hybridema clone YTH 33.5HL (¥2a, <™. First strand cDNA was synthesized by priming
with oligonucleotides complementary to the § ¢nd of the CH {oligonucleotide 1) and the Cx exons toligonucleotide 11}, und then cloned
and sequenced us described previously ™. Two restriction sites ( Xbal and Sull) were introduced ar each end of the rat heavy-vhain variable
region RaVHCAMP cDNA clune in MY using mutagemc oligonucleotides [ and ¥ respeetively, and the Nhal-3ufl fragment wus ¢wised.
The corresponding sites were iniroduced into the MIZ-HuVHNP gene using oligonucieotides [V and V1, and the region between the sites
was then exchanged. The sequence at the junclions was corrected with olizgonuctentides VI and VI, and dn internil Bum HI siie removed
using the vligonucleotide 1X, to create the MI13-RaVHCAMP gene, The ¢nceded sequence of the mature domain is thus idemtival to that of
YTH 34.5HL. The reshaped heuvy-chain variable domuin (HuVHCAMPY wus vonstructed in an M3 vectar by pniming with. three long
oligonucteotides simultaneously on the single strand containing the M13:HuVHNP pene'™". Each oligonucieotide 1 X, XI and X1 wis
designed 1o replace each of the hypervariable regions with the corresponding region frem the heavy chuin of the YTH 34.5HL untibody.
Culony hlets were probed initiully with the oligonucleotide X and hybridization positives were sequenced: the oserall vield of the triple mutant
wias 5%. The (Ser27 - Phe) and (Ser27 = Phe, Ser30— Thr) mmants of MI3mpS-HuVHCAMP were made with the mixed oligonucleonde
XIIL The reshaped light-chain variable domain tHUVLCAMP) was construcied in M13 from a gene with frumework regions based on human
REI (). Foote, unpublished data}. As above, three long aligonrucieotides { X1V, XV und XV} were used 1o introduce the hy pervariable regions
of the YTH 34.5HL light chain.

Note: There are discrepancies imvolving the first framework region and the first hypervarizhic loop of the NEW heavy chain between the
puhlished chUcncc""' used here and the sequence deposited in the Brookhaven daca hase 1in parentheses): Ser?? (-+Thrl, Fhr2¥ 1 ~Serl and

Serdt { = Asp). Neither version is definitive (R. 1. Poljuk, personal communication) and the discrepancies do ot alfeet our interpretstions.
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Fig. 2 Strategy for reshaping a human antibody for therapy.
Sequences aof rat origin arec marked in black, and those of human
origin in white. The recombinant heavy and light chains are also
marked using a systematic nomenciature. See text for deseription
of stages.1, 2 and 3. The genes encoding the variable domains were
excised from the M13 vectors as Hindlll-BamHI fragments, and
recloned into pSv2gpt?? (heavy chains) or pSV2neo® (light
chams} expression vectors containing the immunoglobulin en-
hancer'’. The human y1 {ref. 40), y2 {ref. 41), ¥3 (ref. 42), 74
iref. 41) and x (ref. 36} and the rat y2b (rel. 43) constant domains
were introduced as BamH] fragments. The following plasmids
were constructed and transfected into bymphoid cefl lines by
electroporziion™, In stage 1, the pSVept plasmids HuVHCAMP-
RalgG2B, HuVHCAMP(Ser— Phe}-RalgG2B, HuVHCAMP-
tSer2? -+ Phe, Serd0--Thr}-RalgG2B werc introduced into the
heavy chain loss variant of YTH 34.5HL. En stage 2, the pSVgpt
piasmids RaVHCAMP-RalgG2B, RaVHCAMP-HulgGl,
RaVHCAMP-HulgG2, RaVHCAMP-HulgG3, Ra¥YHCAMP-
HuligGd were transfected as above. In stage 3, the pSV-gpt plasmid
Hu(Ser?7 -+ Phe, Ser30- Thr)VHCAMP-HulgGl was co-trans-
lected with the pSV-neo plasmid HuVLCAMP-HulgK into the rat
myeloma cefl line YO (Y B2/3.0 Ag 20 {ref. 31). In each of the
three stages, clones resistant to mycophenolic acid were selected
and screened for antibody production by ELISA assays. Clones
secreting amibody were subcloned by limiting dilution {for Y0) or
the soft agat meshod [for the loss variant) and assayed again before
1 litre growth in relfer bortles.

Since, to a first approximation, the sequences of hypervariable
regions do not contain characteristic rodent or human motifs,
such ‘'reshaped’ antibodies should be indistinguishable in
sequence lrom human antibodies.

There are mAbs to many cell-type-specific differentiation anti-
gens, but only a few have therapeutic potential. Of particular
interest is a group of rat mAbs directed against an antigen, the
"CAMPATH-1" antigen, which is strongly expressed on virually
all human Ivmphocytes and monocytes, but is absent {tom other
blood celfs including the haemopoietic stem cells™. The
CAMPATH-I series contains rat mAb of IgM, 1gG2a and 1gG2c
isotypes™, and more recently 1gGt and 1gG2b isotypes which
were isolated as class-switch variants from the lpG2a-secreting
cell line YTH 34.5HL™. All of these untibodies, cxcept 1he rat
feGlc isutype, are abie to lyse human lymphocyies efficiently
with human complement. Also the lgG2b antibody ¥YTH
34.5HL-G2b, but not the other isotvpes, is eflective in antibody-
dependent cell-mediated cytotoxicity {ADCC) with human
eifector cells™. These rat mAbs have imponant appiications in
problems of immunosuppression: for ¢xample conmrol of gmtl
versus-host  disease in bone- marrow transplantation™;  the
munagement of ergan rejection™; the prevention of marrow
rejection; and the tremment of various fymphoid malignancies
tref. 24 and M. ). Dyer. Male, G., Hayhoe, F. G. J. and
Waldmann, H.. unpublished observations). The IgG2b antihody
YTH 3M.5HL-G2b seems to be Lhe most effective at depleting
Ivmphocytes in vivo but the use of all of these antibodies is
limited by the anti-glebulin response which can occur within
1wo weeks of the initiation of treatment™, Here we describe the
reshaping of human heavy and light chains towards binding the
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- HuVHCAMP RurGTs
l, ﬁ Table t Reshaping the heavy-chain variable domain
ILVHCAMP-Hulehl
\ muc-?wum Concentration of antibody
Ny inpgmi™a
P& 1Y}
" ,(,;§‘ 50% 50%
:ﬁ"f antigen  complement
'fi i Heavy chain varizble domain binding lysis
RaVICAMP. HulpG1.2.34 ﬂ ! !- | RaVHCAMP 0.3 .
[ hy . -
human HuVHCAMP n3 *
HuVHCAMP (Ser27 - Phe} 1.8 16.3
HuVHCAMP (Ser 27— Phe, Ser 30~ Thr} 2.0 17.6

Antibodies with the heavy-chain variable domatins listed above, rat
[gG2b constant domains and rat light chains were collected from super-
natants of cells at stationary phase and concentrated by precipitation
with ammonium sulphate, foliowed by ion exchange chromatography
on 3 Pharmaciz MonoQ column. The yields of antibody were measured
by an enzyme-linked immunosorbent assay (ELISA) directed against
the rat [gG2b isotype, and each was adjusted to the same concentration®,
To measuring binding to antigen, panially purified CAMPATH-1 anti-
gen was coated onto microtitre wells and bound antibody was detected
via a biotin-labelied anti-rat IgG2b mAb*, developed with a strep-
tavidin-peroxidase conjugate (Amersham). Complement lysis of human
lymphocyles was with human serum as the complement source™. For
both binding and complement assays, antibody titres were determined
by fitting the data to a sigmoid curve by at least squares iterative
procedure®!,

* Complement lysis with the HoVHCAMP variable domain was too

weak for the estimation of lytic titre.

CAMPATH-1 antigen and the selection of human effector func-
tions to match the lytic potential of the rat 1gG2b isolype.

Strategy

The amino-acid sequences of the heavy- and light-chain variable
domains of the rat IgG2a CAMPATH-1 antibody YTH 34.5HL
were determined from the cloned complementary DNA (Fig, 1),
and the hypervarable regions were identified according to
Kabat™. In the heavy-chain variable domain there is an unusual
feature in the framework region. In most known heavy-chain
sequences Prod] and Leud5 are highly conserved: Pro41 helps
turn a loop distant from the antigen binding site and Leud5 is
in the 8 bulge which forms pant of the conserved packing
between heavy- and light-chain variable domains™. In YTH
34.5HL these residues are replaced by Alad}l and Pro45 and
presumably this could have some effect on the packing of the
heavy- and light-chain variable damains. Working at the level
of the gene and using three large mutagenic oligonucleotides
for each variable domain, the rat hypervarable regions were
mounted in a single step on the human heavy- or light-chain
framework regions taken from the crystallographically solved
proteins NEW?®’ and REI* respectively (Fig. 1). The REI light
chain was used because there is a deletion at the heginning of
the third framework region in NEW. The reshaped human
heavy: and light-chain variable demains were then assembled
with constant dommns in three stope (Fig. 1), This permit: a
step-wise check on the reshuping of the heavv-chain variable
domain {stuge 1), the selection of the human isotvpe t(stage 2),
and the reshuping of tbe light-chain variable domain and the
assembly of human amibady tstage 3. The plasmid construc
tions were genomic, with the sequences encuding varisble
domuains cloned as HindIH- BamH{ ltugmenis and those encod-
ing the constant dom.llns as BamHI- BumHl Imbmcnta in either

pS¥ept theavy chain)™ or pSVneo dight chain)™ vectors. The
heavy-chain enhancer sequence was included on the 37 side of
the vartable domain, and cxpression of both light und heavy
chains wus driven from the heavy-chain promoter and the heavy-
chain signal sequence.

Heavy-chain variable domain

In stage 1, the ,reshaped heavy-chain varizble demain
{HuVHC AM P) was attached 1o constant domains of the rat

)
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isotype igG2b and transfected into a heavy-chain loss variant
of the YTH 34.5 hybridoma. This variant carries two light chains,
one derived from the Y3 fusion partner’’. The cloned rat heavy-
chain variable domain (RaVHCAMP) was also expressed as
above, and the antibodies were purified and quantified {Table
t). The HuVHCAMP and RaVHCAMP antibadies, each of the
rat [gG2b isotype, were compared to the CAMPATH-! antigen
in a direct binding assay and in complement lysis of human
lymphocytes (Table 1). Compared with the origiral rat antibady,
or the engineered equivalent, the antibody with the reshaped
heavy-chain domain bound poorly to the CAMPATH-1 aniigen
and was weakly lytic. This suggested an error in the design of
the reshaped domain.

There are several assumptions underlying the transfer of
hypervariable laops from one antibody to anather*’, in particular
the assumption that the antigen binds mainly to the hypervar-
able regions. These are defined as regions of sequence™ or
structural®® hypervariability, the locations of hypervariable
regions being similar by both criteria except for the first hyper-

variable loop of the heavy chain. By sequence the first hyper- ~

variable loop extends from residues 31-35 {ref. 25) whereas by
structure it extends {rom residues 26-32 {ref. 32). Residues 29
and 30 form part of the surface loap, and residue 27, which is
phenylalanine or tyrosine in most sequences, including YTH
35.5HL, helps pack against residues 32 and 34 (Fig. 3). Unlike
mast human heavy chains, in NEW {see nate in Fig. 1) the
phenylalanine is replaced by serine, which would be unable to
pack in the same way. To restore the packing of the loop, we
made both a Ser 27 - Phe mutation, and a Ser 27 - Phe, Ser
30- Thr double mutation in HuVHCAMP. These two mutants
showed asignificant increase in binding to CAMPATH-1 antigen
and lysed human lymphocytes with human complement (Table
1). Thus the affinity of the reshaped antibody could be restored
by a single Ser 27 -+ Phe mutation, possibly as a consequence of
an allered packing between the hypervariable regions and the
framework. This suggests that alterations in the ‘Kabat'
framework region can enhance the affinity of the antibody and
extends previous work in which an engineered change in the
hypervariable region vielded an antibody with increased
aflinity™.

Heavy-chain constant domains

In stage 2 {Fig. 2}, the rat heavy-chain variable domain was
. attached 10 constant domains of the human isotypes [gGl, 2, 3
and 4, and transfected into the heavy-chain loss variant of the
YTH 34.5 hybridoma. In complement lysis { Fig. 4a1, the human
IgG1 isotype proved similar to the YTH 34.5HL-G2b, with the
human !gG3 isotype being iess effective. The human lpgG2
isotype was only weakly lytic and the Ig(G4 isotype was non-Ivtic.

In ADCC (Fig. 4b} the human 1gG1 was more Ivtic than the

YTH 34.5HL-G2b antibody, The decrease in lysis at higher
concenirations of the rat [gG2b and the human [gG1 antibody
is due to an excess of antibody, which causes the lysis of effector
celis. The human IgG3 antibody was weakly lytic, and the [gG2
and 1gG4 isotypes were non-lytic,
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Fig. 3 Loop Phe27 to Tyr35 in the heavy-chain variable

been solved crystallographically*®. The backbone of the

hypervariable region according te Kabat* is highlighted,

and a 200% van der Waal surface is thrown around Phe 37

:0 show the interactions with Tyr 32 and Met 34 of the

Kabat hypervariable region. In the rat YTH 34.5HL heavy

chain, these three side chains are conserved in character,
but in HuVHCAMP, Phe27 is replaced by Ser.

We therefore selected the human [gGl isotype for the
reshaped antibody. Other recent work also favours the use of
1gG1 isotype for therapeutic application. When the effector
functions of human isotypes were compared using a set of
chimaeric antibadies with an anti-hapten varable domain, the
IgGt isotype appeared superior to the 1gGJ in both complement
and cell-mediated lysis*®>, Also, of two mouse chimaeric anti-
bodies with human IgG1 or 1gG3 isotypes directed against cell
surface antigens as tumour ceil markers, oniy the [gG1 isotype
mediated complement lysis'>,

Y]
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Fur cent lysis
.

-0 N 1 iQ 1900 1000

Anlibady cencentration, ug mi”
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40

LR

70+

Par cent tysis

10 4

0 -
0001 oM 01 3 1 i 130

Antinody conlenteatton. g mi”’

Fig. 1 o Complement Ivsis and A, ACC ror antihodies with rut
light-chain and rat heavy-chain variabie domain attached to human
156G (T, 1gG2 (), 1gG3 WY, or leG4 171 isolypes. Lysis with
the YTH 34.53HL antibody i @) is akso shown. :

Methods. Antibody was collected from <ells in stationary phase,
concentrated by precipitation with ammonium sulphate and Jesai-
ted into phosphate butfered saline ¢ PBS). Antibodics bound 1o the
CAMPATH-1 antigen-coated on microtitre plates, were assayed
in ELISA directed ugainst the rat » light chain ™, and each adjusted
to the sume concentration. The antibodies were ussaved in comple-
ment lysis {Table 1} and ADCC with activated human peripheral
blood mononuctear cells****. Brietfly, x \0* human peripheral
blood cells were labelled with “'Cr and incubated for 20'min at
room temperature with ditferent concentrations ol antibody. Excess
antibody was removed and a 20-fold excess of activated cells added
as efleciors. After 4h at 37°C ccll death was estimated by *'Cr

' release,

NATURE VOL 312 24 MAR .
ARCH vy S

PR R

domain of the human mycloma protein KOL, which has ‘
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Fig. § a, Complement lysis and b, ADCC of the reshaped human

(2} and rat YTH 34.5HL (@) antibodies. Antibody HuYHCAMP

(Ser27 - Phe, Thed0 - Ser}-HulGGl, HuVLCAMP-HulGK was

purified from supematants of cells in stationary phase by affinity

chromotography on protein-A Sepharose. The yieldd {about

10 mg1~") was measured spectrophotometrically. Complement and
ADCC assays were performed as in Fig. 4.

Light chain _

In stage 3 (Fig. 2), the reshaped heavy chain was completed by
attaching the reshaped HuVHCAMP (Ser27 — Phe, Ser30 - Thr)
domain to the human tgGl isotype. The reshaped light-chain
domain HuVLCAMP was attached to the human Cx domain.
The two clones were co-transfected into the non-secreting rat
Y0 myeloma line. The resultant antibedy, bound to CAMPATH-
1 antigen {data not shown), and proved almost identical to the
YTH 34.5HL-G2b antibody in complement lysis (Fig. 3a). In
cell-mediated lysis the reshaped human antibody was more
ceifective than the rat antibody (Fig. 5b). Similar results were
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obtained with three different donors of target and effector cells
(data not shown). Also, the antibody was as effective as YTH
34.5HL-G2b in killing leukaemic cells from three patients with
B-cell lymphocytic feukaemia by complement-mediated lysis
with human serum. Thus, by transplanting the hypervariable
regions.[tom a rodent o a human antibody of the [gG1 subtype,
we have reshaped the antibody for therapeutic application.

Prospects

The availability of a reshaped human antibody with specificity
for the CAMPATH-1 antigen should permit a full analysis of
the in vite potency and immunogenicity of an anti-lymphocyte
antibody with wide therapeutic potential. Even if anti-idiotypic
responses are eventually observed, considerable therapeutic
benefis could be derived from an extended course of treatment.
Also, it should be possibie to circumvent an anti-globulin
response restricted to idiotype by using a series of antibodies
with different idiotypes®. In principle, the idiotype of the
reshaped CAMPATH-1 could be changed by altering the hyper-
variable regions or the framework regions—evidence from a
reshaped antibody specific for the hapten nitrophenyl acetate
sugpests that recognition by anti-idiotypic antisera and anti-
idiotypic mAbs is influenced by residues in the framework
region'®, Thus, recycling the hypervariable regions on different
human lramework regions shouid change the idiotype, although
ultimately it might focus the response directly onto the binding
site for the CAMPATH-1 antigen, Although such focusing would -
be undesirable for CAMPATH-! antibodies, it could be an
advantage for the development of anti-idiotypic vaccines. It is
likely that the answers to some of these questions will emerge
from the use of this reshaped antibody in therapy.

We thank J. Foote for the synthetic gene encoding the lrame-
work regions of a human light chain; P. Leder, T. R. Rabbitts,
T. Honjo, M. P. Lefranc respectively for clones encoding the
constant regions of human « chain, human IgG2? and (3G,
human IgGl, human 1gG3; G. Hale for CAMPATH-1 antigen
and for advice; M. Bruggemann and M. S. Neuberger for sub-
clones of the heavy-chain constant regions'® and for advice; M.
Frewin for technical assistance and C. Milstein for encourage-
ment. L.R. is supporied by a fellowship from the German
*Sonderprogramm Gentechnologie des DAAD', The work was
supported by the Medical Research Council and by Wellcome
Biotechnology Ltd. "CAMPATH’ is a trademark of The weli-
come Foundation Lid.
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John R, Adair, et al. .'

Serial Ne.: 07/743,32% Group Art Unit: 1807
Filed: September 17, 1991 Examiner: L. Bennett Arthur
For: HUMANISED ANTIBODIES
1, Doreen Yatko Trujillo, Begistration Mo. 35,719 centify
that this correspondence is being deposited with the U.S.
lﬂ/ . Postal Service as First Class mail in an envelope addressed
. ‘é te the Commissioner of Patents and Trademarks,
{f\ q Washington, 0.C. 20231,
Z

ay 9. 1894

3
% f Jf b\(/u (Lf:?‘(_ﬂé’i’/( % di&%ﬁ’jam,

Doreen Yatko ffujil[c, Reg. No. 35,7197
[

Patents and Trademarks
Washingten, D.C. 20231

/ﬁ%l;WQ%Honorable Commissioner of

Dear Sir:

RESPONSE TO ADVISORY ACTION

In the claims:
Please amend claim §7 as follows:
In claim 67, line 4, after ‘“chain", please insert --

framework--.

REMAREKS
This paper is being filed in response to the Advisory
Action mailed February 25, 1994, pursuant to Examiner Arthur’'s
guggestion during a teleconference. This response is being filed

in order to reduce the number cf issues to be addressed upon

Carter Exhibit 2012
Carter v. Adair
Interference No. 105,744
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appeal. It is believed that no petition or extension fee 1is
required, since the response is being filed within two months of
the "Notice of Appeal”™. To the extent this belief is erroneous,
please charge any fees due to Deposit Account No. 23-3050.

In the Advisory Action, Examiner Arthur stated that the
deletion of the recitation T"acceptor antibody heavy c¢hain
[framework] resides [sgic]" changes the scope of the claimed
invention to more broadly encompass composite antibodies in which
the acceptor contributes more than just the framework. During a
teleconference, the Examiner clarified that she was referring to
the deletion of the word "framework", and not suggesting that the
entire regitation in duotes had been deleted. Accordingly,
Applicants have amended claim 67 to reinsert the word "framework"”
where it had been previously deleted.

The Examiner also stated, in the Advisory Action, that
the deletion changed the scope such that the "...donor antibody is
no longer limited to donating the antigen binding residues. The
specification does not appear to support this broader concept."
The Examiner, therefore, asserted that the amendment raised new
matter and a new scope rejection under 35 U.S.C. § 112, first
paragraph.

During the teleconference, the undersigned explained that

the donor antibody was never limited to contributing the antigen

1031 of 1849
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binding residues. The Examiner suggested submission of the present
response to c¢larify this point and make the foregeing amendment.

On page 17, line 15, of the application as filed, the
following is stated: "The positions at which donor residues are to
be substituted for acceptor residues are then chosen as follows."
(Emphasis added.) The text following this passage discloses which
residues in the framework are to be changed, in addition to those
changes to be made in the CDRs.

In paragraph 2.1 on the same page, residues 23, 24, 49,
71, 73, and 78 in the heavy chain variable domain are listed to be
changed. 1In a previous paragraph, numbered 1, the residues of the
CDRs (i.e. antigen binding residuea} are listed for the heavy
chain. As can be seen, the residues to be changed do not occur in
the CDRs and are, therefore, in the framework region. Claim 1 as
originally filed recited <changing these residues to donor.
Contrary to the Examiner’s interpretation, the claimed invention
was never limited to changes to donor only within the antigen
binding residues.

Neither the Advisory Action, nor the teleconference,
specifically addressed the remaining rejections. It appears,
however, that the rejections stand "for the reasons of record."
{See item #4, Advisory Action.) Applicants do not wish to

reiterate the whole Amendment here, but would like to emphasize

1032 of 1849
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some points in the interest of posgsibly reducing issuesg to be
addressed on appeal.

The first point concerns the spécification of acceptor
regidues in the claims. It was previously believed, as a result of
an interview, that the Examiner thought the claims asg drafted
covered the situation in which all the variable domain residues are
donor -- i.e., chimeric antibodies. Thus, the Applicants specified
residues which are to remain as acceptors. As discussed in the

Amendment, this is implicit, if not explicit, from the application

as filed.

Further, the claims specify that the variable domain
comprises donor and acceptor sequences. This specification
distinguishes the antibodies of the claims from chimerics. In

chimerics, the variable domain is comprised entirely of donor
residues.

Now, however, it appears the Examiner thinks the claims
had previously been limited to antibodies in which the regidues in
the CDRs are donor, and the remaining residues are acceptor. This
is incongistent with the specification and claims as well as the
prior Office Actions and suggests further discussion ig merited.

Applicants would also like to clarify a point regarding
the Queen reference. Panels A and B on page 10003 of Queen refer
to the light and heavy chains, respectively, of the acceptor

antibody (upper sequences) and the humanized anti-TAC antibody

1033 of 1849
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{lower sequences) . The attached panels correspond to Panels A and
B of Queen. The upper and lower seguences are further separated in

the attached, the lower seguence representing the humanized

antibedy. The numbers above the sequences utilize the linear
numbering system. The numbers below utilize Kabat numbering.
Queen donor residues are indicated in red. Applicants’ donor

residues are indicated in blue. As can be seen, the two approaches
are very different particularly for the heavy chain.

During the teleconference, the Examiner also indicated
that she would be amenable to conducting an interview with the
Applicants upon return from her upcoming leave. It was further
indicated that her return would be sometime in May. Applicants
still wish to conduct an interview and respectfully reguest a
prompt communication thereafter regarding scheduling so that
appropriate arrangements can be made.

Respectfully submitted,
(&) ' t
oteen %axﬁ%—wz

Doreen Yatkd Trujillo
Registration No. 35,7189

Date: May 9, 1994 ;§4/

WOODCOCK WASHEURN KURTZ th
MACKIEWICZ & NORRIS

One Liberty Place - 46th Floor

Philadelphia, PA 19103

(215} 568-3100
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QUEEN ET AL, - SEQUENCES FROM FIGURE 2 - NUMBERING IN PAPER ABQVE
NUMBERING ACCORDING TOQ KABAT BELOW

PANEL A - UPPER SEQUENCE

1 10 20 30
DIQMTQSPSTLSASVGDRVTITCRASQSINTWLA
1 10 20 23 30

40 50 60
WY QQKPGKAPKLLMYKASSLESGVPSRFIGSGSG
40 50 60

70 80 90 . 100
TEFTLTISSLQPDDFATYYCQQYNSDSKMFGQGI
70 80 88 90 £ 100

107
KVEVK
107

PANEL A - LOWER SEQUENCE

1 10 20 . 30 ¥
QIVLTQSPAIMSASPGEKVTITC:S_ASSSISYMH'W-
1 23 ° 15
40 ‘ 50 . 60
FQOQKPGTSPKLWIYTTSNLASGVPARFSGSGSGT
40 50 T 60
70 80 .90 . 100
SYSLTI'S_RHEAEDAATYYCEIQRSTYPLT:FGSGTK
70 80 88 ' 90 * 100
106
LELK
107
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DANTT. O - 'TMOTD SECHENGE

1 10 20 30
QVQLVQSGAEVKKPGSSVKVSCKASGGTV FSRSATL
1 10 20 22 30

40 50 &0 _
IWVRQAPGQGLEWMGGIVPMFGPPNYALQKFQGRY

36

70 80 90 100
TITADESTNTAYMELSSLRSEDTAFYFCAGGYGT
B2 abc 90 92

110 117
Y¥SPEEYNGGLVTVSS i

100 110 113

PANEL B - LOWER SEQUENCE

1 10 20 30
QVQLQQSGAELAKPGASVKMSCKASGYTTFTSVYRM

22

y 40 - 50 60
HWVKQRPGQGLEWIGYINPSTGYTEYNOKFKDKA
T e 1 60 ‘

70 80 90 100
TLTADKSSSTAYMQLSSLTFEDSAVYTCARGGGV
- 82 a b c i 02 g4

! 110 116
FDYWGQGTTLTVSS
3 ) 113
(There is a deletion in the Kabat system between F and D at beginning

of last line.)
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:t!iN THE UNITED STATES PATENT AND TRADEMARK OFFICE
35
In re application of: £7
John Robeyt‘Adair, Diljeet Singh Athwal and John Spencer Emtage léytj
Serial No.: N/A Group Art Unit: 1807 ékﬁg?%%g
Filed: Herewith Examiner: B. Sisson
For: HUI\!LZ;;;FISED ANTIBODIES -
Honorable Commissioner of
Patents and Trademarks
Washington, D.C. 20231
Dear Sir:
PRELIMINARY AMENDMENT
Pursuant te 37 C.F.R. § 1.115, prior to examination of
the above-identified patent application, please amend the claims as
follows.
In the claims: ' L
Please cancel claims 67 - 72, 108, and 114 without
prejudice.
Pleage add c¢laims 120 - 127, as follows:

\—— X30. An  antibody molecule having affinity for a
predetermined, antigen and comprising a composite heavy chain and a
complementary \light chain, said composite heavy chain having a

C;} variable domai including complementarity determining regions
(CDRs), saild ariable domain comprising predominantly human

heavy chain framework residues, the remaining

C# ceptor antibo
\¥\

heavy chain residues, corregponding to the equivalent residues in

Carter Exhibit 2013
Carter v. Adair
Interference No. 105,744
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[
|
!
i
[
I
i

31 to 35} 50 to 58, and 95 to 102; and amine ad¢did regidues 23, 24,

1
(léii The antibody molecule of claim,l%gf wherein amino

acid residues 26 to 30 and 59 to 65 in said composite heavy chain

are additionally donor residues.
2. The antibody molecule of claim‘;zﬁf wherein amino

acid residues 71, 73, and 78 in said composite heavy chain are

-
[

additionally donor residues.

};;¥: The antibody molecule of claim;kZ%T/wherein at least

3, and 76 in said composite heavy

E

one of amince acid residues 1,
chain are additionally donor residues.

[ \
iégf The antibody molecule of claim }20, wherein at least

one of amino acid regidues 36, 94, 104, 106, and 107 in said

composite heavy chain are additionally donor residues.
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[
ibody molecule of clainh%ﬂéf/wherein at least
idues.

: e of amino acid residues 2,
K\{zrﬁcomposite heavy chain are additionally don

(}2%% The antibody molecule of c¢laim ;2ﬁf wherein said

complementary light chain is a composite light chain having a

46, 67, and 69 in said

variable domain including complementarity determining regions
(CDRs), said wvariable domain comprising predominantly human
acceptor antibody light chain framework residues, the remaining
light chain residues corresponding to the equivalent residues in a
donor antibody having affinity for said predetermined antigen,
wherein, according to the Kabat numbering system, in said composite

light chain; said CDRs comprise donor residues at least at residues

£%K) 24 to 34, 50 to 56, and 89 to 97; and amino acid residues 46, 48,

58, and 71 at least are donor residues.

}24< The antibody molecule of claim/lfgj wherein amino
acid regidues 1, 3, 60 (if this residue can form a salt bridge with
residue 54}, and 70 (if this residue can form a salt bridge with
residue 24} in said composite light chain are additionally donor

residues. --
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REMAREKS

The present application 1s a continuation of U.S.
Application Serial No. 07/743,329 {hereinafter the "7329
application") under 37 C.F.R. § 1.62.

Claims 67 - 72, 108, and 114 were pending in the ‘329
application. Those claims have been cancelled in the present
amendment . Applicants reserve the right to pursue the subject
matter of the cancelled claims in continuation or divisional
applications, as may be appropriate.

Claims 120 - 127 are being submitted in the present
amendment . Support for the amendments is found in the application
as originally filed as indicated below. 1In claims 120 and 126, the
specification that the variable domain "predominantly" comprises
"human acceptor framework residues" is supported by, inter alia,
page 3, lines 16 - 21, of the application as originally filed. The
problems attendant to chimerics are therein described. It is also
clear from the number of framework residues discussed as being
changed to donor that the framework residues remain, predominantly,
acceptor. Support for the residues specified as donor in c¢laim 120
can be found, inter alia, on page 7, first full paragraph, page 19,
Section 1, and page 46, Section 15.2.1. Support for the residues
specified as donor in claim 126 can be found, inter alia, on page

17, lines 12 to 14 and page 18, Section 3.1,
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Ags to the remaining claims, support for the residues
specified as donor in claim 121 can be found, inter alia, on page
8, middle paragraph and page 17, Section 1. Support for the
residues specified as donor in claim 122 can be found, inter alia,
on page 7, first full paragraph. Support for the residues
specified as donor in claim 123 can be found, inter alia, on page
20, Section 2.1.1. Support for the residues specified as donor in
claim 124 can be found, inter alia, on page 21, lines 10 to 12.
Support for the residues specified as donor in claim 125 can be
found, inter alia, on page 21, lines 13 to 16. Support for the
residues specified as donor in claim 127 can be found, inter alia,
on page 21, lines 3 to 7.

Iin a helpful telephonic discussion on June 2, 1994
between Examiner 8Sisson and the undersigned, Examiner Sisson
expressed his reservations regarding specification of acceptor
residues in the claims. The present claims do not specify acceptor
residues. It is expected that this concern has been obviated.

Alternatively, the present claims specify that the
variable domain comprises "predominantly human acceptor antibody
heavy chain framework residues". It is, thus, asserted that any
concerns regarding the claims encompassing chimeric antibodies in
which the entire wvariable domain is of donor origin have been

obviated.
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The Examiner alsc indicated during that discussion that
his concerns were more directed to issues of scope and that, if the
claims contained critical limitations not taught in the art, the
art rejections woculd not be a problem.

Applicants believe that, in light of the amendments, the
application is now in condition for allowance and request early
notification of the same. To the extent this belief is erroneous,
Applicants request that the Examiner contact the undersigned at
(215) 564-8352 to discuss the same.

Respectfully submitted,

Jovstfocthe Loy tl

Doreen Yatko Trujlllo
Registration No. 35,719

Date: September 7, 13954

WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS

One Liberty Flace - 46th Floor

Philadelphia, PA 19103

(215) 568-3100
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PATENT }g
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 35

ﬁmﬂwq,

John Robert Adair, Diljeet Singh Athwal, and John Spencer Emtage

In re application of:

[

Serial No.: 08/303,569 Group Art Unit: 1806
Filed: 9/07/94 Examiner: D, Adams

For: HUMANISED ANTIBODIES

I, Doraen Yatko Trjiflo, Registration No. 35,719 certify that this
torrespondence i$ being deposited with the U.S. Postal Service as First Closs
mail inan envelopn adgressed to 1ha Commissioner of Patents and Trademarks,
Washington, 0.C. 20231,

] On Scptember 18, 199 s N
NN /P QZL?JZL

Dorsan ¥atka ijinnfsquim Reg. No. 36,71¢

Honorable Commissioner of
Patents and Tradenarks
Washington, D.C. 20231

Dear Sir:

AMENDMENT

Pleage amend the application as follows.

In the Specification: v//

Page 1, line 2, after "filed September 17, 1991", please

insert -- , now abandoned --.
Y please insert new page 94.
In the Claims: )

W

Claim 120, line 12, please delete, ", provided that the
antibody does not have affinity for the P55 chain of the human

interleukin 2 receptor.™

Carter Exhibit 2014
Carter v. Adair
Interference No. 105,744
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REMARKS
This paper is being filed in response to the Office
Action mailed on May 16, 1995. The following comments use the
section numbering set forth in the Office Action. Applicants
respectfully request recoﬁsideration and withdrawal of all

rejections.

CLAIM AMENDMENT

As will be shown below, a reference which the Examiner
initially asserted as prior art was not published before the
priority date. The "provided that .... * clause in claim 120 was
inserted in view of this reference. Since the rejection over thig

reference is not proper, c¢laim 120 has been amended accordingly.

Sections 15 to 18

The contents of these sections are noted. .No action is

required.

Section 189

It is believed that this point has been taken care of by

the amendment to the description.
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Section 20

The Abstract has been added in the required form on new
page 94. The text of the abstract is found on the cover page of
the PCT publicaticn from which the present application derived and,

therefore, does not represent new matter.

Sectiong 21 to 23

In these sections, the Examiner raises objecticns to the
description and claims under 35 USC § 112, first paragraph. The
Examiner alleges that the specification fails to provide an
enabling disclosure. However, it appears that the Examiner is
actually questioning whether the invention will work over the
entire of the scope of the claims.

As regards enablement, the first paragraph of § 112
requires that a person skilled in the art should be able to make
and use the invention. In order to make and use the invention,
the skilled person needs to be able to carry out the following
steps, all of which are clearly set ocut in the specification.

1. Obtain a donor antibody having affinity for a
predetermined antibody. This can best be done
either by obtaining a hybridoma, for instance from
a c¢ulture collection such as the ATCC, or by
producing a hybridoma, using the well established
Kohler-Milstein procedure.

2. Determine the sequences of the variable domains of
the heavy and light chains of the donor antibody.
As shown in the specificatioen, this can best be

achieved by isolating cDNA from the hybridoma,
sequencing the ¢DNA and decoding the cDNA to give
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the amino acid sequence.

Number the amino acid sequences from the donor
antikbody according to the Kabat numbering system.
For any person of skill in the art, this is a
simple matter, as the Kabat numbering system was
well established at the priority date of the
application. Thus, the skilled person would
readily be able to identify the donor residues
specified in the present claims.

Determine the amino acid sequences of the variable
domains of a human antibody. This is again a
simple matter as the sequences of a large number of
human antibodies have been published, for instance
by Kabat. Thus, this merely requires the skilled
person to look in a readily available reference
book. Alternatively, the skilled person would lock
in any one of a large number of papers disclosing
the sequences of human antibodies.

Number the human amine acid sequences. Quite
often, this had already heen done. In any event,
the comments in 3 above apply.

Determine the composite sequence (s} in accordance
with the instructions in the c¢laims. This merely
requires comparison of the numbered sequences of
steps 3 and 5.

Produce DNA molecule(s) encoding the composite
sequence (s) determined in step 6. This is a matter
of standard recombinant DNA technology. The DNA
molecule(s} could be produced by total synthesis,
partial synthesis or mutagenesis technigques, all of
which were well know in the art at the priority
date.

Transform a suitable host cell with the DNA
sequence{s) produced in step 7 such that the host
cell expresses the DNA sequence(s). This again is
a matter of standard recombinant DNA technology.

is to be noted that the present specification

discloses copious details how to carry out all these steps. For

instance, on page 25, there is a description of how to grow
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hybridomas. On page 30, there is a description of cDNA preparation
and screening, with details of probes to be used. Page 31
discloses details of DNA sequencing and production of expression
vectors. Page 36 gives details of expression. Further on in the
specification, even more detailed instructions are provided for the
production of antibodies as defined in the present claims.

The procedures disclosed in the present specification
could have been applied by any skilled person at the priority date
for any available donor antibody or for any donor antibody the
skilled person could have produced. The skilled person is told
exactly what to do and how it can be done. The skilled person is
given a number of examples to follow. It cannot be seen that this
would require "undue experimentation".

The Examiner has not pointed to any step in the disclosed

processes which could not have been carried out by a person of

skill in the art. If the Examiner believes that any particular one

or more of the steps could not have been carried out by a person of
skill in the art, it is requested that the Examiner provide
evidence of the same or, if in the Examiner’s knowledge, provide an
affidavit, both pursuant to 37 C.F.R. §1.107.

It is submitted that, in the absence of any evidence to
the contrary, i1t must be accepted that the skilled person could
have started with any donor antibody and followed the instructions

in the specification to produce an antibody as now claimed.
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The Examiner’s real point appears to be that he does not
believe that carrying out the steps referred to above would always
lead to the production of a useful antibody. However, the Examiner
has provided no evidence to support his belief; nor is this a
requirement for enablement. In re Sarrett, 140 U.S.P.Q. 474
{C.C.P.A., 1964), reh’g denied. ". . . the mere possibility of
inclusion of inoperative substances does not prevent allowance of
broad claims." (emphasis in original) Id., 140 U.S.P.Q. at 486.

Regardless, as the Examiner has pointed out in Section 22
(A) of the Office Action, the present specification provides a
number of examples in which the procedure described in the
specification has been applied successfully. The specification has
examples relating to OKT3, OKT4A, B72.3 (an anti-mucin MAb), R6-5-
D6 (an anti-ICAM-1 MAb) and 61E71 hTNF1l, hTNF3 and 101.4 (all anti-
TNF MAbs}. Thus, the specification by itself provides examples in
which MAbs against a variety of different antigens have been
successfully humanised.

The Examiner is also referred to the enclosed Declaration
executed by Dr. G. T. Yarranton (who the Examiner met during
interviews on other cases last year). This declaration provides
further evidence that the Applicants’ employers have successfully
used the procedure disclosed in the specification to humanise 17

antibodies.
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The Examiner cannot point to a single example where
anyone has tried to use the procedure set forth in the present
specification and has failed to produce a useful antibody. The
Examiner has merely referred to three papers which do not even try
to put the Applicants’ invention into effect. It is submitted that
this does not provide any evidence that the procedure set forth in
the present specification cannot be applied to any antibody. It is
the c¢laimed invention which is relevant toc an analysis of
enablement. Ex parte Ehrlich, 3 U.S.P.Q. 2d 1011 (Bd. Pat. App’s.
Int. 1987).

The first paper to which the Examiner refers is Reichmann
et al. (Nature, 272, 223-327, 1988). Thig paper shows the results
of "reshaping®" the rat mcnoclonal antibody YTH34.5HL,.. As can be
seen from Table 1 in the right hand column on page 325, Reichmann
made four heavy chain congtructs. The first (RaVHCAMP) is a
chimeric heawvy chain having the rat heavy chain domain fused to a
human constant region. In the other three constructs, the heavy
chain wvariable domain is predominantly of human origin but all
three CDRs ({residues 31 to 35, 50 to 58 and 95 to 102} correspond
to those of the rat antibody. 1In the second construct, only the
CDRs are rat resgidues. In the third construct, in addition to
changing the CDRs, residue 27 has been changed to a more usual
human residues {(Ser - Phe). In the fourth construct, in addition to

changing the CDRS, residues 27 and 30 have been changed tc more
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usual human residues (27 Ser » Phe, 30 Ser -» Thr). In the light
chain construct only the CDRs are changed to rat.

It can thus be seen that Reichmann does not disclose a
procedure which leads to an antibody as defined in the present
claims. As far as the heavy chain is concerned, Reichmann does not
even mention Kabat residues 23, 24 and 49, let alone change them to
the rat residues. Reichmann did not carry ocut a procedure as set
forth in the present specification and thus Reichmann does not
provide any evidence which shows or suggests that the present
procedure cannot be put into practice for any antibody.

The gsecond paper to which the Examiner refers is Queen et
al. (PNAS-USA, 86 10029-10033, 1989). However, as is discussed in
more detail below, Queen et al. is not prior art. Nonetheless, to
the extent Queen et al. is contemporaneocus, it will be discussed.
Queen adopts an entirely different approach than that set forth in
the present specification. This can be seen from the passage in
the right hand column on page 10031 headed "Construction of a
Humanised Anti-Tac Antibody". The first step in this approach is
to select human acceptor sequences which are as homologous as
possible to the mouse donor antibody. The second step is to use
the donor CDRs in the human acceptor sequence. The third step is
to carry out molecular modelling and then to select donor residues,
to be put intc the acceptor sequences, on the basgis of wvarious

criteria. This leads to a composite variable domain sequence which
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contains a large number of donor residues. Although the procedure
used by Queen is different from that disclosed in the present
specification, in the heavy chain, the CDRs and residues 23, 24 and
49 all correspond to those residues in the donor mouse antibody.
Thus, the humanised antibody of Queen is, to a certain extent, in
accordarnce with the present invention.

However, the foregoing residues were not the only
residues transformed to donor in Queen. This peint was
acknowledged by the Examiner on page 4, lines 35-36, of the Office
Action. It is to be noted that Queen’s humanised antibody has only
one third of the affinity of the donor mouse antibody. This is not
a particularly good result as the aim of any humanisation procedure
is to recover the same affinity as that of the dener antibedy. It
is believed that the reason for such a low recovery of affinity by
Queen is due to there being too many donor residues in the acceptor
frameworks. It is believed that, had the procedure of the present
specification been adopted, certain of these residues would not
have been changed, and improved recovery of affinity would have
been obtained.

Nevertheless, given the above explanation of the low
recovery affinity in Queen, it can be seen that, if anything, Queen
shows that following the procedure of the present specification

will lead to the production of useful antibedies
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In passing, it is to be noted that the Examiner appears
to be laboring under a misconception. The Examiner refers in
Section 22 (A) to the changes resulting "in increased antigen
binding affinity". The present Applicants do not c¢laim that using
the procedure of the specification will result in increased
affinity. The aim of the invention is to provide an antibody
having equivalent affinity to that of the donor antibedy, but with
increased human compatibility. The prcblem with mouse or rat
antibodies is not that they have low affinity. They generally have

very good affinity. The problem is that they are not compatible

with humans. Thus, the problem is to retain the affinity but to

remove human incompatibility.

It is no deubt true that, in some cases, it is possible
to increase the affinity of the antibody by using the procedure of
the present specification. However, this is a bonus effect and is
not the object of the invention. Thus, while recovering one third
of affinity may not be acceptable, recovering close to 100% of
activity is more than encugh. It is therefore suggested that the
Examiner should look at the present invention in terms of
recovering, not increasing, affinity. Nonetheless, an increase in
affinity is an unexpected result relevant to nonocbviocusness.

Returning to the main theme of thig Section the Examiner

finally relies on Chothia et al. (J. Mol. Biol., 186, 901917,

1987) . However, this has no bearing at all on whether the present
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invention is applicable to any donor antibody.

Chothia describes theoretical work carried out on the
structures and sequences of known antibodies or antibodylike
molecules. These are all "natural" molecules in that they have not
been in any way engineered. Chothia studied the resolved
crystallographic structures of some of these molecules and also
compared the sequences of the molecules. Most of the work was
concerned with the conformation of the antigen-binding loops (L1 to
L3 and H1 to H3}. Chothia arranged the loops into groups, called
"canonical structures".

Chothia alsc locked at the framework regions to a certain
extent and identified certain framework residues which appeared to
be involved in positioning the loops. However, Chothia appears to
believe that these residues are specific to the loops with which
they are associated. There is no indication that it is possible to
make any predictions on the basis of these observations.

It can thus be seen that Chothia did not make any
composite antibody chains, nor did Chothia produce any antibody
chains by recombinant DNA technology. Most importantly, Chothia
did not even attempt to produce a composite antibedy chain using
the procedure of the present specification. Thus, Chothia provides

absolutely no evidence that one skilled in the art could not apply

the teachings given in the present specification to any donor

antibody.
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It is submitted that the disclosures in Reichmann and
Queen are relevant in one sense, in that they clearly show that, at
the priority date, the skilled person was able to carry out all the
necessary steps, for instance using recombinant DNA technology, to
produce composite antibody chains. Thus, Reichmann and Queen
support the Applicants’ view that the present specification
provides an enabling disclosure.

It is submitted that the Examiner’'s objection under
Section 112 confuses the requirement for an enabling disclosure
with the requirement for the invention to be nonobvicus. As to
enablement, the question to be asked is whether the skilled person,

given the teaching in the specification, c¢ould have put that

teaching into effect. In the present case, it is clear that the
skilled person wag able to carry out the necessary steps to produce
an antibody according tc the claims, using any donor antibody.
Moreover, the present specification <¢learly shows that the
procedure disclosed therein had been used successfully to produce
a number of humanised antibodies having affinity equivalent to that

of the donor antibody. Thus, on the basis of the teaching in the

specification, the skilled person had every reason to expect that

the procedure would be applicable to any donor antibody. As has
been shown above, the prior art does not provide any evidence to

suggest otherwise.
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It is no doubt true, as the Examiner stated in Section 22
(a), that the prior art does not teach that a standardized
principle is possible. However, this has no relevance to the
question of enablement, because the prior art does not include the

disclosure in the present specification. Absent the disclosure in

the present specificaticn, the skilled person would not have been
taught that there was a standardized principle. This merely shows
that the claimed subject matter is non-obvious. It does not show
that the teaching in the present description is non-enabling.
In summary, it is submitted that:
(i) the present specification provides all the
instructions necesgsary to enable the procedure disclosed
therein to be put into effect for any donor antibody;
{ii) Reichmann and Queen confirm that, at the priority
date, the skilled person was able to carry out the
disclosed procedure;
(iii) the present specification shows that the disclosed
procedure had been applied successfully to a number of
donor antibodies, thus providing the skilled person with
a reasonable expectation that the procedure is applicable

to any donor antibody;

{iv) there is no evidence to show that the procedure is
unsuccessful; and

(v} the prior art is not relevant to the skilled
person’s expectation of success because it does not
include the disclosure in the present specification.

It is therefore submitted that the present specification

provides an enabling disclosure for the whole scope of the claims.
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For the above reasons, it is respectfully requested that
the rejection under 35 USC § 112 against the specification and

claims be withdrawn.

Section 25
The Applicants confirm the Examiner’s presumption that
the subiject matter of all the claims was commonly owned at the time

the inventions covered by the claims were made.

Sections 26 and 27

The Examiner’s raising of a provisional obviousness-type
double patenting rejection is acknowledged. This will be dealt
with, probably by use of a terminal disclaimer, once the Examiner
has acknowledged that the claimed subject matters in this and the

co-pending application are patentable.

Section 28

In Section 28, the Examiner rejected all the claims as
allegedly being obvious over Reichmann (see above), Queen (see
above) and Waldmann ({sic) (EP-A-0 239 400). It is presumed that
the Examiner correctly cited the European patent application number
(EP-A-0 239 400) for the third reference. If this is the case, the
applicant is Winter. The Applicants therefore assume that the name

for the third reference should ke Winter. If this is not the case,
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the Examiner is requested to identify the Waldmann paper to which
he refers.

As a preliminary point, it is submitted that Queen et al.
is not part of the prior art. The attached Declaration by the
undersigned attorney shows that Queen was not published before the
priority date of the present application. Thus, Queen cannot be
used to attack the present claims.

The present application i1s a national phase filing of a
PCT application claiming a foreign priority date of December 21,
1989. As indicated in the attached Declaration of the undersigned,
the journal volume in which the Queen et al. reference appeared was
not mailed until December 20, 1389. The journal was mailed by
second class mail. Accordingly, no addressee could have received
the journal before December 21, 1989.

As the BExaminer is aware, magazines are effective as of
the date they are received, not the date they are mailed. M.P.E.P.
§ 715.01{c). As no addressee could have received the reference
before the foreign priority date, no addressee could have been in
possession of the reference such that the subject matter sought to
be patented as a whole would have been obvious "at the time the
invention was made."?! Indeed, in Protein Foundaticon, Inc. v.

Brenner, 151 U.8.P.¢. 561 (D.D.C. 1966), the court took judicial

L In that regard, the time differential is also emphasized.
The priority application was filed in the United Kingdom. The
reference volume was mailed in the United States.

- 15 -
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notice of the fact that second class mail deces not travel and is
not distributed as fast as first class mail. The court concluded
that no magazine was delivered two days after being mailed in bulk.
Id., at 5é2. Regardless, it 1s emphasized that Queen et al.
discloses that only 1/3 of the affinity of the murine antibody was
recovered in their slightly less "human" antibody, and that
"further work" was needed.

Since Queen is not part of the prior art, it is presumed
that the Examiner’s obviousness rejection can only be based on
Reichmann and Winter. Before discussing those references in
details, the Examiner is referred to Section 22 (A) of the Office
Action, wherein the Examiner himself states that:

The prior art deoes not teach that a

standardized principle of which amino acids

must always be changed 1s possible, but

instead appears to teach that three

dimensional structures of the antibodies and

an understanding of protein folding properties

is necessary to reasonable (sic) predict which

amino acids will be effective in retaining

antigen binding ability for a particular

antibody.

It is submitted that this statement completely undermines
the Examiner’s position on obviousness. If the skilled person is
not taught that a standardized principle is possible, it cannot be
seen how the present inventicn, directed to a standardized
principle, can be obvious.

It is alsc to be pointed out that the present invention,

as set forth in the c¢laims, is not that it will be necessary to

- 16 -
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change some (unspecified) framework residues. The invention is
that it will be necessary to change certain, carefully specified
framework residues. Thus, the Examiner has to go beyond showing
that a standardized principle was possible and has to show that the
gkilled person would inevitably have been led to the residue
changes set forth in the present claims. As the Examiner admits in
Section 28 of the OCffice Action:

Neither Reichmann et al. or Queen et al. teach all of the

exact mutations found in the claimed antibodies.

It thus cannot be geen how it can be obvious to get to
the present invention.

This conclusion ig reinforced if the prior art references
cited by the Examiner pnot including Queen are properly considered.
It is firstly to be pointed out that Winter was published in 15987,
whereas Reichmann was published in 1988. Moreover, cone of the
authors of Reichmann is Dr. Winter, the sole inventor of Winter.
It can thus be clearly seen that Reichmann follows on from the work
of Winter. It is therefore believed that it is appropriate to
discuss Winter first and then Reichmann as this reflects the way in
which the art developed.

Winter teaches the basic concept of CDR-grafting. Thus,
Winter clearly teaches the production of a grafted antibody in
which only the CDRs (as defined by Kabat) from a donor antibody are

grafted into an acceptor antibody in place of its natural CDRs.
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There are examples in the citation showing this CDR grafting
procedure. It is to be noted that in the examples, it is only the
CDRs which are changed. No changes at all are made in the
framework regions.

It is no doubt true that Winter contains a passage from
page 7, line 25 to page 8, line 18 which refers to the possibility
that framework residues may need to be changed. However, this
passage is entirely devoid of any practical teaching. It does not
mention a single residue number, nor does it even mention possible
locations for such residues. Thus, Winter provides absolutely no
suggestion, much less guidance, as to where to look for framework
residues which may need changing.

The Examiner has asserted in Section 22 {A} of the Office
Action that:

it would require undue experimentation for

a person of ordinary skill in the art to

practice applicant’s claimed invention from

what has been disclosed in the specification.

Although the Applicants believe, for the reasons set
forth above, that this is not true of the present specification, it
is submitted that the Examiner’s assertion applies with full force
to Winter. The passage in Winter is merely an invitation to carry
out further experiments without providing any directions or even

hints as to how to carry out such experiments. It is therefore
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submitted that the present claims are not at all obvious over
Winter.

Turning now to Reichmann, it can be seen that this
follows on from Winter. The first construct made by Reichmann is
one in which only the donor CDRs are grafted into the acceptor
frameworks. This construct ig HUVHCAMP. Ag can be seen from Table
1, the first construct was nearly 40 timeg worse at binding antigen
than the originai rat antibody and was immeasurably worse in a
complement binding assay. Reichmann therefore produced two more
constructs. HuVHCAMP {Ser 27 -» Phe, Ser 30 -» Phe) and HuVHCAMP
(Ser 27 -» Phe, Ser 30 - Thr). The further changes in these
constructs significantly improved both antigen binding and
complement activation, but not to the level of the rat antibody.

The reason for making the further mutations at positions
27 and 30 is set forth in the left-hand column on page 326 of
Reichmann. It can be geen that, at residue 27, the human acceptor
seguence was unusual. Residue 27 was therefore changed to the more
usual human residue. The change at regidue 30 was made to bring
the extended CDR, including the surface loop (residues 26 to 32) as
well as the Kabat C(CDRs (residues 31 to 35) into conformity with
those of the rat antibody. Thus, one mutation has the effect of
making the grafted antibody look more human. The other mutation

has the effect of extending CDR1.
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It cannot be seen how this can in any way suggest the
present invention. At best, it suggests that it would be better to
define CDR1 as being residues 26 to 35 in the heavy chain.
However, this certainly does not teach a general principle of
changing framework residues and in particular it does not suggest
that the particular framework residues of the present claims should
be altered.

The passage on page 326 of Reichmann ends with the
following sentence.

This suggests that alterations in the ‘Kabat’

framework region can enhance the affinity of

the antibody and extends previous work in

which an engineered change in the

hypervariable region yielded an antibody with

increased affinity. (emphasis added).

Again, this is merely a suggestion for further work. It
does not provide any hint or direction as to how the work should
proceed. The only teaching is to extend CDR1 to include the
surface loop. Thus, this certainly doeg not even remotely suggest
the specific residue changes of the present claims.

The Examiner asserts that:

..... it would have been prima facie obvious

..... to apply the teachings of Winter to
those of Reichmann .....

However, the Examiner appears to have failed to appreciate that the
teaching of Winter is already contained in Reichmann. 1In fact, the

teaching of Reichmann is based on the teaching of Winter. The
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teaching of Winter was also published in Jones et al. (Nature, 321,
522-525, 1986), of which Winter is a co-author. Jones is reference
19 in Reichmann and is referred to in the paragraph bridging pages
323 and 325 of Reichmann. Thig paragraph makes it clear that Jones
(and thus Winter} provided the basis for the work reported by
Reichmann. Thus, the obvious combination of Winter and Reichmann
had already been made in the prior art. However, despite having
the expertise of Winter to call on, Reichmann comes nowhere near
the present invention. It is therefore submitted that Reichmann by
itself proves that a combination of Winter and Reichmann does not
lead to thé present invention.

Accordingly, Applicants submit that the Examiner has not
egstablished a prima facie case of nonobviousness of Applicants
invention, with or without the Queen et al. reference. In fact,
the Examiner’s arguments under 35 U.S5.C. §112 support this.
Alternatively, to the extent a prima facie case is believed to be
established, it is rebutted by the unexpected results of increased
affinity.

For the above reasons, it is requested that the rejection

under 35 U.5.C. § 103 ke withdrawn.

Section 29

A copy of document AT is enclosed.
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Summar
It is submitted that the remarks set forth above and the
evidence sent herewith clearly show that the present application is

in order for allowance which is hereby respectfully requested.

Respectfully submitted,

Doreen Yatk Trujlllo
Registration No. 35,719

Date: September 18, 1395

WOODCOCK WASHRBRURN KURTZ
MACKIEWICYZ & NORRIS

One Liberty Place - 46th Floor

Philadelphia, PA 19103

(215) 568-3100

DYT/mb

Enclosures
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IN.-THE UNITED STATES PATENT AND TRADEMARK O¥FICE
In re patent Aapplication of: |
Adair, et al.
Serial No.: 08/485,686 * Group No.: 1806
Filed: June 7, 1995 : : Examiner: Not Yet Assigned.

For: Humanised Antibodies

CEATIFICATE OF FACSIMILE TRANSMISSION

I, Doreen Yake Trgiillo, Reginmatton Mo, 35,719 cemify thet thi saroepondemes ia
being Eccimile raosmited © Exeminer Cech af (103) 3084242 a1 che U.S. Patent and
Trademark Offics., Washinglon, D.C. 20231

On Apgust 23, 199§

Dureen Yalks iji%‘. Reg. No. 35,719

Assistant Commissioner for Patents

Washington DC 20231
Sir:
PRELIMINARY AMENDMENT

" Prior to examination, piease amend the above-identified application as follows:

In the Claims:

Please cancel claims 1-23,

Please add the following claims:

24.  Antibody molecule having affinity” for a predetermined antigen and

comprising a composite heavy chain and a gémplemé light chain, said composite heavy

chain having a variable domain including complef grity determining regions (CDRs), sz_iid

variable domain comprising predominaatly By acceptor antibody heavy chain framework

e

residues, the remaining heavy chain resid esponding to the equivalent residues in a donor

Carter Exhibit 2015
Carter v. Adair
Interference No, 105,744
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antibody having affinity for said predetermined antigen, wherein, according to the Xabat
numbering system, in said composite heavy chain: said CDRs comprise donor residug§ at least
at residues 31 to 35, 50 to 58, and 95 to 100; and amino acid residues 23,24, 49/ 71, 73 and

78 at least are donor residues.

25. An antibody molecule having affinity for a predetermined antigen and
~ comprising a composite heavy chain and a complementary light chain, said composite heavy
chain having a variable domain including complementarity detepfining regions (CDRs), said

variable domain comprising predominantly human acceptor afitibody heavy chain framework

residues, the remaining heavy chain residues, corresponding t6 the equivalent residues in a donor

comprising a composite feavy chain and a complementary light chain, said composite heavy
chain having a variabl¢’ domain including complementarity determining regions (CDRs), said
variable domain comprising predominantly human acceptor antibody heavy chain framework
residues, the remaipfing heavy chain residues, corresponding to the equivalent residues in a donor

antibody having/ affinity for said predetermined antigen, wherein, according to the Kabat
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donor residues, provided that the antibody does not have affinity for the p55 chain of the human

interleukin 2 receptor.

29. An antibody molecule having affinity for a predetermined antigen and
comprising a composite heavy chain and a complementary light ¢hain, said composite heavy
chain having a variable domain including complementarity determining regions (CDRs), said
variable domain comprising predominantly human acceptor antibody heavy chain framework
residues, the remaining heavy chain residues, corresponging to the equivalent residues in a donor

antibody having affinity for said predetermined 4ntigen, wherein, according to the Kabat

78 at least are donor residues, provided

of the human interleukin 2 receptor.

30. An antibody

comprising a composite heavj

olecule having Affinity for a predetermined antigen and
yin and a complementary light chain, said composite heavy
chain having a variable domain in cIudiné cofplementarity determining regions (CDRs), said
g predomindntly human acceptor antibody heavy chain framework

residues, the remaining Heavy chain residues, corresponding to the equivalent residues in a donor

human interleukin 2 receptor.
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31. An antibody according to claim 28 wherein one or more of res1dues 1 3 46,
47, 48, 58, and 71 are additionally donor residues.

32. An antibody according to claim 29 wherein one or more6f residues 1, 3, 46,
47, 48, 58, and 71 are additionally donor residues.

33. An antibody according to claim 30 wherein gfie or more of residues 1, 3, 46,
47, 48, 58, and 71 are additionally donor residues.

34. An antibody molecule having affinity for a T-cell antigen and comprising a

composite heavy chain and a complementary light chain, said composite heavy chain having a

composite heavy chai 3 entary light chain, said composite heavy chain having a
variable domain inc
comprising predominantly human acceptor antibody heavy chain framework residues, the
remaining heavy chain residues, corresponding to the equivalent residues in a donor antibody
having affinigy for a lymphokine, wherein, according to the Kabat numbering system, in said
composite heavy chain: said CDRs comprise donor residues at least at residues 31 to 35, 50 to

58, and 95 to 102; and amino acid residues 23, 24, and 49 at least are donor residueg.
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36. An antibody molecule having affinity for a growth factor and comprising/a/

composite heavy chain and a complementary light chain, said composite heavy chain hayifg a

variable domain including complementarity determining regions (CDRs), said variabl¢ domain

comprising predominantly human acceptor antibody heavy chain framework fesidues, the'

-remaining heavy chain residues, corresponding to the equivalent residues jm’a donor antibody

having affinity for a growth factor, wherein, according to the Kabat numbering system, in. said
composite heavy chain: said CDRs comprise donor residues at leasy“at residues 31 to 35, 50 to

58, and 95 to 102; and amino acid residues 23, 24, and 49 at J€ast are donor residues.

37. An antibody molecule having affinity for a stimulating factor and comprising

a composite heavy chain and a complementary light’chain, said composite heavy chain having

having affthity for an interferon, wherein, according to the Kabat numbering system, in said

jte heavy chain: said CDRs comprise donor residues at least at residues 31 to 35, 50 to
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39. An antibody molecule having affinity for an adhesion molecule
comprising a composite heavy chain and 2 complementary light chain, said composite eavy
), said

in framework

chain having a variable domain including complementarity determining regions (C
variable domain comprising predominantly human acceptor antibody' heavy c
residues, the remaining heavy chain residues, corresponding to the equivalent résidues in a donor
antibody having affinity for an adhesion molecule, wherein, according 6 the Kabat numbering
system, in said composite heavy chain: said CDRs comprise donor sesidues at least at residues
31 to 35, 50 to 58, and 95 to 102; and amino acid residues 2

residues.

24, and 49 at least are donor

composite heavy chain and a complemextary light chyin, said composite heavy chain having a
variable domain including complementariy

comprising predominantly human acce antibody/ heavy chain framework residues, the

41. An antibody tholecule having affinity for a cancer marker and comprising a
composite heavy chain’and a coniplementary light chain, said composite heavy chain haviﬂg a
variable domain including complementarity determining regions (CDRs), said variable domain
comprising predominantly human acceptor antibody heavy chain framework residues, the
remaining heayy chain residues, corresponding to the equivalent residues in a donor antibody
having affinity for a cancer marker, wherein, according to the Kabat numbering system, in said
composité heavy chain: said CDRs comprise donor residues at least at residues 31 to 35, 50 to

58, and K’S to 102; and amino acid residues 23, 24, and 49 at least are donor residues.
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42. An antibody molecule having affinity for TNF-o and comprising a compogife

heavy chain and a complementary light chain, said composite heavy chain having a vafiable
domain including complementarity determining regions (CDRs), said variable domain e6mprising

predominantly human acceptor antibody heavy chain framework residues, the refnaining heavy.
chain residues, corresponding to the equivalent residues in a donor antibody‘having affinity for

TNF-«, wherein, according to the Kabat numbering system, in said composite heavy chain: said

chain residues, corresponding to the equivalent residues in a donor antibody

for a receptor, wherein, according to the Kabat numbering system, in said
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45. An antibody molecule having affinity for a predetermined antigen and
comprising a composite heavy chain and a complementary light chain, said composite hedvy
chain having a variable domain including complementarity determining regions (CDKSs), said
variable domain comprising predominantly human acceptor antibody heavy chajif framework
residues, the remaining heavy chaip residues, corresponding to the equivalert residues in the
donor murine antibody OKT3 having affinity for said predetermined antigeg; wherein, according
to the Kabat numbering system, in said composite heavy chain: said CDRs comprise donor
residues at least at residues 31 to 35, 50 to 58, and 95 to 102; ang‘amino acid residues 23, 24,

and 49 at least are donor residues.

46. An antibody molecule having affinity for a predetermined antigen and
comprising a composite heavy chain and a complefmentary light chain, said composite heavy
chain having a variable domain including coiplementarity determining regions (CDRs), said

variable domain comprising predominagtly Muman acceptor antibody heavy chain framework

residues, the remaining heavy chain regjdues, corrgsponding to the equivalent residues in the
donor murine antibody OKT4A having affinity /for said predetermined antigen, wherein,
according to the Kabat numbering gysfem, in said composite heavy chain: said CDRs comprise
1 to 35,50 to 58, and 95 to 102; and amino acid residues

gsidues.

23, 24, and 49 at least are gone

47. AA antibody molecule having affinity for a prcdeterin'med antigen and
comprising a compgsite heavy chain and a complementary light chain, said composite heavy
chain having ‘'a vdriable domain including complementarity determining regions (CDRs), said
variable domain comprising predominantly human acceptor antibody heavy chain framework
residues, thg’ remaining heavy chain residues, corresponding to the equivalent residues in the
donor muyine antibody B72.3 having affinity for said predetermined antigen, wherein, according

to the Kabat numbering system, in said composite heavy chain: said CDRs comprise donor
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residues at least at residues 31 to 35, 50 to 58, and 95 to 102; and amino acid residues 23, 24,

and 49 at least are donor residues.

48. An antibody molecule having affinity for a predetermined antigen and
comprising a composite heavy chain and a complementary light chain, said composite heavy
chain having a variable domain including complementarity determining regions (CDRs), said
variable domain comprising predominantly human acceptor antibogy heavy chain framework
residues, the remaining heavy chain residues, corresponding to the equivalent residues in the
donor murine antibody 61E71 having affinity for said predeterprined antigen, wherein, according
to the Kabat numbering system, in said composite heavy chain:. said CDRs comprise donor
residues at least at residues 31 to 35, 50 to 58, and 95 10 102; and amino acid residues 23, 24,

and 49 at least are donor residues.

49. An antib dy molecule Having affinity for a predetermined antigen and
comprising a composite heavy chairy and/a compjementary light chain, said composite heavy

chain having a variable domain ingluding complementarity determining regions (CDRs), said

donor residues at least ay/regidues 31 to 35, 50 to 58, and 95 to 102; and amino acid residues

23, 24, and 49 at leasy/are donor residues.

50/ An antibody molecule having affinity for a predetermined antigen and
comprising a ¢gomposite heavy chain and a complementary light chain, said composite heavy
chain having a variable domain including complementarity determining regions (CDRs), said

variable domain comprising. predominantly human acceptor antibody heavy chain framework
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residues, the remaining heavy chain residues, corresponding to the equivalent residues in the |
donor murine antibody hTNF3 having affinity for said predetermined antigen, wherein,
according to the Kabat numbering system, in said composite heavy chain: said CDRs comprise
donor residues at least at residues 31 to 35, 50 to 58, and 95 to 102; and amip6 acid residues

23, 24, and 49 at least are donor residues.

51. An antibody molecule having affinity for a predetermined antigen and

comprising a compoéite heavy chain and a complementary light chain, said composite heavy

- chain having a variable domain including complementarity determining regions (CDRs), said
variable domain comprising predominantly human acceptor antibody heavy chain framework

residues, the remaining heavy chain residues, corresonding to the equivalent residues in the

donor murine antibody 101.4 having affjnity for said'predetermined antigen, wherein, according

to the Kabat numbering system, in said Eom psite heavy chain: said CDRs comprise donor

residues at least at residues 31 to 35, 50 fo 58, and 95 td 102; and amino acid residues 23, 24,

and 49 at least are donor residues.

52. /n antibody wblecule havip § affinity for a predetermined antigen and
comprising a composite heavy ¢h#in and a cofnplementary light chain, said composite heavy
chain having a variable domgin jincluding“complementarity determining regions (CDRs), said
variable domain compnising predopmfiantly human acceptor antibody heavy chain framework
residues, the remaining feavy chain residues, corresponding to the equivalent residues in the
donor murine antibody/ASB7 havihg affinity for said predetermined antigen, wherein, according
to the Kabat numbéring system, in said composite heavy chain: said CDRs comprise donor
residues at least af/residues 31 to 35, 50 to 58, and 95 to 102; and amino acid residues 23, 24,

and 49 at least Are donor residues.

\) \} ' 53. A therapeutic composition comprising an antibody molecule according to

- 10 -
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claim 24 or claim 25 in combination with a pharmaceuticafly acceptable carrier, diluent, or

excipient.

55. A method of diagngéis comprising administering an effective amount of an

antibody according to claim 24 or gfaim 25 to a human or animal subject.

REMARKS
The foregoing amendments are to remove improper multiple dependency and to
otherwise advance prosecution. No new subject matter has been added. Support for the
amendments can be found, inter alia, in claims 1-23 and Examples 1-3, of the application as
originally filed. An early notification of allowance is earnestly requested.

Respectfully submitted,

Date: August 23, 1996 (Q‘M#a[/@w

Doreen Yatko Trujillo
Registration No. 35,719

WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS

One Liberty Place - 46th Floor

Philadelphia, PA 19103

(215) 568-3100

_.ll_
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IN THE UNFTED STATES PATENT AND TRADEMARK OFFICE J

In re appJ;"ation of’: g// . )
Adair et al ;?22;;%%;7

Serial No:* Unassigned Group Art Unit: Unassigned
Filed: Herewith Examiner: Unassigned
For: HUMANIZED ANTIBODIES

I, Francis A. Paintin, Reqistration No. 19386 certify
that this correspondence ig being deposited with the
U.5. Postal Service as Pirat Class mwail in an envelope
addréssed to the Asgsiatant Commissioner for Patents,
Washington, D.C. 20231.

muﬂézzf:f%9:7
(== ‘ ';'ﬁ"“‘:"z‘l

Assistant Commissioner
for Patents
Washington, D.C. 20231

I
i:id
iad
=
=5

i

iy

Dear Sir:

PRELIMINARY AMENDMENT AND REQUEST
FOR INTERFERENCE UNDER 37 CFR §1.607

Please amend the above-identified applicaticn as

& T TN €

follows:

In the Specification:

At page 1, before line 1, insert the following:

--This application is a continuation of U.S. application Serial
LS. Pakent No. 5,554, 0%
= No.08/303,569, filed September 7, 1994,Awhich is a continuation

. R - oo o (\er.\ ,
/Q of Serial No. 07/743,329, filed September 17, 1991,awhich is a
U.S8. national phase application stemming from'PCT/GB90/02017,
filed December 21, 199C, which PCT application claims priority

benefit of GB national application Serial No. 8%/28874.0, filed

Carter Exhibit 2016
Carter v. Adair

Interference No. 105,744
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5/’ December 21, 1989 in the United Kingdom, the entire content of

each of said applications is incorporated by reference herein.--

Amend the above-identified specification in accordance
with the enclosed copy of a preliminary amendment (dated 7/8/92)
filed in applicants’ Serial No. 07/743,329 application which
enters the Sequence Listing as replacement pages 67-89, and
renumbers original pages 67-70 as pages 90-93, respectively, and
amends the specification to refer to said listing appropriately.

In the claims: //////

Cancel claim 1 without prejudice and enter the

following claims 24-31 in this application:

--24. A humanized immunoglobulin having

o e Rt T R I s R 1 R

omplementarity determikhing regions (CDRs) from a donor

%

izl .

immunoglobulin and heavy\and light chain variable region

ald

frameworks from human acckptor immunoglogulin heavy and light

Yy

chains, which humanized impnunoglobulin specifically binds to an

ﬂQ?lmﬂm
SO

antigen with an affinity cdnstant of at least 10® M'!, wherein
salid humanized immunoglobulin comprises amino acids from the
donor immunoglcobulin framewo¥k outside both the Kabat CDRs and
the structural loop CDRs of the variable regions, wherein the
donor amino acids replace cornesponding amino acids in the
acceptor immunoglobulin heavy &r light chain frameworks, and each
of said donor amino acids is adjjacent to a CDR in the donor

immunoglobulin sequence.
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25. A humanized immunoglobulin according to claim 24
which specifically binds to an antigen with an affinity in the

range 10%-10'% M.

26. A humanized immunoglobulin according to claim 24,

wherein the antigen is an IL-2 receptor.

27. A humanized immunoglobulin according to claim 24,
wherein the donor immunoglobulin is the anti-CD4 T-cell receptor

antibody.

28. A humanized immunoglobulin having complementarity
ermining regions (CDRs) \from a donor immunoglobulin and heavy
and light chain variable re§ion frameworks from human acceptor
immunoglogulin heavy and light chains, which humanized
immunoglobulin specifically Hinds to an antigen with an effective
antigen binding affinity, whekein said humanized immunoglobulin
comprises amino acids from the\donor immunoglobulin framework
outside both the Kabat CDRs and the structural loop CDRs of the
variable regions, wherein the d¢nor amino acids replace
corresponding amino acids in thq acceptor immunoglobulin heavy or
light chain frameworks, and each\of said donor amino acids 1is

adjacent to a CDR in the donor imfunoglobulin sequence.
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é§§;;::7 29. A humanized immunoglobulin according to claim 28

which specifically binds td¢ an antigen with a binding affinity
equivalent to that of a chineric antibody formed from said donor

immunoglobulin.

30. A humanized immunoglobulin according to claim 28,

wherein the antigen is a human CD3 T-cell receptor.

31. A humanized immunoglobulin according to claim 28,
wherein the donor immunoglobulin is the anti-CD3 T-cell receptor

antibody. --

XUl (o R R

e

Lk N T

L

e I 1

i

REMARKS
Applicants have entered claims 24-31 to request an
interference in accordance with 37 CFR §1.607 as follows. It is
noted that the Queen patent whose claims present the basis for an
interference is classified in Class 424/133.1. MPEP 82306
suggests a transfer to the group where the paﬁent is classified.

Compliance With 37 CFR §1.607(a)

(a) Identification of the Patent

Applicants request that an interference be declared
between applicants’ above-identified application and Queen et
al., U.S. Patent No. 5,585,089 (hereinafter "the Queen patent"),

issued December 17, 1996, a copy of which is enclosed herewith.

Applicants have in claims 24-27 substantially copied claims 1, 5,
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9 and 10 of the Queen patent. Applicants have fully complied
with the requirements of 35 USC §135(b) in claiming substantially
the same subject matter directed to the same invention as that
claimed in the Queen patent prior to one year from the 12/17/96
date the Queen patent was granted.

(b) Presentation of a Proposed Count

Applicants present in Appendix A attached hereto the
"Proposed Count." In compliance with 37 CFR §1.606, proposed
Count 1 is broader than any of claims 1-4, the broadest claims in
the Queen patent, and as broad as any one of claims 24-31 béing
entered into the instant application.

The proposed count contains disjunctive or alternative
language to cover the claim terminology of the two parties. Such
counts were expressly approved by the Board in Hsing v. Myers, 2
UspQ2d 1861 (Bd, Pat,. App. & Int. 1987). It is clear, however,
that both alternatives are directed to the same invention as that
claimed in the Queen patent.

For Queen’s term, “Chothia CDRs”, applicants’ claims
and the proposed count paragraph (b) use the alternative term
“the structural loop CDRs of the variable regions.” 1In the Queen
patent (at col. 11, lines 38-44) it is stated that the light or
heavy chain variable regions consist of a “framework” region
interrupted by three “hypervariable regions, also called CDRs.”

In Chothia et al., J. Mol. Biol.(1987) 197, pp.901-917,
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the authors (at p. 904) define their “loops” as having “somewhat
different" limits from those of the CDRs defined by Kabat et
al. (1983). Chothia et al. (at page 904) describe six loops in
the domains L1, L2, L3, Hl, H2, and H3!, and use the descriptive
terms “hairpin loops” (Fig.l), “hairpin turns” (Table 2), and
“hypervariable loops” (p.9%03) to describe their regions which
Queen has chosen to call “Chothia CDRs”. A copy of the Chothia
et al. publication is enclosed.
(c) Identification of Claims Corresponding to the Count
Applicants identify all of the Queen patent claims 1-11
and applicant’s claims 24-27 as corresponding to the Count and as
being directed to the same patentable invention.

(d) Application of the Terms of Applicants’
Disclosure to the Copied Claims

In attached Appendix B, applicants illustrate the
representative support in their present application disclosure
for the limitations of their claims 24-27, substantially copied
from Queen claims 1, 5, 9 and 10. There is, of course,
additional support in applicants’ application omitted for the
sake of brevity.

(e) Applicants’ Effective Filing Date

Applicants’ present application, being a Rule 60

continuation, has the identical specification and drawings as

! In Fig. 1 of Chothia et al., these six domains are
referred to as the “hypervariable regions.”
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that originally filed in U.S. application Serial No. 08/303.569,
filed September 7, 1994, which is a U.S. national phase
application stemming from PCT/GB-90/02017, filed December 21,
1990. The latter PCT application claimed priority benefit of GB
national application Serial No. 89/28874.0, filed December 21,
1989. Enclosed is a copy of the GB application Serial No.
89/28874.0, a certified copy of which is on file in the aforesaid
PCT/GB application.

in attached Appendix C is a diagram of support in
applicants’ 1989 GB application for each limitation of
applicants’ claims 28-31, which are also drawn to the same
invention as proposed Count 1. Accordingly, applicants’
effective filiné date for their invention of Count 1 is 12/21/89,
the filing date of their GB national application.

(f) Queen’s Effective Filing Date

The Queen patent stems from U.S. Serial No. 08/477,728,
filed June 7, 1995, which is a continuation of Serial No.
07/634,278, filed 12/19/90, which is a c-i-p of Serial No.
07/590,274, filed 9/28/90, and Serial No. 07/310,252, filed
2/13/89, which is a c-i-p of Serial No. 07/290,975, filed
12/28/88.

A careful study of Queen’s 1988 and 1989 application

disclosures reveals that that there is no disclosure therein for
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certain critical limitations of the Queen patent claims and the
proposed count, e.g., for the count limitation:

...said humanized immunoglobulin comprises amino acids

from the donor immunoglobulin framework outside: (a)

the Kabat and Chothia CDRs, or (b) both the Kabat CDRs

and_the structural loop CDRs of the wvariable
regions, .. ..

Neither of the Queen 1988 and 1989 applications
contains any disclosure that teaches or suggests the requirement
of amino acids from the donor Ig outside both the Kabat CDRs and
structural loop (or Chothia) CDRs. This is a material limitation
that was added to its claims by Queen to overcome the teachings
of the prior art.?

The most that can be argued is that the 1988 and 1989
disclosures may be read to suggest that such amino acids are
outside the Kabat CDRs; but nothing therein suggests that such
amino acids also be outside the structural loop (or Chothia)
CDRs. Thus, the absence of a disclosure of that presently
claimed limitation in the earlier-filed Queen applications is
clearly fatal to any attempt by Queen to claim priorty benefit
thereof.

While applicants have been unable to locate a copy of

the Queen application allegedly filed on 9/28/90 to evaluate its

2 In Queen’s amendment of May, 31, 1996, at page 5, it
was argued that the claims distinguish over the prior art because
the immunoglobulins contain donor amino acids “outside the Kabat
and Chothia CDRs.”
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disclosure, that application date is almost nine months later
than the 12/21/89 filing date of applicants’ GB application.

Queen should not be entitled to priority benefit of any
application filed prior to 12/19/90, for the invention of Count 1
or its patent claims. Moreover, applicants do not concede that
either the 12/19/90 application, or the application that matured
into the Queen patent, contains an adequate disclosure of the
invention of the proposed count. However, that issue need not be
considered at this time.
Compliance With 37 CFR §1.608

Since applicants have the earlier effective filing
date, there is no requirement for them to establish a prima facie
case of earlier priority under §1.608.
The Requested Interference Should Be Declared

In applicants’ parent application Serial No.
08/303,569, Queen’s assignee, Protein Design Labs, Inc. (“PDL")
has filed a Protest under 37 CFR §1.248. Therein, PDL
specifically states (at page 2):

[Aln interference analysis should be undertaken by the
appropriate Examiner....

Thus, PDL acknowledges that there is interfering subject matter
in the paties’ respective applications. For that reason,
applicants have filed the present application with claims
specifically directed to the claimed ssubject matter of the Queen

patent. This paper more accurately characterizes the effective
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filing dates of the parties and shows that Queen would be the
junior party of any interference declared hereon.
Applicants respectfully request that the proposed
interference be promptly declared. MPEP §2307 states as follows:
Examiners should note that 37 CFR 1.607 regquires that
examination of an application in which applicant seeks
an interference with a patent "shall be conducted with

special dispatch." See MPEP §708.01 (emphasis added
herein) .

Applicants wish to point out that in their efforts
to provoke the interference,'claims 1, 5, 9 and 10 of the Queen
patent were substaﬁtially copied. Thus, most claim limitations
are those that were examined and approved by the Examiner who
allowed the Queen patent. Should the present examination involve
rejections of applicants’ claims that would have been equally
applicable against the Queen élaims, applicants respectfully note
MPEP §2307.02, which requires the approval of the Group Director
for such a rejection. Applicants are presumptively the prior
inventors of the claimed subject matter and only desire an
interference to prove that they are the actual prior inventors.
Their opportunity to do so should not be unduly delayed.

Enclosed is a copy of an Information Disclosure
Statement filed in applicants’ parent Serial No. 08/303,569,
filed 9/7/94, and Serial No. 07/743,929. Copies of the

references are in said parent applications.
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Please contact applicants’ attorney, Francis A.
Paintin, at 215-568 3100 if he can be of assistance in expediting
this request.

Respectfully submitted,

Q§§7/ \
Fran01s a1nt1n

Registration No. 19,386

Date: /‘4&(; / /997

WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS LLP

One Liberty Place - 46th Floor
Philadelphia, PA 19103

(215) 568-3100
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APPENDIX A

PROPOSED COUNT FOR INTERFERENCE

Count 1:

A humanized immunoglobulin having complementarity
determining regions (CDRs) from a donor immunoglobulin and heavy
and light chain variable region frameworks from human acceptor
immunoglogulin heavy and light chains, which humanized
immunoglobulin specifically binds to an antigen with:

(i) an effective antigen binding activity, or

(ii) an affinity constant of at least 10’ M! and no

greater than about four-fold that of the donor

immunoglobulin,
wherein said humanized immunoglobulin comprises amino acids from
the donor immunoglobulin framework outside:

(a) the Kabat and Chothia CDRs, or

(b) both the Kabat CDRs and the structural loop CDRg of

the variable regions,

wherein the donor aminc acids replace corresponding amino acids
in the acceptor immunoglcbulin heavy or light chain frameworks,
and each of said donor amino acids:

(I) is adjacent to a CDR in the donor immunoglobulin

sequence, or

(IT) contains an atom within a distance of 4 A’ of a

‘\.

CDR in said humanized immunoglobulin

- 12 -
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APPENDIX B

Claim Limitation

Support in Adair Application

24. A humanized immunoglobulin
having complementarity
determining regions (CDRs)
from a donor immunoglobulin
and heavy and light chain
variable region frameworks
from human acceptor
immunoglogulin heavy and light
chains

See page 1, lines 5-16, and
page 7, line 32, through page
8, line 21.

which humanized
immunoglobulin specifically
binds to an antigen with an
affinity constant of at least
108 M-l,

See page 11, lines 27-30.

wherein said humanized
immunoglobulin comprises amino
acids from the donor
immunoglobulin framework
outside both the Kabat CDRs
and the structural loop CDRs
of the variable regions,

See page 6, lines 14-23, page
8, lines 13-16, and page 19,
line 16, to page 20, line 15.

wherein the donor amino acids
replace corresponding amino
acids in the acceptor
immunoglobulin heavy or light
chain frameworks,

See page 6, line 12, to page
7, line 5.

1088 of 1849
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and each of said donor amino
acids is adjacent to a CDR in
the donor immunoglobulin
sequence.

See page 11, lines 16-20,
showing that homology is
maximized between donor and
acceptor sequences adjacent
CDRs within acceptor
framework. At page 6, lines
25-35, it is indicated that
the heavy chain “framework
comprises donor residues at at
least one of positions 6, 23
and/or 24, 48 and/or 49...."
In the heavy chain, Kabat CDR2
together with [Chothial]
structural loop H2 extends
from residues 50 to 65. Thus,
residue 49 is immediately
adjacent the beginning of this
CDR2/H2 region. 1In Figs.3-4
residues marked with “N” to
indicate near or adjacent a
CDR (see p.38, 1. 13.)

25. A humanized immunoglobulin
according to claim 24 which
specifically binds to an
antigen with an affinity in
the range 10%8-10'? M.

Page 11, lines 27-30.

26. A humanized immunoglobulin
according to claim 24, wherein
the antigen is an IL-2
receptor.

Page 15, line 37, and page 16,

line 2.

27. A humanized immunoglobulin
according to claim 24, wherein
the donor immunoglobulin is
the anti-CD4. T-cell receptor
antibody.

Page 53, Example 2.

1089 of 1849

14

Bl Exhibit 1095



o Rpvoe | o 1 o

aa,

il

L U o 8 1 O

i

L J A4
DOCKET NO.: CARP-0057 PATENT

APPENDIX C

Claim Limitation Support in 1989 GB Application
28. A humanized immunoglobulin |See page 1, lines 1-2 and 10-
having complementarity 20; page 5, lines 8, to page
determining regions (CDRs) 6, line 4; , and page 8.

from a donor immunoglobulin
and heavy and light chain
variable region frameworks
from human acceptor
immunoglogulin heavy and light

chains

which humanized See page 5, lines 1-7; page
immunoglobulin specifically 22, lines 27-35, page 23,
binds to an antigen with an lines 5-9, page 24, lines 1-4;
effective antigen binding page 25, lines 27-33; page 26
affinity’ last paragraph.

wherein said humanized See page 5, lines 1-7; page
immunoglobulin comprises amino | 26, last paragraph, to page
acids from the donor 27, top paragraph.

immunoglobulin framework
outside both the Kabat CDRs
and the structural loop CDRs
of the variable regions,

wherein the donor amino acids See page 5, line 8, to page 6,
replace corresponding amino line 4: page 7, lines 5-20.
acids in the acceptor
immunoglobulin heavy or light
chain frameworks,
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and each of said donor amino
acids is adjacent to a CDR in
the donor immunoglobulin
sequence.

See page 7, lines 11-14,
showing that homology is
maximized between donor and
acceptor sequences adjacent
CDRs within acceptor
framework. At p.5, 1. 9-16,
reference is made to heavy
chain “framework comprises
donor at at least one of
residues 6, 23 and/or 24, 48
and/or 49....” Residue 49 is
immediately adjacent CDR2/H2
loop region. On Figs.20-21
residues marked “N” are near
or adjacent a CDR.

29. A humanized immunoglobulin
according to claim 28 which
specifically binds to an
antigen with a binding
affinity as binding as a
chimeric antibody formed from
said donor immunoglobulin.

Page 23, lines 1-10; Fig. 29B.

30. A humanized immunoglobulin
according to claim 28, wherein
the antigen is a human CD3 T-
cell receptor.

Page 11,
lines 1-8;
paragraph.

lines 14-21. Page 17,
page 24, bottom

31. A humanized immunoglobulin
according to claim 28, wherein
the donor immunoglobulin is
the anti-CD3 T-cell receptor

antibody.

Page 17, lines 1-8;
bottom paragraph.

page 24,
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Anticipated Classification of
this application:

ADAIR ET AL.
Class: 424, Subclass: 133.1

For: HUMANIZED ANTIBODIES

Prior Application
Examiner: D. ADAMS
Art Unit: 1816

"Express Mail" Label No.. EM405876152US
Date of Deposit _ May I3 1997 8K

| hereby certify that this paper is being deposited with
the United States Postal Service "Express Mail Post
Office to Addressee” service under 37 CFR 1.10 on the
date indicated above and is addressed to the Assistant
Commissioner for Patents, Washington, [.C. 20231.

Typed Name:

.BOX PATENT APPLICATION

Assistant Commissioner for Patents
Washington DC 20231

37 C.F.R. §1.60 TRANSMITTAL LETTER

Sir:
This is a request for filing a
(XX) Continuation ( ) Divisional
application under 37 CFR 1.60, of pending prior application
Serial No.08/303,569, filed on September 7, 1994, which is a
continuation of Serial No. 07/743,329, filed September 17, 1991.
1. (XX) Enclosed isAa copy of prior application Serial No.
07/743,329, including the oath or declaration as
originally filed.

I hereby verify that the attached papers comprise
a true copy of the prior application Serial No.
07/743,329, as originally filed on September 17,
1991, and that no amendments referred to in the
Oath or Declaration filed to complete the prior
application introduced new matter therein.
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The filing fee is calculated below on the basis of claims as
filed in the prior application, less any claims cancelled or
including any claims added by amendment listed below:

OTHER THAN
SMALL ENTITY SMALL ENTITY
No.
For: No. Filed Extra | Rate Fee OR | Rate Fee
BASIC FEE ! $385 OR |- 1$770
Total 8 - 20 = x $11= | $ OR | x $22= ]S
Claims
Indep. 2 -3 = x $40= | § OR | x $80= | §
Claims
First Presentation _
Multiple Dependent Claims | +$130= | § OR | +$260= | §
TOTAL | $ = 1 s770

2. ( ) . Verified Statement Claiming Small Entity Status is
enclosed herewith.

3. ( ) Verified Statement Claiming Small Entity Status was
filed in the parent case.

4. ( ) Please charge my Deposit Account No. 23-3050 in the
amount of § . This sheet is attached in
triplicate.

5. (XX) A check in the amount of $770.00 is attached. Please

charge any deficiency or credit any overpayment to
Deposit Account No. 23-3050.

6. (XX) The Commissioner is hereby authorized to charge payment
of the following fees associated with this
communication or credit any overpayment to Deposit
Account No. 23-3050. This sheet is attached in
triplicate.

(XX) Any additional filing fees required under 37
CFR 1.16 including fees for presentatlon of
extra claims.

(XX) Any additional patent application processing
fees under 37 CFR 1.17 and under 37 CFR
1.20(d) .
KAUFORMS\TRANSMIT\RULE-160.TNS -2 -
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7.

10.

11.

12.

13.

14.

15.

(XX)

(XX)

(XX)

(XX)

(XX)

(XX)

(XX)

(XX)

The Commissioner is hereby authorized to charge payment
of the following fees during the pendency of this
application or credit any overpayment to Deposit
Account No. 23-3050. This sheet is attached in
triplicate.

(XX) Any patent application processing fees under 37
CFR 1.17 and under 37 CFR 1.20(d).

( ) The issue fee set in 37 CFR 1.18 at or before
mailing of the Notice of Allowance, pursuant to
37 CFR 1.311(b). '

(XX) Any filing fees under 37 CFR 1.16 including
fees for presentation of extra claims.

Cancel in this application original claims

2-23 of the prior application before calculating the
filing fee. (At least one original independent claim
must be retained for filing purposes.)

Amend the specification as set forth in the
accompanying preliminary amendment.

Formal drawings/photographs will be submitted when
requested by the United States Patent and Trademark
Office.

Please abandon said prior application as of the filing
date accorded this application. A duplicate copy of
this sheet is enclosed for filing in the prior
application file. (May only be used if signed by
person authorized by 37 CFR 1.138 and before payment of
the base issue fee.) '

Priority of GB application Serial No. 89/28874.0 filed
on December 21, 1989 in United Kingdom (country) is
claimed under 35 U.S.C. Section 119.

The certified copy has been filed in prior PCT
application Serial No._PCT/GB90/02017, filed December
21, 1990.

The prior application is assigned of record to Celltech
Limited.

Copy of the Assignment(s) of the invention and separate
Form(s) 1595 for each Assignment will be submitted upon
receipt of the Official Filing Receipt.

The power of attorney in the prior application is to
Francis A. Paintin, Registration No. 19,386.

KAUFORMS\TRANSMITRULE-160.TNS -3 -
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16.

17.

18.

19.

(XX)

(XX)

(XX)

(XX)

(XX)

(XX)

The power appears in the original papers in the prior
application.

Since the associate power of attorney does not appear
in the original papers, a copy of the associate power
in the prior application is enclosed.

Address all future communications to:

Francis A. Paintin

WOODCOCK WASHBURN KURTZ MACKIEWICZ & NORRIS LLP
One Liberty Place - 46th Floor

Philadelphia, PA 19103

A preliminary amendment is enclosed. Claims added by
this amendment have been properly numbered
consecutively beginning with the number next following
the highest numbered original claim in the prior
application.

A Petition for Extension of Time has been filed in the
parent application, Serial No. filed . A
copy of the Petition for Extension of Time is enclosed.

Enclosed is a Statement to Support Filing and
Submission of DNA/Amino Acid Sequences in Accordance
with 37 CFR §§ 1.821 through 1.825 as filed in Serial
No. 08/303,569.

Enclosed is a copy of a Letter of Reference to Computer
Readable Form filed in Serial No. 08/303,569. .

Date: / ;;; ZZ&& ; 7 "é 7@1 Z'
Signature '

Francis A. Paintin
Attorney of Record
Registration No. 19,386

WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS LLP

One Liberty Place - 46th Floor
Philadelphia, PA 19103

(215) 568-3100

KANUWFORMS\TRANSMIT\RULE-160.TNS - 4 -
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DOCUMENT N®: 49 o,

/7 Terasi .\
[ ?OCF?g 0.: ARP-0046 PATENT% %
INSHE UNITED STATES PATENT AND TRADEMARK OFFICE
: ’if’hg_g - ?}?&é
1 LICATION OF : John Robert Adair et al.
SERIAL NO. : 08/485 686
FILED : JUNE 7, 1995
FOR : HUMANISED ANTIBODIES RECEIVED
GROUP ART UNIT : | 1816 : SEP 22 1997
EXAMINER : EVELYN RABIN ph. D. GROUP 1800

I, Doreen Yatko Trujille, Registration No. 35,719 cenify that this
correspondence is being deposited with the U.S. Postal Service as -
First Class maif in an envefope addressed to the Assistant
Commissioner for Patents, Washington, D.C. 20231.

Onﬁ’g’uﬂ/;dl )9? - ’
mm%%/cia o4

Doreen Yatko Trujillofsquire Reg. No. 35,719/

Assistant Commisstoner for Patents
Washington, DC 20231.

RESPONSE AND AMENDMENT

Dear Sir:

Pursuant to 37 C.F.R. § 1.115, Applicants submit the following in response to
the Office Action dated February 20, 1997.

~ In the Claims:
Please cancel claims 24 to 55, without prejudice.

Please add the following claims.

iD\ M({Lﬁ. An antibody molecyle having affinity for a predetermined antigen and

Carter Exhibit 2017
Carter v. Adair
Interference No. 105,744
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comprising a composite heavy chain and a complementary light chdin, said composite heavy
chain having a variable domain including complementarily dgfermining regions (CDRS) , said
variable domain comprising predominantly human acceptor antibody heavy chain framework
residues, the remaining heavy chain residu@orres%nd)ing to the equivalent residues in a
donor antibody having affinity for said predetefmined antigen, wherein, according to the Kabat
numbering system, in said composite heayy chain at least residues 31 to 35, 50 to 65 and 95
to 102 (the CDRS) and at least residu€s 23, 24, 49, 71., 73 and 78 (in the framework regions)

correspond to the equivalent residues in said donor antibody.

> 57.

antibody molecule of claim 56, wherein additionally residues 26 to

30 in said composi : hea ' € equivalent residues in said donor antibody
/
8—/\}@ . 58.  The antibody molec aim 56, wherein additionally at least one of

Ia residues 6 fid 94 in said composite heavy chain corresponds, to the equivalent residue

59.  The antibody molecule of claim 57, wherein additionally at least one of
residues 6, 37, 48 and 94 in said composite hdavy chain corresponds to the equivalent residue

in said donor antibody.

\t)\ 60.  The antibody molecule of claim 58, wherein additionally at least one of
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residues 2, 4, 25, 36, 39, 47, 93, 103, lqkt, 106 and 107 in said composite heavy chain

corresponds to the equivalent residue in sgid donor antibody.

‘)‘9 61.  The antibody molecule of claim 59, wherein additionally at least one of
v./(/] esidues 2, 4, 25, 36, 39, 47, 93, 103, 104, 106 and 107 in said composite heavy chain

corresponds to the equivalent residue in said donor antibody.

62. The antibody molecule of claim 56, wherein said complementary light
chain is a composite light chain having a vatiable domain including CDRS, said variable
domain comprising predominantly human acg¢eptor antibody light chain framework residues,
the remaining light chain residues corresponding to the equivalent residues in said donor

/ antibody, wherein, according to the Kabat nujmbering system, in said composite light chain at
least residues 24 to 34, 50 to 56 and 69 to 97| (the CDRs) and at least residues 46, 48, 58 and

71 (in the framework regions) correspond to the equivalent residues in said donor antibody.

63.  The antibody molechle of claim 62, wherein additionally at least one of
 residues 2, 4, 6, 35, 38, 44, 47, 49, 64 to 69, 85, 87, 98, 99, 101 and 102 in said
composite light chain corresponds to €quivalent residue in said donor antibody.

64.  The antibody molegule of any one of claims 56, 57 or 62 whlch—HL“&

%‘%%—cell antigen.
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The antibody molecule of any one of claims 56, 57 or 62 which-is=

%J}c?fga lymphokine.

66.  The antibody molecul¢ of any one of claims 56, 57 or 62 which FS

&
- %&ﬁ: or a growth factor.

67.  The antibody molecule of any one of claims 56, 57 or 62 which-isL?’g

mﬁgﬂteﬁeron. l

j
\
|
i

) 68.  The antibody molecule

,sgpﬁi%%o?& adhesion molecule.

of any one of claims 56, 57 or 62 which—~ts—
s,Hr—

69. The antibody molecule of any one. of claims 56, 57 or 62 which—ibaa

Cifi for a hormone

loms

The antlbody molecule of any one of claims 56, 57 or 62 whicheis~

- m C@ancer marker. | \

bas

The antibody molecule oflany one of claims 56, 57 or 62 whieh1s~

71.
o Speaficly

;-
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D‘é{ ~ 72.  The antibody molecule of any one of claims 56, 57 or 62 which-is- ?
c‘f iy
- %ﬁc or mlcin. \
‘*@’*&z %;m’{ﬁr.u»’vgﬁ ‘

73. A therapeutic-compositiqn comprising gin antibody of any one of claims 56, 57

e

? or 62 in combination with a pharmaceutically acceptable carrier, diluent or excipient. --

\‘fY

Remarks

This paper is being filed in response to the Office Action dated February 20, 1997. A
petition for a three-month extension of time, and the appropriate fee, accompanies this response.

Claims 24 to 55 were pending. Claims 24 to 55 have been canceled herein without
prejudice, and replaced by the new claims 56 to 73.

Support for present claim 56 can be found, inter alia, on page 19, lines 24 and 25, of
the application as filed which defines the extent of the heavy chain CDRs, and page 7, lines 1 to 3,
which defines the preferred basic set of framework residues which correspond between the donor and
humanized chains.

Support for claim 57 can be found, inter alia, on page 17, lines 11 to 13 of the
application as filed, which defines the preferred extent of the “CDRs”. This extension, in fact,
merely adds the Chothia loop residues to CDR1 in the heavy chain (see also page 8, lines 17 to 22).

Claims 58 and 59 are based on page 7, lines 7 to 9 of the application as filed. Claims
60 and 61 are based on page 7, lines 9 to 14 of the application as filed.

Support for claim 62 can be found, inter alia, is based on page 17, lines 1-4 to 16, of
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the application as filed, which defines the extent of the light chain CDRs, and page 18, line 21, which
defines the preferred basic set of light chain framework residues which correspond between the donor
and humanized chains.

Basis for claim 63 is found on page 18, lines 23 to 28 of the application as filed.

Basis for claims 64 to 72 is found on page 15, line 24 through page 16, line 3 and in
the Examples of the application as filed. Basis for claim 73 is found on page 16, lines 5 to 8 of the
application as filed.

In view of the foregoing amendments; and arguments which follow, Applicants hereby
request withdrawal of all rejections upon reconsideration. To the extent the rejections of claims 24 to

55 may be applied to the present claims, Applicants submit the following.

Rejections Under 35 USC § 112

In light of the amendments to the claims, it is submitted that the points raised by the
Examiner in Sections 3, 4 and 5 (35 U.S.C. § 112, first paragraph) are rendered moot.

As regards the objection set forth in the last two paragraphs of the Examiner’s Section
5, Applicants respectfully submit that such a rejection is unfounded. It is first to be noted that the
Examiner has made a number of sweeping assertions which are totally unsupported by any evidence,
reference to the statute, or reference to legal precedent. In particular, the Examiner has provided no
evidence of a technical nature.

It is to be pointed out that, by the priority date of the present application, a large

number of monoclonal antibodies had been successfully used in therapy. In particular, the OKT3
-6 -
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antibody, which is the subject of one of the examples, had been in use since the early 1980’s in the
treatment of acute rejection episodes in liver transplant patients. Thus, by the priority date, it was
well known how to make a therapeutic antibody composition.

As is shown in the present description, the humanized antibodies of the present
invention have affinities similar to those of the monoclonal antibodies from which they are derived.

It would therefore have been clear to the skilled person that a composition containing a humanized
antibody would be very similar to a composition containing the monoclonal antibody. It is therefore
submitted that a skilled person would have been able readily to produce a therapeutic composition
containing a humanized antibody of the present invention. |

It may be that the Examiner has doubts as to the efficacy of the humanized antibodies
of the present invention. Again, however, the Examiner has provided no evidence to support any
such doubts. The Applicants have a number of humanized antibodies according to the present
invention in clinical trials at various stages. These trials have shown that the humanized antibodies
are effective. It is therefore submitted that there is no basis for the Examiner’s, rejection which
should therefore be withdrawn.

It is believed that the point raised in Section 6 by the Examiner is now moot. In any
event, it is submitted that it is not necessary to use the particular monoclonal antibodies recited by the
Examiner. The procedure described in the application is a general procedure which can be applied to
any donor antibody and to any acceptor antibody. The Applicants have shown that this protocol can
be applied generally, and have successfully produced a number of humanized antibodies according to

the invention. It is therefore submitted that the rejection should be withdrawn.
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Rejection Under 35 USC § 102(e)

In her Section 8, the Examiner refers to U.S. Patent No. 5,530,101 issued to Queen et
al. The Examiner indicates, almost as a footnote, that the Queen Patent apparently has an effective
filing date of December 28’, 1988. While this may be true, the disclosures of the earliest Queen
applications do not support this rejection. Following on from the initial application filed on
December 28, 1988, there was a continuation-in-part application (CIP) filed February 13, 1989.
There was then a separate new application filed September 28, 1990. A further continuation-in-part
application was filed December 19, 1990, which claims priority to the prior continuation-in-part
application and he separate new application. The ‘101 patent granted on the last continuation-in-part
application.

The present application has a priority date of December 21, 1989. Only the initial
application and the first continuation-in-part application of the ‘101 patent were filed before
Applicants’ priority date. Therefore, in order for the Examiner to be able to show that the present
claims lack novelty, it must be shown that any subject matter which may be relevant was disclosed in
these two earliest Queen applications.! Applicants respectfully submit that the Examiner has not
shown this.

Applicants have been able to study the two early Queen applications in connection with

the application from which the present application is a continuation. This study shows that there is

! Similarly, the most recently issued patent from the same family, U.S. Patent No.
5,585,089 issued to Queen et al. on December 17, 1996 (the “‘089 patent”) is to no avail.
The claims specify that the changes be made “outside the Kabat and Chothia CDRs.”
(emphasis added) There was no mention of Chothia. CDRs in the two earliest Queen
applications. Thus, the ‘089 patent is not entitled to a filing date of December 28, 1988.

-8-
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considerably more subject matter in the granted ‘101 patent than in either of the two early Queen
applications. As far as Applicants can tell, the only working example provided in the two early
Queen applications is the anti-tac antibody which is referred to in Figures 1A and 1B of the ‘101
patent.

The Examiner will see from a study of Figure 1B of the Queen Patent that residue 74
(according to the numbering in the Figure) is different between the mouse (top line) and human
(bottom line) sequences. It is indicated in the Figure that the places where changes were made are
indicated by double underlining. At residue 74, no change was made and so there is a clear
difference between the humanized and mouse sequences. In Figure 1B, the sequences are numbered
linearly and not according to the Kabat system. If the sequences are numbered according to the Kabat
system, as specified in the present claim, linear residue 74 becomes Kabat residue 73. Since it is
specified in present claim 56 that Kabat residue 73 should be identical between donor and acceptor
sequences, it can be seen that the antibody of Figure 1 of the ‘101 Patent does not destroy the novelty
of claim 56.

It is therefore submitted that there is no specific disclosure in the ‘101 patent entitled to
the date of the two early Queen applications which destroys the novelty of present claim 56.

The general disclosure is equally unavailing. Looking first at the initial Queen
application, it can be readily seen that it is not directed to a general process for humanizing
antibodies. As is made clear from the introduction on pages 1 to 4 and the Summary of the
Invention, the initial application is \very specifically directed to the production of a humanized anti-tac

antibody. Thus, there is absolutely no disclosure or suggestion of a claim to humanized antibodies in
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general; nor is there any disclosure or suggestion to make the specific residues recited in the present
claims donor.

Even if (which is denied) such a general teaching for humanizing anitbodies could be
derived from the initial Queen application, it must be borne in mind that the teaching in the initial
application is not enabling. It will be seen from pages 21 and 22 that there are disclosed three
criteria for selecting framework residues outside the Kabat CDRs which can be considered for
changing. One of these criteria is that the framework residues should be physically close to the
antigen binding region. = However, this criterion is so vague as to be meaningless. There is no
description as to what “physically close” means. How close is close? How does, a skilled person
build a model to determine whether a residue is close? What is the antigen binding region? It can
thus be seen that it would be impossible for a skilled person to put this part of the teaching of the
initial Queen application into effect. |

The second Queen application has a slightly more general teaching. However, the
general teaching is still not enabling for the invention recited therein, much less the present claims. It
requires the skilled person to put into practice various criteria set out therein. One of these criteria is
that residues a certain distance away from the antigen binding region should be identified. In order to
identify these residues, it is necessary to build a molecular model of an antibody. Given the lack of
detail in the Queen application, it is submitted that this would not have been possible.

By the date of filing of the continuation-in-part application, it was possible to build
rough models of antibodies. However, these models could only be built using details which are not

provided in this application. Even when such details were available, the models which were built
- 10 -

1105 of 1849 Bl Exhibit 1095



DOCKET NO.: CARP-0046 PATENT

were not very accurate. The best accuracy was obtained for the main chain conformation of the
framework regions, but even this was not very good. The modeled main chain conformations for the
CDRs was poor. The results obtained for side chains, whether on framework or CDR residues, were
not very accurate at all.

In the Queen applications, it is a requirement that a determination be made either of the
physical closeness or of the distance between framework side chain atoms and CDR atoms. These
are the two least accurate areas in any model. This clearly shows that it would not have been
possible to put the teaching in the early Queen applications into effect in a reproducible manner, even
using modern modeling programmes.

It is therefore submitted that there is no disclosure in either of the two early Queen
applications, much less an enabling disclosure, of Applicants’ invention. Thus, there can be no
novelty-destroying disclosure therein.

Even if (which is denied) there were any enabling disclosure in the two Queen
applications, it would still not be possible to obtain the subject matter of the present claims by
following the teachings therein. Applicants have carried out their own modeling procedures using a
current available modeling program. These results have shown that none of residues 23, 24, 71 and
73 in the heavy chain meet the criteria set out in the first Queen continuation-in-part application. A
study of 39 solved X-ray crystal structures of antibodies homologous to the OKT3 antibody has
shown that in NONE of these real (as opposed to modeled) structures does either residue 23 or
residue 24 meet the distance criterion of the first Queen CIP application. Thus, as these residues

would never be identified, there is no novelty-destroying disclosure in the two early Queen
- 11 -
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applications.

If the Examiner requires, details of any of the studies the Applicants have made, can be
submitted.

Accordingly, Applicants respectfully submit that the rejection under 35 U.S.C. §102(e)

should be withdrawn.

Rejections Under 35 USC § 103

Regarding the Exarpiner’s Section 10, it is hereby confirmed that the subject matter of
the various claims was commonly owned at the time that the inventions covered by these claims were
made.

In the remaining sections of the Office Action, the Examiner raises a number of
obviousness rejections. These are all based on the Queen ‘101 patent which was discussed above in
connection with novelty, discussion incorporated herein. It is submitted that the secondary references
do not overcome the deficiencies of the ‘101 patent. The secondary references are relied upon for the
specific antigen recitations in the dependent claims.

As stated above, even by the priority date of the present application, it was not possible
to build accurate models of antibodies. The identification of residues which might be changed in the
Queen applications is based on the use of molecular modeling. Since no accurate models could have
been built, it would not have been possible to apply the teaching of the two early Queen applications
to any antibody except the specific one referred to in the Queen applications. It has been shown

above that this does not destroy the novelty of the present claims. Further, applying any teaching

- 12 -
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derived from the Queen applications would still not produce anything falling within the present
claims.

It should again be stressed that, in the CIP application, it is specified that residues
within a certain distance of the CDR atoms should be selected as candidates for changing. Using
modern molecular modeling techniques, it is possible to show that residues 23, 24, 71 and 73 in the
heavy chain can never meet this distance criterion. As discussed previously, this is confirmed by
studies of resolved structures for residues 23 and 24. Thus, even if it had been possible to build a
molecular model at the priority date of the present application, doing so would not have identified the
above four residues. It would not have been possible to produce anything falling within the present
claims based on the teaching in these two early Queen applications.

None of the remaining references, or combination thereof, cited by the Examiner
overcomes these deficiencies. Applicants respectfully submit that the rejections under 35 U.S.C. §

103(a) should be withdrawn.

Summary

It is submitted that the new claims submitted for the Examiner’s attention are supported
by the description as originally filed, are novel over any disclosure in the two early Queen
applications, and are nonobvious over the ‘101 patent, whether taken alone or in combination with

any other documents.

-13 -
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It is therefore submitted that the application is in condition for allowance, notice of

which is hereby respectfully requested.

Date: August 20, 1997

WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS LLP

One Liberty Place - 46th Floor

Philadelphia, PA 19103

(215) 568-3100

Respectfully requested

bl ftheJrt

Signature
Doreen Yatko Trujillo
Registration No. 35,719

- 14 -
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Jan-28-98 0917z From-YODDCBCK WASHBURN - - :
v *  DOCUMERNT NO™ 83"
- 93542

LAW OFFICES
WOoOoDCOCK WASHBURN KURTZ MACKIEWICZ & NORRIS
A PARTNERSHIP INCLUDING PROFESS|ONAL CORPORATIONS

CNE LIBERTY PLACE - 46TH FLOOR
PHILADELPHIA, PA 19103-7307

{215} 568-3100
Facsimjle: {215} A68-3433
Caple: WOODCQCK

DATE: January 28, 1998

Please deliver this and the {following pages 1o;

Namae: Lila Feisee, Supervisory Patent Examiner
Company/Firm: U.S. Patent and Trademark Qffice, Group 1806
Telecopier No.: {703) 305-7230

Client/Matter No.: CARP-0032; Ssnail No. 0B/303,569

SENDER'S NAME: Dorgen Y. Trujifla

PAGES TO FOLLOW: 2
if Transmission is not complets, piease call {215) 568-3100.
COVER MESSAGE: A proposed amendment 1o tThe previously allowed claims

consistent with our discussions is attached. | look forward 1o speaking with you.

PLEASE DELIVER UPON RECEIPT. HARD COPY WILL FOLLOW,

THIS MESSAGE 1S INTENDED ONLY FOR THE WSE OF THE INDIVIDUAL OR ENTITY TO WHICH (T IS ADDRESSED
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFDENTIAL AND EXEMFY FROM DISCILOSURE
UNDER APPLICABLE LAW. (F THE READER OF THIS MESSAGE (S NOT THE INTENDED AECIPIENT, OR THE
EMPLOYEE OR AGENT RESPONSIBLE FOR DELIVERY OF THE MESSAGE TO THE INTENDED RECIPIENT. YOU ARE
HEREBY NOTIFIED THAT ANY DISSEMINATION. DISTRIBUTION OR COPYING OF THIS COMMUNICATION [$
STRICTLY PROKIBITED. |F YOU HAVE RECEIVED THIS COMMUNICATION IN ERROR, PLEASE NOTIFY US
IMMEDIATELY By TELEPMONE, AND RETURN THE ORIGINAL TO uS AT THE ABOVE ADDRESS viA THE U.S.
POSTAL SERVICE. THANK YOU.

Carter Exhibit 2018
Carter v. Adair
Interference No. 105,744
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PROPOSED CLAIMS

120. An antibody molecule having affiniry for a predetermined antigen and
comprising & composiie heavy chain and a complementary light chain, said composite heavy
chain having a vanable domain including complementanry determining regions (CDRs), said
variable domain comprising predominantly human acceptor antibody heavy chain framework
residues, the remaining heavy chain residues, corresponding to the equivalem residues in a
donor antibody having affinity for said predetermined antigen, wherein, according 1o the Kabar
numbering system, in said composite heavy chain: said CDRs comprise donor residues ar least
at residues 31 1o 35, 50 10 58, and 95 10 102; and amino acid residues §: 23, 24, and 49 ar

least are donor residues, provided that sajd antibody js pot the Queen er al. humunized anti-tac

antibody.

121. The antibody molecule of claim 120, wherein amino acid residues 26 to 30 and

59 10 65 in said composite heavy chain are addirionally donor residyes.

122.  The annbody molecule of claim 120, wherein amino acid residues 71, 73, and

78 in said composite heavy chain are additionally donor residues.

123, The antibody melecule of claim 120, wherein at least one of amino acid residues

1, 3, and 76 in said composite heavy chain are additionally donor residues.
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124. The antibody molecule of claim 120, wherem at least one of amino acid residues

36, 94, 104, 106, and 107 in said composite heavy chain are additionajly donor residues.

125.  The amibody molecule of claim 124, wherein ar least one of amino acid residues

2, 4, [6,] 38, 46, 67, and 69 in said composite heavy chain are additionally donor residues.

126. The antibody molecule of claim 120, wherein said complementgary light chain
is a composite Jighr chain having a variable domain including complementarity determining
regions (CDRs), said variable domain comprising predominantly mman acceptor antibody light
chain framework residues, the remaining light chain residues corresponding 1o the equivalent
residues in a donor antibody having affinity for said prederermined antigen, wherein, according
to the Kabar numbering system, In said composite light chain; said CDRs comprise donor
residues at Jeast at resilues 24 10 34, 50 jo 56, and 89 1o 97; and amino 4cid residues 46, 48,

58, and 71 a1 least are donor residues.
127. The antibody molecule of claim 126, wherein amino acid residees 1, 3, 60 (if

this residue can form a salt bridge with residue 54), and 70 (if dus residue can form 2 salt

bridge with residue 24) in sald composite light chain are additionally donor residues.
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DOCKET NO.: CARP-0032 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re applicarion of: John Robert Adair, Diljeet Singh Athwal, and
Jehn Spencer Emtage

Serial No.: 08/303,569 Group Ant Unir: 1816 _
_ _ NN
Filed: 9/07/94 Examiner: L. Feisee ZL] o
For: HUMANISED ANTIBODIES -
HSOL L,
Cerificata of Facsimia Transmission e

that this paper 1s behg facsimila tansmittea 1o Examiber Fesee
at (703)305-7230 of the WS, Patents ang Trademark Office |
washingron, D C. 20231, on the date shown Befow

U.S. Patent and Trademark Office
Office of Publicarions

Query and Correspondence Branch
Cryseal Plaza 2 Room-6C30
Warhingion DC 20231

Dear Sir:

AMENDMENT PURSUANT TO 37 C.F.R. §1,312
Purspane 10 37 C.F.R. §1.312 (b), please amend the above-identified applicanon as
follows. A perifion and appropriale fee accompanies this Amendment.
In the claims:

120.  (Twice Amended) An annibody molecule having affinjry for a
prederermuned anngen and comprising a composite heavy chain and a complementary light
chain, said composite heavy chain having a variable domain including complementarity
determining regions (CDRs), said variable domain comprising predominanty human
accepror anfibody heavy chain framework residues, the remaining heavy chain residues
corresponding to the eqitivalent residues in a donor amiibody having affinity for said
predetermined anngen, wherein, according ro the Kabar numbering system, in said

composire heavy chain: said CDRs comprise donor residues at least at residues 31 to 35, 50

Carter Exhibit 2019
Carter v. Adair
Interference No. 105,744
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o 58, and 95 to 102; and amino acid residues 6, 23, 24, and 49 ar least are donor residues,
rovided said_antibody is not the humanized anri-tac angi scribed in WO
00/Q7861.

125. (Amended) The antibedy molecule of claim 124, wherein ar least one of
amino acid residues 2, 4, [6,] 38, 46, 67, and 69 in said composite heavy chain are
addirionally donor residues.

REMARKS

The foregoing amendments are being made o advance the present case 10 issyance.
Although the 1ssue fee had already been paid on December 4, 1996, issuance was delayed
following the filing and subsequent eniry of a Prowess. These amendments arc being
submitted following the Examiner’s consideration of the Protest, Applicants’ response
thereto, and a personal inrerview conducted with the Examiner on October 16, 1997, Thus,
these amendmenis do nol require addirional search or examination, nor could they been
submirted ealier. Support for the amendmeénts can be found, inrer glia, on page 5, hine 10
through page 6, line 37, of the application as originally filed. The humanized anri-tac
antibody of WO 90/07861 is therein described and distinguished from the present invenrion.
The inclusion of residue 6 as a donor residue is also disclosed therein. As is clear from the
foregoing, no new matier is added by these amendments. Applicants respectfully request
thar they be entered.

Respecifully submined,

Date; 25
f /178 Registration No. 35,719
WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS
One Liberty Place - 46th Floor
Philadelphia, PA 19103
(215) 568-3100

i, .
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DOCKET NO.: CARP-0032 PATENT

Issue Batch No.: D80
Date of Notice
of Allowance ; September 4, 1996
Serial No. : 08/303,569
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

John Robert Adair, Diljeet Singh Athwal, and John Spencer Emtage

Serial No.: 08/303,569 Group Art Unit; 1642

Filed: 9/407/94 Examiner: 1. Feisee

For. HUMANISED ANTIBODIES™
{

Patents and Trademarks

A;ssistant Cormr%ssmner of
Washington, D.C. 20231 -

D\ear SIr;
AMENDMENT PURSUANT TO 37 C.F.R. §1.312

rursuant to 37 C.F.R. §1.312 (b), please amend the above-identified application as
follows. A petition and the appropriate fee accompanies this Amendment.
T the specification:
Page 6, line 9, after "heavy chain”, please insert -- SEQ ID NO:31 -,
Please replace pages 67-92 of the Sequence Listing with the attached substitute
074771538 LERIFT 1 coflequenekisting, pages 67-93. Please renumber the pages thereafter accordingly.
01 FC:i22 In the claixis?0 O
120.  (Twice Amended) An antibody molecule having affinity for a predetermined
antigen and comprising a composite heavy chain and a complementary light chain, said
composite heavy chain having a variable domain including complementarity determining
regions (CDRs), said variable domain comprising predominantly human acceptor antibody

heavy chain framework residues, the remaining heavy chain residues comesponding to the

Carter Exhibit 2020
Carter v. Adair
Interference No. 105,744
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equivalent residues in a donor antibody having affinity for said predetermined antigen, wherein,
according to the Kabat numbering system, in said composite heavy chain: said CDRs comprise
donor residues at least at residues 31 to 35, 50 to 58, and 95 to 102; and amino acid residues 6,

23, 24, and 49 at least are donor residues, provided that said composite heavy chain does not
comprise the amino acid sequence of SEQ ID NO: 31.

125. {(Amended) The antibody molecule of claim 124, wherein at least one of amino
acid residues 2, 4, [6,] 38, 46, 67, and 69 in said composite heavy chain are additionally donor
residues.

REMARKS

The foregoing amendments are being made to advance the present case to issuance.
Although the issue fee had already been paid on December 4, 1996, issuance was delayed
following the filing and subsequent entry of a Protest in the above-identified application. In the
Protest, U.S. Patent No. 5,585,089 issued to Queen et al. on December 17, 1996 was cited as
relevant. These amendments are being submitted following the Examiner’s consideration of
the Protest, Applicants’ response thereto, a personal interview conducted with the Examiner on
October 16, 1997, and telephonic discussions and communications with the Examiner, as well
as telephonic communications with Examiner Schwartz. These amendments do not require
additional search or examination.

Support for the proviso in claim 120 can be found, intér alia, on page 5, line 10 through
page 6, line 37, of the application as originally filed. The heavy chain variable region of the
humamnized anti-tac antibody of WO 90/0786! is therein described and distinguished from the
present invention. The heavy chain variable region of the humanized anti-tac antibody of WO
90/07861 was, thus, incorporated by reference. The inherent amino acid sequence of the heavy
chain variabie region of the humanized anti-tac antibody of WO 90/07861 was, thus, also
incorporated by reference. In view of its recitation in claim 120, the amino acid sequence of the
heavy chain vartable region of the humanized anti-tac antibody of WO 90/07861 is presumed

essential. Accordingly, Applicants have amended the specification to include the sequence of

.
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the heavy chain variable region of the humanized anti-tac antibody described in WO 90/07861.
The sequence is included as SEQ ID NO: 31 of the substitute Sequence Listing. A paper and
computer-readable copy of the substitute Sequence Listing, and accompanying papers, are
included herein. A Declaration by the undersigned that the amendatory material consists of the
same material incorporated by reference is included pursuant to M.P.E.P. 608.01(p).
Applicants have also corrected typographical errors in the sequence listing inadvertently
introduced in the substitute Sequence Listing previously submitted on December 4, 1996.

Support for the recitation of residue 6 as a donor residue can be found, inter alia, on
page 6, line 35, of the application as filed,

No new matter 1s added by any of the foregoing.

Applicants request that the foregoing amendments be entered and that, upon their entry,
the application be allowed to issue. Pursuant to M.P.E.P. § 1309, Applicants request that the
application be tagged to ensure appropriate printing priority in the publishing division. This
application is at least entitled to category (2) priority as listed in M.P.E.P. § 1309.

If anything remains outstanding, the Examiner is requested to contact the undersigned at
(215) 564-8352.

Respectfully submitted,

Date: % 13 199& Doreen Yatko Hrujillo
) Registration No. 35,719
WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS LLP
One Liberty Place - 46th Floor

Philadelphia, PA 19103
[(215) 568-3100

e
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BEST AVAILABLE COPY

Sap-if-86 03:1%pa FrB\ﬁi"‘(EUiT_DILED: Ogy?gg/ZO]_b“ P.BIIGS- F=G63
DOCUMENT NO: 53

LAW OFFICES
WOODCOCK WASHBURN KURTZ MACKIEWICZ & NORRIS
A PARTNERSHIP INCLUDING PROFESSIONAL CORPORATIONS

ONE LIBERTY PLACE - 46TH FLOOR
PHILADELPHIA, PA 13103-7301

{215) 568-3100Q

Facsimie; {215} 568-3439
Cable: WOODCOCK

Bi(ori:ia
DATE: September 29, 1998

Please deliver this and the following pages to:
Name: Examinar Julie Reeves
Company/Firm: U.S. Patent and Trademark Office, Group 1642

Telecopisr No.: {703} 3084426
Client/Martter No..

CARP-DO57: Serial No. DB/846,658
SENDER'S NAME: Doreen Y. Trujilic

PAGES TO FOLLOW: 2
If transnmssion is not complete, please call {215} 568-3100.
COVER MESSAGE: Per your request.

PLEASE DELIVER UPON RECEIPT. NO HARD COPY WILL FOLLOW.

AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED. CONFIDENTIAL AND EXEMPT FROM DISCLOSURE
UNDER APPLICABLE LAW,

IF THE REAOER OF THIS MESSAGE IS NOT THE INTENDED AECIPIENT, OR THE

THIS MESSAGE IS INTENDED ONLY FQR THE USE QF THE INDIVIDUAL OR ENTITY TQ wWHICH IT IS ADDRESSED
EMPLOYEE CR AGENT RESPCNSIELE FOR DELIVERY OF THE MESSAGE TO THE tNTENCED RECIPIENT, YOU ARE

HEREBY NOTIFIED THAT ANY DISSEMINATION, DISTR:BUTION OR COPYING OF THIS COMMUNICATIDN IS
STRICTLY PROHIBITED.

IF YOU HAVE RECEIVED THIS COMMUNICATION iN ERRCR. PLEASE NOTIFY uS
IMMEDIATELY 8Y TELEPHONE, AND RETURN THE ORIGINAL TO US AT THE ABOVE ARDRESS ViA THE U.5.
FOSTAL SERVICE. THANK YOU.

Carter Exhibit 2021
Carter v. Adair
Interference No. 105,744
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ALLOWED CLAIMS

120.  Ananribody molecule having affinity for a predetermined antigen and comprising

a composite heavy chain and a complememary light chain, said composite heavy chain having a

CG. .

f} y‘!‘ variable domain including complementarity determining regions (CDRs), said variable domain
f 3 compmnsing predominantly human accepror antibody heavy chain framework residues; the
f JJ remaining heavy chain residues corresponding to the equivalent residues in a donor antibody
«{E having affinity for said predetermined antigen, wherein, according to the Kabat numbering system,
* in said composite heavy chain: said CDRs comprise donor residues ar least at residues 31 10 35,
gg S0 10 58, and 95 10 102; and amino acid residues 6, 23, 24, and 49 at least are donor residues,

provided that said composite heavy chain does not comprise the amino acid sequence of SEQ ID

NO: 31.

121. The antibody molecule of claim 120, wherein amino acid residues 26 to 30 and

59 10 65 in said composite heavy chain are additionally donor residues.

122.  The aniibody molecule of claim 120, wherein amino acid residues 71, 73, and 78

in said composite heavy chain are additionally donor residues.

123. The antibody molecule of claim 120, wherein al least one of amino acid residues

1, 3, and 76 in said composite heavy chain are additionally donor residues.
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124,  The antibody molecule of claim 120, wherein at least one of amino acid residues

36, 94, 104, 106, and 107 in said composite heavy chain are additionally donor residues.

125. The antibody molecule of claim 124, wherein at least one of amino acid residues

2,4, 38,46, 67, and 69 in said composite heavy chain are additionally donor residues.

126. The antibody molecule of claim 120, wherein said complementary light chain is
a compasite light chain having a variable domain including complementarity determining regions
(CDRs), said variable domain comprising predominantly human acceptor antibody light chain
framework residues, the remaining light chain residues corresponding to the equivalent residues
in a donor antibody having affinity for said predetermined anrigen, wherein, according to the
Kabar numbering system, in said composite light chain; said CDRs comprise donor residues at
least at residues 24 1o 34, S0 1o 56, and 89 10 97; and amino acid residues 46, 48, 38, and 71

at least are donor residues.
127. The anubody molecule of claim 126, wherein amino acid residues 1, 3, 60 (if this

residue can form a salt bridge with residue 54), and 70 (if this residue can form a salt bridge

with residue 24) in said composite light chain are additionally donor residues.
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DOCKET NO.: CARP-0057

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Adair et al
Serial No.: 08/846,658 Group Art Unit: 1642
Filed: May 1, 1897 Examiner: J. Reeves

For: HUMANIZED ANTIBODIES

I, Francis A. Paintin, Registratiom Ro. 19186 certify
that this correspondence is being deposited with the
O0.S. Pogtal Service as Pirst Class mail in an envelcpe
addressed to the Rsaistant Coomissioner for Patents,
Washington, D.C. 20231,

on _LVOV. 5

Mt < Joiten

Assistant Commissioner
for Patents
Washington, D.C. 20231

Dear Sir:

FOURTH PRELIMINARY AMENDMENT

Please amend the above-identified application as

follows:

In the claims:

Please enter the following claims 32-48 in this
application:

—}32. First and second polynucleoffides. respectively mg

encoding heavy and light chain variable regijons of a humani tigg
immunoglobulin having complementarity determining regions T%DRS)
from a donor immuncglcobulin an edvy and Yight chalin variagle
region frameworks from human acdceptor immuhoglobulin heavy afd

light chain frameworks, which humanized immunoglobulin

Carter Exhibit 2022
Carter v. Adair
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specifically binds to an antigen with an affinity ¢onstant of at
least about 10®M?' and no greater than aboyt four-fold

that of the donor immunoglobulin, wherein the sequence of the

humanized immunoglobulin heavy chain variable/ region framework

is at least 65% identical to the sequence of / the donor
immunoglobulin heavy chain variable regign framework and
comprises at 1least 70 amino acid resadues 1identical to

those in the acceptor human immunoglobulin heavy chain variable

region framework.

33. A vector comprising/ first and second

polynucleotides accordinngEéiiaim 2.
34. First and ond pplynucleotides respectively

encoding heavy and light chain variable regions of a humanized
immunoglobulin having complemenfarity determining regions (CDRs)
from a donor immunoglobulin and heavy and light chain variable
region frameworks '~ from acceptor immunoglobulin heavy and light
chain frameworks, which humanized immunoglobulin specifically
binds to an antigen with an faffinity constant of at least about
10°M?! and no greater than about four-fold that of the
donor immunoglobulin, wherein the sequence of the acceptor

immunoglobulin heavy chain| variable region framework is a
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consensus sequence of human immunoglobulin hea chain variable

region frameworks.

35. First and second polynucleptides respectively
encoding heavy and light chain variabl regions of a

humanized immunoglobulin having compleme€ntarity determining

regions (CDRs) from a donor immunoglobulin and heavy and 1light

chain variable region frameworks fyom human acceptor

immunoglobulin heavy and/ light chains, which humanized
immunoglobulin speéifical Yy binds o an antigen with an
affinity constant of at 10° M and no greater than
about four-fold that of donor / immunoglobulin, wherein said
humanized immunoglobulin heavy chain comprises one or more amino
acids from the donor immunoglobylin heavy chain framework outside
the Kabat and Chothia CDRs, whegrein the donor amino acids
substitute for correspondin amino acids in the acceptor
immunoglobulin heavy chain fyamework, and each of these said
donor amino acids:

(I) is adjacent to a CDR the donor immunoglobulin sequence,
or

(II) contains an atom| within a distance of 6 ANGSTROM of a

CDR in said humanized immunoglobulin.
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36. First and second polynucleotides respegctively

encoding heavy and light chain variable regions
humanized immunoglobulin having complementarity dgtermining
regionsg (CDRs) from a donor immunoglobulin and hea and 1light
chain variable region frameworks from human Acceptor
immunoglobulin heavy and 1light chains, which humanized

immunoglobulin specifically binds to an antigen with an affinity

constant of a least about 108 M

and no greAter than about four-
fold that of the donor immunoglobulin, wherein said humanized
immunoglobulin heavy chgin|comprises ong or more amino acids from
the donor immunoglobulin Jieavy chain framework outside the
Kabat and Chothia CDR hat substituute for the corresponding
amino acids 1in the acceptor immunoglobulin heavy chain
framework, wherein each of these /said donor amino acids:

(I) is adjacent to a CDR in th¢ donor immunoglobulin sequence,
or

(II) is capable of interacting with amino acids in the CDRs, or

(ITII) 1is typical at its position for human immunoglobulin
sequences, and the substifuted amino acid in the acceptor is
rare at its position for human immunoglobulin sequences.

37. A cell line transfected with a vector according to

claim 33.
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38. First and second polynucleotides respectivel
encoding heavy and 1light chain variable regions of
humanized immunoglobulin having complementarity determining
regions (CDRs) from a donor immunoglobulin a heavy and
light chain variable region frameworks £from uman acceptor
immunoglobulin heavy and light <chain framewgrks, which
humanized immunoglobulin specifically binds/to ' an antigen with
an affinity constant within about four-fofd of that of the
donor immunoglobulin, wherein the/ sequence of the
humanized immunoglobulin heavy chai variable region
framework is at least 65% identic to the sequence of the
donor immunoglcbulin he chain variable region framework and
comprises at least 70 i acid/ residues identical to those in
the acceptor human immunogdiobulin heavy chain variable region
framework. |

39. First and gecond polynucleotides respectively
encoding heavy and light/ chain variable regions of a humanized
immunoglobulin having domplementarity determining regions (CDRs)
from a donor immunoglgbulin and heavy and light chain
variable region frameworks from acceptor immunoglobulin
heavy and light chain frameworks, which humanized
immunoglobulin spe¢ifically binds to an antigen with an

affinity constant within about four-fold of that of the donor
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immunoglobulin, wherein the sequence of the acceptor
immunoglobulin heavy chain variable region framework is/a
consensus sequence of human immunoglobulin heavy chain

variable region frameworks.

40. First and second polynucleotides/respectively
encoding heavy and light chain variable regions @¢f a humanized
immunoglobulin having complementarity determiining regions
(CDRs) from a donor immunoglobulin and hea and light chain
variable region frameworks from human accéptor immunoglobulin
heavy and light chains, which humanized Ammunoglobulin
specifically binds to An/antigen witly an affinity constant
within about four-fold Jf the donory immunoglobulin, wherein said
humanized immunoglobyl i eavy chain comprises one or more amino
acids from the donor unoglobu)Yin heavy chain framework
outside the Kabat and Chothia Rs, wherein the donor amino
acids substitute for correspording amino acids in the acceptor
immunoglobulin heavy chain ffamework, and each of these said
donor amino acids:

(I) is adjacent to a CDR/in the donor immunoglobulin sequence,
or

(II) contains an at¢m within a distance of 6 ANGSTROM of a

CDR in said humanized Ammunoglobulin.
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41. A humanized immunoglobulin having complementayity
determining regions (CDRs) from a donor immunoglobuli and
heavy and light chain variableregion frameworks from hyman
acceptor immunoglobulin heavy and light chain frameworks, which
humanized immunoglobulin specifically binds to an tigen with an
affinity constant of at least 10’ M! and no greatér than about
four-fold fhat of the donor immunoglobulin, wHerein the sequence
of the humanized immunoglobulin heavy chadn variable region
framework is at least 65% identical to the/ sequence of the donor
immunoglobulin heavy chain variable framework and
comprises at least 70 ino acié/resi es identical to an
acceptor human immunpglgbulin heavy fL£hain variable region amirno

acid sequence.

42. A h nized immunoglobulin according to claim 41
which is an antibody comprisipg two light chain/heavy chain

dimers.

43. A humanizeéd immunoglobulin having complementarity
determining regions (CDRs) from a donor immunoglobulin and
heavy and light chain /variable region frameworks from acceptor
immunoglobulin hea and light chain frameworks, which

humanized immunoglopulin specifically binds to an antigen with

an affinity constant of at least about 10°M*' and no
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greater than about four-fold that of the donor immunogldbulin,
wherein the sequence of the acceptor immunoglobuli heavy
chain wvariable region framework is a consensus / sequence of
human immunoglobulin heavy chain variable region ameworks.
44. A pharmaceutical composition comprising a

humanized immunoglobulin of claim 41 in a phdrmaceutically

acceptable carrier.

45. A metho of(/producing the humanized
41 comprising
introducing DNA segmentls encoding the humanized immunoglobulin
heavy and light chains and
expressing the DNA segments the cell to produce the

humanized immunoglobulin.

46. A method /of producing a humanized
immunoglobulin, comprisifig the steps of:

(1) comparing the seguence of a donor immunoglobulin heavy
chain variable regio against a collection of sequences of
human heavy chain vdriable regions;

(2) selecting a/human heavy chain variable region from the

collection of humgn heavy chain variable regions to provide

an acceptor heavy|chain variable region, wherein the selected
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variable region framework is at least 65% identical to ¢t

donor immunoglobulin heavy chain variable region

framework;

(3) synthesizing a DNA segment encoding a humanized heavy
chain variable region, comprising CDRs from the Adonor
immunoglobulin heavy chain variable region an a variable
region framework from the selected acceptor Heavy chain variable
region;

(4) introducing the DNA segment engoding the humanized
immunoglobulin heavy chain _variable /region and a DNA
segment eﬁcoding a humarize immyaoglobulin light chain
variable region into a cg¢ll; and

(5) expressing the NA egménts 1in the cell to produce the

humanized immunoglobuli

47. A method producing a humanized
immunoglobulin, comprising the steps of:

(1) comparing the sequence of a donor immunoglobulin light
chain variable region /against a collection of sequences of
human light chain variable regions;

(2) selecting a hyman light chain variable region from the
collection of human [ light chain variable regions to provide

an acceptor light chain variable region, wherein the selected
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variable region framework is at least 65% identical to the
donor immunoglobulin 1light chain variable region framewo

(3) synthesizing a DNA segment encoding a humanized 1Xght
chain variable region, comprising CDRs from the dong
immunoglobulin light chain variable region and a/ variable
region framework from the selected acceptor lig chain variable
region;

(4) introducing the DNA segment encoding the humanized
immunoglobulin light chain variable reGion and a DNA
segment encoding a humanized immunogYobulin heavy chain

variable region in cell; and

(5) expressing DNA segmenfs in the cell to produce the

humanized immunoglobulin.
48. umanized immunoglobulin having complementarity
determining regions (CDRs) rom a donor immunoglobulin and
heavy and light chain varigble region frameworks from acceptor
immunoglobulin heavy a light chain frameworks, whiéh
humanized immunoglobuliny specifically binds to an antigen with
an affinity constant/ within about four-fold of that of the
donor immunoglobulin, / wherein the sequence of the acceptor
immunoglobulin heavy/chain variable region framework is a
consensus sequence/ of human immunoglobulin heavy chain

variable region frameworks.
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REMARKS
Newly added claims 32-40 have been copied from claims
in Queen et al., U.S. Patent No. 5,693,761. Claims 41-48 have
been copied from claims in Queen et al., U.S. Patent No.
5,693,762. Copies of both patents are enclosed. Applicants are
in compliance with 35 USC §135(b) since both Queen patents were

issued on December 2, 1997.

Respectfully submitted,

NGl

Registration No. 19,386

Date: /\/N-&vw«éﬂ/l {/49?

WOODCOCK WASHBURN KURTZ
MACKIEWICZ & NORRIS LLP

One Liberty Place - 46th Floor
Philadelphia, PA 19103

(215) 568-3100
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A humanized antibody that binds to the interleukin 2 receptor

(chimeric antibody /antibody affinity/auioimmune disease)

Cary QUEEN*, WiLLIAM P. ScHNEIDER®, HaroLD E. SELICk*Y, PHILIP W. PATNE®,
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*Protein Design Labs, 3181 Porter Drive, Palo Alte, CA 94304; $Depanment of Cell Biolagy, Stanford University. Stanford, CA 94305: and Metabolism
Branch, National Cancer Institute, Wational Institules of Health, Bethesda, MD 208%2

Contributed by Thomas A. Waldmann, Aupust 30, 1989

ABSTRACT  The anti-Tac monoclonal antibody is known
to bind to the p55 chain of the human interlevkin 2 receptor and
to inhibit proliferation of T cells by blocking interlenkin 2
binding, However, use of anti-Tac 2s an Immunosuppressant

_drug would be impaired by the human immune response

against this murine antibody. We have therefore constructed a
“humanized’’ antibody by combining the complementarity-
determining regions (CDRs) of the anti-Tac antibody with
human framework and constant regions. The human frame-
work repgions were chosen (o0 maximize homology with the
anti-Tac antibody sequence, In addition, a computer model of
mwrine anti-Tac was used to identify several amino acids
which, while ocuiside the CDRs, are likely to inferact with the
CDRs or antigen. These mguse amina acids were also retained
in the humanized antibody. The humanized anti-Tac antibody
has an affinity for p35 of 3 x 10° M~*, about 1 /3 that of murine
anti-Tac, ’

The cellular receptor for the lymphokine interleukin 2 {IL-2)
plays an important role in regulation of the immune response
{reviewed in ref. 1). The complete IL-2 receptor {IL-2R)
consists of at least 1wo IL-2-binding peptide chains: the p55
aor Tac peptide (2, 3), and the recently discovered p75 peptide
{4, 5). Identification and characterizatien of the p5$ peptide
were facilitated by the development of a monoclonal anti-
body, anti-Tac, which binds to human p35 (2). The p35
peptide was found to be exprassed on the surface of T cells
activated by an antigen or mitogen but not on resting T cells.
Treatment of human T cells with anti-Tac antibody strongly
inhibits their proliferative response to antigen or to IL-2 by
preventing I1L-2 binding (3, §).

These results suggested that anti-IL-2R antibodies would
be immunosuppressive when administered in vivo. Indeed,
injection of an anti-IL-2R antibody into mice and rats greatly
prolonged survival of heart allograifts (7, 8). Anti-IL-ZR was
also effective in rats against experimental grafl-versus-host
disease (9). In animal models of autoimmune disease, an
anti-]L-2R antitody alleviated insulitis in nonobese diabetic
mice and Jupus nephritis in NZB X NZW mice (10). Anti-Tac
itsell’ was highly effective in prolonging survival of kidney
allografls in cynomolgus monkeys (11).

In human patients, the specificity of anti-Tac for aclivated
T cetls might give it an advantage as an immunosUppressive
agent over OKT3 {monoclonal anti-CD3), which is effective
in treating kidney transplant rejection (123, but which sup-
presses the entire peripheral T-cell population. In fact, in
phase I clinical trials for kidney transplantation, prophylactic
administration of anti-Tac significantly reducedthe incidence
of early rejection episodes, without associated toxicity (13).
Funihermore, treatment with anti-Tac induced temporary

The publication costs of this article were defrayed in part by page charge
payment. This article must therefors be hereby marked “advertisement™
in accordance with 18 U.5.C. §1734 solely to indicate this fact.
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partial or complete remission in three of nine patients with
Tac-expressing adult T-cell leukemia (14). However, as a
murine monoclonal antibody, anti-Tac elicits a sireng human
antibody response against itself, as does OKT3 {15). This
response would prevent its long-term use in treating autoim-
mune conditions or suppressing organ transplant rejection.

The immune response against 2 murine monoclonal anti-
bedy may potentially be reduced by transforming it inio a
chimeric antibody. Such antibodies, produced by methods of
genetic engineering, combine the variable (V) region binding
domain of 2 mouse {or rat) antibody with human antibody
constant (C) regions (16-18). Hence, a chimeric antibody
retains the binding specificity of the original mouse antibody
but contains less amino acid sequence foreign to the human
immune sysiem. Chimeric antibodics have been produced
against a naumber of tumor-associated antigens {19-21). In
some but not all cases, the chimeric antibodies have mediated
human complement-dependent cytotoxicity (CDC) or anti-
body-dependent cellutar cylotoxicity (ADCC) more efficient-
ly than the mouse antibodies (21).

When the murine antibody OKT3 is used in human pa-
tients, much of the resulting antibody response is directed
against the V region of OK.T3 rather than the C region {15).
Hence, chimeric antibodies in which the V region is stili
nonhiman may nol have sufficient therapeutic advantages
over mouse anlibodies. To further reduce the immunogenic-
ity of murine antibodies, Winter and colleagues constructed
“humnanized™ antibodies in which only the minimum neces-
sary parts of the mouse antibody, the complementarity-
determining regions (CDRs), were combined with human V
region frameworks and human C regions (22-25). We repon
here the construction of chimeric and humanized anti-Tac
antibodies.! For the humanized antibody, sequence homol-
ogy and molecular modeling were used to select a combina-
tion of mouse and human sequencec elements that would
reduce immunogenicity while retaining high binding affinity.

MATERIALS AND METHODS

Construction of Plasmids. ¢cDNA clening was by the
method of Gubler and Hoffman (26), and sequencing was by
the dideoxy method (27). The plasmid pVxl (Fig. 1A) was
constructed from the following fragments: an approximately
4550-base-pair {bp) BamHI-EcoRl fragment from the plas-

Abbreviations; 1L-2R, interfenkin 2 receptor; CDR, complementar-
ity-determining region; CDC, complement-dependent cytotoxicity;
ADCC, antibody-dependent celiular cytotoxicity; ¥V, variable; J,

Joining; C, constant.

1Present address: Biospan, 440 Chesapeake Drive, Redwood City,
CA 94063.

#Present address: Beckman Instruments, 1050 Page Milt Road, Palo
Alto, CA 94304,

IThe sequences reported in this paper have been deposited in the
GenBank data base (accession nos. M28250 znd M28251).
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direction of transcription from the x promoter. Eyy, heavy chain
enhancer. Not drawn 1o scale. (#) Schematic diagram of the method
used Lo excise the V-t region. S0, splice donor sequence: rev.
primer. reverse primer.,

mid pSV2gpl (28) containing the wap and gpt genes: an
1800-bp EcoRi-Bgl H fragment from pKcutH (29} containing
the heavy chain enhancer and « promoter; and a 150-bp
EcoR1-Xba | [ragment containing the human C,, region (30).
Similarly. pVyl was constructed starting from a 4850-bp
BamHI-EcoR] fragment of the plasmid pSV2hph (a gift of A.
Smith, A, Miyajima, and D. Strehlow. Stanford University),
which is analogous to pSV2gpt except that the gpt gene is
replaced by the hyg gene (31). This fragment was combined
with the EcoRI-Bpl 1l fragment from pKcatH and a 2800-bp
HindIIl-Pyu 11 fragment containing the human ¥l constant
region. isolated from a phage kindly provided by L. Hood
(32). In each case, the fragments were combined by standard
methods (ref. 33, pp. 390-401), with un Xba | linker inserted
between the « promoter fragment and the 5’ end of the C
region fragment.

Construction of Chimeric Genes. EcoRI1 fragments contain-
ing the anti-Tac light and heavy chain cDNAs were sepa-
rately inserted into the EcoRI site of the phage M13mpl1D,
a variant of M13mp11 (34) in which the EcoR1 and Xba | sites
of the polylinker were filled in and joined. The resulting
phage, in which the 5° ends of the ¢DNAs abutted the Xba 1
site, were respectively denoted M13L and M13H. The V-J (],
joining) segments of the cDNAs, followed by splice donor
signals. were precisely excised from these phage, using a
double-priming scheme (Fig. 1B). For the light chain, Jwe
following primer was synthesized (Applied Biosyster:s
model 3830B DNA synthesizer) and purified by gel electro-
phoresis: 5'-CCAGAATTCTAGAAAAGTGTACTTAC-
GTTTCAGCTCCAGCTTGGTCCC-3'. From the 3’ end, the
first 22 residues of the primer are the same as the last 22
residues of the 1,5 segment {(noncoding strand). The next 16
nucleotides are the same as the sequence that follows J,5 in
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mouse genomic DNA and therefore includes a splice donor
signal. The final 10 nucleotides of the oligonucleotide include
an Xba 1 site,

We hybridized this oligonucleotide to M13L and extended
it with the'Klenow fragment of DNA polymerase. The DNA
was heat-denatured, hybridized with an excess of the ‘‘re-
verse primer” 3'-AACAGCTATGACCATG-3, again ex-
tended with Kienow DNA polymerase, and digested with
Xba 1. The digested DNA was run on a gel, and an approx-
imately 400-bp fragment was excised and inserted into the
Xba 1 site of pVx1. Sequencing showed that the fragment
consisted of the V-J region of the light chain cDNA followed
by the splice donor **tail,"” as expected {Fig. 18), and pL.Tac,
a clone with the appropriate orientation, was chosen. In an
analogous fashion, the heavy ¢hain V-] segment, followed by
the mouse J2 splice donor sequence, was excised from
M13Hand inserted into the Xbal site of pVy1 to yield pGTac.

Computer Analysis. Sequences were manipulated and ho-
mology searches were performed with the MicroGenie Se-
quence Analysis Software (Beckman). The molecular model
of the anti-Tac V region was constructed with the ENCAD
program (35} and examined with the MIDAS program (36) on
an IR1S 4D-120 graphics workstation (Silicon Graphics).

Construction of Genes for Humanized Antibedy, Nucleotide
sequences were selected that encoded the protein sequences
of the humanized light and heavy chain V regions including
signal peptides {Resnlts), generally utilizing codons found in
the mouse anti-Tac sequence. These nucleotide sequences
also included the same splice donor signals used in the
chimeric genes and an Xba § site at each end. For the heavy
chain V region, four overlapping 120- to 130-nucleotide-tong
oligonucleotides were synthesized that encompassed the
entire sequence on alternating strands. The oligonucieotides
were phosphorylated with polynucleotide kinase, annealed,
extended with T4 DNA polymerase, cut with Xba 1, and
ligated into the Xpa 1 site of pUC19 (34). using standard
reaction conditions. An insert with the correct sequence was
recloned in pVyl. The humanized light chain V region was
constructed similarly.

Transfections. For each antibody construcled, the light
chain plasmid was first transfected into Sp2/0 mouse my-
eloma cefls (ATTC CRL 1581) by electroporation (Bio-Rad
Gene Pulser) and cells were selected for gpr expression (28).
Clones secreting a maximal amount of light chain, as deter-
mined by ELISA, were transfected with the heavy chain
plasmid and cells were selected for hygromycin B resistance
(31). Clones secreting a maximal amount of complete anti-
body were detected by ELISA. The clones were used for
preparation of chimeric and humanized aptibodies.

Antibody Purification. Medium from confluent cells was
passed over a column of staphylococcal protein A-Sepharose
CL-4B (Pharmacia), and antibody was eluted with 3 M
MgCls. Antibody was furiher purified by ion-exchange chro-
matography on BakerBond ABx (J. T. Baker). Final anti-
body concentration was determined, assuming that 1 mg/ml
has an A,y of 1.4. Anti-Tac antibody itself was purified as
described (2).

Affinity Measurements. Affinitics were determined by com-
petition binding. HuT-102 human T-lymphoma cells (ATTC
TIB 162) were used as source of p55 Tac antigen. Increasing
amounts of competitor antibody (anti-Tac, chimeric, or hu-
manized) were added to 1.5 ng of radiviodinated (Pierce
lodo-Beads) tracer anti-Tac antibody (2 pCi/pg; 1 Ci = 37
GBq) and incubated with 4 x 10° HuT cells in 0.2 ml of
binding buffer (RPM] 1040 medium with 10%% fetal caif serum,
human 1gG at 100 pg/mi, 0.1% sodium azide} for 3 hrat room
temperature. Cells were washed and pelleted, and their
radioactivities were measured, and the concentrations of
bound and free tracer anlibody were calculated. The affinity
of mouse anti-Tac was determined by Scaichard plot analy-
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sis, using anti-Tac itself as the competitor. Then the affinities
of the chimeric and humanized antibodies were each calcu-
lated according to the formula {X] — [anti-Tac] = (1/Kx) —
(1/K.), where K, is the affinity of anti-Tac (9 x 10° M~1), K,
is the affinity of the competitor X, [ ] indicates the concen-
tration of competitor antibody at which bound/free tracer
binding is Re/2, and Ry is maximal bound/free tracer binding
(37).

RESULTS

Cloning of Light and Heavy Chain ¢cDNA. A cDNA library
in Agtl0 was prepared {rom anti-Tac¢ hybridoma cells and
screened with oligonucleotide probes for the mouse x and y2a
constant regions. The cDNA inserts from four «-positive and
four v2a-positive phage were subcloned in M13mpl9. Partial
sequencing showed that two of the x isolates had ane
sequence, and the other two had another sequence, In one
pair, a V.. gene segment was joined to the J,2 segment out of
its reading frame. In addition, the conserved cysteine at
position 23 was absent from this V segment, and the se-
quences of the two isolates differed slightly. Presumably,
these clones were the result of an aberrant joining event in
one k allele, which continued 1o undergo somatic mutation
after the formation of the hybridoma.

The V-J segments of the other pair of x clones were
sequenced completely and were identical. This light chain
uses the 1,5 segment. Partial sequencing of the four y2a
clones showed they were all from the same gene. The V-]

segments of two were sequenced completely and were iden- °

tical. This heavy chain uses the Jy2 segment and is of
subgroup I (38). The DNA sequences have been deposited
with GenBank;ll the deduced protein sequences are shown in
Fig. 2. As both alleles of the « light chain were accounted for
and only one heavy chain sequence was detected, we tenta-
tively assigned these sequences to the anti-Tac antibody
zenes.

Construction of Chimeric Genes. Plasmid vectors were
prepared for the construction and expression of chimeric light
and heavy chain genes. The plasmid pV«1 (Fig. 14) contains
the human genomic C, segment, including 336 bp of the
preceding intron and the poly(A) signal. It also contains the
promoter sequence from the MOPC 41 k gene and the heavy
chain enhancer sequence, which synergize to form a very
strong {ranscriptional unit (29). There is a unique Xba | site
between the promoter and the intron. A similar plasmid,
PV«1, was prepared by using the human C,1 region in place
of the C, region. In that case, the region inserted between the
Xba I and BamHI sites extended from about 210 bp 5 of the
Cul exon to beyond the Cy3 exon.

Our strategy was to insert the V-] region from the anti-Tac
x cDNA, followed by a splice donor signal, at the Xba I site

Proe. Naitl, Acad. Sci. USA 86 (1989) 10031

of pVx1 to construct the plasmid pLTac. Doing sc created a
chimeric x gene with a short synthetic intron between the
mouse V-J and human C, segments (Fig. 14). For this
purpose, we used a form of double primer-directed mutagen-
esis (Materials and Methods; Fig. 1B). Similarly, the V-J
region from the ant-Tac y2a heavy chain cDNA, followed by
asplice donor signal, was inserted into the Xba I site of pVyl.
The resulting plasmid, pGTac, contained a chimeric heavy
chain gene, with a synthetic intron between the mouse V-I
and human C,1 segments.

Construction of a Humanized Anti-Tac Antibody. In select-
ing a human antibody to provide the vanable region frame-
work for the humanized anti-Tac antiboy, we reasoned that
the-morehdmologous the human antibody Wwas to the original®
afiti-Tac 2 dntibodys; ‘the;l les§ likely'would combining'the anti-
Tac CDR&with. thé humarn framework be to introduce dis-”
tortions-into the CDRs. The anti-Tac heavy chain sequence
was therefore compared by computer with all the human
heavy chain sequences in the National Biomedical Research
Foundation Protein Identification Resource (release 15). The
heavy chain V.region of the Eu antibody (of human heavy
‘chain subgroup I; ref. 38) was 57% identical to the anti-Tac
heavy chain V region {(Fig. 2B); all other complete Vi regions
in the data bank were 30-52% identical. However, no ane
human light chain V region was especially homologous to the
anti-Tac light chain, We therefore chose to use the Eu light
chain (of human light chain subgroup I; ref. 38) together with
the Eu heavy chain to supply the framework sequences for
the humanized antibody. The CDRs in the humanized anti-
body were of course chosen to be identical to the anti-Tac
CDRs (Fig. 2).

A computer program was used to construct a plausible
molecular model of the anti-Tac V domain (Fig. 3), based on
homology to other antibody V domains with known crystal
structure and on energy minimization. Graphi¢ manipulation
shows that a number of amino acid residues outside of the
CDRs are in fact close enough to them to either influence
their conformation or interact directly with antigen. When
these residues differ between the anti-Tac and Eu antibodies,
the residue in the humanized antibedy was chosen to be the
anti-Tac residue rather than the Eu residue. This choice was
made for residues 27, 30, 48, 67, 68, 98, and 106 in the
humanized heavy chain, and for 47 and 59 in the humanized
light chain (Figs. 2 and 3; amino acids shown in blue in Fig.
3), although we now consider the light chain residue 59,
which was chosen on the basis of an earlier model, to be
doubtful. In this way, we hoped 1o better preserve the precise
structure of the CDRs at the cost of possibly making the
humanized antibody slightly less “*human.””

Different human light or heavy chain V regions exhibit
strong amino acid homology outside of the CDRs, within the
framework regions. However, a given V region will usually
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40 GTSPRLWIYTTSHRILASGVEA 41 PGQGLEMIGYINPSTGYTRY
6l RFIGSGSGTEFTLTISSLQP 6L AQKXTFQGCRVTITADESTHNTAY
[ ] Pl 111 vy 111
60 RFSCGSGSCTSYSLTISRHEA 61 HOKFKDKATLTADKSSSTAY
8L DDFATYYCQQYNSDSEMFGQ 81 HELSSLRSEDTAFYFCAGGY
| 2 A O | 11 [ P4 8 o
B0 EDAATYYCHORSTYPLIFGS 8l HQLSSLTFEDSAYYYCARG

WL CTRVEYVE 10t CGIYSPEEYNGGLVTVS S

[ [ | Irrt

10 CTKLELK @ 100 GEYFDYNEQGITLTVSS
\3‘;)
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FiG.2. Amino acid sequences of the humanized
anti-Tac light (A) and heavy (B) chains. The se-
guences of the Eu antibody light and heavy chains
(upper lines) are shown aligned above the mouse
anti-Tac light and heavy chain sequences (lower
lines), with a | indicating identity of amino acids.
The three CDRs in euch chain are underlined, and
the other mouse amino acids used in the humanized
(antibody are double underlingd. Hence, the human-
ized sequences are the same as the upper (Eu)
sequences, except where the amino acid is under-
lined or double underlined.

Bl Exhibit 1095



10032 Immunology: Queen er al.

|
SRR FIE L IS T
-

—
s

A TN ZANIZFTYRY 5
[ bl

Proc. Natl. Acad. Sci. USA 86 (1989}

R, SIR)

_“';_'}f-\ﬂi

B, .h

F16. 3. Model of the moyse anti-Tac antibody V region, generated with the EncaD program and displayed with the MiDAs program. Amino
acids in the CDRs are shown in red: amino acids potentially interacting with the CDRs are shown in blue; other mouse amino acids used in the
humanized antibody are shown in yellow, as described in the text. Thus, 2l amino acids transferred (rom the anti-Tac sequence to the humanized
antibody are shown iR red, blue, or yellow. Residue 1 is the first amino acid of V,; residue 301 is the first amino acid of Vy.

conltain exceptional amino acids, atypical of other human vV
regions, at several framework positions. The Eu antibody
contains such unuswal residues at positions corresponding to
93. 95, 98, 106, 107, 108, and 110 of the humanized heavy
chain and 47 and 62 of the light ¢hain (Fig. 2). as determined
by visual comparison of the Eu heavy and light chain V
regions with other humaun V regions of subgreup [ (38). The
Eu antibody contains several other unusual residues, but at
the listed positions, the murine anti-Tac antibody actually has
a residue much more typical of human sequences than does
Eu. At these positions, we therefore chose to use the anti-Tac
residue rather than the Eu residue in the humanized antibody,
to make the antibody more generically human. Some of these
residues had already been selected because of their proximity
to the CDRs, as described above (the remaining ones are
shown in yellow in Fig. 3).

These criteria allowed the selection of alf amino acids in the
humanized antibody V regions as coming from either anti-Tac
or Eu (Fig. 2). DNA segments encoding the desired heavy
and light chain amino acid secquences were synthesized.
These DNA segments also encoded typical immunoglobulin
signal sequences for processing and secretion, and they
contained spiice donor signals at their 3° end. The light and
heavy chain segments were cloned, respectively, in pVxl and
pV¥l to form the plasmids pHul.Tac and pHuGTac.

Properties of Chimeric and Humanized Antibodies. Sp2/0
cells, a nonproducing mouse myeloma line, were transfected
sequentially with pLTac and pGTac (chimeric penes)or with
pHuLTac and pHuGTac (humanized genes). Cell clones
were selected first for antibiotic resistance and then for
maximal antibody secretion, which reached 3 ug/10%cells per
24 hr. §1 nuclease mapping of RNA extracted from the cells
transfected with pLTac and pGTac showed that the synthetic
. introns between the V and Cregions (Fig. 14) were correctly
spliced (data not shown). Antibody was purified from the
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culture mediuvm of cells producing the chimeric or humanized
antibody. When analyzed by reducing SDS/polyacrylamide
gel electrophoresis, the antibodies showed only two bands,
having the expected molecular weights 50,000 and 25,000.

Flow cytometry showed that the chimeric and humanized
antibodies bound to Hut-102 and CRII.2 cells, two human
T-cell lines that express the p55 chain of the IL-2R, but not
to CEM and other cell lines that do not express the IL-2R. To
determine the binding affinity of the chimeric and humanized
antibodies. their ability 1o compete with labeled mouse
anti-Tac for binding.-to Hut-102 cells was determined. The
affinity of chimeric anti-Tac was indistinguishable from that
of anti-Tac (data not shown), as expected from the fact that
their entire V regions are identical. The affinity of humanized
anti-Tac for membrane-bound p335 was 3 x 10 M~I, about
1/3 the measured affinity of 9 x 10° M~! of anti-Tac itself
(Fig. 4).

DISCUSSION

Because monoclonal antibodies ¢an be produced that are
highly specific for a wide variety of ceilular targets, antibody
therapy holds great promise for the treatment of cancer,
autoimmune conditions, and other diseases. However, this
promise has not been widely realized, largely because most

monoclonal antibodies, which are of mouse orgin, are im-

munogenic when used in human patients and are ineffective
at recruiting human immune effector functions such as CDC
and ADCC. A partial solution to this problem is the use of
chimeric antibodies {16), which combine the V region binding
domains of mouse antibodies with human antibody C regions.
Initially, chimeric antibodies were constructed by combining
genomic clones of the V and C region genes. However, this

method is very time consuming because of the difficulty of- - -

genomic cloning, especially from tetraploid hybridomas.
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F1c.4. Competitive binding of labeled anti-Tac tracer to Hut-102
cells. Duplicate samples are shown. @, Mouse antj-Tac competitor;
v.-humanized anti-Tac competitor.

More recently, cDNA clones of the V and C regions have
been combined, but this method is also tedious because of the
need to join the V and C regions precisely (20, 21). Here we
show that the V region from a readily obtainable cDNA clone
can be easily joined to a human genomic C region, which need
only be cloned once, by leaving a synthetic intron between
the V and C regions. When linked to suitable transcriptional
regulatory elements and transfected into an appropriate host
ceil, such chimeric genes produce antibody at a high level.

Chimeric antibodies represent an improvement over
mouse antibodies for use in human patients, because they are
presumably less immunogenic and sometimes mediate CDC
or ADCC more effectively (21). For example, chimeric
-anti-Tac mediates ADCC with activated human effector cells,
whereas murine anti-Tac does not (unpublished data). How-
ever, the mouse V region can itself be highly immunogenic
(15). Winter and colleagues therefore took the further, inno-
vative, step of combining the CDRs from a mouse (or rat)
antibody with the framework region from a human antibody
(22-25), thus reducing the Xenogeneic elements in the hu-
manized aniibody to a minimum. Unfortunately, in some
cases the humanized antibody had significantly less binding
affinity for antigen than did the original mouse antibody. This
is not surprising, because transferring the mouse CDRs from
the mouse framework to the human framework could easily
deform them.

In humanizing the anti-Tac antibody, which binds to the
phSS chain of the human IL-2R, we have introduced two ideas
that may have wider apphcab:lny Firstithezhuman frame-

WworkTivasg: -.chosen. fa_be: aﬁhumolag’o *hsgposﬂb!e!to ‘the
Ongmal mouse antibody to reduce any-deformation .of the
moéuse” CDRs$. Second, computer modeling was used to
identify several framework amino acids in the mouse anti-
body that might interact with the CDRs or directly with
antigen, and these amino acids were transferred to the human
framework along with the CDRs. The resulting humanized
antibody has a high affinity, 3 x 10° M~1, for its antigen.
Further work is needed to determine to what extent the
choice of human framework and the preservation of partic-
ular mouse amino acids in fact contributed to the affinity of
the humanized antibody. The extent to which humanization
climinates immunogenicity will need to be addressed in
clinical trials, where humanized anti-Tac will be administered
to patients with Tac-expressing lymphomas or selected au-
toimmune diseases or to patients receiving organ transplants.
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GAATTCCCAA
ctaotcagtqg
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caqcttcctq

cctcaqtcat

gattticaaqg
aatatccaqa

qgacoaattg

gtctccagca
gcagtgccag
ggcacctccc
agtccctget
caatcagcgg

-tggagtagta

ccgggctgat
agttaacatc
CCCa00Qaca
tggcgtcctq
gcatgagcag
agctatacct
gagcttcaac
CCAGCTCCCA
CCACAAGCGC
TCTCCTCCTC
AATATTCAAT
1D NO:4)

MDF QVQIF SF

atcatgtctg
ctcoagtgta
ccaaaagatg
cacttcaggg
catggaggct

accattcac
actgcaccoa
tggoggtgcc
tcoatgtcaa
aacagttgga
caccctcoacg
gtgaggccac
aggaotgogt
GCTCCATCCT
tTACCACTGT
CTCCCTTTCC
AAAGTGAGTC

catctccagg
agttacatga
gatttatgac
gcagtgggtc
gaagatgctq
gttcggctcg
ctgtatccat
tcagtcgtgt
gtggoagott
ctgatcagga
ttgaccaagg
tcacoagaca
gtTAGAGACA
ATCTTCCCTT
TGCGGTGCTC
TTGGCTTTTA
TTTGCCTTGA

FIG. 1a

ggagaaggtc
actggtacca
acatccaonac
tgggacctct
ccacttatta
gggacaaagt
cttcceocca
gcttcttgaa
gatggcogtg
C0gCcaa0gac
acgagtatga
tcaacttcoc
AAGGTCCTGA
CTAAGGTCTT
TAAACCTCCT
TCATGCTAAT
AAAAAAAAAA

ttctcaccca
accatgacct
gcagaagtca
tggcttctgg
tactctctca
ctgccageag
tggaaataaa
tccagtgagc
caacttctac
0aCQacanaa
agcacctaca
acgacatooc
ccattgtcaa
GACGCCACCA
GGAGGCTTCC
CCCACCTCCT
ATTTGCAGAA
AAA

LLISASVIIS RGOQIVLTASP AIMSASPGEK VTMTCSASSS

VSYMNWYQQK
AEDAATYYCQ
ASVVCFLNNF
TLTKDEYERH

SGTSPKRWIY DTSKLASGVP AHFRGSGSGT  SYSLTISGME
QWSSNPFTFG SGTKLEINRA DTAPTVSIFP  PSSEQLTSGG
YPKDINVKWK IDGSERQGNGV LNSWTDQDSK  DSTYSMSSTL

NSYTCEATHK TSTSPIVKSFE NRNECx

FIG. 1b
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(SEQ ID NO:3>
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ATGGAAAGGC

CCACTCCCAG

GTCCAGCTGC
GAAGATGTCC
ACTGGGTAAA
ATTCCTAGCC
CACATTGACT
GCCTGACATC
GATCATTACT
CTCAGCCAAA
GAGATACAAC
TTCCCTGAGC
TGTGCACACC
GCTCAGTGAC
AATGTGGCCC
ACCTCTTGGG
GTACTCATGA
GAGCGAGGAT
AAGTACACAC
CTCCGGGTGG
CAAGGAGTTC
AGAGAACCAT
GTCTTGCCTC
CTGCATGGTC
ACAACGGGAA
TCTGATGGTT
CTGGGTGGAA
ACAATCACCA
CAGCACCCAC
TGCTTCCCTT
AAAAAAAAAA

AGCAGTCTGG
TGCAAGGCTT
ACAGAGGCCT
GTGGTTATAC
ACAGACAAAT
TGAGGACTCT
GCCTTGACTA
ACAACAGCCC
TGGCTCCTCG
CAGTGACCTT
TTCCCAGCTG
TGTAACCTCG
ACCCGGCAAG
TGGACCATCC
TCTCCCTGAG
GACCCAGATG
AGCTCAGACA
TCAGTGCCCT
AAATGCAAGG
CTCAAAACCC
CACCAGAAGA
ACAGACTTCA
AACAGAGCTA
CTTACTTCAT
AGAAATAGCT
CACGACTAAG
AAAACTCTCA
GTATAAATAA
AAAGGAATTC

FIG.

GGCTGAACTG
CTGGCTACAC
GGACAGGGTC
TAATTACAAT
CCTCCAGCAC
GCAGTCTATT
CTGGGGCCAA
CATCGGTCTA
GTGACTCTAG
GACCTGGAAC
TCCTGCAGTC
AGCACCTGGC
CAGCACCAAG
GTCTTCATCT
CCCCATAGTC
TCCAGATCAG
CAAACCCATA
CCCCATCCAG
TCAACAACAA
AAAGGGTCAG
AGAGATGACT
TGCCTGAAGA
AACTACAAGA
GTACAGCAAG
ACTCCTGTTC
AGCTTCTCCC
GGTCCAAAGA
AGCACCCAGC

GCAAGACCTG
CTTTACTAGG
TGGAATGGAT
CAGAAGTTCA
AGCCTACATG
ACTGTGCAAG
GGCACCACTC
TCCACTGGCC
GATGCCTGGT
TCTGGATCCC
TGACCTCTAC
CCAGCCAGTC
GTGGACAAGA
TCCCTCCAAA
ACATGTGTGG
CTGGTTTGTG
GAGAGGATTA
CACCAGGACT
AGACCTCCCA
TAAGAGCTCC
AAGAAACAGG
CATTTACGTG
ACACTGAACC
CTGAGAGTGG
AGTGGTCCAC
GGACTCCGGG
GAGACCCACA
AATGCCTGGG

(SEQ ID NO:6)

2a
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GGGCCTCAGT
TACACGATGC
TGGATACATT
AGGACAAGGC
CAACTGAGCA
ATATTATGAT
TCACAGTCTC
CCTGTGTGTG
CAAGGGTTAT
TGTCCAGTGG
ACCCTCAGCA
CATCACCTGC
AAATTGAGCC
GATCAAGGAT
TGGTGGATGT
AACAACGTGG
CAACAGTACT
GGATGAGTGG
GCGCCCATCG
ACAGGTATAT
TCACTCTGAC
GAGTGGACCA
AGTCCTGGAC
AAAAGAAGAA
GAGGGTCTGC
TAAATGAGCT
CTCATCTCCA
ACCATGTAAA
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OKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE

1
)|
101
131
201
23l
301
331
401
431

MERHWIFLLL

LSVTAGVHSQ

Y TMHWVKQRP
QLSSLTSEDS
PVCGDTTGSS
TLSSSVTVTS
PAPNLLGGPS
NNVEVHTAQT
APIERTISKP
EWTNNGKTEL
EGLHNHHTTK

GRGLEWIGYI
AVYYCARYYD
VTLGCLVKGY
STWPSQSITC
VF IFPPKIKD
QTHREDYNST
KGSVRAPQVY
NYKNTEPVLD

VALQASGAEL
NPSRGY TNYN
DHYCLDYWGQ
FPEPVTLTWN
NVAHPASSTK
VLMISLSPIV
LRVVSALPIQ
VLPPPEEEMT
SDGSYFMYSK

ARPGASVKMS
QKFKDKATLT
GTTLTVSSAK
SGSLSSGVHT
VDKKTEPRGP
TCVVVDVSED
HQDWMSGKEF
KKQVTLTCMV
LRVEKKNWVE

SFSRTPGKx  (SEQ ID NO:7)

FIG. 2b
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CKASGYTFTR
TDKSSSTAYM
TTAPSVYPLA
FPAVLQSDLY
TIKPCPPCKC
DPDVQISWFV
KCKVNNKDLP
TDFMPEDIYV
RNSYSCSVVH
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1 23 47
NN N N N N
RES TYPE  SBspSPESssBSkSsSssPSPSPsPSssexsxpxPi~[SsSe
Okt3vl QIVLTQRSPAIMSASPGEKVTMTCSASS . SVSYMNWYQRQKSGT
REI DIGMTQSPSSLSASVGDRVTITCRASQADI IKYLNWYQQATPGK
29
CDR1 LoarP» 3K KK K K
CDR1 (KABAT) KK KK KKK KK
256 85
N NN
RES TYPE  ¥IsiPpleesesssSBEsePsPSBSSEsPspsPsseesSPePb
Okt3vl SPKRWIYDTSKLASGVPAHF RGSGSGTSYSLTISGMEAEDAAT
REI APKLLTYEASNLQAGVPSRFSGSGSGTDYTFTISSLAPEDIAT (SEQ
ID NO:8>
2 77
¥¥xxxxx CDR2 (LOOP/KABAT)
102 108
RES TYPE  PiPIPiesx*iPIIsPPSPSPSS
Okt3vl YYCQAWSSNPF TFGSGTKLEINR ¢SEQ ID NO:29)
REIvL YYCQAYQSLPYTFGQAGTKLQRITR ¢SE@ ID NO:9»
o) 2
XK XK K CDR3 <LOOPS
K HOK K KK XK CRD3(KABAT)>

FIG. 3
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NN N 23 26 32 353 N39 43
RES TYPE SESPs”SBssS”sSSsSpSpSPsPSEbSBssBePi*Plpiesss
Okt3h QVALOAASGAELARPGASVKMSCKASGYTF TRY TMNHWVKQRPGQ
KOL QVALVESGGGVVAPGRSLRL SCSSSGFIFSSYAMYWVRQAPGK
2 27
KRR KK X CDR1 <LOOP>
xxxxx CDR1 (KABAT)

o2a 60 69 NN N 82aobc 89
RES TYPE Ilelppp”ssssssss™ps™pSSshSpseSsSseSp~pSpsSBssSTePb
Okt3vh  GLEWIGYINPSRGYTNTNQKFKRKATLTTDKSSSTAYMQLSSLTSEDSAV

KOL GLEWVAIIWDDGSDARHYADSVKGRF TISRDNSKNTLFLAMDSLPPEDTGV
27 Lt Y ?
KK KKK KKK KKK K CDR? CLOOP)

EKEKKERRRR R XN XXX XXX CDRP (KABAT)

92 N 107 113
RES TYPE PiPILissssiiisssbibi*EIPIP¥spSBSS
Okt3vh YYCARYYDDHY ... .. .. CLDYWGQGTTLTVSS  (SEQ 1D NO:30>
KOL YFCARDGGHGF CSSASCFGPDYWGQRGTPVTVSS  (SEQ 1D NO:10)

¥Rk xxkxxxxxxx  CRD4 (KABAT/LOOR)

FIG. 4
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OKT 3 HEAVY CHAIN CDR GRAFTS

1. gh341 ond derivatives

Okt3vh
gH341
gH341A

gH341L
gH341%
gH34 1%
gH341D
gH341%
gH341C

gH341%
gH341x
gH341B
gH34 1%
gH34 1%
gH34 1%
KOL

1 c6 33 39 43
QVRLAASGAELARPGASVKMSCKASGYTF TRY TMHWVKQRPGQ
QVALVESGGGVVQOGRSLRLSCSSSGYTF TRYTMHWVRQAPGK
QVALVASGGGVVAPGRSLRLSCKASGYTE TRYTMHWVRAAPGK

QVRLVASGGGVVAPGRSLRLSCKASGYTF TRYTMHWVRQAPGK
QVRLVRSGGGVVAPGRSLRLSCKASGYTE TRYTMHWVRQAPGK
QVALVASGGGVVAPGRSLRLSCKASGYTF TRYTMHWVRAAPGK
QVALVRSGGGVVAPGRSLRLSCKASGYTE TRY TMHWVRQAPGK
RVQALVASGGGVVAPGRSLRLSCKASGYTF TRY TMHWVRQAAPGK
RVRLVASGGGVVAPGRSLRLSCKASGYTF TRYTMHWVRQAPGK

QVALVRSGGGVVAPGRSLRLSCSASGYTF TRYTMHWVRQAPGK
QVRLVESGGGVVAPGRSLRLSCSASGYTF TRYTMHWVRQAPGK
QVALVESGGLGVVRPGRSLRLSCSSSGYTE TRY TMHWVRQAPGK
RVRLVQRSGGGVVAPGRSLRLSCSASGYTF TRY TMHWVRQAPGK
QVQLVESGGGVVAPGRSLRLSCSASGYTE TRY TMHWVRQAAPGK
QVALVRSGGGVVAPGRSLRLSCSASGYTE TRYTMHWVRQAPGK
RVRLVESGGGYVAPGRSLRLSCSSSGF IFSSYAMYWVRQAPGK

FIG. 5a

1143 of 1849

JA178
JA18S

JA198
JA207
JAC09
JAL197
JA199
JA1B4

JA203
JA203
JA183
JAC04
JA206
JA208
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Okt3vh
qH341
gH341A

qQH341E
qQH341x
qH34 1%
gH341D
qH34 1%
qH341C

gH34 1%
qH34 1%
qH341B
gH34 1%
gH34 1%
gH34 1%
KOL

44 50 65 83
GLEWIGY INPSRGYTNYNGKFKDKATLTTDKSSSTAYMQLSSLT
GLEWVAY INPSRGYTNYNGKFKDRF T1SRDNSKNTLFLGMDSLR
GLEWLGY INPSRGYTNYNGKVKDRF T1STDKSKSTAFLGMDSLR

GLEWLGY INPSRGYTNYNQKVKDRF TISTDKSKSTAFLAMDSLR
GLEWIGYINPSRGYTNYNGKVKDRFT1STDKSKNTAFLAMDSLR
GLEWIGYINPSRGYTNYNGKVKDRF T1SRDNSKNTAFLAMDSLR
GLEWIGY INPSRGYTNYNGKVKDRFTISTDKSKNTLFLAMDSLR
GLEWIGYINPSRGYTNYNGKVKDRF T1SRDNSKNTLFLAMDSLR
GLEWVAY INPSRGYTNYNGKFKDRF TISRDNSKNTLFLGMDSLR

GLEWLGY INPSRGYTNYNOKVKDRF TISTDKSKSTAFLGMDSLR
GLEWIGYINPSRGYTNYNOKVKDRF TISTDKSKSTAFLGMDSLR
GLEWIGY INPSRGYTNYNOKVKDRF TISTDKSKSTAFLGMDSLR
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLGMDSLR
GLEWIGY INPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR
GLEWIGYINPSRGYTNYNOKVKDRF TISTDRSKNTAFLGMDSLR
GLEWVAT IWDDGSDGHYADSVKGRF T1SRDNSKNTLFLAMDSLR

FIG. 5b

1144 of 1849

JAL7/8
JA185

JA198
JA207
JA209
JA197
JA199
JA184

JA207
JA203
JA183
JAC04
JA206
JA208
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Okt3vh
gH341
gH341A

gH341E
gH34 1%
gH341D
gH341x
qH34 1 x
qH341C

qH34 1 %
qQH34 1%
gH341B
qH34 1 %
qH34 1%
gH34 1%
KOL

84 95 102 113
SEDSAVYYCARYYDDHY. . ... .. CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGAGTTLTVSS
PEDTAVYYCARYYDDHY. . ... .. CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . .. ... CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . .. ... CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGAGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGAGTTLTVSS
PEDTAVYYCARYYDDHY. . .. ... CLDYWGQGTTLTVSS
PEDTAVYYCARYYDDHY. . .. ... CLDYWGAGTTLTVSS
PEDTAVYYCARYYDDHY. . ... .. CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGAGTTLTVSS
PEDTGVYFCARYYDDHY. . ... .. CLDYWGQGTTLTVSS

PEDTGVYFCARDGGHGF CSSASCFGPDYWGRGTPVTVSS

FIG. 5c¢

1145 of 1849

JAL178
JA183

JA198
JA207
JAL197
JA209
JA199
JA184

JA203
JAC03
JA183
JA204
JA206
JA208

5,859,205

SEQ ID NO:

30
12

13
14
13
16
17
18

19
20
2l
ce
e3
c4
10
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OKT3 LIGHT CHAIN CDR GRAFTING

1. gL22l ond derivatives

Okt3v
gLeel
gL22lA
gL221B
gLe21C
REI

Okt3v
gLe?l
gL221A
gLe2lB
gLeelc
RE]

Okt3vl
gL2el
gL221A
gLeelB
gL2elc
REI

1 24 34 42
QIVLTQSPAOMSASPGEKVTMTCSASS . SVSYMNWYQQKSGT
DIAMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
QIVMTQRSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
QIVMTQRSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
DIGMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
DIAMTQSPSSLSASVGDRVTITCQASADIIKYLNWYQQTPGK

43 20 26 85

SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT
APKLLIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKRWIYDTSKLASGVPSRF SGSGSGTDYTFTISSLQPEDIAT
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLAQPEDIAT

86 91 96 108
YYCQAQWSSNPFTFGSGTKLEINR (SEQ ID ND:29>
YYCQQWSSNPETFGQGTKLAITR (SEQ ID ND:23)
YYCQQWSSNPETFGAGTKLQAITR (SEQ ID ND:26)
YYCQQWSSNPETFGQRGTKLAITR (SEQ ID NO:27)
YYCQAWSSNPETFGQRGTKLQAITR (SEQ ID NDO:28)
YYCQAYQSLPYTEGQRGTKLQITR (SEQ ID ND:9)

CDR’'S ARE UNDERLINED

5,859,205

(SEQ ID NO:8)

FRAMEWORK RESIDUES INCLUDED IN THE GENE ARE DOUBLE UNDERLINED

FIG. 6

1146 of 1849
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OKT3 — GRAFTED HEAVY CHAINS
BINDING ASSAY
(Mean Channel — HPALL’s)

= 2007 Ag [S— 141 X 144 |A
2 ] <Co | —s+—221C X 185|B
E 150 —a— 221C X 199]|C
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S 100 - —+—221C X 205|E
= ] —o— 221C X 207|F
7 5p - —e— 221C X 208|6
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3 4
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—e— (208> 6,__,24,48,49,71,73,__.78,__.

—o— (204> 6,__,24,48,49,71,73,76,78, __, __,
—=— (199> 6,23,24,48,49, __,__

—_——

—_—— —— —_—— ==

—o— (207> 6,23,24,48,49,71, 73,__ 78,__,__,
—+— (185 6,23,24,48,49,71,73,76,78,88,91,
—— (209 6,83,84,48,49,__,__,__,78,__,__,
—— 141 X 144

FIG. 10a
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OKT3 — GRAFTED HEAVY CHAINS
BINDING ASSAY
(Mean Channel — HPALL’s)

g 200 —x— 141 X 144 |A
Z —a— 221C X 185]B
= 150 —=— 221C X 199|C
= N E —o— 221C X 204]|D
S 100 G —+— 221C X 205|(E
5 3 —o— 221C X 207|F
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L O IIIIllIITIIIIIlIIIIIIIII—l
0 50 100 150 200 250
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6, _ _,24,48,49,71,73,76,78, __,__,
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— [y ps——
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OKT3 — GRAFTED HEAVY CHAINS
BINDING ASSAY
(Mean Channel — HPALL’s)
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—o0—<203) 6,__,24,48,49,71,73,76,78,88,91,
—— (185> 6,23,24,48,49,71,73,76,78,88,91,
—=— (198> 6.23,24,48,49,71,73,76,78, __.__.

FIG. 11a
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FLUORESCENCE [INTENSITY

OKT3 — GRAFTED HEAVY CHAINS
BINDING ASSAY
(Mean Channel — HPALL’s)

175 —
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1
HUMANISED ANTIBODIES

This is a continuation of application Ser. No. 07/743,329,
filed Sep. 17, 1991, now abandoned.

FIELD OF THE INVENTION

The present invention relates to humanised antibody
molecules, to processes for their production using recombi-
nant DNA technology, and to their therapeutic uses.

The term “humanised antibody molecule” is used to
describe a molecule having an antigen binding site derived
from an immunoglobulin from a non-human species, and
remaining immunoglobulin-derived parts of the molecule
being derived from a human immunoglobulin. The antigen
binding site typically comprises complementarity determin-
ing regions (CDRS) which determine the binding specificity
of the antibody molecule and which are carried on appro-
priate framework regions in the variable domains. There are
3 CDRs (CDR1, CDR2 and CDR3) in each of the heavy and
light chain variable domains.

In the description, reference is made to a number of
publications by number. The publications are listed in
numerical order at the end of the description.

BACKGROUND OF THE INVENTION

Natural immunoglobulins have been known for many
years, as have the various fragments thereof, such as the Fab,
(Fab"), and Fc fragments, which can be derived by enzy-
matic cleavage. Natural immunoglobulins comprise a gen-
erally Y-shaped molecule having an antigen-binding site
towards the end of each upper arm. The remainder of the
structure, and particularly the stem of the Y, mediates the
effector functions associated with immunoglobulins.

Natural immunoglobulins have been used in assay, diag-
nosis and, to a more limited extent, therapy. However, such
uses, especially in therapy, were hindered until recently by
the polyclonal nature of natural immunoglobulins. A signifi-
cant step towards the realisation of the potential of immu-
noglobulins as therapeutic agents was the discovery of
procedures for the production of monoclonal antibodies
(MAbs) of defined specificity (1).

However, most MAbs are produced by hybridomas which
are fusions of rodent spleen cells with rodent myeloma cells.
They are therefore essentially rodent proteins. There are
very few reports of the production of human MAbs.

Since most available MAbs are of rodent origin, they are
naturally antigenic in humans and thus can give rise to an
undesirable immune response termed the HAMA (Human
Anti-Mouse Antibody) response. Therefore, the use of
rodent MAbs as therapeutic agents in humans is inherently
limited by the fact that the human subject will mount an
immunological response to the MAb and will either remove
it entirely or at least reduce its effectiveness. In practice,
MADbs of rodent origin may not be used in patients for more
than one or a few treatments as a HAMA response soon
develops rendering the MAb ineffective as well as giving
rise to undesirable reactions. For instance, OKT3 a mouse
IgG2a/k MAb which recognises an antigen in the T-cell
receptor-CD3 complex has been approved for use in many
countries throughout the world as an immunosuppressant in
the treatment of acute allograft rejection [ Chatenoud et al (2)
and Jeffers et al (3)]. However, in view of the rodent nature
of this and other such MAbs, a significant HAMA response
which may include a major anti-idiotype component, may
build up on use. Clearly, it would be highly desirable to
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diminish or abolish this undesirable HAMA response and
thus enlarge the areas of use of these very useful antibodies.

Proposals have therefore been made to render non-human
MADbs less antigenic in humans. Such techniques can be
generically termed “humanisation” techniques. These tech-
niques typically involve the use of recombinant DNA tech-
nology to manipulate DNA sequences encoding the polypep-
tide chains of the antibody molecule.

Early methods for humanising MAbs involved production
of chimeric antibodies in which an antigen binding site
comprising the complete variable domains of one antibody
is linked to constant domains derived from another antibody.
Methods for carrying out such chimerisation procedures are
described in EP0120694 (Celltech Limited), EP0125023
(Genentech Inc. and City of Hope), EP-A-0 171496 (Res.
Dev. Corp. Japan), EP-A-0 173 494 (Stanford University),
and WO 86/01533 (Celltech Limited). This latter Celltech
application (WO 86/01533) discloses a process for preparing
an antibody molecule having the variable domains from a
mouse MAb and the constant domains from a human
immunoglobulin. Such humanised chimeric antibodies,
however, still contain a significant proportion of non-human
amino acid sequence, i.e. the complete non-human variable
domains, and thus may still elicit some HAMA response,
particularly if administered over a prolonged period [Begent
et al (ref. 4)].

In an alternative approach, described in EP-A-0239400
(Winter), the complementarity determining regions (CDRs)
of a mouse MAb have been grafted onto the framework
regions of the variable domains of a human immunoglobulin
by site directed mutagenesis using long oligonucleotides.
The present invention relates to humanised antibody mol-
ecules prepared according to this alternative approach, i.e.
CDR-grafted humanised antibody molecules. Such CDR-
grafted humanised antibodies are much less likely to give
rise to a HAMA response than humanised chimeric antibod-
ies in view of the much lower proportion of non-human
amino acid sequence which they contain. The earliest work
on humanising MAbs by CDR-grafting was carried out on
MAbs recognising synthetic antigens, such as the NP or NIP
antigens. However, examples in which a mouse MAb rec-
ognising lysozyme and a rat MADb recognising an antigen on
human T-cells were humanised by CDR-grafting have been
described by Verhoeyen et al (5) and Riechmann et al (6)
respectively. The preparation of CDR-grafted antibody to
the antigen on human T cells is also described in WO
89/07452 (Medical Research Council).

In Riechmann et al/Medical Research Council it was
found that transfer of the CDR regions alone [as defined by
Kabat refs. (7) and (8)] was not sufficient to provide satis-
factory antigen binding activity in the CDR-grafted product.
Riechmann et al found that it was necessary to convert a
serine residue at position 27 of the human sequence to the
corresponding rat phenylalanine residue to obtain a CDR-
grafted product having improved antigen binding activity.
This residue at position 27 of the heavy chain is within the
structural loop adjacent to CDR1. A further construct which
additionally contained a human serine to rat tyrosine change
at position 30 of the heavy chain did not have a significantly
altered binding activity over the humanised antibody with
the serine to phenylalanine change at position 27 alone.
These results indicate that changes to residues of the human
sequence outside the CDR regions, in particular in the
structural loop adjacent to CDRI1, may be necessary to
obtain effective antigen binding activity for CDR-grafted
antibodies which recognise more complete antigens. Even
so the binding affinity of the best CDR-grafted antibodies
obtained was still significantly less than the original MAb.
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Very recently Queen et al (9) have described the prepa-
ration of a humanised antibody that binds to the interleukin
2 receptor, by combining the CDRs of a murine MAb
(anti-Tac) with human immunoglobulin framework and con-
stant regions. The human framework regions were chosen to
maximise homology with the anti-Tac MAb sequence. In
addition computer modelling was used to identify frame-
work amino acid residues which were likely to interact with
the CDRs or antigen, and mouse amino acids were used at
these positions in the humanised antibody.

In WO 90/07861 Queen et al propose four criteria for
designing humanised immunoglobulins. The first criterion is
to use as the human acceptor the framework from a particu-
lar human immunoglobulin that is unusually homologous to
the non-human donor immunoglobulin to be humanised, or
to use a consensus framework from many human antibodies.
The second criterion is to use the donor amino acid rather
than the acceptor if the human acceptor residue is unusual
and the donor residue is typical for human sequences at a
specific residue of the framework. The third criterion is to
use the donor framework amino acid residue rather than the
acceptor at positions immediately adjacent to the CDRs. The
fourth criterion is to use the donor amino acid residue at
framework positions at which the amino acid is predicted to
have a side chain atom within about 3 A of the CDRs in a
three-dimensional immunoglobulin model and to be capable
of interacting with the antigen or with the CDRs of the
humanised immunoglobulin. It is proposed that criteria two,
three or four may be applied in addition or alternatively to
criterion one, and may be applied singly or in any combi-
nation.

WO 90/07861 describes in detail the preparation of a
single CDR-grafted humanised antibody, a humanised anti-
body having specificity for the p55 Tac protein of the IL.-2
receptor. The combination of all four criteria, as above, were
employed in designing this humanised antibody, the variable
region frameworks of the human antibody Eu (7) being used
as acceptor. In the resultant humanised antibody the donor
CDRs were as defined by Kabat et al (7 and 8) and in
addition the mouse donor residues were used in place of the
human acceptor residues, at positions 27, 30, 48, 66, 67, 89,
91, 94, 103, 104, 105 and 107 in the heavy chain SEQ ID
NO:31 and at positions 48, 60 and 63 in the light chain, of
the variable region frameworks. The humanised anti-Tac
antibody obtained is reported to have an affinity for p55 of
3x10°M™, about one-third of that of the murine MAb.

We have further investigated the preparation of CDR-
grafted humanised antibody molecules and have identified a
hierarchy of positions within the framework of the variable
regions (i.e. outside both the Kabat CDRs and structural
loops of the variable regions) at which the amino acid
identities of the residues are important for obtaining CDR-
grafted products with satisfactory binding affinity. This has
enabled us to establish a protocol for obtaining satisfactory
CDR-grafted products which may be applied very widely
irrespective of the level of homology between the donor
immunoglobulin and acceptor framework. The set of resi-
dues which we have identified as being of critical impor-
tance does not: coincide with the residues identified by
Queen et al (9).

SUMMARY OF THE INVENTION

Accordingly, in a first aspect the invention provides a
CDR-grafted antibody heavy chain having a variable region
domain comprising acceptor framework and donor antigen
binding regions wherein the framework comprises donor
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residues at at least one of positions 6, 23 and/or 24, 48 and/or
49, 71 and/or 73, 75 and/or 76 and/or 78 and 88 and/or 91.

In preferred embodiments, the heavy chain framework
comprises donor residues at positions 23, 24, 49, 71, 73 and
78 or at positions 23, 24 and 49. The residues at positions 71,
73 and 78 of the heavy chain framework are preferably
either all acceptor or all donor residues.

In particularly preferred embodiments the heavy chain
framework additionally comprises donor residues at one,
some or all of positions 6, 37, 48 and 94. Also it is
particularly preferred that residues at positions of the heavy
chain framework which are commonly conserved across
species, i.e. positions 2, 4, 25, 36, 39, 47, 93, 103, 104, 106
and 107, if not conserved between donor and acceptor,
additionally comprise donor residues. Most preferably the
heavy chain framework additionally comprises donor resi-
dues at positions 2, 4, 6, 25, 36, 37, 39, 47, 48, 93, 94, 103,
104, 106 and 107.

In addition the heavy chain framework optionally com-
prises donor residues at one, some or all of positions:

1 and 3,

72 and 76,

69 (if 48 is different between donor and acceptor),

38 and 46 (if 48 is the donor residue),

80 and 20 (if 69 is the donor residue),

67,

82 and 18 (if 67 is the donor residue),

91,

88, and

any one or more of 9, 11, 41, 87, 108, 110 and 112.

In the first and other aspects of the present invention
reference is made to CDR-grafted antibody products com-
prising acceptor framework and donor antigen binding
regions. It will be appreciated that the invention is widely
applicable to the CDR-grafting of antibodies in general.
Thus, the donor and acceptor antibodies may be derived
from animals of the same species and even same antibody
class or sub-class. More usually, however, the donor and
acceptor antibodies are derived from animals of different
species. Typically the donor antibody is a non-human
antibody, such as a rodent MAb, and the acceptor antibody
is a human antibody.

In the first and other aspects of the present invention, the
donor antigen binding region typically comprises at least
one CDR from the donor antibody. Usually the donor
antigen binding region comprises at least two and preferably
all three CDRs of each of the heavy chain and/or light chain
variable regions. The CDRs may comprise the Kabat CDRs,
the structural loop CDRs or a composite of the Kabat and
structural loop CDRs and any combination of any of these.
Preferably, the antigen binding regions of the CDR-grafted
hearty chain variable domain comprise CDRs corresponding
to the Kabat CDRs at CDR2 (residues 50-65) and CDR3
(residues 95-100) and a composite of the Kabat and struc-
tural loop CDRs at CDR1 (residues 26-35).

The residue designations given above and elsewhere in
the present application are numbered according to the Kabat
numbering [refs. (7) and (8)]. Thus the residue designations
do not always correspond directly with the linear numbering
of the amino acid residues. The actual linear amino acid
sequence may contain fewer or additional amino acids than
in the strict Kabat numbering corresponding to a shortening
of, or insertion into, a structural component, whether frame-
work or CDR, of the basic variable domain structure. For
example, the heavy chain variable region of the anti-Tac
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antibody described by Queen et al (9) contains a single
amino acid insert (residue 52a) after residue 52 of CDR2 and
a three amino acid insert (residues 82a, 82b and 82c) after
framework residue 82, in the Kabat numbering. The correct
Kabat numbering of residues may be determined for a given
antibody by alignment at regions of homology of the
sequence of the antibody with a “standard” Kabat numbered
sequence.

The invention also provides in a second aspect a CDR-
grafted antibody light chain having a variable region domain
comprising acceptor framework and donor antigen binding
regions wherein the framework comprises donor residues at
at least one of positions 1 and/or 3 and 46 and/or 47.
Preferably the CDR grafted light chain of the second aspect
comprises donor residues at positions 46 and/or 47.

The invention also provides in a third aspect a CDR-
grafted antibody light chain having a variable region domain
comprising acceptor framework and donor antigen binding
regions wherein the framework comprises donor residues at
at least one of positions 46, 48, 58 and 71.

In a preferred embodiment of the third aspect, the frame-
work comprises donor residues at all of positions 46, 48, 58
and 71.

In particularly preferred embodiments of the second and
third aspects, the framework additionally comprises donor
residues at positions 36, 44, 47, 85 and 87. Similarly
positions of the light chain framework which are commonly
conserved across species, i.e. positions 2, 4, 6, 35, 49, 62,
64-69, 98, 99, 101 and 102, if not conserved between donor
and acceptor, additionally comprise donor residues. Most
preferably the light chain framework additionally comprises
donor residues at positions 2, 4, 6, 35, 36, 38, 44, 47, 49, 62,
64-69, 85, 87, 98, 99, 101 and 102.

In addition the framework of the second or third aspects
optionally comprises donor residues at one, some or all of
positions:

1 and 3,

60 (if 60 and 54 are able to form at potential saltbridge),

70 (if 70 and 24 are able to form a potential saltbridge),

73 and 21 (if 47 is different between donor and acceptor),

37 and 45 (if 47 is different between donor and acceptor),

and

any one or more of 10, 12, 40, 80, 103 and 105.

Preferably, the antigen binding regions; of the CDR-
grafted light chain variable domain comprise CDRs corre-
sponding to the Kabat CDRs at CDR1 (residue 24-34),
CDR2 (residues 50-56) and CDR3 (residues 89-97).

The invention further provides in a fourth aspect a CDR-
grafted antibody molecule comprising at least one CDR-
grafted heavy chain and at least one CDR-grafted light chain
according to the first and second or first and third aspects of
the invention.

The humanised antibody molecules and chains of the
present invention may comprise: a complete antibody
molecule, having full length heavy and light chains; a
fragment thereof, such as a Fab, (Fab'), or FV fragment; a
light chain or heavy chain monomer or dimer; or a single
chain antibody, e.g. a single chain FV in which heavy and
light chain variable regions are joined by a peptide linker; or
any other CDR-grafted molecule with the same specificity as
the original donor antibody. Similarly the CDR-grafted
heavy and light chain variable region may be combined with
other antibody domains as appropriate.

Also the heavy or light chains or humanised antibody
molecules of the present invention may have attached to
them an effector or reporter molecule. For instance, it may
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have a macrocycle, for chelating a heavy metal atom, or a
toxin, such as ricin, attached to it by a covalent bridging
structure. Alternatively, the procedures of recombinant DNA
technology may be used to produce an immunoglobulin
molecule in which the Fc fragment or CH3 domain of a
complete immunoglobulin molecule has been replaced by,
or has attached thereto by peptide linkage, a functional
non-immunoglobulin protein, such as an enzyme or toxin
molecule.

Any appropriate acceptor variable region framework
sequences may be used having regard to class/type of the
donor antibody from which the antigen binding regions are
derived. Preferably, the type of acceptor framework used is
of the same/similar class/type as the donor antibody.
Conveniently, the framework may be chosen to maximise/
optimise homology with the donor antibody sequence par-
ticularly at positions close or adjacent to the CDRs.
However, a high level of homology between donor and
acceptor sequences is not important for application of the
present invention. The present invention identifies a hierar-
chy of framework residue positions at which donor residues
may be important or desirable for obtaining a CDR-grafted
antibody product having satisfactory binding properties. The
CDR-grafted products usually have binding affinities of at
least 10° M™?, preferably at least about 10 M™2, or espe-
cially in the range 10%-10** M. In principle, the present
invention is applicable to any combination of donor and
acceptor antibodies irrespective of the level of homology
between their sequences. A protocol for applying the inven-
tion to any particular donor-acceptor antibody pair is given
hereinafter. Examples of human frameworks which may be
used are KOL, NEWM, REI, EU, LAY and POM (refs. 4 and
5) and the like; for instance KOL and NEWM for the heavy
chain and REI for the light chain and EU, LAY and POM for
both the heavy chain and the light chain.

Also the constant region domains of the products of the
invention may be selected having regard to the proposed
function of the antibody in particular the effector functions
which may be required. For example, the constant region
domains may be human IgA, IgE, IgG or IgM domains. In
particular, IgG human constant region domains may be used,
especially of the IgGI and IgG3 isotypes, when the huma-
nised antibody molecule is intended for therapeutic uses,
and antibody effector functions are required. Alternatively,
IgG2 and IgG4 isotypes may be used when the humanised
antibody molecule is intended for therapeutic purposes and
antibody effector functions are not required, e.g. for simple
blocking of lymphokine activity.

However, the remainder of the antibody molecules need
not comprise only protein sequences from immunoglobu-
lins. For instance, a gene may be constructed in which a
DNA sequence encoding part of a human immunoglobulin
chain is fused to a DNA sequence encoding the amino acid
sequence of a functional polypeptide such as an effector or
reporter molecule.

Preferably the CDR-grafted antibody heavy and light
chain and antibody molecule products are produced by
recombinant DNA technology.

Thus in further aspects the invention also includes DNA
sequences coding for the CDR-grafted heavy and light
chains, cloning and expression vectors containing the DNA
sequences, host cells transformed with the DNA sequences
and processes for producing the CDR-grafted chains and
antibody molecules comprising expressing the DNA
sequences in the transformed host cells.

The general methods by which the vectors may be
constructed, transfection methods and culture methods are
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well known per se and form no part of the invention. Such
methods are shown, for instance, in references 10 and 11.

The DNA sequences which encode the donor amino acid
sequence may be obtained by methods well known in the art.
For example the donor coding sequences may be obtained
by genomic cloning, or cDNA cloning from suitable hybri-
doma cell lines. Positive clones may be screened using
appropriate probes for the heavy and light chain genes in
question. Also PCR cloning may be used.

DNA coding for acceptor, e.g. human acceptor, sequences
may be obtained in any appropriate way. For example DNA
sequences coding for preferred human acceptor frameworks
such as KOL, REI, EU and NEWM, are widely available to
workers in the art.

The standard techniques of molecular biology may be
used to prepare DNA sequences coding for the CDR-grafted
products. Desired DNA sequences may be synthesised com-
pletely or in part using oligonucleotide synthesis techniques.
Site-directed mutagenesis and polymerase chain reaction
(PCR) techniques may be used as appropriate. For example
oligonucleotide directed synthesis as described by Jones et
al (ref. 20) may be used. Also oligonucleotide directed
mutagenesis of a pre-exising variable region as, for example,
described by Verhoeyen et al (ref. 5) or Riechmann et al (ref.
6) may be used. Also enzymatic filling in of gapped oligo-
nucleotides using T, DNA polymerase as, for example,
described by Queen et al (ref. 9) may be used.

Any suitable host cell/vector system may be used for
expression of the DNA sequences coding for the CDR-
grafted heavy and light chains. Bacterial e.g. F. coli, and
other microbial systems may be used, in particular for
expression of antibody fragments such as FAb and (Fab'),
fragments, and especially FV fragments; and single chain
antibody fragments e.g. single chain FVs. Eucaryotic e.g.
mammalian host cell expression systems may be used for
production of larger CDR-grafted antibody products, includ-
ing complete antibody molecules. Suitable mammalian host
cells include CHO cells and myeloma or hybridoma cell
lines.

Thus, in a further aspect the present invention provides a
process for producing a CDR-grafted antibody product
comprising:

(2) producing in an expression vector an operon having a
DNA sequence which encodes an antibody heavy chain
according to the first aspect of the invention;

and/or

(b) producing in an expression vector an operon having a
DNA sequence which encodes a complementary anti-
body light chain according to the second or third aspect
of the invention;

(c) transfecting a host cell with the or each vector; and

(d) culturing the transfected cell line to produce the
CDR-grafted antibody product.

The CDR-grafted product may comprise only heavy or light
chain derived polypeptide, in which case only a heavy chain
or light chain polypeptide coding sequence is used to
transfect the host cells.

For production of products comprising both heavy and
light chains, the cell line may be transfected with two
vectors, the first vector may contain an operon encoding a
light chain-derived polypeptide and the second vector con-
taining an operon encoding a heavy chain-derived polypep-
tide. Preferably, the vectors are identical, except in so far as
the coding sequences and selectable markers are concerned,
so as to ensure as far as possible that each polypeptide chain
is equally expressed. Alternatively, a single vector may be
used, the vector including the sequences encoding both light
chain- and heavy chain-derived polypeptides.
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The DNA in the coding sequences for the light and heavy
chains may comprise cDNA or genomic DNA or both.
However, it is preferred that the DNA sequence encoding the
heavy or light chain comprises at least partially, genomic
DNA, preferably a fusion of cDNA and genomic DNA.

The present invention is applicable to antibodies of any
appropriate specificity. Advantageously, however, the inven-
tion may be applied to the humanisation of non-human
antibodies which are used for in vivo therapy or diagnosis.
Thus the antibodies may be site-specific antibodies such as
tumour-specific or call surface-specific antibodies, suitable
for use in in vivo therapy or diagnosis, e.g. tumour imaging.
Examples of cell surface-specific antibodies are anti-T cell
antibodies, such as anti-CD3, and CD4 and adhesion
molecules, such as CR3, ICAM and ELAM. The antibodies
may have specificity for interleukins (including
lymphokines, growth factors and stimulating factors), hor-
mones and other biologically active compounds, and recep-
tors for any of these. For example, the antibodies may have
specificity for any of the following: Interferons o, §, I or &
IL1, 112, IL3, or IT 4, etc., TNF, GCSF, GMCSF, EPO, hGH,
or insulin, etc.

The the present invention also includes therapeutic and
diagnostic compositions comprising the CDR-grafted prod-
ucts of the invention and uses of such compositions in
therapy and diagnosis.

Accordingly in a further aspect the invention provides a
therapeutic or diagnostic composition comprising a CDR-
grafted antibody heavy or light chain or molecule according
to previous aspects of the invention in combination with a
pharmaceutically acceptable carrier, diluent or excipient.

Accordingly also the invention provides a method of
therapy or diagnosis comprising administering an effective
amount of a CDR-grafted antibody heavy or light chain or
molecule according to previous aspects of the invention to a
human or animal subject.

A preferred protocol for obtaining CDR-grafted antibody
heavy and light chains in accordance with the present
invention is set out below together with the rationale by
which we have derived this protocol. This protocol and
rationale are given without prejudice to the generality of the
invention as hereinbefore described and defined.

Protocol

It is first of all necessary to sequence the DNA coding for
the heavy and light chain variable regions of the donor
antibody, to determine their amino acid sequences. It is also
necessary to choose appropriate acceptor heavy and light
chain variable regions, of known amino acid sequence. The
CDR-grafted chain is then designed starting from the basis
of the acceptor sequence. It will be appreciated that in some
cases the donor and acceptor amino acid residues may be
identical at a particular position and thus no change of
acceptor framework residue is required.

1. As a first step donor residues are substituted for
acceptor residues in the CDRs. For this purpose the CDRs
are preferably defined as follows:

Heavy chain-CDR1: residues 26-35

-CDR2: residues 50-65
-CDR3: residues 95-102

Light chain-CDR1: residues 24-34

-CDR2: residues 50-56

-CDR3: residues 89-97

The positions at which donor residues are to be substi-
tuted for acceptor in the framework are then chosen as
follows, first of all with respect to the heavy chain and
subsequently with respect to the light chain.
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2. Heavy Chain

2.1 Choose donor residues at all of positions 23, 24, 49,
71, 73 and 78 of the heavy chain or all of positions 23, 24
and 49 (71, 73 and 78 are always either all donor or all
acceptor).

2.2 Check that the following have the same amino acid in
donor and acceptor sequences, and if not preferably choose
the donor: 2, 4, 6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104,
106 and 107.

2.3 To further optimise affinity consider choosing donor
residues at one, some or any of:

i1,3

ii. 72,76

iii. If 48 is different between donor and acceptor
sequences, consider 69

iv. If at 48 the donor residue is chosen, consider 38 and 46

v. If at 69 the donor residue is chosen, consider 80 and
then 20

vi. 67

vii. If at 67 the donor residue is chosen, consider 82 and
then 18
viii. 91
ix. 88
x. 9, 11, 41, 87, 108, 110, 112
3. Light Chain
3.1 Choose donor at 46, 48, 58 and 71
3.2 Check that the following have the same amino acid in
donor and acceptor sequences, if not preferably choose
donor:
2,4, 6,35, 38,44,47, 49, 62, 64—69 inclusive, 85, 87, 98,
99, 101 and 102
3.3 To further optimise affinity consider choosing donor
residues at one, some or any of:

i1,3

i. 63

iii. 60, if 60 and 54 are able to form potential saltbridge
iv. 70, if 70 and 24 are able to form potential saltbridge
v. 73, and 21 if 47 is different between donor and acceptor
vi. 37, and 45 if 47 is different between donor and

acceptor
vii. 10, 12, 40, 80, 103, 105

Rationale

In order to transfer the binding site of an antibody into a
different acceptor framework, a number of factors need to be
considered.

1. The extent of the CDRs

The CDRs (Complementary Determining Regions) were
defined by Wu and Kabat (refs,. 4 and 5) on the basis of an
analysis of the variability of different regions of antibody
variable regions. Three regions per domain were recognised.
In the light chain the sequences are 24-34, 50-56, 89-97
(numbering according to Kabat (ref. 4), Eu Index) inclusive
and in the heavy chain the sequences are 31-35, 50-65 and
95-102 inclusive.

When antibody structures became available it became
apparent that these CDR regions corresponded in the main
to loop regions which extended from the [3 barrel framework
of the light and heavy variable domains. For H1 there was
a discrepancy in that the loop was from 26 to 32 inclusive
and for H2 the loop was 52 to 56 and for L2 from 50 to 53.
However, with the exception of H1 the CDR regions encom-
passed the loop regions and extended into the [ strand
frameworks. In H1 residue 26 tends to be a serine and 27 a
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phenylalanine or tyrosine, residue 29 is a phenylalanine in
most cases. Residues 28 and 30 which are surface residues
exposed to solvent might be involved in antigen-binding. A
prudent definition of the H1 CDR therefore would include
residues 26-35 to include both the loop region and the
hypervariable residues 33-35.

It is of interest to note the example of Riechmann et al
(ref. 3), who used the residue 31-35 choice for CDR-H1. In
order to produce efficient antigen binding, residue 27 also
needed to be recruited from the donor (rat) antibody.

2. Non-CDR residues which contribute to antigen binding

By examination of available X-ray structures we have
identified a number of residues which may have an effect on
net antigen binding and which can be demonstrated by
experiment. These residues can be sub-divided into a num-
ber of groups.

2.1 Surface residues near CDR [all numbering as in Kabat
et al (ref. 7)].

2.1.1. Heavy Chain—Key residues are 23, 71 and 73.

Other residues which may contribute to a lesser extent are
1, 3 and 76. Finally 25 is usually conserved but the murine
residue should be used if there is a difference. 2.1.2 Light
Chain—Many residues close to the CDRs, e.g. 63, 65, 67
and 69 are conserved. If conserved none of the surface
residues in the light chain are likely to have a major effect.
However, if the murine residue at these positions is unusual,
then it would be of benefit to analyse the likely contribution
more closely. Other residues which may also contribute to
binding are 1 and 3, and also 60 and 70 if the residues at
these positions and at 54 and 24 respectively are potentially
able to form a salt bridge i.e. 60+54; 70+24.

2.2 Packing residues near the CDRs.

2.2.1. Heavy Chain—Key residues are 24, 49 and 78.
Other key residues would be 36 if not a tryptophan, 94 if not
an arginine, 104 and 106 if not glycines and 107 if not a
threonine. Residues which may make a further contribution
to stable packing of the heavy chain and hence improved
affinity are 2, 4, 6, 38, 46, 67 and 69. 67 packs against the
CDR residue 63 and this pair could be either both mouse or
both human. Finally, residues which contribute to packing in
this region but from a longer range are 18, 20, 80, 82 and 86.
82 packs against 67 and in turn 18 packs against 82. 80 packs
against 69 and in turn 20 packs against 80. 86 forms an H
bond network with 33 and 46. Many of the mouse-human
differences appear minor e.g. Leu-Ile, but could have an
minor impact on correct packing which could translate into
altered positioning of the CDRs.

2.2.2. Light Chain—Key residues are 48, 58 and 71. Other
key residues would be 6 if not glutamine, 35 if not
tryptophan, 62 if not phenylalanine or tryosine, 64, 66, 68,
99 and 101 if not glycines and 102 if not a threonine.
Residues which make a further contribution are 2, 4, 37, 45
and 47. Finally residues 73 and 21 and 19 may make long
distance packing contributions of a minor nature.

2.3. Residues at the variable domain interface between
heavy and light chains—In both the light and heavy chains
most of the non-CDR interface residues are conserved. If a
conserved residue is replaced by a residue of different
character, e.g. size or charge, it should be considered for
retention as the murine residue.

2.3.1. Heavy Chain—Residues which need to be consid-
ered are 37 if the residue is not a valine but is of larger side
chain volume or has a charge or polarity. Other residues are
39 if not a glutamine, 45 if not a leucine, 47 if not a
tryptophan, 91 if not a phenylalanine or tyrosine, 93 if not
an alanine and 103 if not a tryptophan. Residue 89 is also at
the interface but is not in a position where the side chain
could be of great impact.

2.3.2. Light Chain—Residues which need to be consid-
ered are 36, if not a tyrosine, 38 if not a glutamine, 44 if not
a proline, 46, 49 if not a tyrosine, residue 85, residue 87 if
not a tyrosine and 98 if not a phenylalanine.
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2.4. Variable-Constant region interface—The elbow angle
between variable and constant regions may be affected by
alterations in packing of key residues in the variable region
against the constant region which may affect the position of
V, and V,, with respect to one another. Therefore it is worth
noting the residues likely to be in contact with the constant
region. In the heavy chain the surface residues potentially in
contact with the variable region are conserved between
mouse and human antibodies therefore the variable region
contact residues may influence the V-C interaction. In the
light chain the amino acids found at a number of the constant
region contact points vary, and the V & C regions are not in
such close proximity as the heavy chain. Therefore the
influences of the light chain V-C interface may be minor.

2.4.1. Heavy Chain—Contact residues are 7, 11, 41, 87,
108, 110, 112.

2.4.2. Light Chain—In the light chain potentially contact-
ing residues are 10, 12, 40, 80, 83, 103 and 105.

The above analysis coupled with our considerable prac-
tical experimental experience in the CDR-grafting of a
number of different antibodies have lead us to the protocol
given above.

The present invention is now described, by way of
example only, with reference to the accompanying FIGS.
1-13.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1a and 15 show DNA and amino acid sequences of
the OKT3 light chain (SEQ ID NO:4 and 5);

FIGS. 2a and 26 shows DNA and amino acid sequences
of the OKT3 heavy chain;

FIG. 3 shows the alignment of the OKT3 light variable
region amino acid sequence with that of the light variable
region of the human antibody REI(SEQ ID NO:29, 8 and 9);

FIG. 4 shows the alignment of the OKT3 heavy variable
region amino acid sequence with that of the heavy variable
region of the human antibody KOL(SEQ ID NO:30 and 10);

FIGS. 5a—c show the heavy variable region amino acid
sequences of OKT3, KOL and various corresponding CDR
grafts(SEQ ID NO:30 and 10-24);

FIG. 6 shows the light variable region amino acid
sequences of OKT3, REI and various corresponding CDR
grafts(SEQ ID NO:29, 9 and 25);

FIG. 7 shows a graph of binding assay results for various
grafted OKT3 antibodies’

FIG. 8 shows a graph of blocking assay results for various
grafted OKT3 antibodies;

FIG. 9 shows a similar graph of blocking assay results;

FIGS. 10¢ and b show similar graphs for both binding
assay and blocking assay results;

FIGS. 11a and b show further similar graphs for both
binding assay and blocking assay results;

FIG. 12 shows a graph of competition assay results for a
minimally grafted OKT3 antibody compared with the OKT3
murine reference standard, and

FIG. 13 shows a similar graph of competition assay
results comparing a fully grafted OKT3 antibody with the
murine reference standard.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Example 1

CDR-grafting of OKT3
Material and Methods
1. Incoming Cells
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Hybridoma cells producing antibody OKT3 were pro-
vided by Ortho (seedlot 4882.1) and were grown up in
antibiotic free Dulbecco’s Modified Eagles Medium
(DMEM) supplemented with glutamine and 5% foetal calf
serum, and divided to provide both an overgrown superna-
tant for evaluation and cells for extraction of RNA. The
overgrown supernatant was shown to contain 250 ug/mL
murine IgG2a/kappa antibody. The supernatant was negative
for murine lambda light chain and IgG1, IgG2b, 1gG3, IgA
and IgM heavy chain. 20 mL of supernatant was assayed to
confirm that the antibody present was OKT3.

2. Molecular Biology Procedures

Basic molecular biology procedures were as described in
Maniatis et al (ref. 9) with, in some cases, minor modifica-
tions. DNA sequencing was performed as described in
Sanger et al (ref. 11) and the Amersham International Plc
sequencing handbook. Site directed mutagenesis was as
described in Kramer et al (ref. 12) and the Anglian Biotech-
nology Ltd. handbook. COS cell expression and metabolic
labelling studies were as described in Whittle et al (ref. 13)
3. Research Assays

3.1. Assembly Assays

Assembly assays were performed on supernatants from
transfected COS cells to determine the amount of intact IgG
present.

3.1.1. COS Cells Transfected With Mouse OKT3 Genes

The assembly assay for intact mouse IgG in COS cell
supernatants was an ELISA with the following format:

96 well microtitre plates were coated with F(ab"), goat
anti-mouse IgG Fc. The plates were washed in water
and samples added for 1 hour at room temperature. The
plates were washed and F(ab"), goat anti-mouse IgG
F(ab"), (HRPO conjugated) was then added. Substrate
was added to reveal the reaction. UPC10, a mouse
IgG2a myeloma, was used as a standard.

3.1.2. COS and CHO Cells Transfected With Chimeric or

CDR-grafted OKT3 Genes

The assembly assay for chimeric: or CDR-grafted anti-
body in COS cell supernatants was an ELISA with the
following format:

96 well microtitre plates were coated with F(ab'), goat
anti-human IgG Fc. The plates were washed and
samples added and incubated for 1 hour at room
temperature. The plates were washed and monoclonal
mouse anti-human kappa chain was added for 1 hour at
room temperature. The plates were washed and F(ab'),
goat anti-mouse IgG Fc (HRPO conjugated) was
added. Enzyme substrate was added to reveal the
reaction. Chimeric B72.3 (IgG4) (ref. 13) was used as
astandard. The use of a monoclonal anti-kappa chain in
this assay allows grafted antibodies to be read from the
chimeric standard.

3.2. Assay for Antigen Binding Activity

Material from COS cell supernatants was assayed for
OKT3 antigen binding activity onto CD3 positive cells in a
direct assay. The procedure was as follows:

HUT 78 cells (human T cell line, CD3 positive) were
maintained in culture. Monolayers of HUT 78 cells were
prepared onto 96 well ELISA plates using poly-L-lysine and
glutaraldehyde. Samples were added to the monolayers for
1 hour at room temperature.

The plates were washed gently using PBS. F(ab"), goat
anti-human IgG Fc (HRPO conjugated) or F(ab'), goat
anti-mouse IgG Fe (HRPO conjugated) was added as appro-
priate for humanised or mouse samples. Substrate was added
to reveal the reaction. The negative control for the cell-based
assay was chimeric B72.3. The positive control was mouse
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Orthomune OKT3 or chimeric OKT3, when available. This
cell-based assay was difficult to perform, and an alternative
assay was developed for CDR-grafted OKT3 which was
more sensitive and easier to carry out. In this system
CDR-grafted OKT3 produced by COS cells was tested for
its ability to bind to the CD3-positive HPB-ALL (human
peripheral blood acute lymphocytic leukemia) cell line. It
was also tested for its ability to block the binding of murine
OKT3 to these cells. Binding was measured by the following
procedure: HPB-ALL cells were harvested from tissue cul-
ture. Cells were incubated at 4° C. for 1 hour with various
dilutions of test antibody, positive control antibody, or
negative control antibody. The cells were washed once and
incubated at 4° C. for 1 hour with an FITC-labelled goat
anti-human IgG (Fe-specific, mouse absorbed). The cells
were washed twice and analysed by cytofluorography. Chi-
meric OKT3 was used as a positive control for direct
binding. Cells incubated with mock-transfected COS cell
supernatant, followed by the FITC-labelled goat anti-human
IgG, provided the negative control. To test the ability of
CDR-grafted OKT3 to block murine OKT3 binding, the
HPB-ALL cells were incubated at 4° C. for 1 hour with
various dilutions of test antibody or control antibody. A fixed
saturating amount of FITC OKT3 was added. The samples
were incubated for 1 hour at 4° C., washed twice and
analysed by cytofluorography.

FITC-labelled OKT3 was used as a positive control to
determine maximum binding. Unlabelled murine OKT3
served as a reference standard for blocking. Negative con-
trols were unstained cells with or without mock-transfected
cell supernatant. The ability of the CDR-grafted OKT3 light
chain to bind CD3-positive cells and block the binding of
murine OKT3 was initially tested in combination with the
chimeric OKT3 heavy chain. The chimeric OKT3 heavy
chain is composed of the murine OKT3 variable region and
the human IgG4 constant region. The chimeric heavy chain
gene is expressed in the same expression vector used for the
CDR-grafted genes. The CDR-grafted light chain expression
vector and the chimeric heavy chain expression vector were
co-transfected into COS cells. The fully chimeric OKT3
antibody (chimeric light chain and chimeric heavy chain)
was found to be fully capable of binding to CD3 positive
cells and blocking the binding of murine OKT3 to these
cells.

3.3 Determination of Relative Binding Affinity

The relative binding affinities of CDR-grafted anti-CD3
monoclonal antibodies were determined by competition
binding (ref. 6) using the HPB-ALL human T cell line as a
source of CD3 antigen, and fluorescein-conjugated murine
OKT3 (FI-OKT3) of known binding affinity as a tracer
antibody. The binding affinity of FI-OKT3 tracer antibody
was determined by a direct binding assay in which increas-
ing amounts of FI-OKT3 were incubated with HPB-ALL
(5x10%) in PBS with 5% foetal calf serum for 60 min. at 4°
C. Cells were washed, and the fluorescence intensity was
determined on a FACScan flow cytometer calibrated with
quantitative microbead standards (Flow Cytometry
Standards, Research Triangle Park, N.C.). Fluorescence
intensity per antibody molecule (F/P ratio) was determined
by using microbeads which have a predetermined number of
mouse IgG antibody binding sites (Simply Cellular beads,
Flow Cytometry Standards). F/P equals the fluorescence
intensity of beads saturated with FI-OK'T3 divided by the
number of binding sites per bead. The amount of bound and
free FI-OKT3 was calculated from the mean fluorescence
intensity per cell, and the ratio of bound/free was plotted
against the number of moles of antibody bound. A linear fit
was used to determine the affinity of binding (absolute value
of the slope).

1162 of 1849

10

15

20

25

35

40

45

50

55

60

65

14

For competitive binding, increasing amounts of competi-
tor antibody were added to a sub-saturating dose of
F1-OKT3 and incubated with 5x10° HPB-ALL in 200 ml of
PBS with 5% foetal calf serum, for 60 min at 4° C. The
fluorescence intensities of the cells were measured on a
FACScan flow cytometer calibrated with quantitative micro-
bead standards. The concentrations of bound and free
F1-OKT3 were calculated. The affinities of competing anti-
bodies were calculated from the equation [ X]-[OKT3]=(1/
Kx)-(1/Ka), where Ka is the affinity of murine OKT3, Kx is
the affinity of competitor X, [ ] is the concentration of
competitor antibody at which bound/free binding is R/2, and
R is the maximal bound/free binding.

4. cDNA Library Construction

4.1. mRNA Preparation and cDNA Synthesis

OKT3 producing cells were grown as described above
and 1.2x10° cells harvested and MRNA extracted using the
guanidinium/LiCl extraction procedure. cDNA was pre-
pared by priming from Oligo-dT to generate full length
cDNA. The cDNA was methylated and EcoR1 linkers added
for cloning.

4.2. Library Construction

The cDNA library was ligated to pSP65 vector DNA
which had been EcoR1 cut and the 5' phosphate groups
removed by calf intestinal phosphatase (EcoR1/CIP). The
ligation was used to transform high transformation effi-
ciency Escherichia coli (E.coli) HB101. A ¢cDNA library
was prepared. 3600 colonies were screened for the light
chain and 10000 colonies were screened for the heavy chain.
5. Screening

E.coli colonies positive for either heavy or light chain
probes were identified by oligonucleotide screening using
the oligonucleotides:

5' TCCAGATGTTAACTGCTCAC (SEQ ID NO:1) for

the light chain, which is complementary to a sequence
in the mouse kappa constant region, and 5'
CAGGGGCCAGTGGATGGATAGAC (SEQ ID NO:
2) for the heavy chain which is complementary to a
sequence in the mouse IgG2a constant CH1 domain
region. 12 light chain and 9 heavy chain clones were
identified and taken for second round screening. Posi-
tive clones from the second round of screening were
grown up and DNA prepared. The sizes of the gene
inserts were estimated by gel electrophoresis and
inserts of a size capable of containing a full length
cDNA were subcloned into M13 for DNA sequencing.
6. DNA Sequencing

Clones representing four size classes for both heavy and
light chains were obtained in M13. DNA sequence for the 5'
untranslated regions, signal sequences, variable regions and
3'untranslated regions of full length cDNAs [FIGS. 1(a) and
2(a)(SEQ ID NO:6)] were obtained and the corresponding
amino acid sequences predicted [(FIGS. 1(b) and 2(b)(SEQ
ID NO:7]. In FIG. 1(a) the untranslated DNA regions are
shown in uppercase, and in both FIGS. 1 (SEQ ID NO:4 and
5) and 2 (SEQ ID NO:6 and 7) the signal sequences are
underlined.

7. Construction of cDNA Expression Vectors

Celltech expression vectors are based on the plasmid
pEEGhCMYV (ref. 14). A polylinker for the insertion of genes
to be expressed has been introduced after the major imme-
diate early promoter/enhancer of the human Cytomegalovi-
rus (hCMV). Marker genes for selection of the plasmid in
transfected eukaryotic cells can be inserted as BamH1
cassettes in the unique BamH1 site of pEE6 hCMYV; for
instance, the neo marker to provide pEE6 hCMV neo. It is
usual practice to insert the neo and gpt markers prior to
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insertion of the gene of interest, whereas the GS marker is
inserted last because of the presence of internal EcoR1 sites
in the cassette.

The selectable markers are expressed from the SV40 late
promoter which also provides an origin of replication so that
the vectors can be used for expression in the COS cell
transient expression system.

The mouse sequences were excised from the M13 based
vectors described above as EcoR1 fragments and cloned into
either pEE6-hCM V-neo for the heavy chain and into EE6-
hCMV-gpt for the light chain to yield vectors pJA136 and
pJA135 respectively.

8. Expression of cDNAS in COS Cells

Plasmids pJA135 and pJA136 were co-transfected into
COS cells and supernatant from the transient expression
experiment was shown to contain assembled antibody which
bound to T-cell enriched lymphocytes. Metabolic labelling
experiments using >>S methionine showed expression and
assembly of heavy and light chains.

9. Construction of Chimeric Genes

Construction of chimeric genes followed a previously
described strategy [Whittle et al (ref. 13)]. A restriction site
near the 3' end of the variable domain sequence is identified
and used to attach an oligonucleotide adapter coding for the
remainder of the mouse variable region and a suitable
restriction site for attachment to the constant region of
choice.

9.1. Light Chain Gene Construction

The mouse light chain cDNA sequence contains an Aval
site near the 3' end of the variable region [FIG. 1(a)(SEQ ID
NO:4)]. The majority of the sequence of the variable region
was isolated as a 396 bp. EcoR1-Aval fragment. An oligo-
nucleotide adapter was designed to replace the remainder of
the 3' region of the variable region from the Aval site and to
include the 5' residues of the human constant region up to
and including a unique Narl site which had been previously
engineered into the constant region.

A Hind111 site was introduced to act as a marker for
insertion of the linker.

The linker was ligated to the V, fragment and the 413 bp
EcoR1-Narl adapted fragment was purified from the liga-
tion mixture.

The constant region was isolated as an Narl-BamH1
fragment from an M13 clone NW361 and was ligated with
the variable region DNA into an EcoR1/BamH1/C1P pSP65
treated vector in a three way reaction to yield plasmid
JA143. Clones were isolated after transformation into E.coli
and the linker and junction sequences were confirmed by the
presence of the Hind111 site and by DNA sequencing.

9.2 Light Chain Gene Construction— Version 2

The construction of the first chimeric light chain gene
produces a fusion of mouse and human amino acid
sequences at the variable-constant region junction. In the
case of the OKT3 light chain the amino acids at the chimera
Junction are:

...Leu—Glu—Ile—Asn—Arg / — /Thr—Val—Ala

VARIABLE CONSTANT

This arrangement of sequence introduces a potential site for
Asparagine (Asn) linked (N-linked) glycosylation at the V-C
junction. Therefore, a second version of the chimeric light
chain oligonucleotide adapter was designed in which the
threonine (Thr), the first amino acid of the human constant
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region, was replaced with the equivalent amino acid from
the mouse constant region, Alanine (Ala).

An internal Hind111 site was not included in this adapter,
to differentiate the two chimeric light chain genes.

The variable region fragment was isolated as a 376 bp
EcoR1-Aval fragment. The oligonucleotide linker was
ligated to Narl cut pNW361 and then the adapted 396bp
constant region was isolated after recutting the modified
pNW361 with EcoR1. The variable region fragment and the
modified constant region fragment were ligated directly into
EcoR1/C1P treated pEE6hCMVneo to yield pJA137. Ini-
tially all clones examined had the insert in the incorrect
orientation. Therefore, the insert was re-isolated and
recloned to turn the insert round and yield plasmid pJA141.
Several clones with the insert in the correct orientation were
obtained and the adapter sequence of one was confirmed by
DNA sequencing

9.3. Heavy Chain Gene Construction

9.3.1. Choice of Heavy Chain Gene Isotype

The constant region isotype chosen for the heavy chain
was human IgG4.

9.3.2. Gene Construction

The heavy chain cDNA sequence showed a Banl1 site near
the 3' end of the variable region [FIG. 2(a)(SEQ ID NO:6)].
The majority of the sequence of the variable region was
isolated as a 426bp. EcoR1/C1P/Banl fragment. An oligo-
nucleotide adapter was designated to replace the remainder
of the 3' region of the variable region from the Ban1 site up
to and including a unique HindIIl site which had been
previously engineered into the first two amino acids of the
constant region.

The linker was ligated to the V, fragment and the
EcoR1-Hind111 adapted fragment was purified from the
ligation mixture.

The variable region was ligated to the constant region by
cutting pJA91 with EcoR1 and Hind111 removing the intron
fragment and replacing it with the V, to yield pJA142.
Clones were isolated after transformation into E.coli IM101
and the linker and junction sequences were confirmed by
DNA sequencing. (N.B. The Hind111 site is lost on cloning).
10. Construction of Chimeric Expression Vectors

10.1. neo and gpt Vectors

The chimeric light chain (version 1) was removed from
pJA143 as an EcoR1 fragment and cloned into EcoR1/C1P
treated pEE6hCMVneo expression vector to yield pJA145.
Clones with the insert in the correct orientation were iden-
tified by restriction mapping.

The chimeric light chain (version 2) was constructed as
described above.

The chimeric heavy chain gene was isolated from pJA142
as a 2.5Kbp EcoR1/BamH1 fragment and cloned into the
EcoR1/Bcl1/C1P treated vector fragment of a derivative of
pEE6hCMVgpt to yield plasmid pJA144.

10.2. GS Separate Vectors

GS versions of pJA141 and pJA144 were constructed by

—Ala (SEQ ID NO: 3)

replacing the neo and gpt cassettes by a BamH1/Sa11/C1P
treatment of the plasmids, isolation of the vector fragment
and ligation to a GS-containing fragment from the plasmid
pRO49 to yield the light chain vector pJA179 and the heavy
chain vector pJA180.
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10.3. GS Single Vector Construction

Single vector constructions containing the cL. (chimeric
light), cH (chimeric heavy) and GS genes on one plasmid in
the order cL.-cH-GS, or cH-cL.-GS and with transcription of
the genes being head to tail e.g. cL>cH>GS were con-
structed. These plasmids were made by treating pJA179 or
pJA180 with BamH1/C1P and ligating in a Bgl11/Hind111
hCMV promoter cassette along with either the Hind111/
BamH1 fragment from pJA141 into pJA180 to give the
cH-cL-GS plasmid pJA182 or the Hind111/BamH1 frag-
ment from pJA144 into pJA179 to give the cL-cH-GS
plasmid pJA181.
11. Expression of Chimeric Genes

11.1. Expression in COS Cells

The chimeric antibody plasmid pJA145 (cL) and pJA144
(cH) were co-transfected into COS cells and supernatant
from the transient expression experiment was shown to
contain assembled antibody which bound to the HUT 78
human T-cell line. Metabolic labelling experiments using
33S methionine showed expression and assembly of heavy
and light chains. However the light chain mobility seen on
reduced gels suggested that the potential glycosylation site
was being glycosylated. Expression in COS cells in the
presence of tunicamycin showed a reduction in size of the
light chain to that shown for control chimeric antibodies and
the OKT3 mouse light chain. Therefore JA141 was con-
structed and expressed. In this case the light chain did not
show an aberrant mobility or a size shift in the presence or
absence of tunicamycin. This second version of the chimeric
light chain, when expressed in association with chimeric
heavy (cH) chain, produced antibody which showed good
binding to HUT 78 cells. In both cases antigen binding was
equivalent to that of the mouse antibody.
11.2 Expression in Chinese Hamster Ovary (CHO) Cells
Stable cell lines have been prepared from plasmids
PJA141/pJA144 and from pJA179/pJA180, pJA181 and
pJA182 by transfection into CHO cells.
12. CDR-grafting

The approach taken was to try to introduce sufficient
mouse residues into a human variable region framework to
generate antigen binding activity comparable to the mouse
and chimeric antibodies.

12.1. Variable Region Analysis

From an examination of a small database of structures of

antibodies and antigen-antibody complexes it is clear that
only a small number of antibody residues make direct
contact with antigen. Other residues may contribute to
antigen binding by positioning the contact residues in
favourable configurations and also by inducing a stable
packing of the individual variable domains and stable inter-
action of the light and heavy chain variable domains. The
residues chosen for transfer can be identified in a number of
ways:

(2) By examination of antibody X-ray crystal structures
the antigen binding surface can be predominantly
located on a series of loops, three per domain, which
extend from the B-barrel framework.

(b) By analysis of antibody variable domain sequences
regions of hypervariability [termed the Complementa-
rity Determining Regions (CDRs) by Wu and Kabat
(ref. 5)]can be identified. In the most but not all cases
these CDRs correspond to, but extend a short way
beyond, the loop regions noted above.

(c) Residues not identified by (a) and (b) may contribute
to antigen binding directly or indirectly by affecting
antigen binding site topology, or by inducing a stable
packing of the individual variable domains and stabi-
lising the inter-variable domain interaction. These resi-
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dues may be identified either by superimposing the
sequences for a given antibody on a known structure
and looking at key residues for their contribution, or by
sequence alignment analysis and noting “idiosyncratic”
residues followed by examination of their structural
location and likely effects.
12.1.1. Light Chain
FIG. 3 (SEQ ID NO:29, 8 and 9) shows an alignment of
sequences for the human framework region RE1 (SEQ ID
NO:8and 9) and the OKT3 light variable region (SEQ ID
NO:29). The structural loops (LOOP) and CDRs (KABAT)
believed to correspond to the antigen binding region are
marked. Also marked are a number of other residues which
may also contribute to antigen binding as described in
13.1(c). Above the sequence in FIG. 3 (SEQ ID NO:29, 8
and 9) the residue type indicates the spatial location of each
residue side chain, derived by examination of resolved
structures from X-ray crystallography analysis. The key to
this residue type designation is as follows:

N — near to CDR (From X-ray Structures)
P — Packing B — Buried Non-Packing
S — Surface E — Exposed
I — Interface * — Interface
— Packing/Part Exposed
7 — Non-CDR Residues which may reguire to be left
as Mouse sequence.

Residues underlined in FIG. 3 are amino acids. RE1 (SEQ
ID NO:8 and 9) was chosen as the human framework
because the light chain is a kappa chain and the kappa
variable regions show higher homology with the mouse
sequences than a lambda light variable region, e.g. KOL
(SEQ ID NO:10)(see below). RE1 (SEQ ID NO:8 and 9)
was chosen in preference to another kappa light chain
because the X-ray structure of the light chain has been
determined so that a structural examination of individual
residues could be made.

12.1.2. Heavy Chain

Similarly FIG. 4 shows an alignment of sequences for the
human framework region KOL (SEQ ID NO:10) and the
OKT3 (SEQ ID NO:30) heavy variable region. The struc-
tural loops and CDRs believed to correspond to the antigen
binding region are marked. Also marked are a number of
other residues which may also contribute to antigen binding
as described in 12.1(c). The residue type key and other
indicators used in FIG. 4 are the same as those used in FIG.
3. KOL (SEQ ID NO:10) was chosen as the heavy chain
framework because the X-ray structure has been determined
to a better resolution than, for example, NEWM and also the
sequence alignment of OKT3 heavy variable region (SEQ
ID NO:7) showed a slightly better homology to KOL (SEQ
ID NO:10) than to NEWM.

12.2. Design of Variable Genes

The variable region domains were designed with mouse
variable region optimal codon usage [Grantham and Perrin
(ref. 15)] and used the B72.3 signal sequences [Whittle et al
(ref. 13)]. The sequences were designed to be attached to the
constant region in the same way as for the chimeric genes
described above. Some constructs contained the “Kozak
consensus sequence” [Kozak (ref. 16)] directly linked to the
5' of the signal sequence in the gene. This sequence motif is
believed to have a beneficial role in translation initiation in
eukaryotes.

12.3. Gene Construction

To build the variable regions, various strategies are avail-
able. The sequence may be assembled by using oligonucle-
otides in a manner similar to Jones et al (ref. 17) or by
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simultaneously replacing all of the CDRs or loop regions by
oligonucleotide directed site specific mutagenesis in a man-
ner similar to Verhoeyen et al (ref. 2). Both strategies were
used and a list of constructions is set out in Tables 1 and 2
and FIGS. 4 and Sa—c. It was noted in several cases that the
mutagenesis approach led to deletions and rearrangements in
the gene being remodelled, while the success of the assem-
bly approach was very sensitive to the quality of the oligo-
nucleotides.
13. Construction of Expression Vectors

Genes were isolated from M13 or SP65 based interme-
diate vectors and cloned into pEE6hCMVneo for the light
chains and pEE6hCMVgpt for the heavy chains in a manner
similar to that for the chimeric genes as described above.

TABLE 1

10

20

sion levels were raised from approximately 200 ng/ml to
approximately 500 ng/ml for kgl./cH or kgl./mH combina-
tions.

When direct binding to antigen on HUT 78 cells was
measured, a construct designed to include mouse sequence
based on loop length (gL.121) did not lead to active antibody
in association with mH or c¢cH. A construct designed to
include mouse sequence based on Kabat CDRs (gl.221)
(SEQ ID NO:25) demonstrated some weak binding in asso-
ciation with mH or cH. However, when framework residues
1, 3, 46, 47 were changed from the human to the murine
OKT3 equivalents based on the arguments outlined in Sec-
tion 12.1 antigen binding was demonstrated when both of
the new constructs, which were termed 121A and 221A were

CDR-GRAFTED GENE CONSTRUCTS

KOZAK
MOUSE SEQUENCE METHOD OF SEQUENCE
CODE CONTENT CONSTRUCTION - +
LIGHT CHAIN  ALL HUMAN FRAMEWORK RE1
121 26-32, 50-56, 91-96 inclusive SDM and gene + n.d
assembly
121A 26-32, 50-56, 91-96 inclusive Partial gene assembly n.d. +
+1, 3, 46, 47
121B 26-32, 50-56, 91-96 inclusive Partial gene assembly n.d. +
+46, 47
221 24-24, 50-56, 91-96 inclusive Partial gene assembly + +
221A 24-34, 50-56, 91-96 inclusive Partial gene assembly + +
+1, 3, 46, 47
221B 24-34, 50-56, 91-96 inclusive Partial gene assembly + +
+1, 3
221C 24-34, 50-56, 91-96 inclusive Partial gene assembly + +
HEAVY CHAIN ALL HUMAN FREMEWORK KOL
121 26-32, 50-56, 95-100B inclusive =~ Gene assembly nd. +
131 26-32, 50-58, 95-100B inclusive Gene assembly nd. +
141 26-32, 50-65, 95-100B inclusive  Partial gene assembly + n.d
321 26-35, 50-56, 95-100B inclusive  Partial gene assembly + n.d
331 26-35, 50-58, 95-100B inclusive  Partial gene assembly +
Gene assembly +
341 26-35, 50-65, 95-100B inclusive = SDM +
Partial gene assembly +
341A 26-35, 50-65, 95-100B inclusive =~ Gene assembly nd. +
+6, 23, 24, 48, 49, 71, 73, 76,
78, 88, 91 (+63 = human)
(SEQ ID NO: 28)
34B 26-35, 50-65, 95-100B inclusive =~ Gene assembly nd. +
+48, 49, 71, 73, 76, 78, 88, 91
(+63 + human)
KEY

n.d. not done

SDM Site directed mutagenesis
Gene assembly Variable region assembled entirely from oligonucleotides
Partial gene assembly Variable region assembled by combination of restriction fragments either
from other genes originally created by SDM and gene assembly or by oligonucleotide assembly
of part of the variable region and reconstruction with restriction fragments from other genes
originally created by SDM and gene assembly

14. Expression of CDR-grafted Genes

14.1. Production of Antibody Consisting of Grafted Light

(gl) Chains With Mouse Heavy (mH) or Chimeric Heavy

(cH) Chains

60

All gL chains, in association with mH or cH produced

reasonable amounts of antibody. Insertion of the Kozak
consensus sequence at a position 5' to the ATG (kgL
constructs) however, led to a 2-5 fold improvement in net
expression. Over an extended series of experiments expres-
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co-expressed with cH. When the effects of these residues
were examined in more detail, it appears that residues 1 and
3 are not major contributing residues as the product of the
gl.221B gene (SEQ ID NO:27) shows little detectable
binding activity in association with cH. The light chain
product of gL.221C(SEQ ID NO:28), in which mouse
sequences are present at 46 and 47, shows good binding
activity in association with cH.

14.2 Production of Antibody Consisting of Grafted Heavy
(gH) Chains With Mouse Light (mL) or Chimeric Light (cL)
Chains
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Expression of the gH genes proved to be more difficult to
achieve than for gl.. First, inclusion of the Kozak sequence
appeared to have no marked effect on expression of gH
genes. Expression appears to be slightly improved but not to
the same degree as seen for the grafted light chain.

Also, it proved difficult to demonstrate production of
expected quantities of material when the loop choice (amino
acid 26-32) for CDR1 is used, e.g. gH121, 131, 141 and no
conclusions can be drawn about these constructs.

Moreover, co-expression of the gH341 gene (SEQ ID
NO:11) with cL or mL has been variable and has tended to
produce lower amounts of antibody than the cH/cL. or
mH/mL combinations. The alterations to gH341 (SEQ ID
NO:11) to produce gH341(SEQ ID NO:12) and gH341B
(SEQ ID NO:21) lead to improved levels of expression.

This may be due either to a general increase in the fraction
of mouse sequence in the variable region, or to the alteration
at position 63 where the residue is returned to the human
amino acid Valine (Val) from Phenylalanine (Phe) to avoid
possible internal packing problems with the rest of the
human framework. This arrangement also occurs in gH331
and gH321.

When gH321 or gH331 were expressed in association
with cL, antibody was produced but antibody binding activ-
ity was not detected.

When the more conservative gH341 gene (SEQ ID
NO:11) was used antigen binding could be detected in
association with cL. or mL, but the activity was only mar-
ginally above the background level.

When further mouse residues were substituted based on
the arguments in 12.1, antigen binding could be clearly
demonstrated for the antibody produced when kgH341A and
kgH341B were expressed in association with cL.

14.3 Production of Fully CDR-grafted Antibody

The kgl221A gene was co-expressed with kgH341,
kgH341A or kgH341B. For the combination kgH221A/
kgH341 very little material was produced in a normal COS
cell expression.

For the combinations kgl.221A/kgH341A or kgH221A/
kgH341B amounts of antibody similar to gl./cH was pro-
duced.

In several experiments no antigen binding activity could
be detected with kgH221A/gH341 or kgH221A/kgH341
combinations, although expression levels were very low.

Antigen binding was detected when kgl 221A/kgH341A
or kgH221A/kgH341B combinations were expressed. In the
case of the antibody produced from the kgl.221A/kgH341A
combination the antigen binding was very similar to that of
the chimeric antibody.

An analysis of the above results is given below.

15. Discussion of CDR-grafting Results

In the design of the fully humanised antibody the aim was
to transfer the minimum number of mouse amino acids that
would confer antigen binding onto a human antibody frame-
work.

15.1. Light Chian

15.1.1. Extent of the CDRs

For the light chain the regions defining the loops known
from structural studies of other antibodies to contain the
antigen contacting residues, and those hypervariable
sequences defined by Kabat et al (refs. 4 and 5) as Comple-
mentarity Determining Regions (CDRs) are equivalent for
CDR2. For CDRI the hypervariable region extends from
residues 24-34 inclusive while the structural loop extends
from 26-32 inclusive. In the case of OKT3 (SEQ ID NO:5)
there is only one amino acid difference between the two
options, at amino acid 24, where the mouse sequence is a
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serine and the human framework RE1 has glutamine. For
CDR3 the loop extends from residues 91-96 inclusive while
the Kabat hypervariability extends from residues 89-97
inclusive. For OKT3 amino acids 89, 90 and 97 are the same
between OKT3 and RE1 (FIG. 3)(SEQ ID NO:29, 8 and 9).
When constructs based on the loop choice for CDR1
(gL121) and the Kabat choice (gL221) were made and
co-expressed with mH or cH no evidence for antigen bind-
ing activity could be found for gl.121, but trace activity
could be detected for the gl.221, suggesting that a single
extra mouse residue in the grafted variable region could
have some detectable effect. Both gene constructs were
reasonably well expressed in the transient expression sys-
tem.

15.1.2. Framework Resides

The remaining framework residues were then further
examined, in particular amino acids known from X-ray
analysis of other antibodies to be close to the CDRs and also
those amino acids which in OKT3 showed differences from
the consensus framework for the mouse subgroup (subgroup
VI) to which OKT3 shows most homology. Four positions
1, 3, 46 and 47 were identified and their possible contribu-
tion was examined by substituting the mouse amino acid for
the human amino acid at each position. Therefore gl.221A
(gL221+D1Q, Q3V, L46R, L47W, see FIG. 3 and Table 1)
was made, cloned in EE6hCMVneo and co-expressed with
cH (pJA144). The resultant antibody was well expressed and
showed good binding activity. When the related genes
gl.221B (SEQ ID NO:28)(gl.221+D1Q, Q3V) and gl.221C
(gL221+L46R, L47W) were made and similarly tested,
while both genes produced antibody when co-expressed
with cH, only the gl.221C/cH combination showed good
antigen binding. When the gL.121A (gL124+D1Q, Q3V,
L46R, L47W) gene was made and co-expressed with cH,
antibody was produced which also bound to antigen.

15.2. Heavy Chain

15.2.1. Extent of the CDRs

For the heavy chain the loop and hypervariability analyses
agree only in CDR3. For CDR1 the loop region extends
from residues 26-32 inclusive whereas the Kabat CDR
extends from residues 31-35 inclusive. For CDR2 the loop
region is from 50-58 inclusive while the hypervariable
region covers amino acids 50-65 inclusive. Therefore huma-
nised heavy chains were constructed using the framework
from antibody KOL and with various combinations of these
CDR choices, including a shorter choice for CDR2 of 50-56
inclusive as there was some uncertainty as to the definition
of the end point for the CDR2 loop around residues 56 to 58.
The genes were co-expressed with mL or cL initially. In the
case of the gH genes with loop choices for CDR1 e.g.
gH121, gH131, gH141 very little antibody was produced in
the culture supernatants. As no free light chain was detected
it was presumed that the antibody was being made and
assembled inside the cell but that the heavy chain was
aberrant in some way, possibly incorrectly folded, and
therefore the antibody was being degraded internally. In
some experiments trace amounts of antibody could be
detected in *°S labelling studies.

As no net antibody was produced, analysis of these
constructs was not pursued further.

When, however, a combination of the loop choice and the
Kabat choice for CDR1 was tested (mouse amino acids
26-35 inclusive) and in which residues 31 (Ser to Arg), 33
(Ala to Thr), and 35 (Tyr to His) were changed from the
human residues to the mouse residue and compared to the
first series, antibody was produced for gH321, kgH331 and
kgH341 when co-expressed with cL.. Expression was gen-
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erally low and could not be markedly improved by the
insertion of the Kozak consensus sequence 5' to the ATG of
the signal sequence of the gene, as distinct from the case of
the gl. genes where such insertion led to a 2-5 fold increase
in net antibody production. However, only in the case of
gH341/mL or kgH341/cl. could marginal antigen binding
activity be demonstrated. When the kgH341 gene was
co-expressed with kgl.221A(SEQ ID NO:26), the net yield
of antibody was too low to give a signal above the back-
ground level in the antigen binding assay.

15.2.2. Framework Residues

As in the case of the light chain the heavy chain frame-
works were re-examined. Possibly because of the lower
initial homology between the mouse and human heavy
variable domains compared to the light chains, more amino
acid positions proved to be of interest. Two genes kgH341A
and kgH341B were constructed, with 11 or 8 human residues
respectively substituted by mouse residues compared to
gH341, and with the CDR2 residue 63 returned to the human
amino acid potentially to improve domain packing. Both
showed antigen binding when combined with cL or
kgl 221A, the kgH341A gene with all 11 changes appearing
to be the superior choice.

15.3 Interim Conclusions

It has been demonstrated, therefore, for OKT3 that to
transfer antigen binding ability to the humanised antibody,
mouse residues outside the CDR regions defined by the
Kabat hypervariability or structural loop choices are
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required for both the light and heavy chains. Fewer extra
residues are needed for the light chain, possibly due to the
higher initial homology between the mouse and human
kappa variable regions.

Of the changes seven (1 and 3 from the light chain and 6,
23,71, 73 and 76 from the heavy chain) are predicted from
a knowledge of other antibody structures to be either partly
exposed or on the antibody surface. It has been shown here
that residues 1 and 3 in the light chain are not absolutely
required to be the mouse sequence; and for the heavy chain
the gH341B heavy chain in combination with the 221A light
chain generated only weak binding activity. Therefore the
presence of the 6, 23 and 24 changes are important to
maintain a binding affinity similar to that of the murine
antibody. It was important, therefore, to further study the
individual contribution of othe other 8 mouse residues of the
kgH341A gene compared to kgH341.

16. Further CDR-grafting Experiments

Additional CDR-grafted heavy chain genes were prepared
substantially as described above. With reference to Table 2
the further heavy chain genes were based upon the gh341
(plasmid pJA178) and gH341A (plasmid pJA185)SEQ ID
NO:12) with either mouse OKT3 or human KOL residues at
6, 23, 24, 48, 49, 63, 71, 73,76, 78, 88 and 91, as indicated.
The CDR-grafted light chain genes used in these further
experiments were gl.221 (SEQ ID NO:25), gl.221A(SEQ
ID NO:26), gL 221B (SEQ ID NO:27) and gl 221C (SEQ ID
NO:28) as described above.

TABLE 2

OKT3 HEAVY CHAIN CDR GRAFTS

1. gH341 and derivatives

RES NUM 6 23 24 48 49 63 71 73 76 78 88 91
OKT3vh Q K A I G F T K S A A Y

gH341 E S S V A F R NN L G F JA178
gH341A Q KA I GV T K S A A Y  JA185
gH341E Q KA I GV T K S A G G  JA198
gH341* Q KA I GV T KN A G F JA207
gH341* Q KA I GV R NN A G F JA209
gH341D Q KA I GV T KN L G F JA197
gH341* Q KA I GV RNN L GF JA199
gH341C Q KA V A F R NN L G F JA184
gH341+ Qs A I GV T K S A A Y  JA203
gH341* E S A I GV T K S A A Y  JA205
gH341B E S S G V T K S A A Y  JA183
gH341* Qs A I GV T K S A G F JA204
gH341* E S A I GV T K S A G F JA206
gH341* Q s A I GV T KN A G F JA208
KOL E S S vV A R NN L G F

(SEQ ID NO:30, 10 AND 11-24)
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OKT3 LIGHT CHAIN CDR GRAFTS

2. gl.221 and derivatives

RESNUM 1 3 46 47
OKT3v1 Q VR W
Gl221 D Q L L DA221
gl 221A Q V R W DA2IA
gl 221B Q V L L DA2IB
GL221C D Q R W DA2IC
RE1 D Q L L
(SEQ ID NO:29, 8, 9 and 25-28)

MURINE RESIDUES ARE UNDERLINED

The CDR-grafted heavy and light chain genes were
co-expressed in COS cells either with one another in various
combinations but also with the corresponding murine and
chimeric heavy and light chain genes substantially as
described above. The resultant antibody products were then
assayed in binding and blocking assays with HPB-ALL cells
as described above.

The results of the assays for various grafted heavy chains
co-expressed with the gI.221C light chain (SEQ ID NO:28)
are given in FIGS. 7 and 8 (for the JA184, JA185, JA197 and
JA198 constructs—see Table 2), in FIG. 9 (for the JA183,
JA184, JA185 and JA197 constructs) in FIG. 104 and b (for
the chimeric, JA185, JA199, JA204, JA205, JA207, JA208
and JA209 constructs) and in FIG. 11 and b (for the JA183,
JA184, JA185, JA198, JA203, JA205 and JA206
constructs).

The basic grafted product without any human to murine
changes in the variable frameworks, i.e. gl.221 (SEQ ID
NO:25) co-expressed with gh341 (JA178)(SEQ ID NO:11),
and also the “fully grafted” product, having most human to
murine changes in the grafted heavy chain framework, i.e.
gl.221C (SEQ ID NO:28) co-expressed with gh341A
(JA185)(SEQ ID NO:12), were assayed for relative binding
affinity in a competition assay against murine OKT?3 refer-
ence standard, using HPB-ALL cells. The assay used was as
described above in section 3.3. The results obtained are
given in FIG. 12 for the basic grafted product and in FIG. 13
for the fully grafted product. These results indicate that the
basic grafted product has neglibible binding ability als
compared with the OKT3 murine reference standard;
whereas the “fully grafted” product has a binding ability
very similar to that of the OKT3 murine reference standard.

The binding and blocking assay results indicate the fol-
lowing:

The JA198 and JA207 constructs appear to have the best
binding characteristics and similar binding abilities,
both substantially the same as the chimeric and fully
grafted gH341A products. This indicates that positions
88 and 91 and position 76 are not highly critical for
maintaining the OKT3 binding ability; whereas at least
some of positions 6, 23, 24, 48, 49, 71, 73 and 78 are
more important.

This is borne out by the finding that the JA209 and JA199,
although of similar binding ability to one another, are of
lower binding ability than the JA198 and JA207 constructs.
This indicates the importance of having mouse residues at
positions 71, 73 and 78, which are either completely or
partially human in the JA199 and JA209 constructs respec-
tively.
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Moreover, on comparing the results obtained for the
JA205 and JA183 constructs it is seen that there is a decrease
in binding going from the JA205 to the JA183 constructs.
This indicates the importance of retaining a mouse residue
at position 23, the only position changed between JA205 and
JA183.

These and other results lead us to the conclusion that of
the 11 mouse framework residues used in the gH341A
(JA185) construct, it is important to retain mouse residues at
all of positions 6, 23, 24, 48 and 49, and possibly for
maximum binding affinity at 71, 73 and 78.

Similar Experiments were carried out to CDR-graft a
number of the rodent antibodies including antibodies having
specificity for CD4 (OKT4), ICAM-1 (R6-5), TAG72
(B72.3), and TNFo(61E71, 101.4, h'TNF1, hTNF2 and
hTNEF3).

Example 2

CDR-grafting of a Murine Anti-CD4 T Cell
Receptor Antibody, OKT4A

Anti OKT4A CDR-grafted heavy and light chain genes
were prepared, expressed and tested substantially as
described above in Example 1 for CDR-grafted OKT3. The
CDR grafting of OKT4A is described in detail in Ortho
patent application PCT/GB 90 . . . of even date herewith
entitled “Humanised Antibodies”. The disclosure of this
Ortho patent application PCT/GB 90 . . . is incorporated
herein by reference. A number of CDR-grafted OKT4 anti-
bodies have been prepared. Presently the CDR-grafted
OKT4A of choice is the combination of the grafted light
chain LCDR2 and the grafted heavy chain HCDR10.

The Light Chain

The human acceptor framework used for the grafted light
chains was RE1 (SEQ ID NO:8 and 9) The preferred
LCDR?2 light chain has human to mouse changes at positions
33, 34, 38, 49 and 89 in addition to the structural loop CDRs.
Of these changed positions, positions 33, 34 and 89 fall
within the preferred extended CDRs of the present invention
(positions 33 and 34 in CDR1 and position 89 in CDR3).
The human to murine changes at positions 38 and 49
corresponds to positions at which the amino acid residues
are preferably donor murine amino acid residues in accor-
dance with the present invention.

A comparison of the amino acid sequences of the donor
murine light chain variable domain and the RE1 human
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acceptor light chain variable further reveals that the murine
and human residues are identical at all of positions 46, 48
and 71 and at all of positions 2, 4, 6, 35, 36, 44, 47, 62,
64-69, 85, 87, 98, 99 and 101 and 102. However the amino
acid residue at position 58 in LCDR2 is the human RE1
framework residue not the mouse OKT4 residue as would be
preferred in accordance with the present invention.

The Heavy Chain

The human acceptor framework used for the grafted
heavy chains was KOL(SEQ ID NO:10).

The preferred CDR graft HCDR10 heavy chain has
human to mouse changes at positions 24, 35, 57, 58, 60, 88
and 91 in addition to the structural loop CDRs.

Of these positions, positions 35 (CDR1) and positions 57,
58 and 60 (CDR?2) fall within the preferred extended CDRs
of the present invention. Also the human to mouse change at
position 24 corresponds to a position at which the amino
acid residue is a donor murine residue in accordance with the
present invention. Moreover, the human to mouse changes at
positions 88 and 91 correspond to positions at which the
amino acid residues are optionally donor murine residues.

Moreover, a comparison of the murine OKT4A and
human KOL heavy chain variable amino acid sequences
reveals that the murine and human residues are identical at
all of positions 23, 49, 71, 73 and 78 and at all of positions
2,4,6,25,36,37,39,47, 48, 93, 94, 103, 104, 106 and 107.

Thus the OKT4A CDR-grafted heavy chain HCDR10
corresponds to a particularly preferred embodiment accord-
ing to the present invention.

Example 3

CDR-grafting of an Anti-mucin Specific Murine
Antibody, B72.3

The cloning of the genes coding for the anti-mucin
specific murine monoclonal antibody B72.3 and the prepa-
ration of B72.3 mouse-human chimeric antibodies has been
described previously (ref. 13 and WO 89/01783). CDR-
grafted versions of B72.3 were prepared as follows.

(a) B72.3 Light Chain

CDR-grafting of this light chain was accomplished by
direct transfer of the murine CDRs into the framework of the
human light chain RE1. The regions transferred were:

CDR Number Residues
1 24-34
2 50-56
3 90-96

The activity of the resulting grafted light chain was assessed
by co-expression in COS cells, of genes for the combina-
tions:

B72.3 cH/B72.3 cL
and B72.3 cH/B72.3 gl
Supernatants were assayed for antibody concentration and
for the ability to bind to microtitre plates coated with mucin.
The results obtained indicated that., in combination with the
B72.3 cH chain, B72.3 cL. and B72.3 gl_had similar binding
properties.

Comparison of the murine B72.3 and REI (SEQ ID NO:8
and 9) light chain amino acid sequences reveals that the
residues are identical at positions 46, 58 and 71 but are
different at position 48. Thus changing the human residue to
the donor mouse residue at position 48 may further improve
the binding characteristics of the CDR-grafted light chain,
(B72.3 gl) in accordance with the present invention.
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(b) B72.3 heavy chain

i. Choice of framework

At the outset it was necessary to make a choice of human
framework. Simply put, the question was as follows: Was it
necessary to use the framework regions from an antibody
whose crystal structure was known or could the choice be
made on some other criteria?

For B72.3 heavy chain, it was reasoned that, while
knowledge of structure was important, transfer of the CDRs
from mouse to human frameworks might be facilitated if the
overall homology between the donor and receptor frame-
works was maximised. Comparison of the B72.3 heavy
chain sequence with those in Kabat (ref. 4) for human heavy
chains showed clearly that B72.3 had poor homology for
KOL (SEQ ID NO:10) and NEWM (for which crystal
structures are available) but was very homologous to the
heavy chain for EU.

On this basis, EU was chosen for the CDR-grafting and
the following residues transferred as CDRs.

CDR Number Residues
1 27-36
2 50-63
3 93-102

Also it was noticed that the FR4 region of EU was unlike
that of any other human (or mouse) antibody. Consequently,
in the grafted heavy chain genes this was also changed to
produce a “consensus” human sequence. (Preliminary
experiments showed that grafted heavy chain genes contain-
ing the EU FR4 sequence expressed very poorly in transient
expression systems.)

ii. Results with grafted heavy chain genes

Expression of grafted heavy chain genes containing all
human framework regions with either gl. or cL. genes
produced a grafted antibody with little ability to bind to
mucin. The grafted antibody had about 1% the activity of the
chimeric antibody. In these experiments, however, it was
noted that the activity of the grafted antibody could be
increased to ~10% of B72.3 by exposure to pHs of 2-3.5.

This observation provided a clue as to how the activity of
the grafted antibody could be improved without acid treat-
ment. It was postulated that acid exposure brought about the
protonation of an acidic residue (pKa of aspartic acid=3.86
and of glutamine acid=4.25) which in turn caused a change
in structure of the CDR loops, or allowed better access of
antigen.

From comparison of the sequences of B72.3 (ref. 13) and
EU (refs. 4 and 5), it was clear that, in going from the mouse
to human frameworks, only two positions had been changed
in such a way that acidic residues had been introduced.
These positions are at residues 73 and 81, where K to E and
Q to E changes had been made, respectively.

Which of these positions might be important was deter-
mined by examining the crystal structure of the KOL anti-
body. In KOL heavy chain (SEQ ID NO:10), position 831 is
far removed from either of the CDR loops.

Position 73, however, is close to both CDRs 1 and 3 of the
heavy chain and, in this position it was possible to envisage
that a K to E change in this region could have a detrimental
effect on antigen binding.

iii. Framework changes in B72.3 gH gene

On the basis of the above analysis, E73 was mutated to a
lysine (K). It was found that this change had a dramatic
effect on the ability of the grafted Ab to bind to mucin.
Further the ability of the grafted B72.3 produced by the
mutated gH/gl. combination to bind to mucin was similar to
that of the B72.3 chimeric antibody.

iv. Other framework changes
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In the course of the above experiments, other changes
were made in the heavy chain framework regions. Within the
accuracy of the assays used, none of the changes, either
alone or together, appeared beneficial.

v. Other

All assays used measured the ability of the grafted Ab to
bind to mucin and, as a whole, indicated that the single
framework change at position 73 is sufficient to generate an
antibody with similar binding properties to B72.3.

Comparison of the B72.3 murine and EU heavy chain
sequence reveals that the mouse and human residues are
identical at positions 23, 24, 71 and 78.

Thus the mutated CDR-grafted B72.3 heavy chain corre-
sponds to a preferred embodiment of the present invention.

Example 4

CDR-graftin of a Murine Anti-ICAM-1 Monoclonal
Antibody

A murine antibody, R6-5-D6 (EP 0314863) having speci-
ficity for Intercellular Adhesion Molecule 1 (ICAM-1) was
CDR-grafted substantially as described above in previous
examples. This work is described in greater detail in
co-pending application, British Patent Application No.
9009549.8, the disclosure of which is incorporated herein by
reference.

The human EU framework was used as the acceptor
framework for both heavy and light chains. The CDR-
grafted antibody currently of choice is provided by
co-expression of grafted light chain gl.221A (SEQ ID
NO:26) and grafted heavy chain gH341D (SEQ ID NO:16)
which has a binding affinity for [CAM 1 of about 75% of that
of the corresponding mouse-human chimeric antibody.

Light Chain

gl.221A has murine CDRs at positions 24-34 (CDR1),
50-56 (CDR2) and 89-97 (CDR3). In addition several
framework residues are also the murine amino acid. These
residues were chosen after consideration of the possible
contribution of these residues to domain packing and sta-
bility of the conformation of the antigen binding region. The
residues which have been retained as mouse are at positions
2, 3, 48 (7), 60, 84, 85 and 87.

Comparison of the murine anti-ICAM 1 and human EU
light chain amino acid sequences reveals that the murine and
human residues are identical at positions 46, 58 and 71.

Heavy Chain

gH341D has murine CDRs at positions 26—35 (CDR1),
50-56 (CDR2) and94-100B (CDR3). In addition murine
residues were used in gH341D at positions 24, 48, 69, 71,
73, 80, 88 and 91. Comparison of the murine anti-ICAM 1
and human EU heavy chain amino acid sequences are
identical at positions 23, 49 and 78.

Example 5
CDR-Grafting of Murine Anti-TNFa Antibodies

A number of murine anti-TNFa monoclonal antibodies
were CDR-grafted substantially as described above in pre-
vious examples. These antibodies include the murine mono-
clonal antibodies designated 61 E71, h'TNF1, hTNF3 and
101.4 A brief summary of the CDR-grafting of each of these
antibodies is given below.

61E71

Asimilar analysis as described above (Example 1, Section
12.1.) was done for 61E71 and for the heavy chain 10
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residues were identified at 23, 24, 48, 49, 68, 69, 71, 73, 75
and 88 as residues to potentially retain as murine. The
human frameworks chosen for CDR-grafting of this
antibody, and the h'TNF3 and 101.4 antibodies were RE1 for
the light chain and KOL for the heavy chain. Three genes
were built, the first of which contained 23, 24, 48, 49, 71 and
73 [gH341(6)] as murine residues. The second gene also had
75 and 88 as murine residues [gH341(8)] while the third
gene additionally had 68, 69, 75 and 88 as murine residues
[gH341(10)]. Each was co-expressed with g[.221, the mini-
mum grafted light chain (CDRs only). The gl.221/gH341(6)
and g[.221/gH341(8) antibodies both bound as well to TNF
as murine 61E71. The gl.221/gH341(10) antibody did not
express and this combination was not taken further.

Subsequently the gl.221/gH341(6) antibody was assessed
in an L929 cell competition assay in which the antibody
competes against the TNF receptor on 1.929 cells for binding
to TNF in solution. In this assay the g[.221/gH341(6)
antibody was approximately 10% as active as murine
61E71.

hTNF1

hTNF1 is a monoclonal antibody which recognises an
epitope on human TNF-. The EU human framework was
used for CDR-grafting of both the heavy and light variable
domains.

Heavy Chain

In the CDR-grafted heavy chain (ghTNF1) mouse CDRs
were used at positions 26-35 (CDR1), 50-65 (CDR2) and
95-102 (CDR3). Mouse residues were also used in the
frameworks at positions 48, 67, 69, 71, 73, 76, 89, 91, 94 and
108. Comparison of the TNF1 mouse and EU human heavy
chain residues reveals that these are identical at positions 23,
24, 29 and 78.

Light Chain

In the CDR-grafted light chain (gLhTNF1) mouse CDRs
wre used at positions 24-34 (CDR1), 50-56 (CDR2) and
89-97 (CDR3). In addition mouse residues were used in the
frameworks at positions 3, 42, 48, 49, 83, 106 and 108.
Comparison of the " TNF1 mouse and EU human light chain
residues reveals that these are identical at positions 46, 58
and 71.

The grafted h'TNF1 heavy chain was co-expressed with
the chimeric light chain and the binding ability of the
product compared with that of the chimeric light chain/
chimeric heavy chain product in a TNF binding assay. The
grafted heavy chain product appeared to have binding ability
for TNF slightly better than the fully chimeric product.

Similarly, a grafted heavy chain/grafted light chain prod-
uct was co-expressed and compared with the fully chimeric
product and found to have closely similar binding properties
to the latter product.

hTNF3

hTNF3 recognises an epitope on human TNF-a. The
sequence of h'TNF3 shows only 21 differences compared to
61E71 in the light and heavy chain variable regions, 10 in
the light chain (2 in the CDRs at positions 50, 96 and 8 in
the framework at 1, 19, 40, 45, 46, 76, 103 and 106) and 11
in the heavy chain (3 in the CDR regions at positions 52, 60
and 95 and 8 in the framework at 1, 10, 38, 40, 67, 73, 87
and 105). The light and heavy chains of the 61E71 and
hTNF3 chimeric antibodies can be exchanged without loss
of activity in the direct binding assay. However 61E71 is an
order of magnitude less able to compete with the TNF
receptor on L.929 cells for TNF-a compared to hTNF3.
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Based on the 61E71 CDR grafting data gl.221 and gH341
(+23, 24, 48, 49 71 and 73 as mouse) genes have been built
for h'TNF3 and tested and the resultant grafted antibody
binds well to TNF-a, but competes very poorly in the 1.929
assay. It is possible that in this case also the framework
residues identified for OKT3 programme may improve the
competitive binding ability of this antibody.

101.4

101.4 is a further murine monoclonal antibody able to
recognise human TNF-a. The heavy chain of this antibody
shows good homology to KOL and so the CDR-grafting has
been based on REL1 for the light chain and KOL for the heavy
chain. Several grafted heavy chain genes have been con-
structed with conservative choices for the CDR’s (gH341)
(SEQ ID NO:11) and which have one or a small number of
non-CDR residues at positions 73, 78 or 77-79 inclusive, as
the mouse amino acids. These have been co-expressed with
cL or gl.221. In all cases binding to TNF equivalent to the
chimeric antibody is seen and when co-expressed with cl
the resultant antibodies are able to compete well in the [.929
assay. However, with gl.221 the resultant antibodies are at
least an order of magnitude less able to compete for TNF
against the TNF receptor on 1,929 cells. Mouse residues at
other positions in the heavy chain, for example, at 23 and 24
together or at 76 have been demonstrated to provide no
improvement to the competitive ability of the grafted anti-
body in the [.929 assay.

Anumber of other antibodies including antibodies having
specificity for interleukins e.g. IL1 and cancer markers such
as carcinoembryonic antigen (CEA) e.g. the monoclonal
antibody A5B7 (ref. 21), have been successfully CDR-
grafted according to the present invention.

It will be appreciated that the foregoing examples are
given by way of illustration only and are not intended to
limit the scope of the claimed invention. Changes and
modifications may be made to the methods described whilst
still falling within the spirit and scope of the invention.
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