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Fi 2 Inve
The present invention relates generally to the
5 combination of recombinant DNA and moncclonal antibody
technologies for developing novel therapeutic agents and,

more particularly, to the production of non-zmmunogen;c
antibodies and their uses.

10 Backaround of the Invention

In mammals, the immune rasponse is mediated by two
types of cells that interact specifically with foreign
material, i.e., antigens.

One’ of these cell types, B~cells,
are responsible for the production of antibedies.

The second
15 cell class, T-cells,

includa a wide variety of cellular

- -

suhsets controlling the in vivg function of both B-cells and

a wide variety of other hematopoietic cells, including T-
cells.

One way in which T-cells exert this control is
20 through the production of a lymphokine known as interleukin-2
(IL-2), originally named T-cell growth factor. IL-2's prime

function appaears to be the stimulation and maintenance of T-

cells. Indeed, some immunologists believe that IlL~-2 may be

at the center of the entire immune response (see, farrar, J.,
25 et al., Immunol. Rev. 63:129-166 (1982), which is
incorporated herein by reference).
To exert its biclogical effects, IL-2 interacts
with a specific high-affinity membrane receptor (Greene, W.,

et al., Progress in Hematology XIV, E. Brown, Ed., Grune and
30 Statton, New York (1986), at pgs. 283 f£ff). The human IL-2

receptor is a complex multichain glycoprotein, with one
chain, Xnown as the Tac peptide, being about 55KD in size
(see, Leonard, W., et al., J. Bigl. Chem. 260:1872 (1985),
which is incorporated herein by reference). A gene encoding
this protein has been 1solated and predicts a 272 amino acid

peptide, including a 21 amino acid signal peptide {(see,
Leonard, W., et al., Nature 311: 626 (1984)). The 219 NH--
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types of cells that interact specifically with foreign material, i.e
antigens. One of these cell types, B-cells, are responsible for the
production of antibodies. The second cell class, T-cells, include a w de
variety of cellular subsets controlling the in vivo function of both
B-cells and a wide variety of other hematopoietic cells, including T-
cells. One may in which T-cells exert this control is through the

broduct | 0 qlhsal VIRIK| D8 A" QWNRS da¥ 9P Wloednl bhpddently 01 nal 1y named

ro act
J comprisa an extracellular domain (gee, Lecnarxd, W., et al.,
8cience, 230:633-639 (1985), which is incorporated herein by

reference) .

5 Much of the elucidation of the human IL-2
receptor's structure and function is due te the development
of specifically reactive monoclonal antibodies. 1In
particular, one mouse monoclonal antibody, known as anti-Tac

(Uchiyama, et al., J. Immunol. 126:1393 (1981)) has shown
10 that IL-2 receptors can be detected on T~-cells, but also on

cells of the monocyte-macrophage family, Kupffer cells aof the
liver, Landgerhans' cells of the skin and, of course,
activated T-cells. Importantly, resting T-cells, B-cells or
circulating machrophages typically do not display the IL-2

is recepter (Herrmann, et al., J. Exp. Med, 162:1111 (1985)}.

The anti-Tac monoclonal antibody has also been used

to define lymphocyte functions that require IL-2 interaction,
and has been shown to inhibit various T-cell functions,
including the generation of cytotoxic and suppressor T

20 lymphocytes in c¢ell culture. Alse, based on studies with
anti-Tac and other antibodies, a variety of disorders are now
associated with improper IL-2 receptor expression by T-cells,
in particular adult T-cell leukemia.

More recently, the IL-2 receptor has been shown to

25 ba an ideal target for novel therapeutic approaches to T-cell
mediated diseases. It has been proposed that IL~2 receptor
specific antibodies, such as the anti~Tac monoclonal
antibody, can be used either alone or as an immunoconjugate
(e,9,, with Ricin A, isotopes and the like) to effectively

30 remove cells bearing the IL-2 receptor. These agents can,

' for example, theoretically eliminate IL-2 receptor-expressing

leukemic cells, certain B-cells, or activated T-cells

involved in a disease state, yet allow the retention of

mature normal T-cells and their precursors to ensure the

capability of mounting a normal T-cell immune response as

needed. In general, most other T-cell specific agents can

destroy essentially all peripheral T-cells, which limits the

agents' therapeutic efficacy. Overall, the use of

35
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function appears to be the stinulation and mai ntenance of T- cells.

| ndeed,
sone i mmunrol ogi sts believe that I1L-2 may be at the center of the entire
i mmune response (see, Farrar, J., et al., Imunol. Rev. 63:129-166 (1982)).

To exert its biological effects, IL-2 interacts with a specific
hi gh-affinity nmenbrane receptor (G eeng, W, et al., Progress in Henatol ogv
XV, E. Brown, Ed., Gune and Statton, New York (1986) at pgs. 283 ff).

The human | L-2 rece It|cha|n ote n,_with one
e e o SR 18- BEnde (O, BhnTboh 6 sedh 245 N Ehd 1l
receptoxr may have therapeutic utility in autoxmmune diseases,

orgarn transplantation -and- any unwanted response by activated

T-cells. Indeed, clinical trials have been initiated using,

5 e.9., anti-Tac antibodies (see, generally, Waldman, T., et
al., gancer Res. 45:625 (1985) and Waldman, 7., Science
232:727-732 (1986), both of which are incorporated herein by
reference).

Unfortunately, the use of the anti-Tac and ather
non~humar monoc¢lonal antibodies have certain drawbacks,
particul:rly in repeated therapeutic regimens as explained
below. Mouse monoclonal antibedies,

10

for example, do not fix
human complement well, and lack other important

immunoglabulin functional characteristics when used in
15 humans. '

Perhaps meore importantly, anti~Tac and other non-
human moncclonal antibodies contain substantial stretches of

amino acid sequences that will be immunogenic when injected
into a human patient. Numerous studies have shown that,
after injection of a foreign antibody, tha immune response
elicited by a patient against an antibody can be quite
strong, essentially eliminating the antibody's thexapeutic
utility after an initial treatment. Moreover, as increasing

numbexs of different mouse or other antigenic (to humans)

20

25 monoclonal antibodies can be expected to he developed to

treat various diseases, after the first and second treatments
with any different non-human antibodies, subsequent
treatments even for unrelated therapies can be ineffective or

even dangerous in themselves.
> While the production of so-called vchimeri¢ antibodies™ {e.g.,
mouse variable reglons joined to human constant regions) (see,
for example, W089/09622) has proven somewhat successful, a
significant immunogenicity problem remains. In general, the
production of human jmmunogleobulins reactive with the human
3 IL-2 receptor, as with many human antigens, has been extremely
difficult using typical human monoclonal antibody production
techniques. Similarly, past attempts utilizing recombinant ONA

technology to produce so-called "humanized" antibodies (see
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(see, Leonard, W, et al., J. Biol. Chem 260:1872 (1985)). A gene:encodi ng
this protein has been isolated., and predicts a 272 am no acid pepti de,
including a 21 am no acid signal peptide (see, Leonard, W, et al., Nature
311: 626 (1984)). The 219 NHerr]- 2 termnal am no acids of the p55 Tac
protein apparently conprise an extracellular domain (see, Leonard, W, et

al .-
4

.G EPo-PuincatianLNn;.0239400), prowvides: uncextain
results, in part due to unpredictable’ binding affinities.

- Thus, there is a need for improved- forms of humnan-
like immunoglobulins, such as those specific for the human

5 IL~2 receptor, that are substantially non-

immunogenic in
humans,

Yet easjily and econocmically produced in a2 manner
suitable for therapeutic formulation and other uses.

The
present invention fulfills these and other needs. '

The hypervariable regions (also called Complementafity
Determining Regions, abbreviated to "CDRs") of immunoglobulins
were originally defined by Kabat et al., (“Sequences of Proteins
of Immunological Interest" Kabat, E., et al., U.S. Department of
Health and Human Services, (1983)) based on extent of sequence
variability, to consist of residues 24-34 (Ll), 50-56 (L2) and
89~97 (L3) in the light chain variable domain (V) and 31-35
(H1), 50-65 (H2) and 95-102 (H3) in the heavy chain wvariable
domain (V,), using Kabat's standard numbering system for antibody
amino acids. The CDRs are believed to contact the target antigen
of an antibody and to be primarily rasponsible for binding. More
recently Chothia et al (Chothia and Lesk, J. Mol. Biol., 186:901-
917 (1987}) have given an alternate definition of the
hypervariable regions or CDRs as consisting of residues 26-32
(L1), 50-52 (L2}, 91-96 (L3) in V, and residues 26-32 (H1l), 53~
55 (H2), 96-101 (H3) in V,. The Chothia definition is based on
the residues that constitute the loops in the 3-dimensional
structures of antibodies. It is particularly important to note
that for each of the six CDRs the Chothia CDR is actually a
subset of (i.e. smaller than) the Kabat CDR, with the single
exception of H1 (the first heavy chain CDR), where the Chothia
30 ' CDR contains amino acids 26-30 that are not in the Kabat CDR.

la

15

20

25

Riechmann et al ("Reshaping human antibodies for tharapy",
Nature, Vol 332, pp 323-326, {March 1988)) describe work in which
precisely the Kabat CDRs were transferred to a pre—determined
35 human framework (NEW again for the heavy chain and REI for the
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Sci ence, 230:633-639 (1985). Much of the elucidation of the human IL-2
receptor's structure and function is due to the devel opnment of specifically
reactive nonocl onal antibodies. In particular, one nouse nonocl onal

anti body, known as anti-Tac (Uchiyama, et al., J. Inmmunol. 126:1393 (1981))
has shown that IL-2 receptors can be detected on T-cells, but also on cells
of the nonocyte-nacrophage famly, Kupffer cells of the liver, Langerhans
cells of the skin and, of course, activated T-cells. | mportantly, resting
T-cells, B-cellign chain). However, they found that antibody

containing the humanized heavy chain lost most of its
binding affinity and ability to lyse target cells. They
therefore made a new humanized antibody containing the

in

Kabat CDRs from the mouse antibody and two amino acid
changes in Chothia CDR H1l, but no other mouse amino
acids.

10 Summary of the Invention

The invention provides a method of producing a humanized
immunoglobulin (Ig) chain having one or more
complementarity determining regions (CDR's) from a donor
15 Ig and a framework region from a human Ig, said metheod
comprising: comparing the framework or variable region
amino acid sequence of the donor Ig light or heavy chain -
with corresponding sequences in a collection of human Ig
chains;: and selecting to provide the human Ig light or

20 heavy chain framework, a sequence from the collection
which has at least about 65% homology with the donor
framework.

25 In another aspect, the invention provides a method of

producing a humanized immunoglobulin (Ig) heavy chain
conprising the step of combining complementarity
determining regions from a donor Ig heavy chain with the
framework of a human acceptor Ig heavy chain selected so

10 that the sequence of the humanized Ig heavy chain
framework is 65% or more identical to the sequence of the
donor Ig heavy chain framewoxk.

A further aspect of the invention is a method of

35 producing a humanized immunogloﬁulin (Ig) comprising the
step of combining complementarity determining regions
from a donor Ig with a framewoxk that is a consensus

sequence of frameworks of many human antibodies.
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circul ati ng machrophages typically do not display the IL-2 receptor
(Herrmann, et al.; J. BExm Med. 162: 1111 (1985)). The anti-Tac nonocl onal
anti body has al so been used to define | ynphocyte functions that require
IL-2 interaction, and has been shown t@& inhibit various T-cell functions,
i ncl udi ng the generation of cytotoxic and suppressor 7 |ynphocytes in cel
culture. Also, based on studies with anti-Tac and ot her antibodies, a
vari ety of disorders are now associated. with inproper IL-2 receptor
expression by T-cells, in particular adult T-cell |eukem a.

5

The present invention provides novel compositions
10 useful, for example, in the treatment of T-cell mediated
human disorders, the compositions containing human-like
immunoglobulihs'specifically capable of blocking the binding
of human IL-2 to its receptor and/or capable of binding to
the p55 Tac protein on human IL~2 receptors. The
immunoglobulins can have two pairs of light chain/heavy chain
complexes, typically at least one pair having chains
comprising mouse complementarity determining regions
functionally joined to human framework region segments. Fox
20 axanmple, nouse complementarity determining regions, with or
without additional naturally-associated mouse amino acid
residues, can be used to produce human-like antibodies
capable of binding to the human IL-2 receptor at affinity
levels stronger than about 10° M.

15

25 - The lmmuncglobulxns, including blndxng fragments
and other derivatives thereof, of the present 1nventlon may
be produced readily by a variety of xrecombinant DNA
techniques, with ultimate expression in transfected cells,
praeferably immortalized eukaryotic cells, such as myeloma or

30 hybridoma cells. Polynucleotides comprising a first sequence
coding for human-like immunoglobulin framework regions and a
secaond sequence set coding for the desired immunoglobulin
complementarity determining regions can be produced
synthetically or by combining appropriate cDNA and genomic

35 DNA segments.

The human-like immunoglcobulins may be utilized
alone in substantially. pure form,. oxr- complexed with a
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More recently, the IL-2 receptor has been shown to be an ideal target for
novel therapeutic approaches to T-cell nediated diseases. It has been
proposed that IL-2 receptor specific antibodies, such as the anti-Tac
nonocl onal anti body, can be used either alone or as an imrunoconj ugate
(e.a., with Ricin A isotopes and the like) to effectively renove cells
bearing the IL-2 receptor. These agents can, for exanple, theoretically
elimnate IL-2 receptor-expressing | egkemc cells, certain B-cells, or
activated T-cells involved in a disease state, yet allow the retention of

The present invention provides novel compositions

10 useful, for example, in the treatment of T-cell mediated
human disorders, the compositions containing human-like
immunoglobulihs spaecifically capable of blocking the binding
of human IL-2 to its receptor and/or capable of binding to

15 the p55 Tac protein on human IL~2 receptors. The
immunoglobulins can have two pairs of light chain/heavy chain
complexes, typically at least one pair having chains
comprising mouse complementarity determining regions
functionally joined to human framework region segments. For

20 example, mouse complementarity determining regions, with or
without additional naturally-associated mouse amino acid
residues, can be used to produce human—like antibodies
capable of binding to the human IL~2 receptor at affinity
levels stronger than about 10° M™.

28 : The lmmunoglobullns, including bxndlng fragments
and other derivatives thereof of the present invention nay
be produced readily by a variety of recombinant DNA
techniques, with ultimate expression in transfected cells,
preferably immortalized eukaryotic cells, such as myeloma or

30 hybridoma cells. Polynucleotides comprising a first sequence
ceding for human-like immunoglobulin framework regions and a
second sequence set coding for the desired immunoglobulin
complementarity determining regions can be produced
synthetically or by combining appropriate cDNA ahd genomic

35 DNA segments.

The human-like immunoglobulins may be utilized
alone in substantially. pure form,. or complexed with a
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mature normal T-cells and their precursors to ensure the capability of

mounting a normal T-cell imune response as needed. In general, nost other
T-cell specific agents can destroy essentially all peripheral T-cells,
which imts the agents' therapeutic efficacy. Overall, the use of 3

appropriata nonocl onal antibodies spegcific for the |IL-2

cytotoxic agent;: suchiascarradionuclide;. a xribosomal .
innibitiﬁé protein or a cytotoxic-agent active at ceall
surfaces¢ Xxll-of these-compounds~will be- particularly-useful
in treating T-cell mediated disorders. The human-like

5 immunoglobulins or their complexes:can be prepared in a
pharmaceutically accepted dosageé .form, which will vary
depending on thg mode of admipistration.
'The present invention alsc provides novel mathods for
.designing human-like immunoglebulin chains having one or

10 more complementarity determining regions (CDR's) from a

donor immunoglobulin and a framework region from a human

immunoglobulin, the preferred methods may involve first
comparing the framework or variable region amino acid

sequence of the donor immunoglobulin to corresponding
15 sequences in a collection of human immundqlobulin-chaihs, and
selecting as the human immunoglobulin one of the more
homologous sequencas from the collection. The human
immunoglebulin, or acceptor immunoglobulin, sequence is
typically selected from a collection of at least 10 to 20
20 immunoglebulin chain sequences, and usually will have the
highest homology to the donor immunoglobulin sequence of any
sequence in the collection. The human immunoglobulin
framework sequence will typically have about 65 to 70%
homology or more to the donor immunoglobulin framework
25 secquences. The donor immunoglobulin may be either a heavy
chain or light chain (or both), and the human collection will
contain the same kind of chain. A humanized light and heavy
chain can be used to form a complete humanized immunoglobulin
or antibody, having two light/heavy chain pairs, with ox

without partial or full-length human constant regions and
other proteins.

-

30

Whether or not in conjunction with the above comparxison
step, additional amino acids in an acceptor

15 immunoglobulin chain may be replaced with amino acids
from the CDR-donor immunoglobulin chain. More
specifically, further optional substitutions of a human
framework amino acid of the acceptor immunoglobulin with

a corresponding amino acid from a donor immunoglobulin
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receptor may have therapeutic utility in autoi nmune di seases, organ
transpl antati on and- any unwanted response by activated T-cells. Indeed,
clinical trials have been initiated using, e.g , anti-Tac antibodi es (see,
generally, Waldman, T. , et al. , Cancer Res. 45:625 (1985) and Wl dnman,
T. , Science 232:727-732 (1986)). Unfartunately, the use of the anti-Tac
and ot her non- huma7 nonocl onal anti bodi es have certain drawbacks,

particularly in repeated therapeutic reginens as explained bel ow. Muse
nonocl onal antibbdee Padeatepafbt Eongotthdther fxmunoglobulins where:

{a) the amino acid in the human framework region of
an acceptor immunoglobulin is rare for that position and

the éorrasponding amino acid ip the donor immunoglobulin
is common for that position in human immuncglobulin
sequences; or

{b} the amino acid is immediately adjacent to one
of the CDR's; or

(c) the amino acid is predicted to have a side
chain atom capable of interacting with the antigen or
with the CDR's of the humanized immunoglobulin,
optionally within about 3A of the CDR's in a three-
dimensional immunoglcbulin model.

10

18

The humanized. immuncglobulin chaim will typically
comprise. at least about 3 amino acids from the donor
immunoglcbulin in addition to the CDR's, usually at least one
of which is immediately adjacent to a CDR in the donor
immunoglebulin. The heavy and light chains may each be

designed by using any one or all three of the position
criteria,

20

When combined into an intact antibody, the
humanized light and heavy chains of the present invention
25  will be substantially non-immuncgenic in humans and retain
substantially the same affinity as the donor immunoglobulin
to the antigen (such as a protein or other compound
containing an epitope). These affinity levels can vary from
about 10° M or higher, and may be within about 4 fold of the

30 donor immunoglobulin's original affinity to thae antigen.

35
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human copl enent well, and | ack other inportant inmunogl obulin functional
characteristics when used in humans. Perhaps nore inportantly, anti-Tac and
ot her non- human nonocl onal anti bodi es contain substantial stretches of

am no acid sequences that will be i mMmunogeni c when injected into a hunman
patient. Numerous studies have shown th#t, after injection of a foreign
anti body, the imrune response elicited by a patient against an anti body can
be quite strong, essential | prELF MESHRIPFIONcORNHD OEEIREsher apeuti C

Figure 1. Comparison of sequences of anti-Tac
heavy chain (upper limes) and FEu ‘heavy chain (lowexr lines).
The l1l-letter code for amino acids is used. The first amino
5 acid on each line is numbered at the left. IXdentical) amino
acids in the two sequences are connected by lines. The 3
CDRs are underlined. Other amino acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are dencted by

10 an *.

Figure 2. Comparison of sequences of anti-Tac
light chain (upper lines} and Eu light chain (lower lines).
The single-letter code for amino acids is used. The first
amino acid on each line is numbered at the left. Identical

15 amino acids in the two sequences are connected by lines. The
3 CDRs are underlined. Other amino acid positions for which
the anti-Tac¢ amine acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an *.

20 Figure 3. Nucleotide sequence of the gena for the
humanized anti-Tac heavy chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protain is shown underneath the nucleotide sequence.
The nucleotides TCTAGA at the beginning and end of the gene

25 are Xba X sites. The mature heavy chain sequence begins with
amino acid #20 Q.

Figure 4. Nucleotide sequence of the gene for the
humanized anti~Tac light chain variable region gene. The
translated amino acid sequence for the part of the gene

30 enceoding protein is shown underneath the nucleotide sequence.

The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites. The mature light chain sequence begins with
amino acid #21 D.
Figure 5. A. Sequences of the four
- oligonucleotides used to synthesiza the humanized anti-Tac
heavy chain gene, printed 5' to 3'. B. Relative positions
of the oligonuclectides. The arrows point in the 3!
direction for each oligonucleotide.

35
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utility after an initial treatnent. Mreover, as increasing nunbers of
different nouse or other antigenic (to humans) nonocl onal anti bodi es can be
expected to be developed to treat various diseases, after the first and
second treatnments with any different non-human anti bodi es, subsequent
treatnments even for unrelated therapieg can be ineffective or even
dangerous in thenselves. Wiile the production of so-called "chineric

anti bodi es" (e.g., nofdguvaréabl @) Sgauascesi a:cthe fawmn const ant regi ons)

(see, for exgMichuciedifdf2dded dd RYRLRRSs SATBUNR N EHGEERR] WntidTac
light chain gene, printed 5' to 3'. (B) Relative positions
of the cligonuclactides. The arrows paint in the 3!
5 direction for each oliganucleotide. The position of a Hind
III site in the overlap of JFD2 and JFD3 is shown.
Figure 7. Schematic diagram of the plasmid
PHUGTAC]1 used to express the humanized anti-Tac heavy chain.
Relevant restriction sites are shown, and coding regions of
10 the heavy chain are displayed as boxes. The direction of
transcription from the immunoglobulin (Ig) promoter is shawn
by an arrow. E = heavy chain enhancer, Hyg = hygromycin
resistance gene.
Figure 8, Schematic diagram of the plasmid pHuLTAC
15 used to express the humanized anti-Tac light chain. Relevant
restriction sites are shown, and coding regions of the light
chain are displayed as boxes. The direction of transcription
from the Ig promoter is shown by an arrow.
Figure 9. Fluorocytometry of HUT-102 and Jurkat
20 cells stained with anti-Tac antibody or humanized anti-Tac
antibody followed respectively by fluerescein-conjugated goat
anti-mouse Ig antibody or goat anti-human Ig antibody, as
labeled. 1In each panel, the dotted curve shows the results
when the first antibody was omitted, and the solid curve the
25 results when first and second {(conjugated) antibodies were
included as described.

' Figure 10. (A) Fluorocytometry of HUT-102 cells
stained with 0-40 ng of anti-Tac as indicated, then with
biotinylated anti-Tac, and then with phycoerythrin-conjugated

30 avidin. (B) Fluorocytometry of HUT-102 cells stained with
the indicated antibody, then with biotinylated anti~Tac, and
then with phycoerythrin-conjugated avidin.
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significant inmmunogenicity problemremains. In general, the production
of human i mmunogl obulins reactive with the human I1L-2 receptor, as with
many human antigens, has been extrenely difficult using typical human
nonocl onal anti body production techniqyes. Simlarly, past attenpts

utilizing reconbi nant DNA technol ogy t0 produce so-called "hunmani zed"
anti bodi es (see 4

-DETAILED DESCRIPTION. OF THE INVENTION.:

In accordance  with one-embodiment of the present
invention, ‘human—-tike -immunoglobulkinsspecifically reactive
with desired epitopes, such as those on the IL-2 receptor on

5 human T-cells, are providad. These immunogleobulins, which
have binding affinities of at least about 10°® M, and
preferably 10° M™* to 10*® M? or stronger, are capable of,
€.9., blocking the binding of IL-2 to human IL-2 receptors.
The human-like immunoglobulins will have a human-like

1o framework and can have complementarity determining regiohs
(CDR's) from an immunoglebulin, typically a mousa
immunoglobulin, specifically reactive with an epitope on pss
Tac protein. The immunoglobulins of the present invention,
which can be produced economically .in large quantities, fing

15 use, for example, in the treatment of T-cell mediated
disorders in human patients by a vaxiety of techniques.

The basi¢ antibedy structural unit is known to
comprise a tetramex. Each tetramer is composed of two iden~
tical pairs of polypeptide chains, each pair having one

20 "light" (about 25kD) and one "heavy" chain (about 50~70kD).
The NH,-terminus of each chain begins a variable region of
about 100 to 110 or more amino acids primarily responsible
for antigen recognition. The COO0H terminus of each chain
defines a canstant region primarily responsible for effector

25 function.

Light chains are classified as either kappa or
lambda. Heavy chains are classified (and subclassified) as
gamma, mu, alpha, delta, or epsilon, and define the
antibody's isotype as IgG, IgM, IgA, IgD and IgE,

30 respectively. Within light and heavy chains, the variahle
and constant regions are joined by a "J" region of about 12
or more amino acids, with the heavy chain alse including a
"D" region of about 12 more amino acids. (See, generally,

Fundamental Immungloqy, Paul, W., Ed., Chapter 7, pgs. 131-
35 166, Raven Press, N.Y. (1984), which is incorporated herein

by reference.)

The variable regions of each light/heavy chain pair
form the antibody binding site. The chains all exhibit the
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e.q. . EPO Publication No.. 0239400) , provides uncertain results, in part
due to unpredictable binding affinities. Thus, there is a need for inproved
forms of human- |ike i mmunogl obulins, such as those specific for the human
IL-2 receptor, that are substantially non-inmnogenic in humans, yet easily
and economi cal ly produced in a manner jsuitable for therapeutic fornulation
and ot her uses. The present invention fulfills these and other needs. The

hypervari abl fame-{ciieddl stiddtifre ookt ivaDfniaigutvald torabelerri ni ng
Regi ons, abb£§aiégéﬁiolge Qree n&g”9099££$&5 £E§10ns, also called
T CDR's (see, “Sequences of Proteins of Immunological
Interest," Kabkat, E., et al., U.5, Department of Health and
5 Human Services, (1983): and ChgZthia and Lesk, J. Mol. Biol.,
196:901-917 (1987), which are incorporated herein by
reference). The CDR's from tha two chains of each pair are

aligned by the framework regions, enabling binding to a
specific epitope.

10 As used herein, the term "immunoglobulin® refers to

a protein consisting of one or more polypeptides
substantially encoded by immunoglobulin genes. The
recognized immunoglobulin genes include the kappa, lambda,
alpha, gamma, delta, epsilon and mu constant region genes, as
15 well as the myriad immunoglobulin variable region genes. The
immunoglobulins may exist in a variety of forms besides
antibodies; including, for example, Fv, Fab, and F(ab)z, as
well as in single chains (e.g., Huston, et al., Proc, Nat,

Acad. Sci. {U.S.A., 85:5879-5883 (1988) and Bird, et al.,
20 Scignce, 242:423-426 (1988), which are incorporated herein by

reference). (Sege, generally, Hood, et al., "Immunclogy",
Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood,

Nature, 323:15-16 (1986), which are incorporated harein by
reference).

25 Chimeric antibodies are antibodies whose light and

heavy chain genes have been constructaed, typically by genetic
engineering, from immunoglobulin gene segments belonging to
different species. For example, the variable (V) segments of
the genes from a mouse monoclonal antibody may be joined to
30 human constant (C) segments, such as -, and 7,- A typical

therapautic chimeric antibody is thus a hybrid protein
consisting of the V or antigen-binding domain from a mouse
antibody and the ¢ or effector domain from a human antibody
(e.q., A.T.C.C. Accession No. CRL 9688 secretes an anti-Tac

chimeric antibody), although other mammalian species may bhe
used.

35

As used herein, the term "framework region" rafers
to those portions of immunoglobulin light and heavy chain
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were originally defined by Kabat et al., ("Sequences of Proteins of

| mmunol ogi cal Interest” Kabat, E., et al., U S. Departnent of Health and
Human Servi ces, (1983)) based on extent of sequence variability, to consi st
of residues-24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light chain
variable domain (V[err]) and 31-35 (441), 50-65 (H2) and 95-102 (H3) in the
heavy chain vari abl e domain (V[er]), using Kabat's standard numbering

system.f or vaiaRedyragi &95 AGatS aréNeeldEBvallye dididedad (q,e0Nt aehet he
target anti an bod Q_be prlnarll e tor bi ndi ng.
More recent %'ﬁ%&?h aﬂm%ﬁnfg&gﬁ%“ﬁ b TERRo o Inssiny’ 2 s18ale0 1 -
species, as’deflned by Kabaty, et ali’ gg’ cit. As used
herein, a "human-like framework region" is ‘a framework region
5 that in each existing chain comprises at least about 70 or
more amino acid residues, typically 75 to 85 or more
residues, identical to those in a human immunoglcobulin.

As used herein, the term "human-like
immunoglobulin® refers te an immunoglobulin comprising a

10 human-like framework and in which any constant region present
is substantially homologous to 2 human immunoglobulin
constant region; i.e., at least about 85-90%, preferably
about 95% identical. Hence, all parts of a human-like
immunoglobulin, except possibly the CDR's, are substantially

18 homologous to corresponding parts of one or more native human
immunoglobulin sequences. For example, a human-like
immunoglobulin would not encompass a chimeric mouse wvariable
region/human c¢onstant region antibody.

In accordance with another general aspect of the

20 present invention, alsc included are critexia by which a
limited number of amino acids in the framework of a human-
like or humanized immunoglebulin chain are chosen to be the
same as the amino acids at those positions in the donor Ig
rather than in the acceptor Ig, in oxrder to increase the

25 affinity of an antibody comprising the humanized
immunoglobulin chain.

This aspect of the present invention is based in
part on the model that two contributing causes of the loss of
affinity in prior means of producing humanized antikedies

30 (using as examples mouse antibodies as the source of CDR's)
are:

(1) When the mouse CDR's are combined with the
human framework, the amino acids in the framework close to
the CDR's become human instead of mouse. Without intending

as to be bound by theory, we believe that these changed amino
acids may slightly distort the CDR's, because they create
different electrostatic or hydrophobic forces than in the
donor mouse antibody, and the distorted CDR's may not make as
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917 (1987)) have given an alternate definition of the hypervariabl e regions
or CDRs as consisting of residues 26-32 (L1), 50-52 (L2), 91-96 (L3) in VL
and residues 26-32 .(H1), 53- 55 (H2), 96-101 (H3) in VN. The Chothia
definition is based on the residues thgd constitute the |oops in the

3-di nensional structures of antibodies. It is particularly inportant to
note that for each of the six CDRs the Chothia CDR is actually a subset of
(i.e. small eRLfemtive Konkapks WO thet AnthEeR| ag e dpts GidoknHahg t he
first heavy gaoedd ggtRbodphiere the Chothia CDR contains am no acids 26-30

that are not in the quﬁt SEEE, amino acids' in the original mouse
antibody that are close to, but not part of, the CDR's (i.e.,
5 still part of the framework), may wake coentacts with the
antigen that contribute to affinity. These amino acids are
lost when the antibody is humanized, because all framework
amino acids are made human.
To avoid these problems, and to produce humanized
10 antibodies that have a very stxong affinity for a desired
antigen, the present invention uses the following four
criteria for designing humanized immunoglobulins. These
criteria may be used singly, or when necessary in

combination, to achieve the desired affinity or other
15 characteristics.

Criterion I: As acceptor, use a framework from a particularx
human immuneglobulin that is unusually homologous to the
dangr immunoglobulin te be humanized, or use a c¢onsensus

20 framework from many human antibodies. For example,
comparison of the sequence of a mouse heavy (or light) chain
variable region against human heavy (or light) wvariable
regions.in a data bank (for example, the National Biomedical
Research Foundation Protein Identification Resource) shows

25 that the extent of homology to different human regions varies
greatly, typically from about 40% to about 60-70%. By
choosing as the acceptor immunoglobulin one of the human
heavy (respectively light) chain variable regions that is
most homologous to the heavy (respectively light) chain

30 variable regicn of the donor immuneglobulin, fewer amino
acids will be changed in going from the donor immunoglobulin
to the humanized immunoglobulin. Hence, and again without
intending to be bound by theory, it is believed that there is
a smaller chance of changing an amino acid near the CDR's

3s that distorts their conformation. Moreover, the precise
overall shape of a humanized antibody comprising the
humanized immunoglobulin chain may more closely resemble the
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Ri echmann et al ("Reshaping human anti bodi es for therapy”, Nature, Vol 332,
pp 323-326, (March 1988)) describe work in which precisely the Kabat CDRs
were transferred to a pre-determ ned human franmework (NEWagain for the
heavy chain and REI for the 5 light chain). However, they found that
ant i body contai ning the humani zed heasy chain | ost nost of its
shape’ of the donor antibedy, -also- reducing the chance of
distorting the CDR's.
* 7 Typically,  one of -the 3-5 most-homologous-heavy
chain variable region sequences in a representative
5 collection of at least about 10 to 20 distinct human heavy
chains will be chosen as acceptor te provide the heavy chain
framework, and similarly for the light chain. Preferably,
one of the 1-3 most homologous variable regions will be used.
The selected acceptor immunoglobulin chain will most
10 preferably have at least about 65% haomology in the framework
region te the donor immunoglobulin.

Regardless of how the acceptor immunoglobulin is
chosen, higher affinity may be achieved by selecting a small
nunber of amino acids in the framework of the humanized

15 immunoglobulin chain to be the same as the aminc acids at
those positions in the donor rather than in the acceptor.
The following criteria define what anmino acids may ke so
selected. Preferably, at most or all amino acid positions

satisfying one of these criteria, the donor aminc acid will
20 in fact be salected.

Criterion II: If an amino acid in the framework of the human
acceptor immunoglobulin is unusual (i.e., “rare", which as
used herein indicates an amine acid occurring at that

25 pasition in no more than about 10% of human heavy
{respectively light) chain V region sequences in a
representative data bank), and if the donor aminc acid at
that position is typical for human sequences (i,e., "common",
which as used herein indicates an amino acid occurring in at

30 least about 25% of sequences in a representative data bank},
then the donor amino acid rather than the acceptor may be
selected. This criterion helps ensure that an atypical amino
acid in the human framework does not disrupt the antibody
structure. Moreover, by replacing an unusual amino acid with

35

an amino acid from the donor antibody that happens to be
typical for human antibodies, the humanized antibedy may be
made less immunogenic.
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binding affinity and ability to |yse target cells. They therefore nade a
new humani zed anti body containing the Kabat CDRs fromthe nouse anti body
and two am no acid changes in Chothia CDR Hl, but no other nopuse am no

acids. EP-A-Q_328 404 is a patent applicatiqon filed by the same group
responsi bl e ‘g’o'?‘tfﬁﬁmé[f{f%rreﬁf‘i Bh%op‘gﬁtg‘rq%"é’ﬁ ‘RPEEATRARLE 2djacent \figs the| ed
after the prPofPRYys dim eched dumedized tinmuragllobedtinoshatd, i shé hanl y of
potential rehRYARCEc MOt kGhE P PLdEPEminbs adiSChAFULE d& edahe work
descri bed |nT§|echnann et.% , _supr a, anq.alrei % .
@sSe aminoe acids are particularly likely to interact with
5 the amino acids in the CDR's and,. if chosen from the

acceptor, distort the donor CDR's and reduce affinity.

Moreover, the adjacent amino acids may interact directly with

the antigen (Amit et al,, Science, 233, 747-753 (1986), which

is incorporated herein by reference) and selecting theseé

10 amino acids from the donor may be desirable to keep all the
antigen contacts that provide affinity in the original
antibody.

Criterion IV: A 3-dimensional model, typicélly of the

15 original donor antibody, shows that certain amino acids
ocutside of the COR's are close to the CDR's and have a good
probability of interacting with amino acids in the CDR's by
hydrogen bonding, Van der Waals forces, hydrophobic
interactions, etc. At those amino acid positions, the donor

20 amine acid rather than the acceptor immunoglobulin amine acid

may be selected. Amine acids according to this criterion will

generally have a side chain atom within about 3 angstrom
units of some site in the CDR's and must contain atoms that
¢ould interact with the CDR atoms according to established

25 chemical forces, such as those listed above. Computer
programs to create models of proteins such as antibodies aré
generally available and well known to those skilled in the
art (see, Loew et al,, Int. J. Ouant. Chem., Ouant. Biocl.
Symp., 15:55-66 (1988); Bruccoleri et al,, Nature, 335,

20 564-568 (1988); Chothia et al., Science, 233:755-758 (1986),
all of which are incorporated herein by reference). These do
not form part of the invention. Indeed, becausae all
antibodies have similar structures, the known antjibody
structures, which are available from the Brookhaven Protein

35 Data Bank, can be used if necessary as rough models of other
antibodies. Commercially available computer programs can be
used to display these models on a computer monitor, to
calculate the distance between atoms, and to estimate the
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di scussed. Summary of the Invention The invention provides a nethod of
produci ng a humani zed i mmunogl obulin (1g) having conplenentarity
determ ning regions (CDR s) froma donor I g conbined with a franework.
region fromhuman I g acceptor |ight gnd heavy chains, said nethod
conprising: 1 conparing the framework or variable region amno acid
sequences of the donor Ig |light and heavy chains with correspondi ng
sequences €niterbdh.elili:onIn the positicns-immediately adjacent to the

3 COR's in the humpanized immunoglobulin chain, the donor
amino acid rather than acceptor amino acid may be selected.
These aminc acids are particularly likely to interact with

5 the amino acids in the CDR's and,. if chosen from the
acceptor, distort the donor CDR's and reduce affinity.
Moreovex, the adjacent amino acids may interact directly with
the antigen (Amit et al., Science, 233, 747-753 (1986), which
is incorporated herein by reference) and selecting these
amino acids from the donor may be desirable to keep all the

antigen contacts that provide affinity in the original
antibaody.

10

Criterion IV: A 3-dimensicnal model, typically of the
15 original deonor antibody, shows that certain amine acids
outside of the CDR's are close to the CDR's and have a good
probability of interacting with amino acids in the CDR's by
hydrogen bonding, Van der Waals forces, hydrophobic
interactions, etc. At those amino acid positions, the donor
20 amino acid rather than the acceptor immunoglebulin amino acid
may be selected. Amino acids according to this criterion will
generally have a side chain atom within about 3 angstrom
units of some sita in the CDR's and must contain atoms that
could interact with the CDR atoms according to established
25 chemical forces, such as those listed above. Computer '
programs to create models of proteins such as antibodies are
generally available and well kxnown to those skilled in the
art (gsee, Loew et al., Int. J. Quant. Chem., Quant. Biol.
Symp., 15:55~66 (1988); Brucceleri et al., Nature, 335,
3Q 564~568 (1988); Chothia et al., Science, 233:755-758 (1986),
all of which are incorporated herein by reference), These do
not form part of the invention. Indeed, because all
antibodies have similar structures, the known antibody
structures, which are available from the Brookhaven Protein
Data Bank, can be used if necessary as rough models of other
antibodies. Commercially available computer programs can be
used to display these models on a computer monitor, to
calculate the distance between atoms, and to estimate the

35
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of human Ig chains; 2 selecting, to provide the human acceptor I1g |ight
and heavy chain franmeworks, sequences fromthe collection which have at

| east 65% honol ogy with the respective donor franework sequences; and
3 conbining COR' s fromthe donor Ig and

10

15

20

25

30

35

17

likelihood of different amino acids interacting (see, Ferrin
et al,, J. Mol. Graphics, £:13-27 (1988)).

 Humanized or human-like antibodies generally have
at least three potential advantages over mouse or in some
cases chimeric antibodies for use in human therapy:

l) Because the effector portion is human, it may
interact better with the other parts of the human immune
system (g.9., destroy the target cells more efficiently by
complement- dependent cytotoxicity (CDC) or
antibody~dependent cellular cytotoxicity (ADCC)).

2) The human immune system should not recognize
the framework or constant region of the humanized antibody as
foreign, and therefore the antibody response against such an
injected antibody should be less than against a totally
foreign mouse antibody or a partially foreign chimeric
antibedy.

' 3) Injected mouse antibodies have been reported
to have a half-life in the human circulation much shorter
than the half-life of normal antibodies (D. Shaw et al., J.
Immunol., 138:4534-4538 (1987)). Injected humanized
antibodies will presumably have a half-life more similar to
naturally occurring human antibodies, allowing smaller and
less frequent doses to be given.

The present invention is specifically directed to

_improved humanized immmunoglobulins (e.g., capable of binding

the human IL-2 receptor) with respect to those described in
EPA publication no. 0239400. That application, the
disclosure of which is excluded from coverage herein,
describes, for cextain immuneglebulins, substituting CDR's
regions in the light or heavy chain variable domains of an
acceptor antibody with analogous parts of CDR's (typically
solvent accessible) from an antibody of different
specificity. Also, that application discusses, for certain
immunogleobulins, the possibility of only transferring
residues that are (solvent) accessible from the antigen
binding site, which residues apparently may include certain
framework regions (specifically, residues known to be
involved in antigen binding as described in amit et al.,
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framewor ks fromthe sel ected acceptor sequences. |In another aspect, the
I nvention provides a nethod of producing a humani zed i nmunogl obul i n
conprising expressing in a reconbi nans host cell DNA segments, which encode

the heavy agd;bhabl2£91ai7%7C8S 306sé 1 WE Wihapad o RaUGeRCEL: B licggrby the
steps defi ned

above., At, further, aspect of the invention is

produci ng a ‘NEFERFIRI | IRERTASEIBREI 7 RYY)* ‘H’eé\ﬂ?‘ SRAERtipn© ﬁl}ﬁh‘fﬁ"zed
i'munogl obulinsuffjeientpriisianget e sreyiddd donttimitngppdiphthemt.ari ty

det er m ni ng 'fh%gi,OESIf é%ﬂ.éj,o 30 rprE@ePF@tY Yembodiment of the present
5 invention entails substituting entire CDR's and framework
amino acids immediately adjacent one (or preferably each) of
the CDR's. In general, any framework residue that alsoc makes
contact with the CDR's to, e.g., maintain their conformation
(and usually their antigen binding specificity) are

10 specifivally included within preferred embodiments of the
present invention as described in detail, supra.

In one aspect, the present invention is directed to
recombinant DNA segments encoding the heavy and/or light
chain CDR's (typically with other amino acid residues as

15 described above) from an immunogliobulin capable of binding to
a desired epitope, such as on the human IL-2 receptor (e.g.,
the anti-Tac monoclonal antibedy). The DNA segments encoding
these regions will typically be joined to DNA segments
encoding appropriate human~like framework regions. For

20 example, the preferred DNA sequences, which on expression
code for the polypeptide chains comprising the anti~Tac heavy
and light chain hypervariable regions (with human-}like
framework regions), are shown in Figures 3 and 4,
respectively. Due to codon degeneracy and non-critical

25 amino-acid substitutions, other DNA sequences can be readily
substituted for those saquences, as detailed below.

The DNA seqments will typically further include an
expression control DNA segquence operably linked to the human-
like antibody coding sequences, including naturally-

30 asscciated or heterologous promoter regions. Preferably, the
expression control sequences will be eukaryotic promoter
systems in vectors capable of transforming or transfecting
eukaryotic hdst cells, but control sequences for prokaryotic
hosts may also be used. Once the vector has been

35 incorporated into the appropriate host, the host is’
maintained under conditions suitable for high level
expression of the nucleotide sequences, and, as desired, the
collection and purification ¢f the light chains, heavy
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chain with the framework of a human acceptor |g heavy chain selected so
that the sequence of the humani zed I g heavy chain franework is 65% or nore
identical to the sequence of the donor Ig heavy chain franmework. The
present invention envisages produci ng novel conpositions useful, for
exanple, in the treatnment of T- cell ,pediated human disorders, the
conposi tions contai ni ng human- 1 i ké8i mmunogl obul i ns specifically capabl e of
bl ocki ngsthenbenging 0f7-4rs3BN1686 2. 10 Peérhapac eREREuasdésertapabksy of

binding 4Q+LCRDPh AR HoPtiblls Of ML k2. selection of which

insufficient guidanca is provided. in that application).
Thus, for example, a preferred embodiment of the present

5 invention entails substituting entire CDR's and framework
amino acids immediately adjacent one (or preferably each) of
tha CDR's.

In general, any framework residue that also makes
contact with the CDR's to, e.g., maintain their conformation
(and usually their antigen binding specificity) are '
specifitally included within preferred embodiments of the
present invention as described in detail, supra.

10

In one aspect, the present invention is directed to
recombinant DNA segments encoding the heavy and/or light
chain CDR's (typically with other amino. acid residues as

1s described above) from an immunoglobulin capable of binding to
a desired epitope, such as on the human IL-2 receptor (e.g.,
the anti-Tac monoclonal antibody). The DNA segments encoding
these regions will typically be joined to DNA segments
encoding appropriate human-like framework regions. For
example, the preferred DNA sequences, which on expression
code for the polypeptide chains comprising the anti-Tac heavy
and light chain hypervariahle regions (with human-like
framework regions), are shown in Figures 3 and 4,
respectively. Due to codaon degeneracy and non-critical
25 amino-acid substitutions, other DNA sequences can be readily
substituted for those sequencas, as detailed below.

The DNA segments will typically further include an
expression control DNA sequence operably linked to the human-
like antibody coding sequences, including naturally-~

30 associated or haterologous promoter regions. Preferably, the
expresaion control sequences will be eukaryotic promoter
systems in vectors capable of transforming or transfecting
eukaryotic hést cells, but control sequences for prokaryotic
hosts may also be used. Once the vector has been
incorporated inteo the appropriate host, the host is’
maintained under conditions suitable for high level
expression of tha nucleotide sequencas, and, as desired, the
collection and purification of the light chains, heavy

20

35
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receptors. The i mmnogl obulins can have two pairs of |ight chain/heavy
chai n conpl exes, typically at |east one pair having chains conprising nouse
conpl enmentarity 7 determining regions functionally joined to hunman

framewor k regi on segnents. For exanpl e, nouse conplenentarity determning
regions, with or without additional nmurally-

chains; light/heavy-chain.dimers or intact antibodies,
binding fragments or other immunoglobulin forms may follow.
Human- constant region-bDNA-sequences 'can be isclated
in accordance with well known procedures from a variety of
5 human cells, but preferably immortalized B~cells (gee, Kabat
op. cit. and WP87/02671). For example, the human kappa
immunoglobulin constant and J region genes and sequences are
described in Heiter et al., Cell 22:197-207 (1980) and the
nuclactide sacquence of a human immuncglobulin (:,,,1 gene is
10 described in Ellison et al., Nucl, Acid. Res. 10:4071 (:982),
both of which are incorporated herein by reference. The
CDOR's for producing the immunoglobulins of the present
invention will be similarly derived from monoclonal
antibodies capable of binding to the desired antigen (e.g.,
15 the human IL-2 receptor) and produced in any convenient
mammalian source, including, mice, rats, rabbits, or other
veterbrate capable of producing antibodies by well known
methods. Sultable source cells for the DNA sequences and
host cells for immunogleobulin expression and secretion can be
ocbtained from a number of sources, such as the American Type
Culture Collection ("Catalogue of Cell Lines and Hybridomas,"
Fifth edition (1%85) Rockville, Maryland, U.S.A., which is
incorporated herein by reference).

20

In addition to the human-like immuncglobulins

25 specifically described herein, other "substantially
homologous" modified immunoglcbulins can be readily designed
and manufactured utilizing various recombinant DNA techniques
well known to those skilled in the art. For example, for the
IL~2 receptor immunoglobulins the framework regicns can vaxy

30 from the sagquences in Tigures 3 and 4 at the primary
structure level by several amine acid substitutions, terminal
and intermediate additions and deletions, and the like.
Moreover, a variety of different human framework regions may
be used singly or in combination as a basis for the human-

35 like immunoglobulins of the present invention. In general,
modifications of the genes may be readily accomplished by a
variety of well-known techniques, such as site-directed
mutagenesis (ses, Gillman and Snith, Gene 8:81-97 (1979) and
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associ at ed nouse am no acid residues, can be used to produce human-|ike
anti bodi es capable of binding to the human IL-2 receptor at affinity |levels
stronger than about 10[err] M The i mmitogl obul i ns, including bi ndi ng

or esent | nverrria ko REL LI 3h 7 S EIL SO, SR O e

a vari ety of recombi nant DNA
t echni ques, %ﬁ?r?QHQﬁﬂﬂﬁPE‘éxﬁﬁ¥ﬁiﬂ &Y FRE F¥%ﬂé?btted cells, preferably

|nnDrtaI|zedAIm&xnaMﬂma&ycebbxwpcphﬂdeafraynéﬂuﬁ.dﬂmﬁq&rﬂniomhlqehls.

portion of the primary antibody structure may be produced,

5 which fragments possess one or more immunoglobulin activities
{e.d,, complement fixation activity). Also because like many
genes, the immunoglobulin-related genes contain separate
functional regions, each having one or more distinct
biological activities, the genes may be fused to functiconal

10 regions from other genes (e.d., enzymes, seeg, commonly '
assigned U.S.S.N. 132,387, filed Dec. 15, 1987, which is
incorporated herein by reference) to produce fusion proteins
{(e.g., immunotoxins) having novel properties.

The nucleic acid sequences of the present invention

15 capable of ultimately expressing the desired human-like

antibodies can be formed from a variety of different
polynucleotides (genomic or cDNa, RNA, synthetic

oligonucleotides, etc.) and components (e.q,, V, J, D, and C

regions), as well as by a variety of different techniques.

Joining appropriate genomic sequences is presently the most

comnon method of production, but cDNA sequences may also be

utilized (see, Buropean Patent Publication No. 0239400 and

Reichmann, L., et al., Nature 332:323-327 (1988), both of

which are incorperated herein by reference).

25 As stated previously, the DNA sedquences will ke
expressed in hosts after the sequences have been operably
linked to (i.e., positioned to ansure the functioning of) an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes

30 or as an integral part of the host chromosomal DHNA.

Commonly, expression vectors will contain selecticn markers,

e.q., tetracycline or neomycin, to permit detection of those

cells transformed with the desired DNA sequences (see, e.d9.,

U.S. Patent 4,704,362, which is incorporated herein by
3s raference).

20

E. goli is one prokaryotic hest useful particularly
for cloning the DNA sequences of the present invention.
Other microbial hosts suitable for use include bacilli, such
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Pol ynucl eoti des conprising a first sequence coding for human-1ike
I mmunogl obul in framework regi ons and a second sequence set coding for the

desi red i munogl obul i n conpl enmentarity determ ning regions can be produced
synt het i cal | y2®rBagi Eggﬁélzﬁwnﬁﬂﬁﬂ°$hertEnmcaﬂﬂa§%ﬁ9®¢@B¢RWAang@naats.
The human-|i keaimGREIAA,0BkTaE] SR YVarlee vidiribuzefgah@bfohdls St Ay | althy pure
fornl or Coanﬁéégiﬁ%éﬂ%r%otic-hosts, one-can-also-make expression.
vectors, which will typically contain expression control
5 sequences compatible with the host cell (e.g., an origin of
replication). 1In addition, any number of a variety of well-
known promoters will be present, such as the lactose promoter
system, a tryptophan (trp) promoter system, a beta-lactamasa
promoter system, or a promoter system from phage lamhda. The
10 promoters will typically control expression, optionallyzwith
an operztor sequence, and have ribasome binding site
sequences and the like, for initiating and completing
transcription and translation.
Other microbes, such as yeast, may also be used for
15 expression. Saccharomyces is a preferred host, with suitable
vectors having expression control sequences, such as
promoters, including 3-phosphoglycerate kinase or other
glycolytic enzymes, and an origin of replication, termination
sequences and the like as desired.

20 In addition to microorganisms, mammalian tissue

cell culture may also be used to express and produce the
polypeptides of the present invention (§gg, Winnacker, "From
Genes to Clones," VCH Publishers, N.Y., N.Y. (1987), which is
incorporated herein by reference). Eukaryotlc cells are

25 actually preferred, because a number of suitable host cell
lines capable of secreting intact immunoglobulins have been
developed in the art, and include the CHO cell lines, various
COS cell lines, Hela cells, myeloma cell lines, etc, but
preferably transformed B-cells or hybridomas. Expression

30 vectors for these cells can include expression control
sequences, such as an origin of replication, a promoter, an
enhancer {(Queen, C., et al., Immungl, Rev. 89:49-68 (1986),
which is incorporated herein by reference), and necessary
processing information sites, such as ribosome binding sites,

35 RNA splice sites, polyadenylation sites, and transcriptional
terminator sequences. Preferred expression control sequences
ara promoters derived from SV40 with enhancer (see, Mulligan
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7a cytotoxic agent, such as a radionuclide, a ribosomal inhibiting protein
or a cytotoxic agent active at cell surfaces. Al of these conpounds w ||
be particularly useful in treating T-cell nediated disorders. The
human- | i ke i mmunogl obul ins or their conplexes can be prepared in a
pharmaceutical Iy accepted dosage form w#2ich will vary depending on the

mode of adm i LE3dQf: sUASnRE T8 147315, OP1883P, PLOVElRRdlokgl 11t hods
gene, Adenovirus, Bovine Papilloma Virus, and the like.
The vectors contalining the.DNA .segments of interest
(g.9., the heavy and light chain encoding sequences and
5 expression control sequences) can be transferred into the
host cell by well-known methods, which vary depending on the
type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment or electroporation may be
- 10 used for other cellular hosts. (See, generally, Maniatis, et
al., Molecular Clonjing: 3 Laboratory Manuyal, Cold Spring
Harbor Press, (1982), which is incorporated herein by
refarenca.)
Once expressed, the whole antibodies, their dimers,
15 individual light and heavy chains, or othar immunoglobulin
forms of the present invention c¢an be purified according to
standard procedures of the art, including ammonium sulfate
precipitation, affinity columns, column chromatography, gel
electrophoresis and the like (see, geperally, Scopaes, R.,
20 Protein Purification, Springer-verlag, N.Y¥Y. (1982)).
Substantially pure immunoglobulins of at least about 90 to
95% homogeneity are preferred, and 98 to 99% or more
homogeneity most preferred, for pharmaceutical uses. Once
purified, partially or to homogeneity as desired, the
25 polypeptides may then be used therapeutically (including
extracorporeally) or in developing and performing assay
procedures, immunofluorescent stainings, and the like. (See,

generally, Immpunolegical Methgds, Vols. I and II, Lefkovits
and Pernis, eds., Acadenmic Press, New York, N.¥. (1979 and
30 1881)).

The IL-2 receptor specific antibodies exemplified
in the present invention will typically find use individually
in treating a T-cell mediated disease state. Generally,
where the cell linked to a disease has been identified as IL-

35 2 receptor bearing, then the human-like antibodies capable of
blocking the binding of IL-2 to the human IL-2 receptor are
suitable (s¢e, U.S.S5.N. 085,707, entitled "Treating Human
Malignancies and Disorders,™ which is incorporated hexein by
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desi gni ng human-1|i ke i mmunogl obul i ns or

one or

nore conplenentarity determng regions (CDR s) froma donor
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expression control sequences) can be transferred into the

host call by well-known methods, which vary depending on the

type of cellular host. For example, calcium chloride

transfection is commonly utilized for prokaryotic cells,

whereas calcium phosphate treatment or electroporation ﬁay be

10 used for other cellular hosts. (See, generally, Maniatis, et
al., Molecular Cloning: 2 ILaborato Manual, Cold Spring

Harbor Press, (1982), which is incorporated hexrein by
reference. )}

Once expressed, the whole antibodies, their dimers,

individual light and heavy chains, or other immunoglobulin

forms of the present invention can be purified according to
standard procedures of the art, including ammonium sulfate
precipitation, affinity columns, column chromatography, gel

electrophoresis and the like (see, generzlly, Scopes, R.,

20 Protejin Purification, Springer-verlag, N.Y¥Y. (1982)).

Substantially pure immunoglobulins of at least about 90 to

95% homogeneity are preferred, and 98 to 99% or more

homogeneity most preferred, for pharmaceutical uses. Once

purified, partially or to homogeneity as desired, the

25 polypeptides may then be used therapeutically {including

extracorporeally) or in developing and performing assay
procedures, immunofluorescent stainings, and the like.

(See,

generally, Immunological Methods, Vols. I and II, Lefkovits
and Pernis, eds., Acadenic Press, New York, N.¥. (1979 and

30 1981)) .

The IL-2 receptor specific antibodies exemplified
in the presant invention will typically find use individually

in traeating a T-cell mediated disease state. Generally,

where the cell linked to a disease has been identified as IL-

35

2 receptor bearing, then the human-like antibodies capable of

blocking the binding of IL-2 to the human IL-2 receptor are
suitable (see, U.S.S5.N. 085,707, entitled "Treating Human
Malignancias and Disorders," which is incorporated herein by
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I mmunogl obul i n, sequence is typically selected froma collection of at
| east 10 to 20 i mmunogl obulin chain sequences, and usually wll have the
hi ghest honDIogy to the donor innunogkobulin sequence of any sequence in

the col l ectiqnp lc'lggmg BN S RAMRREE Iy
have about 65 to 7 %#nramn’f, rmre oi‘%{he donor i nmuno Ig\g’ajlc%tr,\i%/?é&rmév\ork
sequences. T \5‘8¥ B0 VREFUS QT it sepsR ErapFPEEthot h
heavy and |i gd‘ﬁjadialon andp&t&ﬁummderbbbnmm ot ddm corRrsiplanke -sackedd nd

of chain. A hympal zednbkgk; &M 1834%eeNakBe CaNoPFet Stk ddl O R ude
5 autoimmune diseases, such as Type I diabetes, multiple
sclerosis, rheumatoid arthritis, systemic lupus
erythematosus, and myasthenia gravis.
The human-like antibodies of the present invention
may also be used in combination with other antibodies, '

10 particularly human monoclonal antibodies reaative with other
markers on cells responsible for the disease. For example,
suitable T~cell markers can include those grouped into the
so~called “Clusters of Differentiation,” as named by the
First International Leukocyte Differentiation Workshop,

15 Leukocyte Typing, Bernard, et al., Eds., Springer—Verlagq,

N.Y. (1984), which is incorporated herein by reference.

The antibodies can also be used as separately
administered compositions given in conjunction with
chemotherapeutic or immunosuppressive agents. Typically, the
agents will include cyclosporin A or a purine analog (e.q.,
methotrexate, &é-mercaptopurine, or the like), but numerocus
additional agents (e.g., cyclophosphamide, prednisone, etc.)
well-known te those skilled in the art may alsc be utilized.

A preferred pharmaceutical composition of the
25 present invention comprises the use of the subject antibodies

in imnmunotoxins. Immunotoxins are characterized by two

components and are particularly useful for killing selected

cells in vitro or in vivo. One component is a cytotoxic

agent which is usually fatal to a cell when attached ox
30 absorbed. The sacond componant, known as the "delivery
vehicle, " provides a means for delivering the toxic agent to
a particular cell type, such as cells comprising a carcinoma.
The two components are commonly chemically bonded together by
any of a variety of well-known chemical procedures. ¥For
example, when the cytotoxic agent is a protein and the second
component is an intact immunoglobulin, the linkage may be by
way of heterobifunctional cross-linkers, g.g., SPDP,
carbodiimide, glutaraldehyde,.or the. like. Production of

20

3s
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conpl et e humani zed i mmunogl obul in or antibody, having two |ight/heavy chain
pairs, with or without partial or full- |length human constant regi ons and
ot her proteins. t.i ona %E;umLin con ction with the above conparison

| | j u h
step, additionaV*EPHE Roxins éﬁcéﬁiiﬁquWWﬁﬁﬁﬁpbﬁﬂFiﬁrﬁha??FYﬁﬁPlﬂ?
replaced with arfiompdacitds éxampliehénCheuariomalmintigiodiytitorinhcom)ugatds:e

specifically, fuyibigl eRb! c BNkt WitORS Pdletd ﬂq”&k@ﬁﬂﬁ%ﬁﬁﬁ%
aci d of t he accept or .i nuno obuylin wth a_correspondln% amno acl rom a
donor |nnunogloﬁﬁ Glinica ﬁed;clne, Academic Press, pp. 168-190 (1982),
5 which is incorporated herein by reference.
A variety of cytotoxic agents are suitable for use

in immunotoxins. Cytotoxic agents can include

radionuclides, such as Iodine-131, Yttrium-9%90, Rhenium~188,

and Bismuth-212; a number of chemotherapeutic drugs, such as

10 vindesine, methotrexate, adrijiamycin, and cisplatinm: and
cytotoxic proteins such as ribosomal inhibiting proteins like
pokeweed antiviral protein, Pseudomonas exotoxin A, ricin,
diphtheria toxin, ricin A chain, etc., or an agent active at
the cell surface, such as the phospholipase enzymes (e.g.,

15 phospheolipase C). (Sse, generally, commonly assigned
U.5,8.N. 07/290,968 filed December 28, 1988), "Chimeric
Toxinsg," Olsnes and Phil, Pharmac. Ther., 25:355-381 (1982),
and “"Monoclonal Antibodies for Cancer Detection and Therapy,"
eds. Baldwin and Byers, pp. 159-179, 224~266, Academic Press

20 (1885), all of which are incorporated herein by refarence.)

The delivery component of the immunotoxin will
include the human-like immunoglobulins of the present
invention. Intact immunoglobulins or their binding
fragments, such as Fab, are preferably used. Typically, the

25 antibodies in the immunotoxins will be of the human IgM or
IgG isotype, but other mammalian constant regions may be
utilized as desired.

The human—-like antibodies and pharmaceutical
compositions thereof of this invention are particularly

30 useful for parenteral administration, i.e., subcutaneously,
intramuscularly or intravenously. Tha compositions for
parenteral administration will commonly comprise a solution
of the antibody or a cocktail thereof dissolved in an accept-
able carrier, preferably an agqueous carrier. A variety of

35 aqueous carriers can be used, e,g., water, buffered water,
0.4% saline, 0.3% glycine and the like. These sslutions are
sterile and generally free of particulate matter. These
compositions may be sterilized by conventional, well known
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8 wll be made at positions in the i mmunogl obulins where: (a) the am no
acid in the human framework region of an acceptor immnoglobulin is rare
for that positiQg t he corres ondi ng am no acid |n t he donor |

i munogl obul i n ﬁ?ﬁ ipg, t ?Eé)?ﬁﬁﬁ -ti onei AOTRARHEIGRRA R SmtaAn

sequences; or pharmaceutically acceptable auxiliary substances as required
- to approximmate physiclogical conditions 'such as pH adjusting
and buffering agents, toxicity adjusting agents and the like,
5 foxr axample sodium acetate, sodium chloride, potassium
chloride, calcium chloride, sodium lactate, etc. The
concentration of antibody in these formulations can vary
widely, j.e., from less than about 0.5%, usually at or at
least about 1% to as much as 15 or 20% by waight and will be

10 selected primarily based on fluid volumes, viscosities, etc.,
in accoridanca with the particular mode of administrationr
selected.

Thus, a typical pharmaceutical composition for
intramuscular injection could be made up to contain 1 ml
15 sterile buffered water, and 50 mg of antibody. A typical
composition for intravenous infusion could be made up to
contain 250 ml of sterile Ringer's solution, and 150 mg of
antibody. Actual methecds for preparing parenterally
administrable compositions will be known or apparent to those
20 skilled in the art and are described in more detail in, for
exanple, Remington's Pharmaceutical Science, 15th ed., Mack
Publishing Company, Easton, Pennsylvania (1980), which is
incorporated herein by raference.

The antibodies of this invention can bhe lyophilized
for storage and reconstituted in a suitable carrier priocr to
use. This technique has been shown to be effective with
cenventional immune globulins and art~known lyophilization
and reconstitution technigques can be employed. It will be
appreciated by those skilled in the art that lyophilization
and reconstitution can lead to varying degrees of antibody
activity loss (e.g., with conventional immune globulins, IgM
antibodies tend to have greater activity loss than IgG

antibodies) and that use levels may have to be adjusted to
compensate.

25
30

35 The compositions containing the present human-liike

antibodies or a cocktalil thereof can be administered for
prophylactic and/or therapeutic treatments. In therapeutic
application, compositions are administered to a patient
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(b) the am no
amno acid is

acid is imedi ately adjacent to one of the CDR s; or (c) the
predicted to have a side chain atom capable of interacting

with the antigen or with the COR s of the humani zed i munogl obulin,
optional Iy wi tAlFeado mutfardngt feopR Gisensy t hpean IPPRRS|wHificient to
i mmunogl obul i ncupdedr athe dagtnpaZeihl IPaIeesebihenachaase Vihd ittwoi cal ly
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defined as a "therapeutically effective dose." Amounts

effactive for this use will depend upon the severity of the
infection and the general state of the patient's own immune
system, but generally range from about 1 to about 200 mg of
antibody per dose, with dosages of from 5 to 25 mg per
patient being more commonly used. It must be kept in mind
that the materials of this invention may generally ke
employed in serious disease states, that is life-threatening
or potentially life-threatening situations. In such cases,
in view of the minimization of extraneous substances and thea
lowar probability of "foreign substance" rejections which are
achieved by the present human-like antibodies of this in-
vention, it is possible and may be felt desirable by the
treating physician to administer substantial excesses of
these antibodies.

In ptophylactic applications, compositions
containing the present antibodies or a cocktail thereof are
administered to a patient not already in a disease state to
enhance the patient's resistance. Such an amount is defined
to be a "prophylactically effective dose." 1In this use, the
precises amounts again depend upon the patient's state of
health and general level of immunity, but generally range
from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg par
patient. A preferred prophylactic use is for the prevention
of kidney transplant rejection.

Single or multiple administrations of the
compositions can be carried out with dose levels and pattern
being selected by the treating physician. In any event, the
pharmaceutical formulations should provide a guantity of the
antibody(ies}) of this invention sufficient to effactively
treat the patient.

Human-like antibodies of the present invention can
further find a wide variety of utilities in vitro. By way of
example, the exaemplary antibodies can be utilized for T-cell
typing, for isolating specific IL-2 raeceptor bearing cells or
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of which is immedi ately adjacent to a CDR in the donor inmmunogl obulin. The
heavy and |ight chains may each be designed by using any one or all three
of the position criteria. Wien conbined into an intact antibody, the

humani zed | i gifragmenteavy tmireseptdt; drsvastinbi prlpapatibfmuzogasi c in
humans and retaip substantially the sane affinity as the donor
I mmunogl obulin to the antigen (such as a protein or other conpound
contai ning an epi t ope) . FONEHRMOFEHF (RUNRAASSs £ PACIDPALRF may either
be labeled or unlabeled. Unlabeled antibodies can be used in
5 combination with other labeled antibodies (second antibodies)
that are reactive with the human-like antibody, such as anti~
bodies specific for human immunoglobulin constant regions.
Alternatively, the antibodies can be directly labeled., A
wide variety of labels may be employed, such as
210 radionuclides, fluors, enzymes, enzyme substratas, enzymé co-
factors, enzyme inhibitors, ligands (particularly haptens),
etc. Numerous types of immunoassays are available and are
well known to those skilled in the art.
Kits can also be supplied for use with the subject
15 antibodies in the protection against or datection of a
cellular activity or for the presence of a selected antigen.
Thus, the subject antibody composition of the present
invention may be provided, usually in a lyophilized form in 2z
containex, either alone or in conjunction with additional
20 antibodies specific for the desired cell type. The
antibodies, which may be conjugated to a label or toxin, or
unconjugated, are included in the kits with buffers, such as
Tris, phosphate, carbonate, etc., stabilizers, biccides,
inert proteins, e.g., serum albumin, or the like, and a set
25 of instructions for use. Generally, these materials will be
present in less than about 5% wt. based on the amount of
active antibody, and usually present in total amount of at
least about 0.001% wt. based again on the antibody
concentration. Frequently, it will bae desirable t¢ include
39 an inert extender or excipient to dilute the active
ingredients, where the excipient may be present in from about
1 to 99% wt. of the total composition. Where a second
antibody capable of binding to the chimeric antibedy is
employed in an assay, this will usually be present in a
a5 separate vial. The second antibody is typically conjugated
to a3 label and formulated in an analogous manner with the
antibody formulations described above.
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about 10[err]

M err] or higher,
I mmunogl obulin's original

and may be within about 4 fold of the donor

affinity to the antigen. 9 BRI EF DESCRI PTI ON

OF THE FI GURES Figure 1. Conparison of séquences of anti-Tac heavy chain
(upper lines) and Eu hedthe chalowihgweranpless préheffetedtisy wndetf or ani no
acids is used. 11 796cfi¢sin, AHol0by 1imitation.
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EXPERIMENTAL
Design o es fo -1ik ight and a chains

The sequence of the human antibody Bu (Sequences of
Proteins of Immunological Interaest, Kabat, E., et al., U.S.
Dept. of Health and Human Services, 1983) was used to provide
the frameworklof the humanized antibody, because tha amine
acid sequence of the heavy chain of anti-Tac is more
homologous to the heavy chain of this antibody than to any
other haavy chain'sequence in the National Biomedical
Foundation Protein Identification Resource.

To select the sequence of the humanized heavy
chain, the anti-Tac heavy chain sequence (see, commonly
assigned U.5.5.N.'s 186,862 and 223,037, which are
incorporated herein by reference) was aligned with the
sequence of the Eu heavy chain (Figure 1). At each
position, the Eu amino acid was selected for the humanized
saquence, unless that position fell in any one of the
following categories, in which case the anti-Tac amino acid
was selected.

(1) The position fell within a complementarity
determining region (CDR), as defined by Kabat,
et al., op. cit. (aminoc acids 31-35, S0-6§,
99-106};

(2) The Eu amino acid was unusual for human heavy
chains at that position, whareas the anti-Tac
amine acid was typical for human heavy chains
at that position (aminc acids 27, 93, 95, 98,
107-109, 1l1l1):

(3) The position was immediately adjacent to a CDR
in the amino acid sequence of the anti-Tac
heavy chain (amino acids 30 and 67).

(4) 3-~dimensional modeling of the anti-Tac
antibody suggested that the amino acid was
physically close to the antigen binding region
(amino acids 48 and 68).
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acid on each line is nunbered at the left. Identical amno acids in the two
sequences are connected by lines. The 3 CDRs are underlined. Other am no
acid positions for which the anti-Tac_am no acid rather than the Eu am no
aci d was used i nSPRE ARRERi3F@safel LThe HHO®R e oReaPE §PBRSEcHRRgITLes
Figure 2. Conpar batnagé ey arietedoinasmie- Tac |ight chain (upper lines) and

Eu I'ight chai I i : Lnal &5 i f | : 1,
used. The Tt amino aci o SRk FRac et o3 HndRug ot gie 5

ered at enti cal
chain, the anti-Tac light chain sequence was aligned with the
5 sequence of the Eu light chain -(Figqure 2). The Eu amino

acid was selacted at each position, unless the position again
fell into one of the categories (1) - (4), (with light chain
replacing heavy chain in the category definjitions):

(1) CDRs (aminc acids 24-34, 50-56, 89-97).

10 (2) Anti-Tac amino acid more typical than Bu’

(amino acids 48 and 63).

(3 Adjacent to CDRs (no amino acids; Eu.and
anti-Tac were alxeady the same at all these
positions).

15 {(4) Possible 3-dimensional proximity to binding

region (amino acid 60).
The actual nucleotide sequence of the heavy
(Figure 3) and light chain (Figure 4) genes ware selected as
follows:

20 (1) the nuclectide sequences code for the amineo
acid sequences chosen as described above.

(2) 5' of these coding sequences, the nucleotide
sequences code for a leader (signal) sequence,
namely the leader of the light chain of the
antibody MOPC 63 and the leader of the heavy
chain of the antibody PCH 108A (Kabat et ail.,
opn. git.). These leader seguences were chosen
as typical of antibodies.

(3) 3' of the coding sequences, the nucleotide
sequencas are the sequences that follow the
mouse light cha## Js segment and the mouse
heavy chain J2 segment, which are part of the
anti-Tac sequences. These sequences are

included because they contain splice donor
35 ' signals.

25

30

(4) At each end of the sequence is an Xpa I site
to allow cutting at the Xba I sites and
cloning into the Xba I site of a vector.
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amno acids in the two sequences are connected by lines. The 3 CDRs are

underlined. her amno acid p03|t|ons for mhlch the antl-Tac am no acid
rat her than therdpstaictaofChé -

*
e hummri sod ot o 33, gvEHbEsTm Y %bﬁét*ﬂ&f%eﬂy % s e gene 1o
am no acid seqL@%ﬁspﬂuﬂlepﬁedﬁarﬂESiZilﬁisgémeﬂﬁﬂbﬁdlﬁﬁﬁ¥ﬁ(ﬂﬁﬂgunqsssmounre
underneath the spohiRglida 989HENES APEIS caU Bl 88YEdass TAIA mdl sSyrenlegieni ng
and end Og the @ng%f the oligonucleotides are part of each strand of the
heavy chain, and each oligonucleotide overlaps the next one
by about 20 nucleotides to allow annealing (Figure 5B).
Together, the oligonucleotides cover the entire humanized
heavy chain (Figure 3) with a few extra nucleotides at éach
10 end to allow cutting at the Xba I sites. The .
oligonucleotides were purified from polyacrylamide gels.
Each oligonucleotide was phosphorylated using ATP
and T4 polynucleotide kinase by standard procedures (see,
Maniatis, op. g¢it.). To anneal the phosphorylated
15 oligonucleotides, they were suspended together in 40 ul of TA
(33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM
magnesium acetate) at a concentration of about 3.75 uM each,
heated to 95 deg for 4 min. and cooled slowly to 4 deg. To
synthesize the complete gene from the oligonucleotides by
20 synthesizing the opposite strand of each oligonuclectide

(Figure 5B), the following components were added in a final
volume of 100ul:

10 ul annealed oligonucleotides
25 0.16 mM each deoxyribonuclaotide

0.5 mM ATP

0.5 mM DTT

100 ug/ml BSA

3.5 ug/ml T4 g43 protein (DNA polymerasa)
30 25 ug/ml T4 g44/62 protein (polymerase

" accessory protein)
25 ug/ml 45 protein (polymerase accessory
prxotein)

35 . The mixture was incubated at 37 deg for 30 min.

Then 10 u of T4 DNA ligase was added and incubation at 37 deg
resumed for 30 min. The polymerase and ligase were
inactivated by incubation of the reaction at 70 deg for
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are Xba | sites.

Q Figure 4. Nucleotide sequence of the gene for the humanized anti-Tac
| i ght chain variabl e reglon gene The translated antno aC|d sequence for

the part of tRkeIGERECeNIBRRS

sequence. The chadhgot i des TCTAGA at the beglnnlng and end of the gene are

Xba | sites.
Fi gur.e 5.
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The mtur%té%ﬁ@ﬁ@h&ﬁ%ﬂ%ﬁ%& Wakh 1801 D004 421 D,

Sequences  of
the pUC19 plasmid in which it had been inserted and then

inserted into the Xba I site of the vector pv~yl (see,
commonly assigned U.S.S8.N. 223,037) in the correct
orientation by standard methods, to produce the plasmid
PHUGTAC1 (Figure 7). This plasmid will express high levels
of a complete heavy chain when transfected into an
appropriate host cell. .

The two light chain Xba I -~ Hind III fragments were
isolated from the pUCL8 plasmids in which they had been
inserted. The vector plasmid pVxl (see, commonly assigned
U.S.S.N. 223,037) was cut with Xba I, dephosphorylated and
ligated with the two fragments by standaxd maethods. The
desired reaction product has the circular form: vector - Xba
I - fragment 1 - Hind III - fragment 2 -~ Xba I - vector.

. Several plasmid isolates were analyzed hy restriction mapping

and secquencing, and one with this form chosen. This plasmid,
pHULTAC (Figure 8), therefore contains the complete humanized
light chain {(Figure 4) and will express high levels of the
light'chain when transfected into an appropriate host cell.

thesis an init h ize od

The plasmids pHUGTAC1 and PHULTAC were transfected
into mouse Sp2/0 cells, and cells that integrated the
plasmids were selected on the basis of resistance to
mycophenolic acid and/or hygromycin B conferred by the gpt
and hyg genes on the plasmids (Pigures 7,8) by standard
methods. To verify that these cells secreted antibody that
binds to the IL~2 receptor, supernatant from the cells was
incubated with HUT-102 cells that are known to express the
IL~2 receptor. AaAfter washing, the cells were incubated with
fluorescein-ceonjugated goat anti-human antibody, washed, and
analyzed for fluorescence on a FACSCAN cytofluorometer. The
results (Fiqure %A), clearly show that the humanized antibody
binds to these cells, but not to Jurkat T-cells that do not
express the IL-2 receptor (Figure 9D). As controls, the
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ol i gonucl eoti des used to synthesize the humani zed anti-Tac heavy chain

gene, printed 5 to 3'.

B. Relative positions of the oligonucleotides. The

arrows point iAstfend’ - Eejels@Prhel g@ne hoidin: ol al, el d&... ...10_Figure 6.
(A) Sequences Q
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mM, 43 ul of water, and 50 u.of ¥Xpa:YT in.5 ul. The reaction
was incubated for 3 hr at 37 deg, and run on a gel. The 431
bp Xba I fraguent was purified from a gel and cloned into the
Xba I site of the plasmid pUCl9 by standard methods. Four
plasmid- isolates were purified and segquenced using the
dideoxy method. One of these had the correct sequence
{(Figure 3).

Te synthesize the light chain, four .
oligonuclectides JFD1l, J¥D2, JFD3, JFD4 (Figure 6A) were
synthesized. Two of the oligonucleotides are part of each
strand of the light chain, and each oligonuclectide overlaps
the next one by about 20 nucleotides to allow annealing
(Figure 6B). Together, the oligonucleotides cover the entire
humanized light chain (Figure 4) with a few extra nucleotides
at each end to allow cutting at the Xba I sites. The
oligaonucleotides wera purified from peolyacrylamide gels.

The light chain gene was synthesized from these
olignucleotides in two parts. 0.5 ug each of JFD1 and J¥D2
were combined in 20 ul sequenase buffer (40 mwM Tris-HKCl, pH
7.5, 20 M magnesium chloride, 50 mM sodium chloride), heated
at 70 deg for 3 min and allowed to cool slowly to 23 deg in
order for the oligonucleotides to anneal. JFD3 and JFD4 were
treated in the same way. Each reaction was made 10 mM in DTT
and 0.5 mM in each deoxyribonucleotide and 6.5 u of sequenase
(US Biochemicals) was added, in a final volume of 24 ul, and
incubated for 1 hr at 37 deg to synthesize the opposite
strands of the oligonucleotides. Xba I and Hind III were
added to each reaction to digest the DNA (there is a Hind III
site in the region where JFD2 and JFD3 overlap and therefore
in each of the synthesized DNAs; Figure 6B). The reactions
were run on polyacrylamide gels, and the Xba I - Hind III
fragments were purified and cloned into pUC18 by standard
methods. Several plasmid isolates for each fragment were
sequenced by the dideoxy method, and corrxect ones chosen.
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light chain gene, printed 5° to 3'. (B) Relative positions of the
ol i gonucl eotides. The arrows point in the 3" direction for each

ol i gonucl eotide., The position of a Hi I1l site_in the overl .Qf

and JFD3 is shBRAYIRRYAsE a“E&H'E?fé'ﬁ’Q"%"gé'r gﬁﬁo#?ﬁe“%?‘gs?ﬁg asa%&ﬁ‘sf}ﬁggg
used to expresselhs (Bimnie ed,an;igTandednilararesuREBevant restriction
EB;ZZ are shown, and codiflg £,£4hQRSeRbetfife@AYkedhai Brangcdhgpliyed as

S ahoun by an PEPGRZeA EPEE 100 HEXSy RHETEL LB cuy 870 hot Sed R ¢!

5 ascites collectaed. Humanized antibody was purifieg to
substantial homogeneity from the ascites by passage through
an affinity column of goat anti~human immunoglobulin
antibody, prepared on an Affigel-10 support (Bio-Rad
Laboratories, Inc., Richmond, CA) according to standard

10 techniques. To determine the affinity of the humanized.
antibody relative to the original anti-Tac antibedy, a
competitive binding experiment was performed. About 5 x 10°
HUT-102 cells were incubated with known quantities (10 - 40
ng) of the anti-Tac antibody and the humanized anti-Tac

15 antibody for 10 min at 4 deg. Then 100 ng of biotinylated
anti-Tac was added to the cells and incubated for 30 min at 4
deg. This quantity of anti-Tac had previously been
determinad to be sufficient to saturate the bhinding sites on
the cells, but not to be in large excess. Then the cells

20 were washed twice with 2 ml of phosphate buffered saline
(PBS) containing 0.1% sodium azide. The cells were tnen
incubated for 30 min at 4 deg with 250 ng of
phycoerythrin-conjugated avidin, which bound to the
biotinylated anti-Tac already bound to the cells. The cells

25 were washed again as above, fixed in PBS containing 1%
paraformaldehyde, and analyzed for fluoraescence on a FACSCAN
cytofluoronmeter.

Use of increasing amounts (10 — 40 ng) of the
anti-Tac antibody as competitor in the first step decreased
30 the amount of biotinylated anti-Tac that could bind to the
cells in the sacond step, and therefore the amount of
phycoerythrin-conjugated avidin that bound in the last step,
thus decreasing fluorescence (Figure 10A). Equivalent
amounts (20 ng) of anti-Tac, and humanized anti-Tac used as
35 competitor decreased the fluorescence to approximately the
same degree (Figure 10B). This shows that these antibodies
have approximately the same affinity (within 3 to 4 fold),
because if one had much greater affinity, it would have more
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resi stance gene.

Figure 8. Schematic diagram of the plasm d pHULTAC used to

express the humani zed anti-Tac |ight chain. Relevant restriction sites are
shown, and coding regions of the light-thain are displayed as boxes. The
direction of ffgssiveriyi conpatmnd wishl therbiatt oy lareshantibraan axuow.

Figure 9. Fl ieusonEt EYudfedddhichOgogRd Jurkat cells stained with anti-Tac
anti body or humani zed anti-Tac anti body foll owed respectively by

fl uorescei n-conj ugated goat anti-nouse I g antibody or goat anti-human Ig
anti body, as Bigleogical properties of the humanized antibody

5

10

15

290

25

30

For optimal use.in treatment of human disease, the
humanized antibody should beé able to destroy T-cells in the
body that express the IL-2 receptor. One mechanism by which
antibodies may destroy target cells is antibody-dependent
cell-maediated cytotoxicity, abbreviated ADCC (Fundamental
smmunology, Paul, W., Ed., Raven Press, New York (1984), at
pg. 681), in which the antibody forms a bridge between the
target cell and an effector cell such as a macrophage that
can lyse the target. To determine whether the humanized
antibody and the original mouse anti-Tac antibody can mediate
ADCC, a chromium release assay was performed by standard
methods. Specifically, human leukemia HUT-102 cells, which
express the IL-2 receptor, were incubated with cr to allow
them to absorb this radionuclide. The HUT-102 cells ware
then incubated with an excess of either anti~Tac or humanized
anti-Tac antibody. The HUT-102 cells were next incubated for
4 hrs with either a 30:1 or 100:1 ratio of effector cells,
which were normal purified human peripheral blood mononuclear
cells that had been activated by incubation for about 20 hrs
with human recombinant IL-2. Release of 3lcr, which indicated
lysis of the target HUT-102 cells, was maeasured and the
background subtracted (Table l). The results show that at
either ratio of effector cells, anti-Tac did not lyse a
significant number of the target cells (less than 5%), while
the humanized antibody did (more than 20%). Hence, the
humanized antibody is likely to be more efficacious than the
original mouse antibody in treating T-cell leukemia or other
T-cell mediated diseases.
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| abel ed. 1 n each panel, the dotted curve shows the results when the first
anti body was omtted, and the solid curve the results when first and second
(conjugated) antibodies were included as described. Figure 10. (A
Fl uorocytometry of HUT-102 cells stainedgwith 0-40 ng of anti-Tac as
i ndicated, then with biotinylated anti-Tac, and then with
phycoeryt hri n-conj ugat ed avi di n. (B) Fluorocytonetry of HUT-102 cells
stained with the indicated anti body, then with biotinylated anti-Tac, and
then with phycoerythrin-conjugated avi diTRBLE 1

5

Percent cr release after ADCC

ffector: Target ratio

30:) 100:1

.10

antibody

Anti-Tac 4% < 1%

Humanized 24% 23%

anti-Tac
15
From the foregoing, it will be appreciated that the

human-like immunoglobulins of the presant invention offer

numerous advantages of other antibodies. For example, in

comparison to anti-~-Tac mouse monoclonal antibodies, the
20

present human-like IL-2 receptor immunoglobulins can be more
economically produced and contain substantially less foreign
amino acid sequences. This reduced likelihood of
antigenicity after injection into a human patient represents
a significant therapeutic improvement for immunoglebulins

25 designed in accordance with the above criteria.

Although the present invention has been described
in some detail by way of illustration and example for
purposes of clarity and understanding, it will be apparent
that certain changes and modifications may be practiced

30 within the scope of the appended claims.
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DETAI LED DESCRI PTION OF THE I NVENTION I n accordance with one enbodi nent of
the present invention, human-I|ike i nmunnol obukins s eC|f|caII reactlve

with desired epitopes, such as those on*the |L-2Th n T-cells,
can be produced. These i mmunogl obulins, which hav FEI' ities of at
| east about 10[err]q &%ﬁﬁé and preferably 10[err] err] Merr]
or stronger, are capa

1. A method of producing a humanized

5 immunoglobulin (Ig) chain having one or more
complementarity determining regions (CDR's) from a
donor Ig and a framework region from a human Ig,
said method comprising: comparing the framework or
variable region amino acid sequence of the donor Ig

10 light or heavy chain with corresponding sequences
in a collection of human Ig chains; and selecting,
to provide the human Ig light or heavy chain
framework, a sequence from the collection which has
at least about 65% homology with the donor

15 framawork.

2. A method of producing a humanized
immunoglobulin (Ig) heavy chain comprising the step
of combining complementarity determining regions

20 from a donor Ig heavy chain with the framework of a
human acceptor Ig heavy chain selected so that the
sequence of the humanized Ig heavy chain framework
is 65% or more identical to the sequence of the
donor Ig heavy chain framework.

25
3. A method of producing a humanized
immunogleobulin (Ig) comprising the step of
combining complementarity determining regions from
a donor Ig with a framework that is a consensus

30 sequence of frameworks of many human antibodies.

4. A humanized immunoglobulin chain obtainable by
a method according to any one of claims 1 te 3.
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e.g., blocking the binding of IL-2 to human IL-2 receptors. The human-1i ke
I mmunogl obulins will have a human-1i ke franmework and can have
conplenmentarity determ ning regions (CDR s.) from an i mmunogl obulin,
typically a nouse inmunogl obulin, specifically reactive with an epitope on

p55 Tac protein. The 'ﬂnggﬂﬁﬁfgﬁﬂ'1ﬁ&up3918£bffﬁ‘éﬁi 14 rged gﬁgﬂ9n1cally in

| arge quantities, find exanp In the tr nent of T-cel
medi at ed dlsordersaFﬁ°ﬂﬁ&Eﬂ1ﬁﬁﬂﬁ %hy a variety of techniques. The basi ¢
anti body structural unit is known to

6.A polynuclectide comprising a first sequence

5 coding for a human-like immunoglobulin framework
region and a second sequence coding for one or more
CDR's, wherein upon expression said polynucleotide
encodes an immunoglobulin chain of claim 4.

10 7. A cell line transfected with a polynucleotide
of claim 6.

8. The use of an immunoglobulin of claim 5 in the
manufacture of a medicament.
15
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conprise a tetramer. Each tetramer is conposed of two iden- tical pairs of

pol ypepti de chai ns, each pair having one "light" (about 25kD) and one
"heavy" chain (about 50-7CkD). The NH -term nus of each chain begins a
vari abl e regi on of about 100 to 110 or mpre amno acids primarily
responsi bl e for antigen recognition. The 3800H terminus of each chain
defines a constant region primarily responsible for effector function.
Light chains are classified as either kgppmaeér | anbda. Heavy chains are
classified (and subclassified) as

Humanized Immunoglobulins and Their Production and Use

The invention provides a method of producing a humanized

10 immunoglobuin (Ig) comprising the step of combining
complementarity determining regions from a donor Ig with
a framework that is a consensus saequence of frameworks
of many human antibodies.
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12 sane. general structure of relatively conserved framework regions joined
by three hypervariable regions, also called CDR s (see, "Sequences of
Proteins of Inmunological Interest.” Kabat, E., et al., U S. Departnent of
Heal t h and Human Services, (1983); and Chothia and Lesk, J. M. Biol.,

196: 901-917 (1987)). The CDR s fromthe two chains of each pair are aligned
by the

2/8

10 20 30 40 50 60
TCTAGATGGGATGOAGCTGGATCTTTCTOTTCCTCOTE TCAGGTACGGCEEGOGTECACT

M 6 W S W1 FLFLLS GTAG VYV H

80 90 100 110 120
CTGAGGTCOAGCTTGTGGAGTGTGGGGCTGAAGTCAAGAAACCTBGCTCGAGCGTGAAGG
S 0 ¢ $ 6 A E Y K XK P G 8§ § K

[30 140 150 160 180
TGTGCTGGAAGGCTTGTGGCTAGACCTTTACTAGCTACAGGATGCACTGGGTAAGGCAGG
Yy §$ ¢ A S 6 YT FT S YT RMHENWV RQ

190 200 2l0 220 230 240
CCCOTGGAGAGGG TCTGRAATEGATTEGATATATTAATCCGTCGACTGEETATAG TGAAT
AP 6 Q6 L EW T G Y I NP ST G Y TE

250 260 210 280 230 300
ACAATGAGAAGT TCAAGGACAAGGCAACAATTACTGCAGAGGAATCCAGCAATACAGEET
YN0 K F XD X ATI T ADESTNTA

310 320 330 340 350 360
AGATGGAAGTGAGCAGCOTGAGATCTGAGBAGACCECAGT CTATTACTGTC CAAGAGESE
Y ¥E LS SLRSEDTAVYY Y G ARG

380 330

310 400 410 420
GGGGGGTCTTTGAGTACTGGGGCCAAGGAAOCCTGGTGACAGTCTCCTC AGGTGAGTCCT
6 6 ¥V F DY 6 ¢ 6T L VT VS S

430
TAAAACCTCTAGA

6.3
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framewor k regions, enabling binding to a specific epitope. As used herein,
the term"1. munogl obulin"' refers to a protein consisting of one or nore
pol ypepti des substantially encoded by i munogl obul in genes
i mmunogl obul i n genes include the kappa,
epsilon and nu constant region genes, as well as the nyriad i mmunogl obulin
vari abl e regi on genes. The imunogl obulins may exist in a variety of forns
besi des anti bodi es; including, for exanple, Fv, Fab, and F(ab)[err], as

well as in single chains (e.a., Huston, et al., Proc. Nat.

3/8

. The recogni zed
| anbda, al pha, gamm, delta,

10 20 30 40 30 60
TCTAGATGGAS ACCGATAOCGTCCTGGTATGGGTCGTGGTG CTATGGGTCCCAGGATCAA

M ET O T L L WVLLLWVPGS

10 80 30 {00 120
%GGGAGATATTCAG&TGAGCGAGTGTOGATGTACOGTGTGTG CTAGGG TGG GGGATAGGE

6 D1 ¢ M T QS PSS T LS AS VY G DR

130 140 150 160 170 180
'{IG A%CATAAOGTGGTGTGG CAGGTCAAGTATAAGTTACATGCAGTGGTACCAG CAGAAGC

T 6§ A8 § 8§ 1 § Y N K WY OQ 0 K

190 200 210 220 230 240
gAGgCAi«AG CTCGCAAGCT TCTAATTTATACCAGATCCAACCTBGCTTOTEGAS TGCOTG

AP XK L LI Y TT S N L A S G

&0

230 280 2
GTGGGTTGAGTGGCAGTGGATGTGGGAGGGAGTTGMGOTGAGAATGAGGTCTCTGGEgg
AR F § G S 6 8§ 6T E T LT 1 8§ § L ¢

3!0 320

330 340 3’0
GAGATGATTTCGGGADTTATTAGTGGGATCAAAGGAGTAOTTACCCAOTGACGTTCGGTC
#P DD F AT YT Y CCH QRS TVYP LT TF G

370 380 330 400
AGGGGACCAAGGTGGAGGTCAAACGTAAGTACACTTTTCTAGA
@ 6 T K vV E V K

Fi6.4.
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Acad. Sci. U S. A, 85:5879-5883 (1988) and Bird, et al., Science,

242: 423-426 (1988)). (See, generally, Hood, et al., "lImunol ogy", Benjam n,
N.Y., 2nd ed. (1984), and Hunkapiller and Hood, Nature, 323:15-16 (1986.
Chimeric antibodies are anti bodi es whose |ight and heavy chain genes have
been constructed, typically by genetic engineering, fromimmunoglobulin
gene segnents belonging to different species. For exanple, the variable (V)
segnents of the genes from a nouse nonocl onal anti body may be joined to
human constant (C) segnents, such as 7[ez[d and 7[err]. A typical

¥ CCTTAG

66 GGTG6
COAGTGCATCOTOTAGCTAGTAAAGOTGTAGCCAGAAGCLTTGCAGGAGACCTTCACGOT

GGAGCGAGG

TCGAGGGTG

TACCGLOEEOGTE
T
HESIS

GGTACC
CCTE6C

TCTAGAGGTTTTAAGGACTCAGCTGAGGAGACTGTGACCAGGGTTCLTTOEGCE

ATCAGAA g%i GACARGGCAAGA

CTGAATAGA GTTCAAG
ATTAGTSCAGACGAATCCACCAATACAGCCTACATGGAAGTGAGCAGCCTGAGATCTGAG
HESH

FI6...5.

HESI3

TCAAAGAGGGGGCOCCCTOTTGCA CAGTAATAGAGTGCGGTGTCCTCAGATCTO

b
6
DECAGTGG&GGGATTAATATATGCAATGGATTGGAGAGBGTGTGGAGG
CT

HESI4  TATATTAATCCGTCGAGTEG GTATA g%% A
GACA
ATATCO
CAGTAG
AGGCTG
HESI2

HESI2
HESI3
HESIS
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t herapeutic chineric antibody is thus a hybrid protein consisting of the V
or antigen-binding domain froma nouse anti body and the C or effector
dormain froma human anti body (e.g., A T.C C. Accession No. CRL 9688
secretes an anti-Tac chineric antibody), although other nmanmalian species
may be used. As used herein, the term"franework region" refers to those
portions of inmunoglobulin Iight and heavy chain

3/8
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13 variable regions that are relatively conserved (i.e., other than the
CDR s) anong different imunogl obulins in a single species, as defined
by-kabat, et al., on. cit. As used herein, a "human-Ilike framework region"
is a framework region that in each existing chain conprises at |east about
70 or nore am no acid residues, typically 75 to 85 or nore residues,

I dentical to those in a human innunogloqiq n. As used herein, thefﬁgrm
“hurman- | i ké

lg Promoter

\

pPBR322

ViyJ

5l

pPBR322

F16._8.
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I mmunogl obul in" refers to an i mmunogl obulin conprising a human-1i ke
framework and in which any constant region present is substantially

honol ogous to a human i munogl obul in constant region; i.e., at |east about
85-90% preferably about 95% i dentical. Hence, all parts of a human-1ike

i mmunogl obul i n, except possibly the CDR's, apggsubstantially honol ogous to
correspondi ng parts of one or nore native human i munogl obul i n sequences.
For exanple, a human-1ike i mrunogl obulin woul d not enconpass a chineric
nouse varlablalreglon/hunan constant region anhlbody

HUT -1 -
1000 T-102 1000 HUT- 102

< 0_ : “-.
fo! A 100 io! 102 103
FLI ' FLI
HUMANIZED ANTI-TAC ANTI- TAG
¢ D
- JURKAT - JURKAT
0+ 0-
0t ol 0 o 0@
FLI FU
ANTI-TAC HUMANIZED ANTI-TAC

FIG...0.
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In accordance with another general aspect of the present invention

are criteria by which a limted nunber of amno acids in the framework of a
human- |i ke or humani zed i mmunogl obulin chain are chosen to be the. sane as
the amino acids at those positions in the donor Ig rather than in the
acceptor Ig, in order to increase the affinity of an antibody conprising

t he litmani zed i mmunogl obulin chain. This aspect of the present invention is
based in part on the nodel that two contributing causes of the |oss of

8/8

T 0N
~— 20 g
————— 40 K

e 20 NG ANTI-TAC
= 20 NG HUMANZED ANTITAG
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affinity in prior neans of produci ng humani zed antibodies (using as
exanpl es. nouse anti bodi es as the source of CDR s).ﬁr

CDR s are conbined with the human franework, theJa dAS BEEM
framework close to the CDR s becorme human instead_of nBEBACEWN t hou
i ntending to be bound by theory, we believe that these changed—am™ho aci ds
may slightly distort the CDR's, becau¥e they create different electrostatic
or hydrophsbhént ortesdiesti thiehgetdenwi tho ke dnt i todiieaneacthbonlivetort ed

CDR' s ”ayagggdnggeufsof 2x TA containing BSA at 200 ug/ml and DTT at 1
mM, 43 ul of water, and 50 u.of Xba-I in. 5 ul. The reaction

nouse

was incubated for 3 hr at 37 deg, and run on a gel. The 431
bp Xba I fragment was purified from a gel and cloned into the
Xba I site of the plasmid pUC19 by standard methods. Four
plasmid- isolates were purified and sequenced using the
dideoxy method. One of these had the correct sequence
{(Figure 3).

To synthesize the light chain, four :
oligonucleotides JFD1l, JFD2, JFD3, JFD4 (Figure 6A) were
synthesized. Two of the oligonucleotides are part of -each
strand of the light chain, and each oligonucleotide overléps
the next one by about 20 nucleotides to allow annealing 5
(Figure 6B). Together, the oligonucleotides cover the entire
humanized light chain (Figure 4) with a few extra nucleotides
at each end to allow cutting at the Xba I sites. The
oligonucleotides were purified from polyacrylamide gels.

The light chain gene was synthesized from these
olignucleotides in:fwo parts. 0.5 ug each of JFD1l and JFD2
were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH
7.5, 20 mM magnesium chloride, 50 mM sodium chloride) ,  heated
at 70 deg for 3 min and allowed to cool slowly to 23 deg in
order for the oligonucleotides to anneal. JFD3 and JFD4 were
treated in the same way. Each reaction was made 10 mM in DTT
and 0.5 mM in each deoxyribonucleoctide and 6.5 u of sequenase
(US Biochemicals) was added, in a final volume of 24 ul, and
incubated for 1 hr at 37 deg to synthesize the opposite
strands of the oligonucleotides. Xba I and Hind III were
added to each reaction to digest the DNA (there is a Hind III
site in the region where JFD2 and JFD3 overlap and therefore
in each of the synthesized DNAs; Figure 6B). The reactions
were run on polyacrylamide gels, and the Xba I - Hind III
fragments were purified and cloned into pUC1l8 by standard
methods. Several plasmid isolates for each fragment were

sequenced by the dideoxy method, and correct ones chosen.
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CLAIMS

1. A method of producing a humanized immunoglobulin
(Ig) having complementarity determining regions (CDR's)
from a donor Ig combined with a framework region from
human Ig acceptor light and heavy chains, said method

comprising:

1 comparing the framework or variable region amino
acid sequence of the donor Ig light or heavy chain
with corresponding sequences in a collection ,0f human

Ig chains;

2 selecting, to provide the human Ig acceptor light
or heavy chain framework, a sequence from the
collection which has at least about 65% homolegy with

the donor framework:

3 combining CDR's from the donor Ig chain and a
framework from the selected acceptor sequence.

2. A method of claim 1 further comprising synthesizing
for each chain a DNA segment encoding said combined CDRs
and framework, and expressing in a recombinant host cell
each of the DNA segments.

3. A method of claim 2, wherein expression of the DNA
segments is effected in a single host to produce the

humanized immunoglobulin.

4. A method of any one of claims 1 to 3 wherein the
humanized immunoglobulin has an affinity for an antigen
of at least about 10° M,

5. A method of claim 4 further comprising purifying

T
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Criterion |: As acceptor, use a framework froma particul ar

6. A method of claim S further comprising formulating
the purified humanized immunoglobulin for therapeutic
use.

7. A method of producing a humanized immunoglecbulin
(Ig) heavy chain comprising the step of combining
complementarity determining regions from a donor Ig heavy
chain with the framework of a human acceptor Ig hgavy
éhain selected so that the sequence of the humanized Ig
heavy chain framework is 65% or more identical to the
sequence of the donor 1lg hea#y chain framework.

8. A method of producing a2 humanized immunoglobulin
(Ig) heavy chain comprising the step of combining
complementarity determining reqions from a donor Ig heavy
chain with a framework that is a consensus sequence of
heavy chain frameworks of many human antibodies.

9. A humanized immunoglobulin obtainable by the method
of any one of claims 4 to 6.

10. A humanized immunoglobulin comprising a humanized
light chain and a humanized heavy chain obtainable by the
method of claim 7 or claim 8.

11. Polynucleotides comprising first sequence encoding
for a framework reéion from human Ig acceptor light and
heavy chains and second sequence coding for the CDR's
from a donor Ig, wherein upon expression said
polynucleotides encode an immuncoglobulin of claim 9 or
claim 10. '

12. A cell transfected with polynucleotides of claim
11.

[



‘ SEMUSTRl 1y honol oggﬁ%aS@PLﬁEEWrEHFETS Sr.?f

T pe “frurmani zed.,;Fof exanple, ¢ pwoEtion : pHisUseqife RREES of -

a no Q‘r‘é%ﬂi’g‘/‘“('dt’ﬁ’“&“ldgﬁt“) & h-gar | abl e regi on afei enishumapeged avyto( Baged 27
t A Qaiingd| e ;rpé@qdoﬁg.. I-‘H‘“&”qja&:- 9 @a ' Pagedayyio( BrEC

] bank (for exdnfll &uvingsNapiaedal’. to paged

ST dubwiResbamesrdrdkintariseth--P-of ¢i n | denti filcgll hostrResoupase) .ﬁhtw\pageﬁa.ﬁ.

fromjahort GORECERIOUL...60:70%. .B humen regiqns varies greatly. typ cally
CERIPQUL...60:70%....By | choosi ng as |t t b nagl«hul i n
oL DAL e So0o 19 20 | A P RaICHPTIn s

Humanized Immunoglobulins and their prcduction an

Field of the Invanticn

The present inventicn relates generally to tae
combination of recombinant DNA and monoclenal antibody
technologies for developing novel therapeutic agents and,

more particularly, to the production of non-immunogenic
antibcdies and their uses.

Background of the Invention

In mammals, the immune response is mediated by two
types of cells that interact specifically with foreign

material, i.e., antigens. One of these cell types, B-cells,

are responsible for the production of antibodies. The second

cell class, T-cells, include a wide variety of cellular
subsets controlling the in vivo function of both B-cells and

a wide variety of other hematopoietic cells, includ

ing T-
cells.

One way in which T-cells exert this control is

through the production of a lymphokine known as interleukin-2
(IL-2), originally named T-cell growth factor. IL-2's prime
function appears to be the stimulation and maintenance of T-

cells. Indeed, some immunologists believe that IL-2 may be

at the center of the entire immune response (see, Farrar, J.,
et al., Immunol. Rev. 63:129-166 (1982), which is
incorporated herein by reference).

To exert its biological effects, IL-2 interacts
with a specific high-affinity membrane receptor (Greene, W.,
et al., Progress in Hematology XIV, E. Brown, Ed., Grune and
Statton, New York (1986), at pgs. 283 ff).

The human IL-2
receptor is a complex multichain glycoprotein, with one

chain, known as the Tac peptide, being about 55kD in size

(see, Leonard, W., et al., J. Biol. Chem. 260:1872 (19885},

which is incorporated herein by reference). A gene encoding

this protein has been isolated, and predicts a 272 amino acid
peptide, including a 21 amino acid signal peptide (see,
Leonard, W., et al., Nature 311: 626 (1984)). The 219 NH -
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nost honol ogous to the heavy (respectively light) chain variable regi on of
t he donor inmmunogl obulin, fewer am no acids wllk.

& I n 90|ng from
t he donor i mrunogl obulin to the humani zed i nmuno H ee 4 and again
wi t hout intending to be bound by theory, it is b ere is a
smal | er chance of changing an am no acid near th storts their

conformati on. Moreover, the precise overall shape of a hunanlzed ant i body
conpri sing the humani zed i mmunogl obul in chain may nore cl osely resenbl e the

terminal amino acids of the p55 Tac protein apparently

comprise an extracellular domain (see, Leonard, W., et al.,

Science,

230:633-639 (1985), which is incorporated herein by
reference). -

Much of the elucidation of the human IL-2
receptor's structure and function is due to the development
of specifically reactive monoclonal antibodies. 1In
particular, one mouse monoclonal antibody, known as anti-Tac
(Uchivama, et al., J. Immunol. 126:1393 (1981)) has shown
that IL-2 receptors can be detected on T-cells, but alsoc on
cells of the monocyte-macrophage family, Kupffer cells of the

liver, Langerhans' cells of the skin and, of course,

activated T-cells. Importantly, resting T-cells, B-cells or

circulating machrophages typically do not display the IL-2
receptor (Herrmann, et al., J. Exp. Med. 162:1111 (19853)).
The anti-Tac monoclonal antibody has also been used
to define lymphocyte functions that require IL-2 interaction,
and has been shown to inhibit wvarious T-cell functions,
including the generation of cytotoxic and suppressor T
lymphocytes in cell culture. Also, based on studies with

anti-Tac and other antibodies, a variety of disorders are now

associated with improper IL-2 receptor expression by T-cells,
in particular adult T-cell leukemia.

More recently, the IL-2 receptor has been shown to

be an ideal target for novel therapeutic approaches to T-cell
mediated diseases.

specific antibodies,

It has been proposed that IL-2 receptor
such as the anti-Tac monoclonal
antibody, can be used either alone or as an immunoconjugate

(e.g., with Ricin A, isotopes and the like) to effectively
remove cells bearing the IL-2 receptor.

These agents can,
for example,

theoretically eliminate IL-2 receptor-expressing

leukemic cells, certain B-cells, or activated T-cells

involved in a disease state, yet allow the retention of
mature normal T-cells and their precursors to ensure the
capability of mounting a normal T-cell immune response as

needed. In general, most other T-cell specific agents can

destroy essentially all peripheral T-cells, which limits the

agents' therapeutic efficacy. Overall, the use of
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15 shape of the donor antibody, al so reducing the chance of distorting the
COR s. i Sbext Has BeewReplaged t he 3-5 nost nonol ogous heavy chain variabl e
regi on se epresentative collection of at |east about 10 to 20

di stinct ins will be chosen as acceptor to provide the heavy
chain framework, and simlarly for tshe light chain. Preferably,

appropriata monoclonal antibadies specific fcr the IL-2
receptor may have therapeutic utility in autoimmune diseases,

organ transplantaticn and any unwanted response by activated

T-cells. 1Indeed, clinical trials have been initiated using,

e.g., anti-Tac antibodies (see, generallv, wWaldman,
al., Cancer Res.

232:727~-732

~ -
e, BT

45:625 (1985) and Waldman, T., Sclence

(1986), both of which are incorgporated herein by
reference).

Unfortunately, the use of the anti-Tac and other

non~humar monoclonal antibodies have certain drawbacks,
particularly in repeated ;herapeutic'reqimens as explained

below. Mouse monoclonal antibodies, for example, do not fix

human complement well, and lack other impcrtant
immunoglobulin functional characteristics when used in
humans.

Perhaps more importantly, anti-Tac and other non-
human monoclonal antibodies contain substantial stretches of

amino acid sequences that will be immunogenic when injected

intc a human patient. Numerocus studies have shown that,

after injection of a foreign antibody, the immune response
elicited by a patient against an antibody can be quite

strong, essentially eliminating the antibody's therapeutic

utility after an initial treatment. Moreover, as increasing

numbers of different mouse or other antigenic (to humans)
monoclonal antibodies can be expected to be developed to

treat various diseases, after the first and second treatments

with any different non-human antibodies, subsequent

treatments even for unrelated therapies can be ineffective or
even dangerocus in themselves.

While the production of so-called "chimeric antibodies” (e.g..
mouse variable regions joined to human constant_regions) (see,
for example, W089/08622) has proven somewhat successful, a
significant immunogenicity problem remains. In general, the
production of human'immunoglobulins reactive with the human

IL-2 receptor, as with many human antigens, has been extrem?ly
difficult using typical human monoclonal antibody production
techniques. Similarly, past attempts utilizing recombinant DNA
technology to produce so-called "humanized™ antibodies (see
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one of the 1-3 nobst honol ogous variable regions will be used. The sel ected
acceptor i munogl obulin chain wll have at | east about 6596hm%uhﬁ@mBh@mmgﬁmmd
framework region to the donor imunogl obulin. Regardl ess of h
acceptor i mmunogl obulin is chosen, higher affinity may be achj luum
selecting a small nunber of amno acids in the framework of t
I mmunagl obulin chain to be the sane asythe am no acids at those positions
in the donor rather than in the acceptor. The following criteria define
what amn ci dspgyey be. so sel ected. Preferably, at nost or all amino acid
positions%'g“ g blxcatlcnf%c. 0339400) , prgvides:uncertain

results, in part due to unpredictable binding aZffinities.

Thus, there is a need for improved forms cf human-

like immuncglobulins, such as thcse specific for the human
IL-2 receptor, that are substantially non-immuncgenic in
humans, yvet easily and economically produced in a manner
suitable for therapeutic formulation and other uses. The
present invention fulfills these and other needs.
The hypervariable regions (also called Complementarity
Determining Regions, abbreviated to "CDRs") of immunoglobulins
were originally defined by Kabat et al., ("Sequences of Proteins
of Immunological Interest" Kabat, E., et al., U.S. Department of
Health and Human Services, (1983)) based on extent of sequence
variability, to consist of residues 24-34 (L1), 50-56 (L2) and
89-97 (L3) in the light chain variable domain (v.) and 31-35
(H1), S0-65 (H2) and 95-~102 (H3) in the heavy chain variable
domain (V,), using Kabat's standard numbering system for antibody
amino acids. The CDRs are believed to contact the target antigen
of an antibody and to be primarily responsible for binding. More
recently Chothia et al (Chothia and Lesk, J. Mol. Biol., 186:901~
917 (1987)) have given an alternate definition of the
hypervariable regions or CDRs as consisting of residues 26-32
{L1), 50-52 (L2}, 91-96 (L3) in V., and residues 26-32 (Hl), S53-
55 (H2), 96-101 (H3) in V,. The Chothia definition is based on
the residues that constitute the loops in the 3-dimensional
structures of antibodies. It is particularly important to note
that for each of the six CDRs the Chothia CDR is actually a
subset of (i.e. smaller than) the Kabat CDR, with the single
exception of Hl (the first heavy chain CDR), where the Chothia
CDR contains amino acids 26-30 that are not in the Kabat CDR.

Riechmann et al ("Reshaping human antibodies for therapy",
Nature, Vol 332, pp 323-326, (March 1988)) describe work in which
precisely the Kabat CDRs were transferred to a pre-determined
human framework (NEW again for the heavy chain and REI for the
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satisfying one of these criteria, the donor amino acid will in fact be
selected. Criterion Il: If an amno acid in the framework of the human
acceptor i mmunoglobulin is unusual (i.e., "rare", which as used herein
i ndicates an amino acid occurring at that position in no nore than about
10% of human heavy (respectively lighf) chain V region sequences in a
representative data bank), and if the donor anmino acid at that position is
typical for HgREncaRgBbncOTEET . "CRMmdRunduhheh FCIRASY herein i ndi cates
an am no acic$n@@eHihgNEhéM@kanized heavy chain lost most of its

binding affinity and ability to lyse target cells. They

therefore made a new humanized antibody containing the

Kabat CDRs from the mcuse antibody and two amino acid

changes in Chothia CDR H1l, but no other mouse amino
acids.

Summary of the Invention

The invention provides a method of producing a humanized
immunoglobulin (Ig) chain having one or more
complementarity determining regions (CDR's) from a donor
Ig and a framework region from a human Ig, said method
comprising: comparing the framework or variable region
amino acid sequence of the donor Ig light or heavy chain
with corresponding sequences in‘a collection of human Ig
chains; and selecting to provide the human Ig light or
heavy chain framework, a sequence from the collection
which has at least about 65% homology with the donor
framework.

In another aspect, the invention provides a method of
producing a humanized immunoglobulin (Ig} heavy chain
comprising the step of combining complementarity
determining regions from a donor Ig heavy chain with the
framework of a human acceptor Ig heavy chain selected so
that the sequence of the humanized Ig heavy chain
framework is 65% or more identical to the sequence of the
donor Ig heavy chain framework.

A further aspect of the invention is a method of
producing a humanized immunoglobulin {Ig) comprising the
step of combining complementarity determining regions
from a donor Ig with a framework that is a consensus

sequence of frameworks of many human antibodies.
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| east about 25% of sequences in a representative data bank),

am no acid rather than the acceptor may be selected. This criterion hel ps
ensure that an atypical amno acid in the human framework does not disrupt
the anti body structure. Mreover, by replacing an unusual amno acid with
an amino acid fromthe donor antibody that happens to be typical for human
anti bodi es, the humani zed anti body nmay bg made | ess i1 nmunogeni c.

t hen the donor

The present invention provides novel compositions
useful, for example, in the treatment of T-cell mediated
human disorders, the compositions containing human-like
immunoglobulins specifically capable of blecking the binding
cf human IL-2 to its receptor and/or capable of kinding to
the pS55 Tac protein on human IL~2 receptors. The
imnuncglobulins can have two pairs of light chain/heavy chain
complexes, typically at least one pair hawving chains
comprising mouse complementarity determining regions
functionally joined to human framework region segments. For
example, mouse complementarity determining regions, with or
without additional naturally-associated mouse amino acid
residues, can be used to produce human-like antibodies
capable of binding to the human IL-2 receptor at affinity
levels stronger than about 10® M1,

The immunoglobulins, including binding fragments
and other derivatives thereof, of the presédt invention may
be preduced readily by a variety of recombinant DNA
techniques, with ultimate expression in transfected cells,

preferably immortalized eukaryotic cells, such as myeloma or

hybridoma cells. Polynucleotides comprising a first sequence

coding for human-like immunoglobulin framework regions and a
second sequence set coding for the desired immunoglobulin
complementarity determining regions can be produced
synthetically or by combining appropriate cDNA and genomic
DNA segments.

The human-like immunoglobulins may be utilized -
alone in substantially pure form, or.compleéxed with a
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Cfiterion I'11:1n the position imediately adjacent to thegGRR 5l
humani t ed 1 mmunogl obul in chain ,the donar am no acid rathe T Sb&nk%ﬁmw

’
am no acid may be sel ected. These am no acids are particul a{dmmmnﬁmu
interact with the amno acids in the CDR s and, if chosen f or

distore the donar CZR's and reduce affinity. Mreover, the adjacent am no
acids may interact directly with the antigen (Amt et al.,

747-753  (ABEOXHG Q9P PHEBr por At RIS I dsy - @eFéP@ﬁE’E?lgﬁljegg?’ectz igﬁ’g

t hese inhibiting protein or a cytotoxic- agent active at cell
surfaces« All-of these compounds-will be- particularly-useful
in treating T-cell mediated disorders. The human-like
immuncglebulins or their ccmplexes- can ke prepared in a
pharmaceutically accepted dosage form, which will vary
depending on the mode of acdministratien.
The present invention also provides novel methods for
.designing human-like immuncglobulin chains having one oOr
more ccmplementarity determining regions (CDR's) from a
donor immunoglobulin and a framework reglon from a human

immunoglobulin, the preferred methods may inveclve first
comparing the framework or variable region amino acid

sequence of the donor immunoglobulin to corresponding
sequences in a collecticn of human immundglobulin-chaihs, and
selecting as the human immuncglobulin one of the more
homologous sequences from the collection. The human
immunoglobulin, or acceptor immunoglobulin, sequence is
typically selected from a collection of at least 10 to 20
immunoglobulin chain sequences, and usually will have the

highest homology tc the donor immunoglobulin sequence of any

sequence in the collection. The human immunoglobulin

framework sequence will typidSIly have about 65 to 70%

homology or more to the donor immunoglobulin framework

sequences. The donor immunoglobulin may be either a heavy

chain or light chain (or both), and the human collection will

contain the same kind of chain. A humanized light and heavy

chain can be used to form a complete humanized immunoglobulin
or antibody, having two light/heavy chain pairs, with or
without partial or full-length human constant regions and
other proteins.

Whether or not in conjunction with the above comparison
step, additional amino acids in an acceptor
immunoglobulin chain may be replaced with amino acids
from the CDR-donor immunoglobulin chain. More
specifically, further optional substitutions of a human
framework amino acid of the acceptor immunoglobulin with
a corresponding amino acid from a donor immunoglobulin
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am no acids fromthe donor may be desirable to keep all the antigen
contacts that provide affinity in the original antibody. CriternionlV:A
3-di mensi onal nodel, typically of the original donor antibody, shows that
certain am no acids outside of the CDR s are close to the CDR s and have a
good probbability of interacting wwth amno acids in the CCR s by hydrogen
bondi ng, Van der Waals forces, hydr8phobic interactions, etc. At those
amno acid positions, the donor amno acid rather than the acceptor
Innunoglonhhﬁ.%g]ggdgCég positicns in the immunoglobulins where:
(a) the amino acid in the human framework region af
an acceptor immunoglebulin is rare for that position and
the correspcnding amino acid in the donor immunocglcbulin
is common for that position in human immunoglcbulin
sequences; Or
(b) the amino acid is immediately adjacent to one
of the CDR's; or
(¢) the amino acid is predicted to have a side
chain atom capable of interacting with the antigen or
with the CDR's of the humanized immunoglecbulin,
optionally within about 3A of the CDR's in a three-

dimensional immunoglobulin model.

The humanized. immunoglobulin chaizm will typically
comprise. at least about 3 amino acids from the donor
immunoglobulin in addition to the CDR's, usually at least one
of which is immediately adjacent to a CDR in the donor
immunoglobulin. The heavy and light chains may each be
designed by using any one or all three of the position
criteria.

When combined into an intact antibedy, the
humanized light and heavy chains of the present invention
will be substantially non-immunogenic in humans and retain
substantially the same affinity as the donor immunoglobulin
to the antigen (such as a protein or other compound
containing an epitope). These affinity levels can vary from
about 10* M™! or higher, and may be within about 4 fold of the
donor immunoglobulin's original affinity to the antigen.
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-may be selected. Am no acids according to this criterion will generally
have a side chain atomw thin about 3 angstromunits of sone site in the
CDR s and nust contain atons that could interact with the @jﬁ tﬁwBeenReplaced

according to established chem cal forces, such as those |ist
Comput er progranms to create nodels ofg proteins such as anti

general ly avail able and well known to those skilled in the art (see, Loew
et al., Int. J Quant. Ch E%%ﬁEéﬁé? fgy %iﬁé%;—GG (1988);
Bruccoleri et al., I\laturg,glzﬂlgﬁ,5| - 't 8@‘3 fia et al., Science,
233: 755- 758 (1986), Figure 1. Compariscn of sequences of anti-Tac

heavy chain (upper lines) and Eu heavy chain (lower lines).

The l-letter code for aminoc acids is used. The first amino

acid on each line is numbered at the lef:. Identical anino

acids in the two sequences are connected by lines. The 3

CDRs are underlined. Other amino acid positions for which

the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are dencted by
an *.

Figure 2. Comparison of sequences of anti-Tac
light chain (upper lines) and Eu light chain (lower lines).
The single-letter code for amino acids is used. The first
aminc acid on. each line is numbered at the left. Identical
amino acids in the two sequences are connected by lines. The
3 CDRs are underlined. Other amino acid positicns for which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac hea&y chain are dencted by
an *,

Figure 3. Nucleotide sequence of the gene for the
humanized anti-Tac heavy chain variable region gene. The
translated amino acid segquence for the part of the gene
encoding protein is shown underneath the nucleotide sequence.

The nucleotides TCTAGA at the beginning and end of the gene

are Xba I sites. The mature heavy chain sequence begins with

amino ‘acid #20 Q.

Figure 4. Nucleotide sequence of the gene for the
humanized anti-Tac light chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide sequence.

The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites.

amino acid #21 D.

The mature light chain sequence begins with

Figure 5. A. Sequences of the four
oligonucleotides used to synthesize the humanized anti-Tac
heavy chain gene, printed 5' to 3'. B. Pelative positions
of the oligonucleotides. The arrows poinE in the 3!
direction for each oligonucleotide.
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all of which are incorporated herein by reference). These do not form part
of the invention. Indeed, because all antibodies have simlar structures,
t he known anti body structures, which are available fromthe Brookhaven
Protein Data Bank, can be used if necessary as rough nodels of other

anti bodies. Comrercially avail.able conputer prograns can be used to

di spl ay these nodels on a conputer m#nitor, to calculate the distance

bet ween atons, and ;o estlgnu (A)h%equences of' the four

oligonucleotides used to synthesize the humanized anti-Tac
light chain gene, printed 5' to 3'. (B) Relative positions
of the oligonuclectides. The arrows point in the 3'
direction for each oligonuclectide. The position of a Hind
III site in the overlap of JFD2 and JFD3 is shown.

Figure 7. Schematic diagram of the plasmid
pHUGTAC1 used to express the humanized anti-Tac heavy chain.
Relevant restriction sites are shown, and coding regions of
the heavy chain are displayed as boxes. The direction of
transcription from the immunoglobulin (Ig) promoter is shown

by an arrow. E, = heavy chain enhancer, Hyg = hygromycin

resistance gene.
Figure 8. Schematic diagram of the plasmid pHuLTAC
used to express the humanized anti-Tac light chain. Relevant

restriction sites are shown, and coding regions of the light

chain are displayed as boxes. The direction of transcripticn

from the Ig promoter is shown by an arrow.

Figure 9. Fluorocytometry of HUT-102 and Jurkat
cells stained with anti-Tac antibody or humanized anti-Tac
antibody followed respectively by fluorescein-conjugated goat
anti-mouse Ig antibody or goat anti-human Ig ‘antibody, as
labeled. 1In each panel, the dotted curve shows the results
when the first antibody was omitted, and the solid curve the
results when first and second (conjugated) antibodies were
included as described.

' Figure 10. (A) Fluorocytometry of HUT-102 cells
stained with 0-40 ng of anti-Tac as indicated, then with
biotinylated anti-Tac, and then with phycoerythrin-conjugated
avidin. (B) Fluorocytometry of HUT-102 cells stained with
the indicated antibody, then with biotinylated anti-Tac, and
then with phycoerythrin-conjugated avidin.
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17 likelihood of different amno acids interacting (see, Ferrin, et al.,
J. Ml . GRBheiSHas Bech Refddced 1988) . Humani zed or hunan-1ike antibodies

generally h g hree potential advantages over nobuse or in sone

cases chi maﬁlmmllmﬁum for use in human therapy: 1) Because the

ef fector por | , It may interact better with the other parts of

the human i nmune system (e.g , destroy the target cells nore efficiently by
-DETAILED DESCRIPTION OF THE INVENTION.:.

In accordance with one embodiment of the present
invention, ‘human-like ‘tmmunoglcbukins:~-specifically reactive
with desired epitcpes, such as those on the IL-2 receptor on
human T-cells, are provided. These immunoglobulins, which
have binding affinities of at least about 10® M™%, and
preferably 10° M} to 10*® M! or stronger, are capable of,
e.g., blocking the binding of IL-2 to human IL-2 receptors.
The human-like immunoglobulins will have a human-like
framework and can have complementarity determining regions
(COR's) from an immunocglobulin, typically a mouse
immunoglobulin, specifically reactive with an epitope on p55
Tac protein. The immuncglobulins of the present invention,
which can be produced economically in large quantities, find
use, for example, in the treatment of T-cell mediated
disorders in human patients by a variety of techniques.

The basic antibeody structural unit is known to
comprise a tetramer. Each tetramer is compcsed of two iden-
tical pairs of polypeptide chains, each pair having one
"light" (about 25kD) and one “heavy" chain (about 50-70kD).
The NHz-terminus of each chain begins a variable region of
about 100 to 110 or more amino acids primarily responsible
for antigen recognition. The COOH terminus of each chain
defines a constant region primarily responsible for effector
function.

Light chains are classified as either kappa or
lambda. Heavy chains are classified (and subclassified) as
gamma, mu, alpha, delta, or epsilon, and define the
antibody's isotype as IgG, IgM, IgA, IgD and IgE,
respectively. Within light and heavy chains, the variable
and constant regions are joined by a "J" region of about 12
or more amino acids, with the_heavy chain also including a
"D" region of about 12 more amino acids. (See, generally,
Fundamental Immunology, Paul, W., Ed., Chapter 7, pgs. 131-

166, Raven Press, N.Y. (1984), which is incorporated herein
by reference.)

The variable regions of each light/heavy chain pair
form the antibody binding site. The chains all exhibit the
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conpl ement - dependent cytotoxicity (CDC) or antibody-dependent cellular
cytotoxicity (ADCC)). 2) The human i mmune system shoul d T She Sig0REZRplabi@

framewor k or constant regi on of the humani zed anti body as f

therefore the anti body response agai nst such an injected an Hg gl
| ess than against a totally foreigqlnnuse anti body or a parti

chinmeric anti body. 3) I nj ected nolUse anti bodi es have been reported to

have a haddwe-ideherd1t Be- LR Gl GHhAk; QL 1PUERNIRALET franewark
regions joined by three hypervariable regions, alsc called
CDR's (gsee, "Sequences of Proteins of Immunological

be

Interest," Kabat, E., et al., U.s. Department of Health and
Human Services, (1983); and Chalthia and Lesk, J. Mol. Bigl.

196:901-917 (1987), which are incorporated herein by

reference). The CDR's from the two chains of each pair are
aligned by the framework regions, enabling binding to a
specific epitope.

As used herein, the term "immunoglobulin” refers to
a protein consisting of one or more polypeptides
substantially encoded by immunoglobulin genes. The
recognized immunoglobulin genes include the kappa, lambda,
alpha, gamma, @elta, epsilon and mu constant region genes, as
well as the myriad immunoglobulin variable region genes. The
immunoglobulins may exist in a variety of forms besides
antibodies: including, for example, Fv, Fab, and F(ab)z, as
well as in single chains (e.g., Huston, et al., Proc. Nat.
Acad. Sci. U.S.A., 85:5879~5883 (1988) and Bird, et al.,
Science, 242:423-426 (1988), which are incorporated herein by
reference). (See, generally, Hood, et 2l., "Immunology",
Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood,

Nature, 323:15-16 (1986), whic¢h are incorporated herein by
reference). '

Chimeric antibodies are antibodies whose light and
heavy chain genes have been constructed, typically by genetic
engineering, from immunoglobulin gene segments belonging to
different species. For example, the variable (V) segments of
the genes from a mouse monoclonal antibody may be joined to
human constant (C) segments, such as 7, and Ty A typical
therapeutic chimeric antibody is thus a hybrid protein
consisting of the V or antigen-binding domain from a mouse
antibody and the C or effector domain from a human antibody
(e.g., A.T.C.C. Accession No. CRL 5688 secretes an anti-Tac
chimeric antiboedy), although other mammalian species may be
used.

As used herein, the term "framework region" refers
to those porticns of immunoglobulin light and heavy chain
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than the half-life of normal antibodies (D. Shaw et al., J. |mmunol.,

138: 4534- 4538 (1987)). Injected humani zed anti bodies wll presumably have a
half-1ife nore simlar to naturally occurring hunman anti bodi es, all ow ng
smal l er and | ess frequent doses to be given. The present invention is

specifically directed to making inproved humani zed i mmunogl obulins (e.g.
capabl e of binding the human IL-2 receptor) wth respect to those descrlbed

in EPA pu@ércﬁwmmon@&aﬁeoarzhﬁlmémtémem dissel.gsuerepf which
S excludgga;régg %g% her ei

monRg d;fferenb immunocglopulins in a single
species, as defined by Kabat, et al., gp. cit. As used
herein, a "human-like framework region" is a framework region
that in each existing chain comprises at least about 70 or

more amino acid residues, typically 75 to 85 or more

residues, identical te thase in a human immuncglokulin.

As used herein, the term "human-like
immuncglobulin® refers to an immunoglobulin comprising a.
human-lilke framework and in which any constant region present
is substantially homologous to a human immunoglobulin
constant region; i.e., at least about 85-90%, preferably
about 95% identical. Hence, all parts of a human-like
immunoglobulin, except possibly the CDR's, are substantially
homologous to corresponding parts of one or more native human
immunoglobulin sequences. For example, a human-like
immunoglobulin would not encompass a chimeric mouse variakble
region/human constant region antibody.

In accordance with another general aspect of the
present invention, also included are criteria by which a
limited number of amino acids in the framework of a human-
like or humanized immunoglobulin chain are chosen to be the
same as the aminc acids at thoése positions in the donor Ig
rather than in the acceptor 1Ig, in order to increase the
affinity of an antibody comprising the humanized
immunoglobulin chain.

This aspect of the present invention is based in
part on the model that two contributing causes of the loss of
affinity in prior means of producing humanized antibodies
(using as examples mouse antibodies as the source of CDR's)
are:

(1) When the mouse.CDR'!'s are combined with the
human framework, the amino acids in the framework close to
the CDR's become human instead of mouse. Without intending
to be bound by theory, we believe that these changed amino
acids may slightly distort the CDR's, because they create
different electrostatic or hydrophobic forces than in the
donor mouse antibody, and the distorted CDR's may not make as
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descri bes, for certain i munogl obulins, substituting COR s regions in the
| i ght or heavy chain variabl e domains of an acceptor antibody wth

anal ogous parts of CDR s (typically solvent accessible) froman antibody of
different specificity. Also, that application discusses, for certain

I mmunogl obul ins, the possibility of 1dnly transferring residues that are
(solvent) accessible fromthe antigen binding site, which residues

apparent| ncl ude certain frane rk regio é) Jfigall, esi dues
known to %gga%vlb & SFTR 5t f"@eﬁ tE)l'l‘%cﬁ hg 558 ntrs’T e#;F %t étc ,
donor antibedy;
(2) Alsc, amino acids in the original mouse
antibedy that are clese to, but not part of, the CDR's (l.e

still part of the framework), may make contacts with the

antigen that contribute to affinity. These amino acids are
lost when the antibody is humanized, because all framework
amino acids are made hunan.

To aveoid these problems, and to produce humanized
antibodies that have a very strong affinity for a desired
antigen, the present invention uses the following four
criteria for designing humanized immunogleobulins. These
criteria may be used singly, or when necessary in

combination, to achieve the desired affinity or other
characteristics.

Criterion I: As acceptor, use a framework from a particular

human immunoglobulin that is unusuélly homologous to the
donor immunoglobulin to be humanized, or use a consensus
framework from many human antibodies. For example,
comparison of the sequence of a mouse heavy (or light) chain
variable region against human heavy (or light) variable
regions in a data bank (for example, the National Bicmedical
Research Foundation Protein Identification Resource) shows
that the extent of homology to different human regions varies
greatly, typically from about 40% to about 60-70%. By
choosing as the acceptor immunoglobulin one of the human
heavy (respectively light) chain variable regions that is
most homologous to the heavy (respectively light) chain
variable region of the donor immunoglobulin, fewer amino
acids will be chahged in going from the donor immunoglobulin
to the humanized immunoglcbulin. Hence, and again without
intending to be bound by theory, it is believed that there is

a smaller chance of changing an amino acid near the CDR's

that distorts their conformation. Moreover, the precise
overall shape of a humanized antibody comprising the

humanized immunoglobulin chain may more closely resemble the
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18 Science 233: 747-790(1986) or perhaps residues essential for inter-chain
I nteractions -but for. the selection or which insufficient quidance is
provied in the application). Thus, for exanple, a preferred enbodi nent of
the present invention entails substituting entire COR s and franmework

am no acids inmmediately adjacent ong (or preferably each)of

shape' of the donor antibedy,-also- reducing the chance of
distorting the CHR's

Typically, one of the 3-5 mogst acmologous heavy
chain variable region sequences in a representative
collection of at least about 10 to 20 distinct human heavy
chains will be chosen as acceptor to provide the heavy chain
framework, and similarly for the light chain. Preferably,
cne of the 1-3 most homoleogous variable regions will be used.
The selected acceptor immunogleobulin chain will most ,.
preferably have at least about 65% homoleogy in the framework
region to the donor immunoglobulin.

Regardless of how the acceptor immuncglobulin is

chosen, higher affinity may be achieved by selecting a small

nunber of amino acids in the framework of the humanized

immunoglobulin-chain to be the same as the amino acids at

those positions in the donor rather than in the acceptor.

The following criteria define what amino acids may be so

selected. Preferably, at most or all amino acid positions

satisfying one of these criteria, the donor amino acid will
in fact be selected.

Criterion II: If an aminoc acid in the framework of the human

acceptor immunoglobulin is unusual (i.e., "rare", which as

used herein indicates an amino acid occurring at that
position in no more than about 10% of human heavy

(respectively light) chain V region sequences in a

representative data bank), and if the donor amino acid at

that position is typical for human sequences (i.e., "common",
which as used herein indicates an amino acid occurring in at
least about 25% of sequences in a representative data bank),

then the donor amino acid rather than the acceptor may be

selected. This criterion helps ensure that an atypical amino

acid in the human framework does not disrupt the antibody

structure. Moreover, by replacing an unusual amino acid with

an amino acid from the donor antibody that happens to be
typical for human antibodies,

made less immunogenic.

the humanized antibody may be
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the CDR s. In general, any framework residue that al so nakes contact with
the CDR s to, e.g., nmaintain their conformation (and usually their antigen
bi ndi ng specificity) are specifically included with in preferred

enbodi nents of the present inventioq as described in detail, supra. In one
aspect, the present nmethod requires Pecombi nant DNA segnents encodi ng the
heavy and/or light chain COR s (typically with other am no acid residues as

descri bedci‘?‘&!?loif:r?f%a” iMQO%L:§?E!LEHs b€a L1 ! 88 et 1 Andesi red
epi t ope, such as t e.g.

3 COR's in the humanized lmmunoglcbu in chain, the donor

amino acid rather than acceptor amino acid may be selected.

These amino acids are particularly likely to interact with

the amino acids in the CCR's and, if chosen from the

acceptor, distort the donor CDR's and reduce affinity.

Moreover, the adjacent amino acids may interact directly with

the antigen (Amit et al., Science, 233, 747-753 (1986), which
is incorporated herein by reference) and selecting these*™
amino acids from the donor may be desirable to keep all the

antigen contacts that provide affinity in the original
antibody.

Criterion IV: A 3-dimensional model, typically of the
criginal donor antibody, shows that certain amino acids
outside of the CDR's are close to the CDR's and have a good
probability of interacting with amino acids in the CDR's by

hydrogen bonding, Van der Waals forces, hydrophobic

interactions, etc. At those amino acid positions, the donor

amino acid rather than the acceptor immuncglobulin amino acid
may be selected. Amino acids according to this criterion will
generally have a side chain atom within about 3 angstrom
units of some site in the CDR’'s and must contain atoms that
could interact with the CDR atoms according to established

chemical forces, such as those listed above. Computer

programs to create models of proteins such as antibodies are
generally available and well known to those skilled in the

art (see, Loew et 2l., Int. J. Quant. Chem., Quant. Biol.

Symp., 15:55-66 (1988); Bruccoleri et al., Nature, 335,

564-568 (1988); Chothia et al., Science, 233:755-758 (1986),

all of which are incorporated herein by reference). These do
not form part of the invention. Indeed, because all

antibodies have similar structures, the known antibody

structures, which are available from the Brookhaven Protein
Data Bank,

antibodies.

can be used if necessary as rough models of other
Commercially available computer programs can be
used to display these models on a computer monitor, to

calculate the distance between atoms, and to estimate the
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‘the anti-Tac nonoclonal antibody). The DNA segnents encodi ng these regions
will typically be joined to DNA segnents encodi ng appropriate human-1i ke
framework regions. For exanple, the preferred DNA sequences, which on
expression code for the polypeptide chains conprising the anti-Tac heavy
and |ight chain hypervariable regiong,(w th human-1ike framework regions),
are shown in Figures 3 and 4, respectively. Due to codon degeneracy and
hon-criticalixaYinecacefl subsddehit helfc athes Dhleessaueﬁqexsssan hergieadi |y
substltute%gfgﬁ'gh9§eMgeqqenc sﬁsasadﬁnabgeqlgg
Humanized or human—-like antibodies generally have
at least three potential advantages over mouse or in scme
cases chimeric antibodies f£or use in human therapy:
1) Because the effector portiocn is human, it may
interact better with the other parts cf the human immune
system (e.g., destroy the target cells more efficiently by
ccmplement- dependent cytotoxicity (CDC) or
antibody-dependent cellular cytotoxicity (ADCC)).
2) The human immune system should not recognize
the framework or constant region of the humanized antibody as
foreign, and therefore the antibody response against such an
injected antibody should be less than against a totally

foreign mouse antibedy or a partially foreign chimeric
antibody.

3) Injected mouse antibodies have been reported
to have a half-life in the human circulation much shorter
than the half-life of normal antibodies (D. Shaw et é;;, J.
Immunol., 138:4534-4538 (1987)). Injected humanized
antibodies will presumably have a half-life more similar to
naturally occurring human antibodies, allowing smaller and
less frequent doses to be given.

The present invention is specifically directed to
improved humanized immmunoglobulins (e.g., capable of binding
the human IL-2 receptor) with respect to those described in
EPA publication no. 0239400. . That application, the
disclosure of which is excluded from coverage herein,
describes, for certain immunoglobulins, substituting CDR's
regions in the light or heavy chain variable domains of an
acceptor antibody with analogous parts of CDR's (typically
solvent accessible) from an antibody of different
specificity. Also, that application discusses, for certain
immuncglobulins, the possibility of only transferring
residues that are (sclvent) accessible from the antigen
binding site, which residues apparently may include certain
framework regions (specifically, residues Xnown to be
involved in antigen binding as described in Amit et al.,
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The DNA segnents will typically further include an expression control DNA
sequence operably linked to the human- |ike anti body codi ng sequences,

i ncludi ng naturally- associ ated or heterol agous pronoter regions.
Preferably, the expression control sequences will be eukaryotic pronoter
systenms in vectors capable of transformng or transfecting eukaryotic host
cells, but control sequences for pmokaryotlg hosts nmay al so be used. Once

the vect9&;dase been lﬂWvB@rQ&EQGLr&P ;S&%é’gl@rﬁlii&&& haslencihe koSt is
nalntalned un conditions suitable for

r
ue.-E%aLn lnteractions - but for tgk selec ion of which

insufficient guidance is provided. in that application).
Thus, for example, a preferred embodiment of the present
invention entails substituting entire CDR's and framework
amino acids immediately adjacent one {or preferably each) of
the CDR's. In general, any framework residue that alsac makes

contact with the CDR's to, e.g., maintain their conformation

(and usually their antigen binding specificity) are
specifically included within preferred embodiments of the
present invention as described in detail, supra.

In one aspect, the present invention is directed to
recambinant DNA segments encoeding the heavy and/or light
chain CDR's (typically with other amino acid residues as
described above) from an immunoglobulin capable of binding to

a desired epitope, such as on the human IL-2 receptor (e.g.,

the anti-Tac monoclonal antibody). The DNA segments enceding

these regions will typically be joined to CNA segments
encoding appropriate human-like framework regions. For
example, the preferred DNA sequences, which cn expression
code for the polypeptide chains comprising the anti-Tac heavy
and light chain hypervariable regions (with human-like
framework regions), are shown. in Figures 3 and 4,
respectively. Due to codon degeneracy and non-critical
amino-acid substitutions, other DNA segquences can be readily
substituted for those sequences, as detailed below.

The DNA segments will typically further include an
expression control DNA sequence operably linked to the human-
like antibody coding sequences, including naturally-
associated or heterclogous promoter regions. Preferably, the
expression control sequences will be eukaryotic promoter
systems in vectors capable of transforming or transfecting
eukaryotic host cells, but control sequences for prokaryotic
hosts may also be used. Once the vector has been
incorporated intoc the appropriate host, the host is
maintained under conditions suitable for high level

expression of the nucleotide sequences, and; as desired, the

collection and purification of the light chains, heavy
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expression of the nucl eotide sequences, and, as desired,
purification of the light chains, heavy 19 chai ns,
dimers or intact antibodies bindig fragments or other imunoglobulin form
may follow Human constant regi on DNA sequences can be isolated in
accordance with well known procedufgs froma variety of

the coll ection and
| i ght/ heavy chain

chains, light/heavy-chain.dimers or intact antibecdies,

binding fragments or other immuncglobulin forms may follow.
Human-constant region DNA - sequences-can be isolated
in accordance with well known prccedures from a variety of
human cells, but preferably immortalized B-cells (see, Kabat
op. cit. and WPB7/02671). For example, the human kappa
immunoglebulin constant and J region genes and seqguences are
described in Heiter et al., Cell 22:197-207 (1380) and the
nuclectide sequence of a human immunoglobulin Qﬁ gene is
described in Ellison et al., Nucl. Acid. Res. 10:4071 (1982},
both of which are incorpeorated herein by reference. The
CDR's for producing the immunoglobulins of the present
invention will be similarly derived from monoclonal
antibodies capable of binding to the desired antigen (e.g.,
the human IL-Z'receptor) and produced in any convenient
mammalian source, including, mice, rats, rabbits, or cther
veterbrate capable of producing antibodies by well known
methods., Suitable scurce cells for: the DNA secquences and
cells for immunoglobulin expression and secreticn can be
obtained from a number of sources,

host

such as the American Type
Culture Collection ("Catalogue of Cell Lines and Hybridomas,"
Fifth edition (1985) Rockville, Maryland, U.S.A., which is
incorporated herein by refererice).

In addition to the human-like immunogleobulins
specifically described herein, other '"substantially

homologous" modified immunoglobulins can be readily designed

and manufactured utilizing various recombinant DNA techniques

well known to those skilled in the art. For example, for the

IL-2 receptor immunoglobulins the framework regions can vary
from the sequences in Figures 3 and 4 at the primary

structure level by several amino acid substitutions, terminal

and intermediate additions and deletions, and the like.

Moreover, a variety of different human framework regions may

be used singly or in combination as a basis for the human-

like immunoglobulins of the present invention. In general,

modifications of the genes may be readily accompllshed by a
variety of well-known techniques, such as site-directed

mutagenesis (see, Gillman and Smith, Gene 8:81-97 (1979) and
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human cells, but preferably imortalized B-cells (see, Kabat ep. cit. and
WO 87/02671) . For exanple, the human kappa i mmunogl obolin constant and J
regi on genes and sequences are described in Heiter et al., Cell 22:197-207
(1980) and the nucl ectide sequence of a human i nmmunogl obulin Cerr] gene is

described in Ellison et al., Nucl. Agyd. Res. 10:4071 (1982), CDR s for
produci ng the i munogl obulins of the present invention will be simlarly

derived frRehemsacisonak abfipodies I2zatle-7af4 Hivsding tethhefdebickd

antigen (e3fa 1ir¥é2:‘?:p%‘£'§%@d|hé?dﬁ%@@éﬁe@é}%&r})duced I n any conveni ent
Alternatively, polypeptide fragments comprising only a
pertion of the primary antibody structure may be produced,
which fragments possess one or more immunoglobulin activities
(e.g., complement fixation activity). Also because like many
genes, the immunoglobulin-related genes contain separate
functional regions, each having one or more distinct
biclegical activities, the genes may be fused to functional
regions from other genes (e.d., enzymes, see, commonly
assigned U.S.S.N. 132,387, filed Dec. 15, 1987, which is
incorporated herein by reference) to produce fusion proteins
(e.g., immunotoxins) having novel properties.

The nucleic acid sequences of the present invention
capable of ultimately expressing the desired human-like
antibodies can be formed from a variety of different
polynucleotides (genomic or cDNA, RNA, synthetic
oligonucleotides, etc.) and components (e.g., V, J, D, and C

regions), as well as by a variety of different techniques.

Joining appropriate genomic sequences is presently the most
common method of production, but cDNA sequences may also be
utilized (see, European Patent Publication No. 0239400 and
Reichmann, L., et al., Nature 332:323-327 (1988), both of
which are incorporated herein by reference).

As stated previously, the DNA sequences will be

expressed in hosts after the sequences have been operably
linked to (i.

e., positioned to ensure the functioning of) an

expression control sequence. These expression vectors are

typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.

Commonly, expression vectors will contain selecticn markers,

e.qg., tetracycline or neomycin, to permit detection of those

cells transformed with the desired DNA sequences (see, e.d..
U.S. Patent 4,704,362,

reference).

which is incorporated herein by

E. ¢oli is one prokaryotic host useful particularly
for cloning the DNA sequences of the present invention.
Other microbial hosts suitable for use include bacilli, such
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manmal i an source, including, mce, rats, rabbits, or other veterbrate
capabl e of producing anti bodi es by well known nmethods. Suitable source
cells for the DNA sequences and host cells for imunogl obulin expression
and secretion can be obtained froma nunber of sources, such as the

American Type Culture Collection ("Catal ogue of Cell Lines and Hybridomas,"
Fifth edition (1985) Rockvi l | e, Nhry[and USA). In addition to the

human- 1 i ke naQ obullns S eC|f cal descri bed her.ein,

"subst ant i &f qgﬂﬁégéﬁb dl?q ﬁ&ﬁﬁﬁ&ﬂ%ﬁiﬁqﬁﬁ?qﬁﬁ ré&ﬁ?l?sde3|gned
Salmonella, Serratia, and varlous Pseudomonas species. In
these prokaryotic hosts, one-can-alsc-make expression
vectors, which will typically contain expression control
sequences compatible with the host cell (e.g., an origin of
replication). 1In addition, any number of a variety of well-
known promoters will be present, such as the lactose promoter
system, a tryptophan (trp) promoter system, a beta-lactamase
promoter system, or a promoter system from phage lambda. The
promoters will typically control expression, optionallf-with
an oper:tor sequence, and have ribosome binding site
sequences and the like, for initiating and completing
transcription and translation. )

Other microbes, such as yeast, may also be used fecr
expression. Saccharomvces is a preferred host, with suitable
vectors having expression control sequences, such as
promoters, including 3-phosphoglycerate kinase or other
glyceolytic enzymes, and an origin of replication, termination
sequences and the like as desired.

In addition to microorganisms, mammalian tissue
cell culture may also be used to express and produce the
polypeptides of the present invention (ggg, Winnacker, "“From
Genes to Clones," VCH Publishers, N.¥Y., N.Y. (1987), which is
incorporated herein by reference). Eukaryotic cells are
actually preferred, because a number of suitable host cell
lines capable of secreting intact immunoglobulins have been
developed in the art, and include the CHO cell lines, various
COS cell lines, Hela cells, myeloma cell lines, etc, but
preferably transformed B-cells or hybridomas. Expression
vectors for these cells can include expression control

sequences, such as an origin of replication, a promoter, an

enhancer (Queen, C., et al., Immunol. Rev. 89:49-68 (1986),
which is incorporated herein'by reference),
processing information sites,

and necessary
such as ribosome binding sites,

RNA splice sites, polyadenylation sites, and transcriptional

terminator sequences. Preferred expression control sequences

are promoters derived from SV40 with enhancer (see, Mulligan

3
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and manufactured utilizing various reconbi nant DNA techni ques well known to
those skilled in the art. For exanple, for the IL-2 receptor

i mmunogl obul i ns the framework regions can vary fromthe sequences in
Figures 3 and 4 at the primary structure |level by several amno acid

substitutions, term nal and |ntern§E|ate addi tions and del etions, and the
| i ke. Moreover, a variety of differént human franework regi ons nmay be used
singly orandh Besmhi Saience #0% 1WES-34R3r (1880 hyrman- ikmikegieeriigyl obul i ns of

the presend, nxsehwﬂmén SN AlpapiRYbhhCoiaaS Qhal BReJENES. MBY bE
readily acconpllshe

he Xectcrs containing the-DNA .segments of interest
(e.g., the heavy and light chain encoding sequences and
expression control sequences) can be transferred into the
host cell by well-known methods, which vary depending on the
type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,

whereas calcium phosphate treatment or electroporaticn m;y be

used for other cellular hosts. (See, generally, Maniatis, et

al., Moclecular Cloning: ‘A Laboratorv Manual, Cold Spring

Harbor Press, (1982}, which is incorporated herein by

reference.)

Once expressed, the whole antibodies, their dimers,
individual light and heavy chains, or other immunoglcbulin
forms of the-present invention can be purified according to
standard procedures of the art, including ammonium sulfate
precipitation, affinity columns, column chromategraphy, gel
electrophoresis and the like (s=s, generallv, Scopes, R.,
Protein Purification, Springer-Verlag, N.Y. (1982)).
Substantially pure immunoglcbulins of at least about 30 to
95% homogeneity are preferred, and 98 to 99% or more
homogeneity most preferred, for pharmaceutical uses. Once
purified, partially or to homogeneity as desired, the
polypeptides may then be used therapeutically (including
extracorporeally) or in developing and performing assay
procedures, immunofluorescent stainings, and the like. (See,
generally, Immunological Metheods, Vols. I and II, Lefkovits
and Pernis, eds., Academic Press, New York, N.Y¥Y. (1979 and
1981)).

The IL-2 receptor specific antibodies exemplified
in the present invention will typically find use individually
in treating a T-cell mediated disease state. Generally,
where the cell linked to a disease has been identified as IL-
2 receptor bearing, then the human-like antibodies capable of
blocking the binding of IL~2 to the human IL-2 receptor are
suitable (see, U.S5.S.N. 085,703, entitled “Treating Human
Malignancies and Disorders," which is incorporated herein by
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variety of well-known techni ques, such as site-directed nutagenesis (see,
Gllmn and Smth, Gene 8:81-97 (1979) and 20 Roberts, S. et al, Nature

328: 731-734 (1987) Al ternatively, polypeptide fragnents conprising only a
portion of the primary anti body structure nmay be produced, which fragnents

possess one are nore innunoglobulag activities
reference). For exaopie, typical disaeasesrstates suitable for
treatment include graft versus host disease and transplant
rejecticn in patients undergoirg ‘anrr organ transplant, such'as
heart, lungs, kidneys, liver, etc. Other diseases include
autoimmune diseases, such as Type I diabetes, multiple
sclerosis, rheumatold arthritis, systemic lupus
erythematosus, and myasthenia gravis.

The human-like antibodies ©of the present invention
may also be used in combination with other antibodies,
particularly human monocclonal antibodies reactive with other
markers on cells responsible for the disease. For exanple,
suitable T-cell markers can include those grouped into the
so~called "Clusters of Differentiation," as named by the
First Internatiocnal Léukocyte Differentiation Workshop,

Leukocvte Tvping, Bernard, et al., Eds., Springer-verlag,

N.¥. (1984), which is incorporated herein by reference.

The antibodies can also be used as separa-aly
administered compositions given in conjunction with
chemotherapeutic or immunosuppressive agents. Typically, the
agents will include cyclosporin A or a purine analcg (e.4.,
methotrexate, 6-mercaptopurine, or the like), but numerous
additional agents (e.g., cyclophosphamide, prednisone, etc.)
well-known to those skilled in the art may also be utilized,

A preferred pharmaceutical composition of the
present invention comprises the use of the subject antibodies
in immunotoxins. Immunotoxins are characterized by two
components and are particularly useful for killing selected
cells in vitro or in vivo. One component is a cytotoxic
agent which is usually fatal to a cell when attached or
absorbed. The second component, known as the "delivery
vehicle," provides a means for delivering the toxic agent to
a particular cell type, such as cells comprising a carcinoma.
The two components are commonly chemically bonded together by
any of a variety of well-known chemical procedures. For

example, when the cytotoxic agent is a protein and the second
component is an intact immunoglcbulin, the linkage may be by
way of heterobifunctional cross-linkers, e.d9., SPDP,
carbodiimide, glutaraldehyde,.or the. like. Production of

e
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(e.g.,

conpl ement fixation activity). Also because |ike many genes, the

I mmunogl oul i n-rel ated genes contain separate functional regions, each
havi ng one or nore distinct biological activities, the genes may be fused

to functicnal regions fromother genes (e.c., enzynes) to produce fusion

proteins (e.g., imunotoxins) having4novel properties. The nucleic acid
sequences_of .the present invention capable of ultimtely expressing the
desi red hUABhT¥F qUeFdnes 1g ave b PR Ftorhie A eepdoF2ai PRer ent
pol ynucl egbudes {gernaninpler iaDNdont®onsy Mieiddiy-Toxin Conjugates:

Aiming the Magic Bullet," Thorpe et al, Monoclcnal Antibodies
in Clinical Medicine, Academic Press, pp. 163-190 (1982),
which is incorporated herein by reference.

A variety of cytotoxic agents are suitable for use
in immunotoxins. Cytotoxic agents can include
radiocnuclides, such as Icdine-131, Yttrium-90, Rhenium-188,
and Bismuth-212; a number of chemotherapeutic drugs, such as
vindesine, methotrexate, adriamycin, and cisplatinm: and’
cytotoxic proteins such as ribosomal inhibiting proteins like
pokeweed antiviral protein, Pseudomonas exotoxin A, ricin,
diphtheria toxin, ricin A chain, etc., or an agent active at
the cell surface, such as the phospholipase enzymes (e.d.,

phospholipase C}. (See, generally, commonly assigned
U.S.S.N. 07/290,968 filed December 28, 1988), "Chimeric

Toxins," OClsnes and Phil, Pharmac. Ther., 25:355-381 {1982),
and "Monoclonal Antibodies for Cancer Detection and Therapy,"
eds. Baldwin and Byers, pp. 159-179, 224~266, Academic Press
(1985), all of which are incorporated herein by reference.)

The delivery component of the immunotoxin will
include the human-like immunoglobulins of the'present
invention. Intact immunoglobulins or their binding
fragments, such as Fab, are preferably used. Typically, the
antibodies in the immunotoxins will be of the human IgM or
IgG isotype, but other mammalian constant regions may be
utilized as desired.

The human-like antibodies and pharmaceutical
compositions thereof of this invention are particularly
useful for parenteral administration, i.e., subcutaneocusly,
intramuscularly or intravenously. The compositions for
parenteral administration will .commonly comprise a solution
of the antibody or a cocktail thereof dissolved in an accept-
able carrier, preferably an agueous carrier. A variety of
agueocus carriers can be used, e.g., water, buffered water,
0.4% saline, 0.3% glycine and the like. These solutions are
sterile and generally free of particulate matter. These
compositions may be sterilized by conventional, well known
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ol i gonucl eoti des, etc.) and conponents (e.g., V, J, D, and C regions), as
well as by a variety of different technlques Joi ni ng appropriate genom c
sequences is presently the nost conmon nethod of production, but cDNA
sequences may also be utilized (see, European Patent Publication No.
0239400 and Reichmann, L., et al., Nature 332:323-327 (1988) As stated
previously, the DNA sequences wil | P expressed in hosts after the

Sequencessdiane Haw SAPeLal ol ke c(dmg%s’xtg. B! bagedoheagpsur e the

functlonlqg 2 an expression control sequence ese“exp r633|0n vectors
are arm ceutzcally acceptable aux;lza'y substances as required

to approximate physiclogical conditions ‘such as pH adjusting
and buffering agents, toxicity adjusting agents and the like,
for exazple sodium acetate, sodium chloride, potassium
chloride, calcium chloride, sodium lactate, etc. The
concentration cof antibody in these formulations can vary
widely, i.e., from less than about 0.5%, usually at or at
least about 1% to as much as 15 or 20% by weight and wilf.be
selected primarily based on fluid volumes, viscosities, etc.,

in accoriance with the particular mode of administration
selected.

Thus, a typical pharmaceutical composition for
intramuscular injection could be made up to contain 1 ml
sterile buffered water, and 50 mg of antibody. A typical
composition for intravenous infusion could be made up to
contain 250 ml of sterile Ringer's solution, and 150 mg of
antibody. Actual methods for preparing parenterally
administrable compositions will be known or apparent to those
skilled in the art and are described in more detail in, for
example, Remington's Pharmaceutical Science, 15th ed., Mack
Publishing Company, Easton, Pennsylvania (1980), which is
incorporated herein by reference.

The antibodies of this invention can be lyophilized
for storage and reconstituted in a suitable carrier prior to
use. This technique has been shown to be effective with
conventional immune globulins and art-known lyophilization
and reconstitution techniques can be employed. It will be
appreciated by those skilled in the art that lyophilization
and reconstitution can lead to varying degrees of antibody
activity loss (e.g., with conventional immune globulins, IgM
antibodies tend to have greater activity loss than IgG
antibodies) and that use levels may have to be adjusted to
compensate.

The compasitions containing the present human-like
antibodies or a cocktail thereof can be administered for
prophylactic and/or therapeutic treatments. In therapeutic
application, compositions are administered to a patient
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.typically replicable in the host organi sns either as episones or as an

I ntegral part of the host chronpbsomal DNA. Conmonly, expression vectors
will contain selection markers, e.g., tetracycline or neonycin, to permt
detection of those cells transformed with the desired DNA sequences (see,
e.g., US Patent 4,704,362). E. coli is one prokaryotic host useful
particularly for cloning the DNA sezpuences of the present invention. Qher

m crobial hosts, SUEANG S QLolSE AOSLELS, PACTL 1 andHE sussicient to
cure or at least partially arrest the disease and its

complications. An amount adequate to accomplish this is

defined as a "therapeutically effective dose." Amounts
effective for this use will depend upon the severity of the
infecticn and the general state of the patient's own immune
systam, but generally range from about 1 to about 200 mg of
antibody per dose, with dcsages of from 5 to 25 mg per
patient being more commonly used. It must be kept in mind
that the materials of this invention may generally be
employed in serious disease states, that is life-threatening
or potentially life-threatening situations. 1In such cases,
in view of the minimization of extraneous substances and the
lower probability of “foreign substance" rejections which are
achieved by the present human-like antibodies of this in-
vention, it is possible and may be felt desirable by the

treating physician to administer substantial excesses of
these antibodies.

In prophylactic applicqticns, compesitions
containing the present antibodies or a cocktail thereof are

administered to a patient not already in a disease state to

enhance the patient's resistance. Such an amount is defined

to be a "prophylactically effélitive dose.” 1In this use, the
precise amounts again depend upon the patient's state of
health and general level of immunity, but generally range
from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per
patient. A preferred prophylactic use is for the prevention
of kidney transplant rejection.

Single or multiple administrations of the
compositions can be carried out with dose levels and pattern
being selected by the treating physician. 1In any event, the
pharmaceutical formulations should provide a quantity of the
antibody{ies) of this invention sufficient to effectively
treat the patient.

Human-like antibodies of the present invention can

further find a wide variety of utilities in vitro.

By way of
example,

the exemplary antibodies can be udtilized for T-cell
typing, for isolating specific IL-2 receptor bearing cells or
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21 as Batillus subtilus and other entercpacteriaCel ae, such as Sal nonell a,
serratia and variuos. Pseudondnas species. In these proakaryotic nests one
can al so make expression vevtors, which will typically contain expression
control seqcuences conpatible with the host cell (e.g., an origin of
replicataion). In addition any nunb of a variety of well- known pronoters

wll be preseny, such as the | actose pronoter
fragments-of the receptor, for vaccine preparation, or the
like.

For diagnostic purposes, the antibodies may either
be labeled or unlabeled. Unlabeled antibodies can be used in
combination with other labeled antibodies (second antikodies)
that are reactive with the human-like antibedy, such as anti-
bodies specific for human immuncglobulin censtant regions.
Alternatively, the antibodies can be directly labeled. A
wide variety of labels may be employed, such as
radionuclides, flucrs, enzymes, enzyme substrates, enzymé co-
factors, enzyme inhibitors, ligands (particularly haptens),

etc. Numerous types of immunocassays are available and are

well known to those skilled in the art.

Kits can also be supplied for use with the subject
antibodies in the protection against or detection of a
cellular activity or for the presence of a selected antigen.
Thus, the subject antibedy composition of the present
invention may be provided, usually in a lyophilized form in a

container, either alone or in conjunction with additional

antibodies specific for the desired cell type. The
antibedies, which may be conjugated to a label or toxin, or
unconjugated, are included in the kits with buffers, such as
Tris, phosphate, carbonate, eéé., stabilizers, biocides,
inert proteins, e.g., serum albumin, or the like, and a set
of instructions for use. Generally, these materials will be
present in less than about 5% wt. based on the amount of
active antibody, and usually present in total amount of at
least about 0.001% wt. based again on the antibody
concentration. Frequently, it will be desirable to include
an inert extender or excipient to dilute the active
ingredients, where the excipient may be present in from about
1 to 99% wt. of the total composition. Where a second
antibody capable of binding to the chimeric antibedy is
employed in an assay,; this will usually be present in a
separate vial. The second antibody is typically conjugated
to a label and formulated in an analogous manner with the
antibody formulations described above. )
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system a tryptophan (trp) pronoter system a beta-|actamase pronoter
system or a pronoter system from phage | anbda. The pronoters will typically
control expression, optionally with an operator sequence, and have ri bosone
bi nding site sequences and the like, for initiating and conpl eting

transcription and translation. Oh m crobes, such as yeast, may al so be
used for expression. Saccharonvcesis a preferred host, wth suital be

vectors having expridesifohloentq odxmarirence® cAfeiress oy eayt ofs, incl udi ng
3-phosphog] yeerata dd nase 8L Othfation.

EXPERIMENTAL

Design of genes for human-like light and heavv chains

The sequence of the human antibody Eu (Sequences of
Proteins of Immunological Interest, Kabat, E., et al., U.S.
Dept. of Health and Human Services, 1983) was used to provide
the framewark of the humanized antibody, because the amino
acid sequence cof the heavy chain of anti~Tac is more
homologous to the heavy cﬁain of this antibeody than to any
other heavy chain sequence in the National Biomedical
Foundation Protein Identification Resource.

To select the sequence of the humanized heavy
chain, the anti-Tac heavy chain sequence (see, commonly
assigned U.S.S.N.'s 186,862 and 223,037, which are
incorporated herein by reference) was aligned with the
sequence of the Eu heavy chain (Figure 1). At each
position, the Eu amino acid was selected for the humanized
sequence, unless that position fell in any ocne of the
following categories, in which case the anti-Tac amino aciad
was selected. _

(1) The position fell within a complementarity
determining region (CDR), as defined by Kabat,
et al., gp. ¢it. (amino acids 31-35, 50-~6§6,
99-106) ;

(2) The Eu aminc acid was unusual for human heavy
chains at that position, whereas the anti-Tac
amino acid was typical for human heavy chains
at that position (amino acids 27, 93, 95, 98,
107-109, 111):

{(3) The position was immediately adjacent to a CDR
in the amino acid sequence of the anti-Tac
heavy chain (amino acids 30 and 67).

{4) 3J-dimensional modeling of the anti-Tac
antibody suggested that the amino acid was

physically close to the antigen binding region
(amino acids 48 and 68).
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gl ycolytic enzynes, and an origin of replication, term nation sequences and
the like as desired. In addition to m croorgani sns, mammalian tissue cel
culture may al so be used to express and produce the pol ypeptides of the
present invention (see, Wnnacker, "From Genes to C ones,"” VCA Publishers,
N.Y., NY. (1987), which is incorporated herein by reference). Eukaryotic
cells are actually preferred, becausd® a number of suitable host cell lines

capable o creti [Nt agt Li.mung bullns_have_bgen devel oped in the art,
o el n9gRErAE A il |‘1‘°’%é's,‘“v5rg%§ugl’l’g orle"' e "Erdse “Cataghries
but are only listed in one.

To select the sequence: of the humanized light
chain, the anti-Tac light chain sequence was aligned with the
sequence of the Eu light chain ‘(Figure 2). The Eu amineo
acid was selected at each position, unless the position again
fell into one of the categories (1) -~ (4), (with light chain
replacing heavy chain in the category definitions):

(1) CDRs (amino acids 24-34, 50~56, 89-~37).

(2) Anti-Tac aminoc acid more typical than Eu

(amino acids 48 and 63).

(3) Adjacent to CDRs (no amino acids; Eu and
anti-Tac were already the same at all these
pesitions).

(4) Possible 3-dimensional proximity to binding
region (amino acid 60).

The actual nucleoctide sequence of the heavy

(Figure 3) and light chain (Figure 4) genes were selected as
follows: ‘

(1) the nucleotide sequences code for the amino
acid sequences chosen as described above.

(2) 5' of these coding sequences,'the nucleotide
sequences code for a leader (signal) sequence,
namely the leader of the light chain of the
antibody MOPC 63 and the leader of the heavy
chain of the antibody PCH 108A (Kabat et al.,
op. cit.). These leader sequences were chosen
as typical of antibodies.

(3) 3' of the coding sequences, the nucleotide
sequences are the sequences that follow the
mouse light chain J5 segment and the mouse
heavy chain J2 segment, which are part of the
anti-Tac sequences. These sequences are
included because they contain splice donor
signals.

(4) At each end of the sequence is an Xba I site
to allow cutting at the Xba I sites and

cloning into the Xba I site of a vector.
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CCS cell lines, HeLa cells, nyeloma cell lines, etc, but preferably
transformed B-cells or hybridomas. Expression vectors i sHelesenlsklfc AN

i ncl ude expression control seguences, such as an origin d
pronoter, an enhancer (Queen, C., et al., Immunol. Rev. mé
and necessary processing informati oBsites, such as riboso tes,

RNA splice sites, polyadenylation sites, and transcriptional term nator
sequences.

Preferred expression control sequences are pronoters derived
T om Sv40 SAIREISNRARRePL SERAR MRS fgeand heavy chain genes

To syntneéize the heavy chain, four
oligonucleotides HES12, HES13, HES14, HES1S (Figure SA) were
synthesized using an Applied Biosystems 3808 DNA synthesizer.
Two of the cligonucleotides are part of each strand of the
heavy chain, and each cligonucleotide overlaps the next one
by about 20 nuclectides to allow annealing (Figure SB).
Together, the oligonuclectides cover the entire humanized
heavy chain (Figure 3) with a few extra nucleotides at éach
end to allow cutting at the Xba I sites. The
cligenucleotides were purified from polyacrylamide gels.

Each cligonucleotide was phosphorylated using ATP
and T4 polynucleotide kinase by standard procedures (see,
Maniatis, gp. g¢it.). To anneal the phosphorylated
oligonucleotides, they were suspended together in 40 ul of TA
(33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM
magnesium acetate) at a concentration of about 3.75 uM each,
heated to 95 deg for 4 min. and cooled slowly to 4 deg. To
synthesize the complete gene from the ocligonucleotides by
synthesizing the opposite strand of each cligonuclectide

(Figure 5B), the following components were added in a final
velume of 100ul:

10 ul annealed oligonucleotides

0.16 mM each deoxyribenucleotide

0.5 mM ATP

0.5 mM DTIT

100 ug/ml BSA

3.5 ug/ml T4 g43 protein (DNA polymerase)
25 ug/ml T4 g44/62 protein (polymerase

accessory protein) '

25 ug/ml 45 protein (polymerase accessory

protein)

The mixture was incubated at 37 deg for 30 min.
Then 10 u of T4 DNA ligase was added and incubation at 37 deg
resumed for 30 min. The polymérase and ligase were
inactivated by incubation of the reaction at 70 deg for

"‘. :_'-, \, N K R :r_ ,':;.'\{."f-}



22 and Berg, Science 209:1422 1427 (1980) an i mungl obulin gene,
Adenovirus, Bovine Papilloma Virus, and the |ike. The vectors containing
t he DNA segnments of interest (e g, the heavy and |ight chain encoding
sequences and expression control sequences) can be transferred into the
host cell by well-known nethods, which vary depending on the

31

15 min. To digest.the gene with Xba I, to the reaction was
added 50 ul of 2x TA containing BSA at 200 ug/ml and DTT at 1
mM, 43 ul of warter, and 50 u.of Xba- I in 5 ul. The reaction
was incubated for 3 hr at 37 deg, and run on a gel. The 431
bp Xba I fragment was purified from a gel and cloned into the
Xba I site of the plasmid pUClS% by standard methods. Four
plasmid - isclates were purified and sequenced using the
dideoxy method. One of these had the correct sequence
(Figure 3).

To synthesize the light chain, four

oligonucleotides JFD1, JFD2, JFD3, JFD4 (Figure 6A) were

synthesized. Two of the oligonucleotides are part of each

strand of the light chain, and each oligonucleotide overlaps
the next one by about 20 nucleotides to allow annealing
(Figure 6B). Together, the oligonucleotides cover the entire
humanized light chain (Figure 4) with a few extra nuclectides
at each end to allow cutting at the Xba I sites. The
oligonucleotides were purified from polyacrylamide gels.

The light chain gene was synthesized from these

clignucleotides in two parts. 0.5 ug each of JFD1l and JFD2

were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH
7.5, 20 mM magnesium chloride, 50 mM sodium chloride), heated
at 70 deg for 3 min and allowed to cool slowly to 23 deg in

order for the oligonucleotides to anneal. JFD3 and JFD4 were

treated in the same way. Each reaction was made 10 mM in DTT

and 0.5 mM in each deoxyribonucleotide and 6.5 u of sequenase
(US Biochemicals) was added, in a final volume of 24 ul, and
incubated for 1 hr at 37 deg to synthesize the opposite
strands of the oligonucleoctides. Xba I and Hind III were
added to each reaction to digest the DNA (there is a Hind III
site in the region where JFD2 and JFD3 overlap and therefore

in each of the synthesized DNAs: Figure 6B). The reactions

were run on pelyacrylamide gels, and the Xba I - Hind III

fragments were purified and cloned into puUC18 by standard

methods. Several plasmid isolates for each fragment were

sequenced by the dideoxy method, and correct ones chosen.
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- type of cellular host For exanpl e, calciumchloride transfection is

commonl y dhjsls &ryotic cells, whereas cal ci um phosphat e
treatnment o |on may be used for other cellular hosts. ( See,
generally, Mol ecul ar Coning: A Laboratory Manual, Cold

Spring Harbor Press, (1982) Once expressed, the whole antibodies, their
di mers, individual Iight and heavy ghains, or other inmunoglobulin forns of

the presegf pyrified according t.o standard, Rrocedures of
the art,

The heavy chain Xba I fragment was isolated from
the pUCl9 plasmid in which it had been inserted and then
inserted into the Xba I site of the vector pVvyl (see,
commonly assigned U.S.S.N. 223,037) in the correct
orientation by standard methods, to produce the plasmid
PHUGTACLl (Figure 7). This plasmid will express high levels
of a complete heavy chain when transfected into an
apprcocpriate host cell.

The two light chain Xba I - Hind III fragments were
isoclated from the pUC18 plasmids in which they had been
inserted. The vector plasmid pVxl (see, commonly assigned
U.S.S.N. 223,037) was cut with Xba I, dephosphorylated and
ligated with the two fragments by standard methods. The
desired reaction product has the circular form: vector - Xba
I - fragment 1 - Hind III - fragment 2 - Xba I - vector.
Several plasmid isolates were analyzed by restriction mapping
and sequencing, and one with this‘form chcsen. This plasmid,
pHULTAC (Figure 8), therefore contains the complete humanized
light chain (Figure 4) and will express high levels of the
light chain when transfected into an appropriate host cell.

Synthesis and affinitvy of humanized antibody

The plasmids pHUGTAC1l and pHuULTAC were transfected
into mouse Sp2/0 cells, and cells that integrated the
plasmids were selected on the basis of resistance to
mycophenolic acid and/or hygromycin B conferred by the gpt
and hyg genes on the plasmids (Figures 7,8) by standard
methods. To verify that these cells secreted antibody that
binds to the IL-2 receptor, supernatant from the cells was

incubated with HUT-102 cells that are known to express the

IL-2 receptor. After washing, the cells were incubated with

fluorescein-conjugated goat anti-human antibody, washed, and
analyzed for fluorescence on a FACSCAN cytofluorometer. The
results (Figure 9A), clearly show that the humanized antibody
binds to these cells, but not to Jurkat T-cells that do not
express the IL-2 receptor (Figure 9D). As contrcls, the
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precipitation, affinity colums, columm chromatography, gel
and the |like (see, generally, Scopes, R, Protein Purification,
Springer-Verlag, NY. (1982)). Substantially pure inmunogl obulins of at
| east about 90 to 95% honobgeneity are preferred, and 98 to 99% or nore
honbgeneity nost preferred, for pharmaceutical uses. Once purified,
partially or to honbgeneity as desiPred, the polypeptides nmay then be used
t herapeutically (including extracorporeally) or in devel opi ng and
per f or ni A§E38aY PAGTRANTASTAFNRARDI PO 3T St BT 2H NS, STiS Fhesei ke.
( See, cells (figure 9B,C), giving similar results.
For further exreriments, cells producing the

humanized antibody were injected into mice, and the resultant

ascites collected. Humanized antibody was purified to

substantial homogeneity frcm the ascites by passage through

an affinity column of goat anti-human immunoglobulin

antibody, prepared on an Affigel-10 support (Bio-Rad

Laboratories, Inc., Richmond, CA) according to standard

techniques. To determine the affinity of the humanized .

antibody relative tec the original anti-Tac antibody, a

competitive binding experiment was performed. About 5 Xx 10°

HUT=-102 cells were incubated with known gquantities (10 - 40

ng) of the anti-Tac antibcdy and the humanized anti-Tac

antibedy for 10 min at 4 deg. Then 100 ng of biotinylated

anti-Tac was. added to the cells and incubated for 30 min at 4

deg. This quantity of anti-Tac had previcusly been

determined to be sufficient to saturate the binding sites on

the cells, but not to be in large excess. Then the cells

were washed twice with 2 ml of phosphate buffered saline

(PBS) containing 0.1% sodium azide. The cells were then

incubated for 30 min at 4 deg with 250 ng of

phycoerythrin-conjugated avidin, which bound to the

biotinylated anti-Tac already bound to the cells. The cells

were washed again as above, fixed in PBS containing 1%

paraformaldehyde, and analyzed for fluorescence on a FACSCAN

cytofluorcmeter.

Use of increasing amounts (10 - 40 ng) of the

anti-Tac antibody as competitor in the first step decreased

the amount of biotinylated anti-Tac that could bind to the

cells in the second step, and therefore the amount of

phycoerythrin-conjugated avidin that bound in the last step,

thus decreasing fluorescence (Figure 10A). Equivalent

amounts (20 ng) of anti-Tac, and humanized anti-Tac used as

competitor decreased the fluorescence to approximately the

same degree (Figure 10B). This shows that these antibodies

have approximately the same affinity (within 3 to 4 fold),

because if one had much greater affinity, it would have mare
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generally,

eds., Academ c Press, New York, NY. (1979 and 1981)). The IL-2 receptor

| munol ogi cal Methods, Vols. | and Il, Lefkovits and Pern

specific antibodies exenplified in the present invention will typical

S,

Iy

find use individually in treating a T-cell nedi ated di sease state.
Generally, where the cell linked to di sease has been identified as IL- 2
receptor bearing, then the human-IiKe antibodi es capabl e of bl ocking the
bi ndi ng ofeftecztwflwn@qmmnmmzhrmeemmtmelmq @iti-Tac, thus

decreasing fluorescence more.

Biclogica roperties of the humanized antibodv

For optimal use in treatment ¢f human disease, the
humanized antibody should be able to destrov T-cells in the

body that express the IL-2 receptor. One mechanism by which

antibodies may destroy target cells is antibody-dependent

cell-mediated cytotoxicity, abbreviated ADCC (Fundamental

Immunology, Paul, W., Ed., Raven Press, New York (1984), at

Pg. 68l). in which the ahtibody forms a bridge between the

target cell and an effector cell such as a macrophage that

can lyse the target. To determine whether the humanized

antibody and the original mouse anti-Tac antibody can mediate
ADCC, a chromium release assay was performed by standard
methods. Specifically, human leukemia HUT-102 cells, which
express the IL-2 receptor, were incubated with 3!Cr to allow
them to absorb this radionuclide. The HUT-102 cells were

then incubated with an excess of either anti-Tac or humanized

anti-Tac antibody. The HUT-102 cells were next incubated for

4 hrs with either a 30:1 or 100:1 ratio of effector cells,
which were normal purified human peripheral blood mononuclear
cells that had been activated%ﬁy incubation for about 20 hrs
with human recombinant IL-2. Release of >!cr, which indicated
lysis of the target HUT-102 cells, was measured and the

background subtracted (Table 1}. The results show that at

either ratio of effector cells, anti-Tac did not lyse a
significant number of the target cells (less than 5%), while
the humanized antibody did (more than 20%). Hence, the
humanized antibody is likely to be more efficacious than the

original mouse antibody in treating T-cell leukemia or other
T-cell mediated diseases.
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23 For exanple typical disease states suitable for treatnent include graft
versus host disease and transplant rejection in patients undergoing an
organ transplant, such as heart, lungs, kidneys, liver, etc. Qher diseases

i ncl ude aut oi nmune di seases, such as Type | diabetes, multiple sclerosis,
rheumatoid arthritis, systemc |upus

35

TABLE 1
Percent 'Cr release after ADCC

Effector: Target ratio

30:1 100:1
Antibodv
Anti-Tac 4% < 1%
Humanized 24% 23%
anti-Tac

From.the foregeing, it will be appreciated that the
human-like immunoglobulins of the present inventiocn offer
numerous advantages of other antibodies. For example, in
comparison to anti-Tac mouse monoclonal antibodies, the
present human-like IL-2 receptor‘imhunoglobulins can be more
economically produced and contain substantially less foreign
amino acid sequences. This reduced likelihood of
antigenicity after injection into a human patient represents
a significanﬁ therapeutic impfovement for immuncglobulins
designed in accordance with the above criteria.

Although the present invention has been described
in some detail by way of illustration and example for
purposes of clarity and understanding, it will be apparent
that certain changes and modifications may be practiced
within the scope of the appended claims.
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eryt hemat osus, and nyasthenia gravis. The human-1i ke anti bodi es produced in
the present invention may al so be used in conbination with other
anti bodi es, particularly human nonocl onal anti bodi es reactive wth other
mar kers on cells responsible for the disease. Fo%.e a
mar kers can include those grouped into the so-caIP .

:

a?seeﬁﬂ&)tla@%ﬂ e T-cell
Differentiation," as named by the Fifrst Internati ljl HB&E“H

Differentiation Wrkshop, Leukocvte Typing, Berna
Springer-Verl ag; ,N,Y. (1984).

1. A method of producing a humanized
immuncglobulin (Ig) chain having one or more
complementarity determining regions (CDR's) from a
donor Ig and a framework region from a human Ig,
said method comprising: comparing the framework or
variable region amino acid sequence of the donor Ig
light or heavy chain with corresponding sequences
in a collection of human Ig chains; and selecting,
to provide the human Ig light or heavy chain
framework, a sequence from the collection which has
at least about 65% homology with the donor
framework.

2. A method of producing a humanized
immunoglobulin (Ig) heavy chain comprising the step
of combining complementarity determining regions
from a donor Ig heavy chain with the framework of a
human acceptor Ig heavy chain selected so that the
sequence of the humanized;Ig heavy chain framework
is 65% or more identical to the sequence of the
donor Ig heavy chain framework.

3. A method of producing a humanized
immunoglobulin (Ig) comprising the step of
combining complementarity determining regions from
a donor Ig with a framework that is a consensus
sequence of frameworks of many human antibodies.

4. A humanized immunoglobﬁlin chain obtainable by
a method according to any one of claims 1 to 3.

A g



The anti bodi es can al so be used as separately adm ni stered conpositions
given in conjunction with chenotherapeutic or inmunosuppressive agents.
Typically, the agents will include cyclosporin A or a purine analog (e.g.,
nmet hotrexate, 6-nmercaptopurine, or the like), but numerous additional
agents (e.g., cyclophospham de, prednisone, etc.) well-known to those
skilled in the art may al so be utilBZed. A preferred pharnaceuti cal
conposition conprises the use of the subject antibodies in imunotoxins.

| mmunot oxi ns are characterjzed by two . .. ]
S. A humanized inmunoglobulin comprising a chain

according to claim 4.

6.A polynucleotide comprising a first sequence
coding for a human-like immuncglobulin framework
region and a second sequence coding for one or more
CDR's, wherein upon expression said polynucleotide
encodes an immunoglobulin chain of claim 4.

7. A cell line transfected with a polynucleotide
of claim 6.

8. The use of an immunoglobulin of claim 5 in the
manufacture of a medicament.
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conponents and are particularly useful for killing selected cells in vitro
or in vivo. One conponent is a cytotoxic agent which is usually fatal to a
cell when attached or absorbed. The second conponent, known as the
"delivery vehicle,” provides a nmeans for delivering the toxic agent to a
particular cell type, such as cells conprising a carcinoma. The two
conponents are commonly chem cally boA8ed together by any of a variety of
wel | - known chemi cal procedures. For exanple, when the cytotoxic agent is a
protein and the second conponent is an intact immunoglobulin, the Iinkage
may be by ABSTRACT

Humanized Immunoglobulins and Their Production and Use

The invention provides a method of producing a humanized
immunoglobuin (Ig) comprising the step of combining
complementarity determining regions from a donor Ig with
a framework that is a consensus sequence of frameworks
of many human antibodies.

FIGURES 3 & 4
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A variety of cytotoxic agents are suitable for use in immunctoxins.
Cytotoxi ¢ agents can include radionuclides, such as lodine-131, Yttrium 90,
Rheni um 188, and Bi snut h-212; a nunber of chenot herapeutic drugs, such as
vi ndesi ne, nethotrexate, adrianycin, and cisplatinm and cytotoxic proteins
such as ribosomal inhibiting preteins |ike pokeweed antiviral protein,
Pseudonbnas exotoxin A, ricin, diphtheria toxin, ricin A chain, etc., or an
agent active at the cell surface

, such as the phospholipase enzynes (e.g.,
phosphol i pase C). (See, generally, "Chineric Toxins,"

2/8

10 20 30 40 30 60
TCTAGATGGGATGGAGGTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGCGTRCACT

M 6 W S w I F L F L LS 6T A G YV H

70 80 90 100 110 120
CTCAGETCCAGCTTETCCASTCTEGGECTCAAGTCAAGAAACCTGGCTORAGCETEAAGS
S Q VoL VeSS 6 AEVEK KPS S S VX

130 140 150 160 170 {80
TCTCCTGCAAGGCTTCTGGCTACAC CTTTACTAGCTACAGGATGCACTGGG TAAGGCAGE
v 8§ ¢C X A S 6 YT FT S Y R M H WV R Q

130 - 200 210 220 230 240
CCCCTGGACAGGGTCTGGAATGGATTGGATATATTAATCCGTCGACTOGGTATACTGAAT

AP G Q6 LEW L 6 YT NP ST 6 Y TE

250 260 210 280 280 300
ACAATCAGAAGTTCAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCCT
Yy e X F XD X AT I T ADESTNTA

310 320 330 340 350 360
%CATGGAACTGAGCAGCCTGAGATCTGAGGAQAGCGGAGTCTATTACTGTGCAAGAGGGG

mELSSLRSEDT AV Y Y G ARE

310 380 330 400 410 420
GGG6GGTCTTTGACTACTGEGGCCAAGGAAGCCTGGTCACAGTCTCCTCAGGTGAGTCCT
6 6 vV F DY WGE6 OQE6ET L VT VS S

430
TAAAACCTCTAGA
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A snes and Phil, Pharmac. Ther., 25:355-381 (1982)
Anti bodi es for Cancer Detection and Therapy," eds. Baldw n and Byers, pp.
159- 179, 224-266, Academ c Press (1985)). The delivery conponent of the

i mmunot oxin will include the human-Iike imunogl obulins of the present

I nvention. Intact imunoglobulins or their binding fragnents, such as Fab,

are preferably used. Typically, the antibodies in the i nmunotoxins wll be

of the human IgMor 1gG isotype, but other manmalian constant regi ons may
be

, and " Monocl onal

3/8

20 30 40 30 80
TCTAGATGGAGAGCGATACCCTCCTGCTATGGGTCCTCCTGCTATGGGTCCCAGGATCAA._

M ET DT L L L v L L L WV P 6 3

10 80 30 100 110 120
CCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGATAGGG
T 6 0 I « T ¢s PSS T LS AS VY 6D R

130 140 130 160 170 180
TCAGCATAACGTGCTCTGCCAGCTCAAGTATAAGTTACATGCACTGGTACCAGCAGAAGC
vV T 1 17T ¢8§ A S SS T S Y HH WY QO 0 K

{30 200 210 220 230 240
gAGgGAAAGGTCCCAAGGTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTGCCTG

K AP XK L L LY 7T 8 KL A S G VP

250 20 280 290 . 300
ETCGGTTDAGTGGCAGTGGATCTGGGAGCGAGTTCACGCTCACAATGAGCTCTCTGCAGC

R F S 6§ 6§ 6T EFT LT IS S L Q

310 320 330 340

330 360
CAGATGATTTCGCCACTTATTACTGCCATCAAAGBAGTACTTACCCACTCACGTTCGETC
PDDF AT Y Y CHOQRSTYPLTTEF G

370 380 330 400
AGGGGACCAAGGTGGAGGTCAAACGTAAGTACACTTTTCTAGA
¢ 6 T XK VvV E V X
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utilized as desired. The human-|i ke anti bodi es and pharnaceuti cal

conposi tions thereof are particularly useful for
parenteral admnistration, i.e, subcutaneously, intranuscularly or
i ntravenously. The conpositions for parenteral admnistration will comonly

conprise a solution of the antibody or a cocktail thereof dissolved in an
accept- able carrier, preferably an aqueous carrier. A variety of aqueous
carriers can be used, e.g., water, buffered water, 0.4%saline, 0.3%
glycine and the like. These solutions are '

4/8

HESIS

HESH4

CAATACAGCCTACATGGAACTGAGCAGGGTGAGATCTGAG

FIG._.5.

HESI3

TAGTCAAAGAGGGCCCCCCCTCTTGCACAGTAATAGACTGCGGTETCCTCAGATCTC

TCOGTCTAGAGGTTTTAAGGACTCACCTGAGGAGACTGTGACCAGGOTTCCTTGOLLC
GTGCT

CCAGTGCATCCTGTAGCTAGTAAAGGTGTAGCCAGAAGGCCTTGCAGGAGACCTTCACGET

T

6
GCCAGTCGACGGATTAATATATCCAATCCATICCAGACCCTGTCCAGGGG CCTGCCTTAC
CGAGGCAGG

ATTACTGCAGA

GACA
HESI2

HESI4  TATATTAATCCGTCGACTGGGTATACTGAATAGAATCAGAAGTTCAAGGACAAGGCAACA
CGAATGCAC
ATA
CAG
AGG

HES 12
HESI3
HESIS
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sterile and generally free of particulate matter. These conpositions may be
sterilized by conventional, well known 25 sterilization tecniques. The
conposition may contain pharanacetically acceptable auxiliary substances as
requsted to approxi mate pnysiologrcal conditions such as pH adjusting and
buffering agents,toxixity adjusting agents and the |ike

5/8
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for exanple sodium acetate, sodiumchloride, potassiumchloride calcium
chloride sodium |actate, etc. The concentration of antibody in these
formul ations can vary, widely,i,e. less than about 0.5 %usually at or an
| east about 1%to as much as 15 or 20% by weight and will be sel ected

primarily based on fluid volunes, viscost es, etc., in accordance with the
particul ar made of adm nistration sel ed. Thus, a typical pharféeutical
conposition for intranmuscul ar injecti could be made up to contain 1 ni

EcoRI EcoRI lg Promoter

pBR322

Eco R lg Promoter

pBR322

Gpt.
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sterile buffered water, and 50 ng of antibody. A typical conposition for
I ntravenous i nfusion could be nade up to contain 250 m of sterile Ringer's
solution, and 150 ng of antibody. Actual nmethods for preparing parenterally
adm ni strabl e conpositions will be known or apparent to those skilled in

the art and are described in nore detail in, for exanple, Rem ngton's
Phar maceutical Science, 15th ed., Mick Publishing Conpany, Easton,
Pennsyl vani a- (1980). The anti bodi es 7/8 can be lyophilized
for storage and reconstituted in a suitable carrier prior to
A 8
HUT-102 HUT-102
1000 1000

O j : 3 0- ' .'~.__
10 ol .0l 03 109 io! 02 o3
LI FLI
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use. This techni que has been shown to be effective with conventional inmune
gl obulins and art-known |yophilization and reconstitution techniques can be
enployed. It will be appreciated by those skilled in the art that

| yophi l'i zation and reconstitution can |lead to varyi ng degrees of antibody
activity loss (e.c:, wth conventional immune globulins, IgMantibodies
tend to have greater activity loss than 1gG anti bodi es) and that use |evels

may have to be adjusted to conpensate. The conpositions containing the
present human-|i ke -

8/8
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anti bodi es or a cocktail thereof can be adm nistered for prophylactic

and/ or therapeutic treatnents. In therapeutic application, conpositions
are adm nistered to a patient 26 already suffering froma diseasa, in an
anount sufficient to cure or at |least partially arrest the disease and its
conplications. An anobunt adequate to acconplish this is

kE:]
ABSTRACT

Humanized Immuncglcobulins and Their Production and Use

The invention provides a method of producing a humanized
immuneglobuin (Ig) comprising the step of combining
complementarity determining regions from a donor Ig with
a framework that is a consensus sequence of frameworks
of many human antibodies.
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defined as a "therapeutically effective dose.'
use will depend upon the severity of the infegt

RERTACEMENT: SHEETSr (3@ s
noShatthebigederaio sagat @3 of

the patient's own i mune system but generall 'fa;nﬁgf?ﬁ‘iPomwadt.?ﬁﬁotpnga@éﬂj_t
200 g of antibody per dose, with dosages of §rgnyS*“%ip5: srgepelt pagizemts

being nore comoniy used. It nust be kept inin¥ndsHet th’eagaemtﬁértbqiﬁge@f:_

this invention may generally be enpl oy I n serious disease states, that i9

life-threatening or potentially |ife-threaten| NDASEt O8t REQBIPT | N H¢M
cases, in view of the minimnzation of extraneous SUDSTANTES ard—t-Re—

urmTTe

HUMANIZED IMMUNOGLOBULINS ARD THEIR PRODUCTION AND USE

Field of the Invention

The present invention relates generally to the
corbination of recombinant DNA and monoclonal antibedy

technologies for developing novel therapeutic agents and,

more particularly, to the production of non-immunogenic
antibodies. '

Background of the Invention
In mammals, the immune response is mediated by two
types of cells that interact specifically with foreign

material, i.e., antigens. One of these cell types, B-cells,
are responsible for the production of antibodies.

The second
cell class, T-cells, include a wide variety of cellular

subsets controlling the in vivo function of both B-cells and
a wide variety of other hematopoietic cells, including T-
cells.

One way in which T-cells exert this control is
through the production of 2 lymphokine known as interleukin-2
(IL-2), originally named T-cell growth factor. IL-2's prime
function appears to be the stimulation and maintenance of T-
cells. Indeed, some immunologists believe that IL-2 may-be
at the center of the entire immune response (see, Farrar, J.,
et al., Immunol. Rev. £3:129-166 (1982)).

To exert its biological effects, IL-2 interacts
with a specific high-affinity membrane receptor (Greene, W.,
et al., Progress in Hematology XIV, E. Brown, Ed., Grune and
Statton, New York (1986}, at pgs. 283 £f). The human IL-2
receptor is a complex nultichain glycoprotein, with one
chain, known as the Tac peptide, being about 55kD in size

(see, Leonard, W., et al., J. Biol. Chem. 260:1872 (1985)).
A gene:encoding this protein has been isolated, and predicts a 272

amino acid peptide, including a 21 amino acid signal peptide (see,
Leonard, W., et al., Nature 311: 626 (1984)). The 219 NH, -
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| ower probability of "foreign substance"” rejections which are achi eved by
the present human-1li ke antibodies of this in- vention, it is possible and
may be felt desirable by the treating physician to adm ni ster substanti al
excesses of these antibodies. In prophylactic applications, conpositions
containing the present antibodies or a cocktail thereof are adm nistered to
a patient not already in a disease stat® to enhance the patient's

resistance. ue%na%naagggnsclés def ined 53 hgca iy laghi-eakly effective

dose.” In thi's us _
comprise an extracellular domain (see, Leonard, W

Sciance, 230:633-639% (1985).

., et al.,

Mucnh of the elucidation of the human IL-2
receptor's structure and function is due to the development
of specifically reactive mecnoclonal antibodies. 1In
particular, one mouse nonoclonal antibody, Kknown as anti-Tac
(Uchivama, et al., J. Immunol. 126:1393 (1981)) has shown
that IL-2 receptors can be detected on T-cells, but alsoc cn
cells of the monocyte-macrophage family, Kupffer cells of the
liver, Langerhans' cells of the skin and, of course,
activated T-cells. Importantly, resting T-cells, B-cells or
circuléting machrophages typically do not display the IL-2
receptor (Herrmann, et al.; J. Exp. Med. 162:1111 (1985)).

The anti-Tac monoclonal antibody has also been used
to define lymphocyte functions that require IL-2 interactioen,
and has been shown to inhibit various T-cell functions,
including the generation of cytotoxic and suppressor T
lymphocytes in cell culture. Also, based on studies with
anti-Tac and other antibodies, a variety of disorders are now
associated with improper IL-2 receptor expression by T-cells,
in particular adult T-cell leukemia.

More recently, the IL-2  receptor has been shown to
be an ideal target for novel therapeutic approcaches to T-cell
mediated diseases. It has been proposed that IL-2 receptor
specific antibodies, such as the anti-~Tac meonoclonal
antibody, can be used either alone or as an immunoconjugate
(e.g., with Ricin A, isotopes and the like) to effectively
remove cells bearing the IL-2 receptor. These agents can,
for example, theoretically eliminate IL-2 receptor~expressing
leukemic cells, certain B-cells, or activated T~-cells
involved in a disease state, yet allow the retention of
mature normal T-cells and their precursors to ensure the
capability of mounting a normal T-cell immune response as
needed. In general, most other T-cell specific agents can
destroy eésentially all peripheral T-cells, which limits the
agents' therapeutic efficacy. Overall, the use of
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preci se anounts agai n depend upon the patient's state of health and general
| evel of immunity, but generally range from0.1 to 25 ng per dose,
especially 0.5 to 2.5 ng per patient. A preferred prophylactic use is for

t he prevention of kidney transplant rejection. Single or nultiple

adm ni strations of the conpositions canybe carried out with dose |evels and

pattern being selected by the treatin hysi ci an. ..l ny.event, the

pharnaceuti%éhéa(ﬁﬁﬁﬁLaFFéﬁglgHéél%n%%%ﬁgﬂ%fafaﬁghﬁ¥¥fﬁbftqﬁe?%n i body(i es)

of this inveet¢mirsaili dhaeat therapeacifvekylity 1n autolmmune diseases,
organ transplantation and- any unwanted response by activated

T-cells. Indeed, clinical trials have kbeen initiated using,

v

.g., anti-Tac antibodies (see, generallv, Waldman, T., et

l., Cancer Res. 45:625 (1985) and Waldman, T., Science
232:727-732 (1986)).

]

Unfortunately, the use of the anti-Tac and other
non-humar monoclonal antibodies have certain drawbacks,
particularly in repeated therapeutic regimens as explained
below. Mouse monoclonal antibedies, for example, cdo not fix
human cczplement well, and lack other important
immuneglebulin functional characteristics when used in
humans. '

| Perhaps more impbrtantly, anti-Tac and other non-
human monoclonal antibodies contain substantial stretches of
amino acid sequences that will be immunogenic when injected
inte a human patient. Numerous studies have shown that,
after injection of a foreign antibody, the immune response
elicited by a patient against an antibody can be quite
strong, essentially eliminating the antibody's therapeutic
utility after an initial treatment. Moreover, as increasing
nunbers of different mouse or other antigenic {to humans)
monoclonal antibodies can be expected to be developed to
treat various diseases, after the first and second treatments
with any different non-human antibodies, subsequent
treatments even for unrelated therapies can be ineffective or
even dangerous in themselves.

While the production of so-called "chimeric antibodies" (e.g.,
mouse variable regions joined to human constant regions) (see,
for example, W089/09622) has proven somewhat successful, a
significant immunogenicity problem remains. In general, the
production of human immunoglobulins reactive with the human

IL-2 reccptor, as with many human antigens, has been extremely
difficult using typical human monoclonal antibody production
techniques. Similarly, past attempts utilizing recombinant DNA
technolegy to produce so-called "humanized" antibocdies (sce

b T I G R FES A3
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treat the patient. Human-Ilike antibodi es produced by the present invention
can further find a wide variety of utilities in vitro. By way of exanple,
t he-. exenpl ary anti bodies can be uti.lized for T-cell typing, for isolating
specific IL-2 receptor bearing cells or 27 fragnents of the receptor,
for vaccine preparation, or the 4

2.9.., EPO Publiication Ma.. 0239400) , provides. uncertain
results, in part due to unpredictable binding affinities.

Thus, there is a need for improved forms of human-

like lmmunoglobulins, such as those specific for the human

that are substantially non-immunogenic in
yYet easily and economically produced in a manner
suitable for therapeutic formulation and other uses.
present invention fulfills these and other needs.

IL-2 receptor,
humans,

The

The hypervariable regions (also called Complementarity
Determining Regions, abbreviated to "CDRs") of immunoglobulins
were originally defined by Kabat et al., ("Sequences of Proteins
of Immunological Interest" Kabat, E., et al., U.S. Department of
Health and Human Services, (1983)) based on extent of sequence
variability, to consist of residues 24-34 (L1), 50-56 (L2) and
89-97 (L3) in the light chain variable domain (V) and 31-35
(H1), 50-65 (H2) and 95-102 (H3) in the heavy chain variable
domain (V,), using Kabat's standard numbering system for antibody
amino acids. The CDRs are believed to contact the target antigen
of an antibody and to be primarily responsible for binding. More
recently Chothia et al (Chothia and Lesk, J. Mol. Biol., 196:901-
917 (1987)) have given an alternate definition of the
hypervariable regions or CDRs as consisting of residues 26-32
(L1}, 50-52 (L2), 91-96 (L3) in Vv, and residues 26-32 (Hl)}, S3-
55 (H2), 96~101 (H3) in V,. The Chothia definition is based on
the residues that constitute the loops in the 3-dimensional
structures of antibodies. It is particularly important to note
that for each of the six CDRs the Chothia CDR is actually a
subset of (i.e. smaller thaﬁ) the Kabat CDR, with the single
exception of H1 (the first heavy chain CDR), where the Chothia
CDR contains amino acids 26-30 that are not in the Kabat CDR.

Riechmann et al ("Reshaping human antibodies for therapy",
Nature, Vol 332, pp 323-326, (March 1988)) describe work in which
.precisely the Kabat CDRs were transferred to a pre-determined
human framework (NEW again for the heavy chain and REI for the
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| i ke. For diagnostic purposes, the antibodies nmay either be |abel ed or

unl abel ed. Unl abel ed anti bodi es can be used in conbination wth other

| abel ed anti bodi es (second anti bodies) that are reactive with the
human- | i ke anti body, such as anti- bodies specific for human i mmunogl obulin
constant regions Alternatively, the antibodies can be directly |abeled. A
w de variety of |abels may be enployed,ssuch as radionuclides, fluors,

enzynes, enzyne substrates, enzyne co- factors, enzyne inhibitors, |igands
(particul ar| yLh@p% effidin) .  However, they found that antibody

ceontaining the humanized heavy chain lost most of its
binding affinity and ability to lyse target cells. They
therefore made a new humanized antibody containing the
Kabat CDRs from the mouse antibody and two aminoc acid
changes in Chothia CDR Hl, but no other mouse amino
acids. EP-A-Q 328 404 is a patent application filed by
the same group responsible for the aforementioned work of
" Riechmann et al. It was filed after the priority date
claimed in this application and is thus only of potential
relevaﬁce under Article 54(3) EPC. Its disclosure is of
the work described in Riechmann et al, supra, and already

discussed.
Summary of the Invention

The invention provides a method of producing a humanized
immunoglobulin (Ig) having complementarity determining
regions (CDR's) from a donor Ig combined with a framework.
region from human Ig acceptor light and heavy chains, said

method comprising:

1 comparing the framework or variable region
amino acid sequences of the donor Ig light and heavy
chains with corresponding sequences in a collection

of human Ig chains;

2 selecting, to provide the human acceptor Ig
light and heavy chain frameworks, sequences from the
collection which have at least 65% homology with the

respective donor framework sequences; and
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etc. Nunerous types of inmmunoassays are avail able and are well known to
those skilled in the art. Kits can also be supplied for use with the
subj ect .antibodies in the protection against or detection of a cellular
activity or for the presence of a selected antigen. Thus, the subject
anti body conposition of the present ingention may be provided, usually in a
| yophilized formin a container, either alone or in conjunction with
addi ti onal antibodjes specific f the desired cell txfe. The anti bodi es,
whi ch may be conjugate&P ~§lP§bgP Rof fERPnthgreonor Ig and

frameworks from the selected acceptor saguences.
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2 a reccmbinant hest cell DNA segments, which enccde the

B

heavy and light chain CDRs and framewcrk that have been

produced by the steps defined above.

A further aspect of the invention is a methed of producing
a humanized immuncglobulin (Ig) heavy chain of a humanized
immunoglcbulin (Ig) comprising the step c¢f combining
complementarity determining regions from a doncr Ig heavy
chain with the framework of a human acceptor Ig heavy
chain selected so that the sequence of the humanized Ig
heavy chain framework is 65% or more identical tc the

sequence of the donor Ig heavy chain framework.

The present invention envisages producing novel
compositions useful, for example, in the treatment of T-
cell mediated human disorders, the compositions containing
human-like immunoglobulins specifically capable of
blocking the binding of human IL-Z2 to its receptor and/or
capable of binding to the p55 Tac protein on human IL-2
receptors. The immunoglobulins can have two pairs of
light chain/heavy chain complexes, typically at least one

pair having chains comprising mouse complementarity



unconjugated, are included in the kits with buffers, such as Tris,

phosphat e,

carbonate, etc., stabilizers, biocides, inert proteins, e.a.,

serum al bumin, or the.like, and a set of instructions for use. Cenerally,
these materials will be present in |less than about 5% wt. based on the

anount of active anti body,

about 0.001% wt. based again on the antjbody concentration. Frequently,
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region segments. For example, mouse complementarity
determining regions, with or without additional naturally-
associated mouse aminc acid residues, can be used to
produce human-like antibodies capable of binding-to the
human IL-2 receptor at affinity levels stronger than about

10 M,

The immunoglobulins, including binding fragments and other
derivatives thereof, which can be produced by the present
invention, may be prcduced readily by a variety of
recomﬁinant DNA techniques, with ultimate expression in
transfected cells, preferably immortalized eukaryotic
cells, such as myeloma or hybridoma cells.

Polynucleotides comprisingla first sequence coding for
human-like immunoglobulin framework regions and a second
sequence set coding for the desired immunoglobulin
complementarity determining regions can be produced
synthetically or by combining appropriate cDNA and genomic
ﬁNA segments.

The human-like immunoglobﬁlins may be utilized alone in

substantially pure form, or complexed with a
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1to 99%w. of the total conposition. Were a second anti body capabl e of

binding to the chineric antibody is enployed in an assay, this wll usually
be present in a separate vial. The second antibody is typically conjugated
to a | abel and formulated in an anal ogous,ganner wth the antibody
fornul ati ons descri bed above. 28

cytotoxic agent, such as a radionuclide, a ribosomal

inhibiting protein or a cytotocxic agent active at cell
surfaces. All of these compounds will be particularly useful
in treating T-cell mediated disorders. The human-like
immunoglobulins or their complexes can be prepared in a
pharmaceutically accepted dosage form, which will wvary
depending on the mode of administration.

The present invention also provides novel methods for
designing human-like immunoglobulins or immunoglobulin heavy
chains have one or more complementarity determing regions
(CDR’s) from a donor immunoglobulin and a framework region
from a human immunoglobulin, the preferred methods may
involve first comparing the framework or wvariable region
amino acid sequence of the donor immunoglobulin to
corresponding sequences in a collection of human
immunoglobulin  chains, and selecting as the  human
immunoglobulin one of the more homologous sequences from the
collection. The human immunoglobulin, or acceptor
immunoglobulin, sequence 1is typically selected from a
collection of at 1least 10 to 20 immunoglobulin chain
sequences, and usually will have the highest homology to the
donor immunoglobulin sequence of any sequence in the
collection. The human immunoglobulin framework sequence will
typically have about 65 to 70% homology or more to the donor
immunoglobulin framework sequences. The donor immunoglobulin
may be either a heavy chain or both heavy and light chain and
the human collection will contain the same kind of chain. A
humanized light and heavy chain can be used to form a
complete humanized immunoglobulin or antibody, having two
light/heavy chain pairs, with or without partial or full-
length human constant regions and other proteins.

Optionally, and in conjunction with the above comparison
step, additional amino acids in an acceptor immunoglobulin
chain may be replaced with aminoc acids from the CDR-donor
immunoglobulin chain. More specifically, further optional
substitutions of a human framework amino acid of the acceptor
immunoglobulin with a corresponding amino acid from a donor
immunoglobulin
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The foll ow ng exanples are offered by way of illustration, not by
limtation. EXPERI MENTAL Desi gn of genes for human-like |ight and heavy
chai ns The sequence of the human anti body Eu (Sequences of Proteins of

| mmunol ogi cal Interest, Kabat, E., ez al., US. Dept. of Health and Human
Services, 1983) was used to provide the_framework of the humani zed

anti body, because the am no acid sequen%e of the heavy chain of anti-Tac is

more homol 0gqy§ £ h18e"§RVYo SN dhSTd e 3RELRBHY ob 02 L OwREYe -

{(a) the amino acid in the human framework region of
an acceptor immunoglobulin is rare for that position and
the corresponding amino acid in the doneor immunoglobulin
is common for that position in human immunoglobulin
sequences; or

(b} the amino acid is immediately adjacent to one
of the CDR's; or

{c) the amino acid is predicted to have a side
chain atom capable of interacting with the antigen or
with the CDR's of the humanized immunoglobulin,
optionally within about 3A of the CDR's in a three-

dimensional immunoglobulin model.

The humanizéd. immunoglobulin chairs will typically
comprise. at least about 3 amino acids from the donor
immunoglobulin in addition to the CDR's, usually at least one
of which is immediately adjacent to a CDR in the donor
immunoglobulin. The heavy and light chains may each be
designed by using any one or all three of the position
criteria. :

. When combined into an intact antibody, the
humanized light and heavy chains
will be substantially non-immunogenic in humans and retain
substantially the same affinity as the donor immunoglobulin
to the antigen (such as a protein or other compound
containing an epitope). These affinity levels can vary from
about 10® M or higher, and may be within about 4 fold of the
donor immunoglobulin's original affinity to the antigen.



ot her heavy chain sequence in the National Bionmedical Foundation Protein
I dentification Resource. To select the sequence of the hunmani zed heavy
chain, the anti-Tac heavy chain sequence was aligned with the sequence of
the Eu heavy chain (Figure 1). At each position, the Eu ami no acid was
sel ected for the humani zed sequence, ungess that position fell in any one
of the follow ng categories, in which case the anti-Tac am no acid was
sel ected. (1) The positi grrfesl begckbPrIancorprrEERtAUREY

Figure 1. Comparison of sequences of anti-Tac
heavy chain (upper lines) and Eu heavy chain (lower lines).
The l~letter code for amino acids is used. The first amino
acid on each line is numbered at the left. Identical amino
acids in the two seguences are connected by lines. The 3
CDRs are underlined. Other amino acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an *.

Figure 2. Compariscn of sequences of anti-Tac
light chain (upper lines) and Eu light chain (lower lines).
The single-letter code for amine acids is used. The first
amine acid on each line is numbered at the left. Identical
amino acids in the two sequences are connected by lines. The
3 CDhs are underlined. Other aminc acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an *.

Figure 3. Nucleotide sequence of the gene for the
humanized anti-Tac heavy chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide segquence.

" The nucleotides TCTAGA at the beginning and end of the gene
‘are Xba I sites. The mature heavy chain sequence begiﬁs with
amino acid 20 Q. ) '

Figure 4. Nucleotide sequence of the gene for the
humanized anti-Tac light chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide sequence.
The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites. The mature light chain sequence begins with
amino acid #21 D.

Figure 5. A. Sequences of the four
oligonucleotides used to synéhesize the humanized anti-Tac
heavy chain gene, printed 5' to 3'. B. Relative positions
of the oligonucleotides. The arrows point in the 3'
direction for each oligonucleotide.
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determ ning region. (CDR), as defined by Kabat, et al., on. cit. (amno

acids 31-35, 50-66, 99-106); (2) The Eu ami no acid was unusual for human

. heavy chains at that position, whereas the anti-Tac amino acid was typical
for hunman heavy chains at that position (amno acids 27, 93, 95, 98,
107-109, 111); (3) The position was imedi ately adjacent to a CDR in the

am no aci d sequence of the anti-Tac 10

Figure 6. (A) Sequerices of' the fcur
cligonuclaotides used tc synthesize the humanized anti-Tac
light chain gene, printed 5' to 13'. (B) Relative positions

of the cligonuclectides. The arrows point in the 3
irection for each oligenucleotide. The position of a Hind
III site in the overlap of JFD2 and JFD3 is shown.

Figure 7. Schematic diagram of the plasmicd
PHUGTACl used to express the humanized anti-Tac heavy chain.
Relevant restriction sites are shown, and coding regions of
the heavy chain are displayed as boxes. The directicn of
transcrirtion from the immunoglobulin (Ig) promoter is shown
by an arrow. EH = heavy chain enhancer, Hyg = hygromycin
resistance gene.

' Figure 8. Schematic diagram of the plasmid pHuLTAC
used to express the humanized anti-Tac light chain. Relevant
restriction sites are shown, and coding regions of the light
chain are displayed as boxes. The direction of transcription
from the Ig promcter is shown by an arrow.

Figure 9. Fluorocytometry of HUT-102 and Jurkat
cells stained with anti-Tac.antibody or humanized anti-Tac
antibody followed respectively by fluorescein-conjugated goat
anti-mouse Ig antibody or goat anti-human Ig antibody, as
labeled. 1In each panel, the dotted curve shows the results
when the first antibedy was omitted, and the solid curve the
results when first and second (conjugated) antibodies were
included as described.

Figure 10. (A) Fluorocytometry of HUT-102 cells
stained with 0-40 ng of anti-Tac as indicated, then with
biotinylated anti-Tac, and then with phycoerythrin-conjugated
avidin. (B) Fluorocytcmetry of HUT-102 cells stained with
the indicated antibody, then with biotinylated anti-Tac, and
then with phycoerythrin-conjugated avidin.
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heavy chain (am no acids 30 and 67). (4) 3-dinensional nodeling of the
anti-Tac anti body suggested that the am no acid was physically close to the

anti gen.bi-ndi ng region (am no acids 48 and 68). 29 Some am no aci ds
fell, in nore than one of these categories '
11

‘DETAILED DESCRIPTION OF THE INVENTION

In accordance with one-embodiment of the present
invention, ‘human-like *tmunogloburinsi-specifically reactive
wiﬁh desired epitopes, such as those on the IL-2 receptor on
human T-cells, can be produced. These immunocgleobulins, which
have binding affinities of at least about 10° M™*, and
preferably 10° M™? to 10'° M'! or stronger, are capable of,
€.9., blocking the binding of IL-~2 to human IL-2 receptors.
The human-like immuncglobulins will have a human-like
framework and can have complementarity determining regions
(CDR's) from an immunoglobulin, typically a mouse
immunoglobulin, specifically reactive with an epitope on pss5
Tac protein. The immunoglobulins,
which can be produced eccnomically in large quantities, find
use, for example, in the treatment of T-cell mediated
disorders in human patients by a variety of techniques.

The basic antibody structural unit is known to
comprise a tetramer. Each tetramer is composed of two iden-
tical pairs of polypeptide chains, each pair having one
"light" (about 25kD) and one "heavy" chain (about 50-70kD).
The NH&—terminus of each chain begins a variable region of
about 100 to 110 or more amino acids primarily responsible
for antigen recognition. The COOH terminus of each chain
defines a constant region primarily responsible for effector
function.

Light chains are classified as either kappa or
lambda. Heavy chains are classified (and subclassified) as
gamma, mu, alpha, delta, or epsilon, and define the
antibody's isotype as IgG, IgM, IgA, IgD and IgE,
respectively. Within light and heavy chains, the variable
and constant regions are joined by a "J" region of about 12
or more amino acids, with the heavy chain also including a
"D" region of about 12 more amino acids. (See, generally,
Fundamental Immunclogy, Paul, W., Ed., Chapter 7. vas. 131-
166, Raven Preéss, N.Y. (1984) .

The variable regions of each light/heavy chain pair
form the antibody binding site. The chains all exhibit the

i ¥, .. . .. .
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but are only listed in one. To select the sequence: of the humani zed |i ght
chain, the anti-Tac |ight chain sequence was aligned wth the sequence of
the Eu light chain (Figure 2) The Eu ami no acid was sel ected at each
position, unless the position again fell into one of the categories (1) -
(4) , (wth light chain replacing heayy chain in the category definitions)
(1) CORs (am no acids 24-34, 50-56, 89-97). (2) Anti-Tac amno acid nore
typi cal thagaksl 4l afddecd@eaBd 63latively conserved framewark

regions joined by three hypervariable regicns, also called

CDR's (see, "Sequences of Proteins of Immunoclogical

Interest." XKabat, E., et al., U.S. Department of Health and

Human Services, (1983); and Chothia and Lesk, J. Mol. Biol., 196:901-917

(1987)). The CDR's from the two chains of each pair are aligned by the

framework regions, enabling binding to a specific epitope.

As used herein, the term “immunoglobulin® refers :o
a protein consisting of one or more polypeptides '
substantially encoded by immunoglobulin genes. The
recognized immunoélobulin genes include the kappa, lambda,
alpha, gamma, delta, epsilon and mu constant region genes, as
well as the myriad immunoglobulin variable region genes. The
immuhoqlobulins may exist in a variety of forms besides
antibodies; including, for example, Fv, Fab, and F(ab),, as
well as in single chains (e.g., Huston, et al., Proc. Nat.
Acad. Sci. U.S.A., 85:5879-5883 (1988) and Bird, et al.,

Science, 242:423-426 (1988)). (See, generally, Hood, et al.,

"Immunology”, Benjamin, N.Y., 2nd ed. (1984}, and Hunkapiller and:'Hood,
Nature, 323:15-16 (1986} .

Chimeric antibodies are antibodies whose light and
heavy chain genes have been cdnstructed; typically by genetic
engineering, from immunoglobulin gene segments belonging to
different species. For example, the variable (V) segments of
the genes from a mouse monoclonal antibody may be joined to -
human constant (C) segments, such as T and T, A typical
therapeutic chimeric antibody is thus a hybrid protein
consisting of the V or antigen-binding domain from a mouse
antibody and the C or effector domain from a human antibedy
(e.ag., A.T.C.C. Accession No. CRL 9688 secretes an anti-Tac
chimeric antibody), although other mammalian species may be
used.

As used herein, the term "framework region" refers
to those portions of imgunoglobulin light and heavy chain

This is the replacement shest
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(3) Adjacent to CDRs (no amino acids; Eu and anti-Tac were already the
sane at all these positions). (4) Possible 3-dinensional proximty to

bi ndi ng regi on (am no acid. 60). The actual nucl eotide sequence of the heavy
(Figure 3) and light chain (Figure 4) genes were selected as follows: (1)

t he nucl eoti de sequences code for thé3am no aci d sequences chosen as

descri bed above. ) . .
variable regions that are relatively conserved (l1.2., other

than the CDR's) among different immunoglobulins in a single
species, as defined by Kabat, et al., op. cit. As used
herein, a "human-like framework region" is a framework region
that in each existing chain comprises at least about 70 or
more amino acid residues, typically 75 to 85 or more
residues, identical to those in a human immuncglobulin.

As used herein, the term "human-like
immuneglobulin® refers to an immunoglobulin comprising a
human-like framework and in which any constant region present
is substantially homeleogous to a human immunoglebulin
constant region; i.e., at least about 85-950%, preferably

about 95% identical. Hence, all parts of a human-like

" immunoglobulin, except possibly the CDR's, are substantially
homologous to corresponding.parts of one or more native human
immunoglobulin sequences. For example, a human-like
immuﬁoglobulin would not encompass a chimeric mouse variable
region/human constant region antibody.
_ In accordance with another general aspect of the
present invention ' are criteria by which a
limited number of amino acids in the framework of a human-
like or humanized immunoglobulin chain are chosen to be the
same as the amino acids at those positions in the donor Ig
rather than in the acceptor Ig, in order to increase the
affinity of an antibody coﬁprising_the humanized
immunoglobulin chain.

This aspect of the pfesent invention is based in
part on the model that two contributing causes of the loss of
affinity in prior means of producing humanized antibodies
(using as examples mouse antibodies as the source of CDR's)
are:

(1) When the mouse CDR's are combined with the
human framework, the amino acids in the framework close to
the CDR's become human instead of mouse. Without intending
to be bound by theory, we believe that these changed amino
acids may slightly distort thé.CDR's, because they create
different electrostatic or hydrophobic forces than in the
donor mouse antibody, and the distorted CDR's may not make as

Th bs e ranascement sheet
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(2) 5 of these coding sequences, the nucl eotide sequences code for a

| eader (signal) sequence, nanely the | eader of the |ight chain of the
antibody MOPC'.63 and the |eader of the heavy chain of.the antibody PCH 108A
(Kabat et al., oD. cit.). These | eader sequences were chosen as typical  of
antibodies. (3) 3 of the coding sequences, the nucl eotide sequences are

t he sequences that follow the nouse Iigﬁ chain J5 segnent and the nouse

effective contacts witihr the anﬁigen as® the: fDR's 2id in the
donor antibaody;

(2) Also, amino acids in the original mouse
antibody that are close to, but not part of, the CDR's (i.e.,
still part of the framework), may make contacts with the
antigen that contribute to affinity. These amino acids are
lost when the antibody is humanized, because all framework
amino acids are made human.

To avoid these problems, and to produce humanized
antibodies that have a very strong affinity for a desired
anti@en, the present invention uses the following four
criteria for designing humanized immunoglobulins. These
criteria may be used singly, or when necessary in
combination, to achieve the desired affinity or other
characteristics. '

Criterion I: As acceptor, use a framework from a particular
human immunoglobulin that is unusually homologous to the
donor immunoglobulin to be humanized. For example,

comparison of the sequence of a mouse heavy (or light) chain
variable region against human heavy (or light) variable
regions in a data bank (for example, the National Biomedical
Research Foundation Protein Identification Resource) shows
that the extent of homology to different human regions varies
greatly, typically from about 40% to about 60-70%. By
choosing as the acceptor immunoglobulin one of the human
heavy (respectively light) chain variable regions that is
most homologous to the heavy (respectively light) chain
variable region of the donor immunoglobulin, fewer amino
acids will be changed in going from the donor immunoglobulin
to the humanized immunoglobulin. Hence, and again without
intending to be bound by theory, it is believed that there is
2 smaller chance of changing an amino acid near the CDR's
that distorts their conformatipn. Moreover, the precise
overall shape of a humanized antibody comprising the
humanized immunoglobulin chain may more closely resemble the
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heavy chain J2 segnent, which are part of the anti-Tac sequences. These
sequences are included because they contain splice donor signals. (4)
each. end of the sequence is an Xba | site‘'to allow cutting at the Xba |
sites and cloning into the Xba | site of a vector.

15

At

shape  of the donor antibody,-also- reducing the chance of
distorzing the C2R's.

Typically, one o the 3-% mcst aomologous heavy
chain variable regicn sequences in a representative
colleczicn of at least abcut 10 te 20 distinct human heavy
chains will be chosen as acceptor to prcovicde the heavy chain
framewecrk, and similarly for the light chain. Preferably,
cne of the 1-3 mest homologous variable regiocns will be used.

The selected acceptor immunoglebulin chain will have at]eaét
about 65% homology in the framework region to the donor immunoglobulin.

Regardless of how the acceptor immuncglobulin is

chosen, higher affinity may be achieved by selecting a small

nunber of amino acids in the framework of the humanized
immunoglobulin-chain to be the same as the amino acids at
those pesitions in the donor rather than in the acceptor.

The following criteria define what amino acids may be so

selected. Preferably, at most or all amino acid positions

satisfying one of these criteria, the donor amino acid will
in fact be selected. '

Criterion II: If an amino acid in the framework of the human

acceptor immuneglobulin is unusual (i.e., "rare", which as

used herein indicates an amine acid occurring at that
position in no more than about 10% of human heavy
(respectively light) chain V region sequences in a
representative data bank), and if the donor aminoc acid at
that position is typical for human sequences (i.e., "common",
which as used herein indicates an amino acid occurring in at
least about 25% of sequences in a representative data bank),

then the donor amino acid rather than the acceptor may be

selected. This criterion helps ensure that an atypical amino

acid in the human framework does not disrupt the antibedy

structure. Moreover, by replacing an unusual amino acid with
an amino acid from the donor antibody that happens to be

typical for human antibodies, the humanized antibody may be
made less immunogenic.

This is the replacement shest
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30 Constraction of humanized I|ight and heavy chains genes To synthes ze

t he heavy chain, four oligonucleotides HES12, HES13, HES14, HES15 (Fi gure
S5A) were synthesized using an Applied Bi osystens 380B DNA synthesizer. Two
of the oligonucleotides are part of each strand of the heavy chain, and
each ol igonucl eotide overlaps the nexf one by about 20 nuclectides to allow
anneal ing (Figure 53). Together, the oligonucl eotides cover the entire
humani zed heavy chain_ (Flgyre 3) mntb a few extra nucleotl

des at_ eQCh

Crilzerizn 122 —ha cicns-immediaczely adljace ~he
3 CZR'3 Ln tne numanLzad lmmuncglepulin cnaln, the dencr

inc acid rather than acseptor adine acld may te selactad.
These axzinc agids are gartizsularly likely o interacst wizn
whne aainge acids in =ha ITR's and, i1F cncsen Irca The
accastsr, disTsrT tne doncr CDR's and readuce afiinlty
Mcracvar, =ne adiacent aminc acids may inzta2ract directly with
zhe antigen (Amit 22 al., Science, 233, T47-733 (L9335, whizch

z . G . v e
mince acids Zrecm zhe den irazl= tc keep all the
. soi: : .
antigen contacts that provide affiniwy in the criglinal
antizcdy
-y, - . e
Criztexricn IV A J-dimensicnal mcde cyTically

criginal denor antitbcedy, shews that certal
e

cf ¢he CCZR's are close to the CCR!
a

.4

interacting with anin

L

, etc. At thcse amino acid pesiticns, the

aminc acid rather than the acceptor immuncglerulin anino ac
Yy be selected. Axmino acids according tc this e
generally have a sicde chain atom within abcut 3 angsirc

units of some site in the CDR!'s and must contaln atoms that

interact with the CDR atcms according to established
chemical forces, such as those listed above.
prcgrams to create models of proteins

Compute

such as antibodies are
generally available and well known %o

art (see, Lcew e% al., Int.

those skilled in the

J. Quant. Chem., Quant. Biol.
Svmp., 15:535-66 (1988); Bruccoleri et al., Nature, 335,

3 563 (1988): Chothia et 2l., Science, 233:755-758 (19386),
all of which are incorp

n £

a

pcrated herein by reference}. These do
the inventicon. Indeed, because all

(6]
3
o]
v
3]
(t
th

the known antibcdy
structures,

which are available from the Brookhaven Protein

Lata Bank, can be used 1f necessary as rough models of cther

antizcdlies. Commercially available computer programs can be

used to display these models on a computer monitor, to

calculate the distance between atoms, and to estimate the
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end to allow cutting at the Xba I
purified from pol yacryl am de gel s.
usi ng ATP and T4 pol ynucl eoti de Ki

sites. The oligonucl eotides were
Each ol i gonucl eoti de was phosphoryl at ed
nase by standard procedures (see,

Mani atis,op.cit). To anneal the phosphoryl ated oligonucl eotides, they were

suspended together in 40 ul of TA

(33 M, Tris acetate, pH 7.9, 66 nM

pot assi um ac)@éﬁhﬁzoé%mglg&ggaﬁ;;%%stéé?asazn@em mféanon f--qhout

3.75 uM each, heated to
syntheS|ze—#h%—ﬁon%+é¥@hgéﬁéﬁgﬁﬁh

and cool ed slo

d T
tRELOTE BOtATEOk 1 des by 8. To

Humanized or human-like antibodies generally have

at least three potential

advantages over mouse Or in scme

cases chimeric antibeodies for use in human therapy:

1) Because the effector pecrtion is human, it may

interact better with the

other parts af the human immune

system (2.¢., destroy the target cells mcre eificiently by

ccmplement- dependent cyvtotaoxicity (CCLC) or

antibcdy-dependent cellular cytoctoxicity (ADCC)).

2) The human

immune system should not recognize

the framework or constant region of the humanized antibedy as

foreign, and therefore the antibody response against such an

injected antibody should

be less than against a totally

foreign mouse antibody or a partially foreign chimeric

antibody.

3) Injected mouse antibodies have been reported

o have a half-life in the human circulation much shorter

than the half-life of normal antibodies (D. Shaw et al., J.
Immunol., 138:4534-4538 (1987)). Injected humanized
antibodies will presumably have a half-life more similar to

naturally occurring human antibodies, allowing smaller and
less freguent doses to be given.

The present invention iS'speCif;cally directed to making
improved humanized immmunoglobulins (e.g., capable of binding

the human IL-2 receptor)

with respect to those described in

EPA publication no. 0235400. That application, the
disclosure of which is excluded from coverage herein,

describes, for certain immunoglobulins, substituting CDR's

regions in the light or heavy chain variable domains of an

acceptor antibody with analogous parts of CDR's (typically

solvent accessible) from
specificity. Also, that

an antibody of different

application discusses, for certain

immunoglobulins, the possibility of only transferring
residues that are (solvent) accessible from the antigen

binding site, which residues apparentlyﬁmay include certain
framework regions (specifically, residues known to be
involved in antigen binding as described in Amit et al.,
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synt hesi zi ng the opposite strand of each oligonucleotide (Figure 5B), the
foll ow ng conponents were added in a final volune of 100ul: 10 u
anneal ed ol i gonucl eoti des.0.16 mM each deoxyri bonucl eoti de 0.5 mV

ATP 0.5 niM OrT 100 ug/ m BSA 3.5 ug/m T4 g43 protein
(DNA pol ynerase) 25 ug/m T4 94%62 protein (polynerase
Scienge 233: 747-7353 (1386) Cr perhaps rasidues a2s5s5entiLil for
inter-chaLn Lateracticns - sut for the selaction <I Wwhizn

insufficient guicdance Ls grovided. in that agplicatizn).

- .
Taus, Lor

fw
[¢]
"
[{1]
n
(14
L2 1

red emzcdiment cf the cresen

framework residue =ZnRaT alszs maxasg

csntact with the CCOR's e.g., maintain their cornicrmazizn
{(and usullly their antigen binding specificity) ars
specifically incluced wichin preferred emtzcdiments cf the

present .nventicn as described in detail, supra.

T

In cne aspect, the present method requires
recombinant DNA segments encoding the heavy and/cr light
chain CDR's (typically with other amino acid resicdues as
described above) £rcm an immunoglobulin capable cof binding to
a desired epitope, such as on the human IL-2 recepter (2.G.,
the anti-Tac monoclonal antibody). The DNA sagments encading
these regicns will typically be joined to DNA segments
_encoding appropriate'human-like framework regions. For
example, the preferred DNA sequences, which on expressicn
code for the polypeptide chains comprising the anti-Tac heavy
and light chain hypervariable regions (with human-like
fr;mework regions), are shown in Figures 3 and 4,
respectively. Due to codon degeneracy and non-critical
amino-acid substitutions, other DNA seguences can be readily
substituted for those sequences, as detailed below.

The DNA segments will typically further include an
expression control DNA sequence operably linked to the human-
like antibody coding sequences, including naturally-
associated or heterologous promoter regions. Preferably, the
expression control sequences will be eukaryotic promoter
systems in vectors capable of transforming or transfecting
eukaryotic host cells, but control sequences for prokaryotic
hosts may also be used. Once the vector has been
‘incorporated into the appropriate host, the host is
maintained under conditions suitable for high level
expression of the nucleotide sequences, and, as desired, the

[y

collection and purification of the light chains, heavy
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accessory protein) 25 ug/m 45 protein (pol ynmerase accessory
protein) The m xture was incubated at 37 deg for 30 min. Then 10 u of T4
DNA | i gase was added and incubation at 37 deg resunmed for 30 mn. The

pol ymerase and |igase were inactivated by incubation of the reaction at 70
deg for 19

chains, light/heavy chain dimers or intact antitcdias,

2inding fragments cr cther immunoglobulin {orms @Ay IS.idw.
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Human constant reg:icn DNA seguences can d
in accordance with well Kncwn prccedures f£rcm 2 varlety cof
1ls preferably immeortaliced B-cells (saa, Xaza:z
cz. ¢ciz. and WG 87/02671). For example, the human kapsa
Eu ant and J regicn genes and seguences are
descrihed in Helvter et al., Cell 22:157-207 (1980Q) ancd the
e

nuclectide secuence ¢f a human immuncglopulin CT gene 1is

described in Elliscn et al., Nucl. Acid. Res. 10:4071 (1232)

(9

The
CDR's for preducing the immunogleobulins or the presentc
invention will be similarly derived from mcnoclcnal
antibcdéies capable of binding tc the desired antigen (e.g.,
the human IL-2 receptor) and produced in any convenient
mammalian source, including, mice, rats, rabbits, cr cther
veterbrate capable cf producing antibodies by well known
methods. Suitable socurce cells for the DNA sequences and
host cells for immunoglcobulin expression and secretion can be
obtained from a number of sources, such as the American Type
Culture Collection ("Catalogue of Cell Lines and Hybridomas,"
Fifth edition (1985) Rockville, Maryland, U.S.A.).

In addition to the human-like immunoglobulins
specifically described herein, other “"substantially
homologous" modified immunoglobulins can be readily designed
and manufactured utilizing various recombinant DNA technigues
well known to those skilled in the art. For example, for the
IL-2 receptor immunoglobulins the framework regions can vary
from the sequences in Figures 3 and 4 at the primary
structure level by several amino acid substitutions, terminal
and intermediate additions and deletions, and the like.
Moreover, a variety of different human framework regions may
be used singly or in combination as a basis for the human-
like immunoglobulins of the present invention. In general,
modifications of the genes may be readily accomplished by a
variety of well-known techniques, such as site-directed
mutagenesis (see, Gillman and Smith, Gene 8:81-97 (1979) and
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31 15 m n.To digest the genes with XBOto the reacton was added 50 ul of ox
TA containing BSA at 200 ug/m and DIT at 1 mM 43 ul of water, and 50 u
of xba. | in.5 ul. The reaction was incubated for 3 hr at 37 deg, and run
on a gel. The 43L bp Xba |I fragnent was purified froma gel and cl oned
into the Xba | site of the plasmd pUCl9,by standard methods. Four
plasm d isolates were purified and sequenced usi ng the di deoxy nethod. One

of these hadddiesCosrest sequancea(hi:gume 1334 (1337,

Alternatively, ©

O

lvpeotide fragments comprising cnly a
pertion of the primary antibedy stTructure may be produced,
which fragments possess one or more immunoglcbulin activities
(a.¢c.

genes, the Lamuncglctulin-related genes ccntain separac

, ccmplement fixaticn activity). Also because like many

functicnal regicns, each having cone cr mecre distinct
biclogical activities, the genes may be fused tec functicnal

regicns frem cther genes (e.g., enzymes) to produce fusion
proteins (e.g., immunotoxins) having novel properties.

The nucleic acid sequences of the present inventicn
capable of ultimately expressing the desired human-like
antibodies can be formed from a variety of different
polynucleotides (genomic or cDNA, RNA, synthetic
cligonucleotides, etc.) and components (e.ag., V, J, D, and C
regions), as well as by a variety cof different techniques.
Joining appropriate genomic séquences is presently the most
common method of production, but cDNA sequences may also be
utilized (see, European Patent Publication No. 0239400 and
Reichmann, L., et al., Nature 332:323-327 (1988) .

As stated previodsly, the DNA sequences will be

expressed in hosts after the sequences have been operably
linked to (i.e., positioned to ensure the functioning of) an
expression control sequence.. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.
Commonly, expression vectors will contain selection markers
e.g., tetracycline or neomycin, to permit detection of those
cells transformed with the desired DNA sequences (see, e.g.,
U.S. Patent 4,704,362).

E. coli is one prokaryotic host useful particularly
for cloning the DNA sequences of the present invention.

Other microbial hosts suitable for use include bacilli, such

T T U I T



To synthesize the light chain, four oligonucleotides JFDL, JFO02, JFD3, JFO4
(Figure 6A) were synthesized. Two of the oligonucleotides are part of each
‘strand of the light chain, and each oligonucl eoti de overl aps the next one
by about 20 nucl eotides to allow annealing (Figure 6B). Together, the

ol i gonucl eoti des cover the entire huna?erd light chain (Figure 4) with a
few extra nucl eotides at each end to allTow cutting at the Xba I sites. The

ollgonucleotlﬁgs s e gqufled friUNJpqllag%ylgghgg gelabel ht chaln

gene was synt TUﬁffhES
: Salmepeila, Sa=wa-.i, and varisus 2s52u48msnas specles In

secuancas ccmpatizle with the host cell (2.8., an orig.Ln cof
rap.lcaticnh) In add:rzicn, any number ¢ a varlety ci well-
KNCWwn Zrocmetacss will De gresent, sSuch as tne lacicse zromctar
system, a Trvstcghan (Top) promcter system, & teta-lactanmass
oromecter svstem, ©r & promoter system Ircm chage lamkda The
cremotars will ctypilcelly con 1 expressicn, cpticnally wizh
an cper:tor segquence, and have ribocsome binding site
seguencas and the likxe, for initiating and ccmpleting
transcripticn and translation.

Ther nicrobes, such as yeast, may also ke usad

[

h

-~
-

expression. Saccharomvces is a preferred host, with

suitakbl

[11]

vecters having expression contreol secguences, such as
promecers, including 3- Dnosnhoglvce*abe kinase cr other
glvcolytic enzymes, and an origin of plication, terminaticn
seguences and the like as desired.

In addition to microcorganisms, mammalian tissue
cell culture may also be used to express and produce the
poclypeptides cf the present inventisn (see, Winnacker, "Frem
Genes to Clones," VCH Publishers, N.Y., N.Y. {(1987), which is
incorporated herein by reference). Eukaryotic cells are
actually preferred, because a number of suitable host cell
lines capable of secreting intact immunoglobulins have been
develeped in the ar%, and include the CHC cell lines, varicus
COS cell lines, Hela cells, myeloma cell lines, etc, but
preferably transformed B-cells or hybridomas. Expression
vectors for these cells can include expression control
sequences, such as an origin of replication, a prcmoter, an

enhancer (Queen, C., et al., Immunol. Rev. 89:49~68 (1986}
and necessary

grocessing information sites, such as ribosome binding sites,
RNA splice sites, polyadenylation sites, and transcriptional
terminator sequences. Preferred expression control segquences
are promoters derived from SV40 with enhancer (see, Mulligan
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olignucleotides in tw parts. 0.5 ug each of JFDI and JFD2 were conbi ned
In 20 ul sequenase buffer (40 MM Tris-HC , pH 7.5, 20 nM nagnesi um

chl ori de,

50 nmM sodi um chloride), heated at 70 deg for 3 mn and allowed to

cool slowy to 23 deg in order for the oligonucl eotides to anneal. JFD3 and
JFD4 were treated in the same way. Each _reaction was made 10 nMin DIT and
0.5 mMin each deoxyri bonucl eoti de and 825 u of sequenase (US Bi ochem cal s)
was added, &ndad¢iqalsSaimngre 200 :242% 1+ Hhd(IFRUbated forundglwcudtn37 deg to

synt hesi ze
wer e

Lhge OPROSId e SId ands 10k bhei ol donucheot i des. exba ilkeand Hind 111
The vec=zors ccntaining the.DNA segments cf interass

(2.g9., the heavy and light chain encoding sequences and

2Xpressicn ccontrzl sequences) can te transiarred into the

nost cell kv well-known methods, which vary depending en the

tvzme cf cellular hest. For example, calcium chleride
transfection is ccmmonly utilized f£cor prokaryotic cells,

whereas calcium phosphate treatment or electrcporation may ke
tsed for other cellular hcsts. (See, generallv, Maniatis, et

al., Molecular Cloning: A Laboratorv Manual, Cold Spring

Harbor Press, (1932).

Once expressed, the whole antibodies, their dimers,
individual light and heavy chains, or other immunoglobulin
forms of the present invention can be purified accerding to
standard procedures of the art, including ammonium sulfate
precipitation, affinity columns, cclumn chromatography, gel

electropheresis and the like (see, generallv, Scopes, R.,

Protein Purification, Springer-Verlag, N.Y. (1982)).

Substantially pure immunoglobulins of at least about 50 to
95% homogeneity are preferred, and 98 to 99% or more
homogeneity most preferred, for pharmaceutical uses. Once
purified, partially or to homogeneity as desired, the
polypeptides may then be used therapeutically (including.
extracorporeally) or in developing and performing assay
procedures, immuncofluorescent étainings, and the like. (See,
generally, Immunclogical Methods, Vols. I and II, Lefkovits
and Pernis, eds., Academic Press, New York, N.Y. (1979 and
1981)).

The IL-2 receptor specific antibodies exemplified
in the present invention will typically find use individually
in treating a T-cell mediated disease state. Generally,
where the cell linked to a disease has been identified as IL~-
2 receptor bearing, then the human-like antibodies capable of
blocking the binding of IL-2 to the human IL-2 receptor are
suitable

Thnin e raniccemeant aheet
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added to each reaction to digest the DNA (there is a Hind Ill site in the
regi on where JFD2 and JFD3 overlap and therefore in each of the synthesized
DNAs; Figure 6B). The.reactions were run on pol yacryl am de gels, and the
Xba | - Hnd IIl fragnents were purified and cloned into pUCL8 by standard
met hods. Several plasmd isolates for each fragnent were sequenced by the
di deoxy net hod, and correct ones chosen:

Por exam—lie, typical disaase ztates suitable fgr-
treatment include graft versus hosT disease and transplan:
rejecticn in patientz undergciing 'ary organ transglant, such as
heart, lungs, kidneys, liver, etc. ther diseases include

autolimmune diseases, such as Type diabetes, amultigle

$ M

sclerasis, rheumatoid arthritis, systemic lupus
erythexmatesus, and aoyasthenia gravis.

The human-like antibodies produced in the present invention
may alsc be used in combination with other antibodies,
particularly human mcnoclconal antibodies reactive with other
markers on cells responsible for the disease. For example,
suitable T-cell markers can include those grouped into the
sc-called "Clusters of Differentiation," as named by the
First Internatiocnal leukocyte Differentiation Workshop,
Leukocvte Tvoing, Bernard, et al., Eds., Springer-Verlag,
N.Y. (1984).

The antibodies can alsc be used as separately
administered compositions given in conjunction with
chemotherapeutic or immunosuppressive agents. Typically, the
agents will include cyclosporin A or a purine analcg (e.g.,
methotrexate, 6-mercaptopurine, or the like), but numerous
additional agents (e.g., cyclophosphamide, prednisone, etc.)
well-known to those skilled in the art may also be utilized.

A ﬁreferred pharmaceutical composition
comprises the wuse of the subject antibodies
in immunotoxins. Immunctoxins.are characterized by two
components and are particularly useful for killing selected
cells in vitro or jin vive. One component is a cytotoxic
agent which is usually fatal to a cell when attached or
absorbed. The second component, known as the "delivery

vehicle," provides a means for delivering the toxic agent to
a particular cell type, such as cells comprising a carcinoma.
The two components are commonly chemically bonded together by
any of a variety of well-known chemical procedures. For
example, when the cytotoxic agent is a protein and the second
component is an intact immunoglobulin, the linkage may be by
way of heterobifunctional cross-linkers, e.qg., SPDP,
carbodiimide, glutaraldehyde,. or the. like. Production of

LR L%y
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32 Construction of plasmds to express numanized |ight and heavy chai ns
The heavy chain Xba |I fragnent was isolated fromthe pUCL9 plasmd in which
it had been inserted and then inserted into the Xba | site of the vector
pV7l (see, conrcn).y assigned U S.S. N 223,037) in the correct orientation
by standard nethods, to produce the plginid pHUGTAC (Figure 7). This
plasmid will express high levels of a ¢onplete heavy chain when transfected
into an various immunotoxins is well-knowm with the art, and can be

found, for example in "Monoclonal Antibody-Toxin Conjugates:
aiming the Magic Bullet," Thorpe et al, Monoclonal Antibodies
in Clinical Medicine, Academic Press, pp. 168-190 (1982).

A variety of cytotoxic agents are suitable for use
in immunctoxins. Cytotexic agents can include -
radionuclides, such as Iodine-131l, ¥Yttrium-90, Rhenium-138,
and Bismuth-212; a number of chemotherapeutic drugs, such as
vindesine, methotrexate, adriamycin, and cisplatinm: and
cytotoxic proteins such as ribosomal inhibiting proteins like
pokeweed antiviral protein, Pseudomonas exotoxin A, ricin,
diphtheria toxin, ricin A chain, etc., or an agent active at
the cell surface, such as the phospholipase enzymes (e.g.,
phospholipase C). (See, generally, "Chimeric Toxins,"
Olsnes and Phil, Pharmac. Ther., 25:355-381 (1982), and
"Monoclonal Antibodie;'fo: Cancer Detection and Therapy,"

eds. Baldwin and Byers, pp. 159-179, 224-266, Academic Press
(1985)). ’

The delivery component of the immunotoxin will
"include the human-like immunoglobulins of the present
invention. 1Intact immunoglobulins or their binding
fragments, such as Fab, are preferably used. Typically, the
antibodies in the immunotoxins will be of the human IgM or
IgG isotype, but other mammaliar constant regions may be
utilized as desired. _

The human-like antibodies and pharmaceutical
compositions thereof are particularly
useful for parenteral administration, i.e., subcutaneously,
intramuscularly or intravenously. The compositions for
parenteral administration will commonly comprise a solution
of the antibody or a cocktail thereof dissolved in an accept-
able carrier, preferably an aqueous carrier. A variety of
aqueous carriers can be used, e.g., water, buffered water,
0.4% saline, 0.3% glycine and the like. These solutions are
sterile and generally free of particulate matter. These
compasitions may be sterilized by conventional, well known
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appropriate host cell. The two light chain Xba | - Hnd Il fragnments were
I sol ated fromthe pUCLS plasmds in which they had been inserted. The
vector plasm d pVxl (see, commonly assigned U S.S. N 223,037) was cut with
Xba |, dephosphorylated and ligated with the two fragnents by standard

met hods. The desired reaction productzgas the circular form vector - Xba
| - fragnent 1 - Hind IIl - fragnment 2°- Xba | - vector. Several plasmd

i sol ates werg, anal yzed by restriction. mpping and sequencing,. . and one with
this forn1cﬁb%éhf'TﬁTE“pri§ﬁfd?“e‘f el REHIEG ST SRR CR o 2R

sharmaceusically ascesm=azls auiliazy sukstancas as sagqulcsc
=3 aggrexkiTate movsisSLognsal cendlitisns such as pH adjusting

and sufiaring agents, tcoxiclity adjusting agents and the like,

o
widelv, i.s., fzzm lass than abeut 0.3%, usuvally at cr az
least azout 1% Tz

i1l

Thus, a typical pharmaceutical ccmposition Zor
intranmuscular injection could be made up to contain 1 ml
sterile buffered water, and 50 mg of antibody. A typical
compesition for intravenous infusicn cculd be made up to

contain 250 ml of sterile Ringer's soluticn, and 150 mg

[o]
2]

antibedy. Actual methods for preparing parenterally
administrable compositicns will be known or apparent to those
skilled in the art and are described in more detail in, for
example, Remington's Pharmaceutical Science, 15th ed., Mack
Publishing Company, Easton, Pennsylvania (1980).

The antibedies " can be lyophilized
for storage and reconstituted in a suitable carrier prio; to
use. This technique has been shown to be effective with
conventional immune globulins and art-known lyophilization
and reconstitution technigques can be employed. It will be
appreciated by those skilled in the art that lyophilizatioen
and reconstitution can lead to varying degrees of antibody
activity loss (e.g¢., with conventional immune globulins, IgM
antibodies tend to have greater activity lass than IgG
antibodies) and that use levels may have to be adjusted to
compensate.

The compositions containing the present human-like
antibodies or a cocktail thereof can be administered for
prophylactic and/or therapeutic treatments. In therapeutic
application, compositions are administered to a patient

&N aheet
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PHULTAC (Figure 8), therefore contains the conplete humani zed |ight chain
(Figure 4) and will express high levels of the | ight chain when transfected
into.an apprapriate host cell. Synthesis and affinitv of - humani zed anti body
" The plasm ds pHUGTAC and pHULTAC were transfected into nouse Sp2/0 cells,
and cells that integrated the plasm ds jyere selected on the basis of

resi stanceal eeBy¢ophendti-e Foiod andigeabugr onyehnaRoswnfaised-fvnd ke gpt

o0, "9, 0o5Re00: e BLASTASLELeY! 55 La) ch Slomuaichptfogs. o verify
ccmplicaz=ions. An amount adequate to accemplish this is
defined as a "therapeutically effective dose." Amounts
effective for this use will depend upcn the severity of the
infection and the general state of the patient's own immune
system, but generally range Ircm about 1 to about 200 mg of
antinody per dose, with dcsages of frcm 5 to 25 mg per
patient being more commonly used. t must be kept in mind
that the materials of this invention may generally be
employed in serious disease states, that is life-threatening
or potentially life-~threatening situations. In such cases,
in view of the minimization of extraneous substances and the
lower prcbability of "foreign substance" rejections which are
achieved by the present human-like antibodies of this in-
vention, it is possible and may be felt desirable by the
treating physician to administer substantial excesses of
these antibodies. _

In prophylactic applications, compositions
containing the present antibodies or a cocktail thereof are
administered to a patient not already in a disease state to
enhance the patient's resistance. Such an amount is defined
to be a "prophylactically effective dose."™ 1In this use, the

recise amounts again depend upon the patient's state of
health and general level of immunity, but generally range
from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg pef
patient. A preferred prophylactic use is for the prevention
of kidney transplant rejection.

Single or multiple administrations of the
compositions can be carried out with dose levels and pattern
being selected by the treating physician. In any event, the
pharmaceutical formulations should provide a quantity of the
antibody(ies) of this invention sufficient to effectively
treat the patient. |

Human-like antibodies .produced by the present invention can
further find a wide variety of utilities in vitro. By way of
example, the exemplary antibodies can be utilized for T-cell

typing, for isclating specific IL-2 receptor bearing cells or

.28



binds to the IL-2 receptor, supernatant fromthe cells was incubated with
HTJT-102 cells that are known to express the IL-2 receptor. After washing,
‘the cells were incubated with fluorescei n-conjugated goat anti-human

anti body, washed, and anal yzed for fluorescence on a FACSCAN

cytofluoroneter. The results (Figure gAé, clearly show that the humani zed
anti body binds to these cells, but not €4 Jurkat T-cells that do not
express thefddgm2nracedt ohe( Fegenwo®0)tor Asceomiar @rpadaeion, or tha

like.

Fcr diagnostic purposes, the antibcdies may eizher
be labeled or unlabeled. Unlabeled antitcdies can be used in
combination with cther labeled antibodies (seccnd antibodies)
that are reactive with the human-like anzibody, such as anci-
bcdies sgeciific fcr numan immunoglckbulin constant regicns.
Alternatively, the antibodies can be directly labeled. A
wide variety of labels may be employed, such as
radionuclides, flucrs, enzymes, enzyme substrates, eniyme co-
factors, enzyme inhibitors, ligands (particularly haptens),
etc. Numerous types of immunoassays are available and are
well known to theose skilled in the art.

' Kits can also be supplied for use with the subjec:
antibodies in the protection against or detection of a
cellular activity or for the presence of a selected antigen.
Thus, the subject antibody composition of the present .
invention may be provided, usually in a lyophilized form in a
container, either alone or in conjunction with additicnal
antibedies speéific for the desired cell type. The
antibodies, which may be conjugated to a label or toxin, or
unconjugated, are included in the kits with buffers, such as

ris, phosphate, carbonate, etc., stabilizers, biocides,

inert proteins, e.g., serum albumin, or the like, and a set

of instructions for use. Generally, these materials will be
present in less than about 5% wt. based on the amount of
active antibody, and usually present in total amount of a%
least about 0.001% wt. based again on the antibody
concentration. Frequently, it will be desirable to include
an inert extender or excipient to dilute the active
ingredients, where the excipient may be present in from abcu%
1 to 99% wt. of the total composition. Where a second
antibody capable of binding to the chimeric antibody is
employed in an assay, this will usually be present in a
separate vial. The second antibedy is typically conjugated
to a label and formulated in an analogous manner with the
antibody formulations described above.
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33 origial nouse ant:-Tac antibody was al so used to stain these cells
(Figure 93 C giving simlar results. For further experinents, cells
Produci ng the humani zed anti body were injected into mce, and the resultant
ascites collected. Humanized anti body was purified to substanti al
honogeneity fromthe ascites by passage through an affinity colum of goat
anti human i muogl obul i n anti body, pre ed on an Affigel-10 support

( Bi 0- Rad The following examples are offmured oy way G-

illustraticn, not by limitation.

EXPERIMENTAL

Design 2% genes for human-like light and heawvv chain

The sequence ¢f the human antibody Zu (Sequences of

0

retaeins of Immunclegical Interest, Kakat, =., et al.,
T

'y o
JeS.

(v}

'a

e

cf Health and Human Services, 1983) was used to prcovids

r

he frazmewerk of the humanized antibody, because the amino
acid sequence cf the heavy chain of anti-Tac is more
honclegous to the heavy chain of this antikody than to any
other heavy chain seguence in the National Biomedical
Foundation Protein Identification Resource.

To select the sequence of the humanized heavy
chain, the anti~-Tac heavy chain sequence was aligned with the

sequence of the Eu heavy chain (Figure 1). At each
pasition, the Eu amino acid was selected for the humanized
seguence, unless that position fell in any one of the
following categories, in which case the anti-Tac amino acid
was selected.

(1) The position fell within a complementarity
determining region.(CDR), as defined by Kabat,
et al., op. cit. (amino acids 31-35, 50-8&6,
$9-106);

(2) The Eu amine acid was unusual for human heavy
chains at that position, whereas the anti-Tac
amino acid was typical for human heavy chains
at that position (amino acids 27, 93, 95, 93,
107-109, 111):

(3) The position was immediately adjacent to a CDR
in the amino acid sequence of the anti-Tac
heavy chain (amino acids 30 and 67).

(4) 3-dimensional modeling of the anti-Tac
antibody suggeéted that the amino acid was
physically close to the antigen binding region
(amino acids 48 and 68).

Thiz i (e ras o e&nt snest
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Laboratories, Inc., R chnond, CA) according to standard techniques. To
determ ne the affinity of the humani zed anti body relative to the original
anti-Tac anti body, a.conpetitive binding experinent was perforned. About 5
x 10[err] MJT-102 cells were incubated with known quantities (10 - 40 ng)
of the anti-Tac anti body and the hunankged anti-Tac anti body for 10 m n at
4 deg. Then 100 ng of biotinylated antf=Tac was added to the cells and

i ncubat ed §9:5e39mmd"' a%t dé degy THi sopdadtifyoRd aAtindae hachqy-evjously

been determned to %yf |C|ent to saturate the blndlng sites on
: but are on v o

Tc select the sequence: cf the humanized lignhs
chain, =he anti-Tac licht chain sequence was aligned with zhe
sequence of the EZu light chain (Figqure 2). The Eu amino
acid was selected at each position, unless the positicn again
fell intc cne c¢f the categories (1) - (4), (with
replacing nheavy chain in the category definitions):

(1) CDRs (amino acids 24-34, 50-58, 89-97).

(2) Anti-Tac amino acid more typical than Eu

{amino acids 48 and 63).

(3) Adjacent to CDRs (no amino acids; Eu and
anti-Tac were already the same at all these
positions).

(4) Possible 3~dimensional proximity to binding
regicn (amino acid 60).

The actual nucleotide sequence of the heavy

Figure 3) and light chain (Figure 4) genes were selected as

(1) the rnucleotide sequences code for the amino
acid sequences chosen as described above.

(2) S5' of these coding sequences, the nucleoctide
sequences code for a leader (signal) sequence,
namely the leader of the light chain of the
antibody MOPC 63 and the leader of the Heavy
chain of the antibody PCH 108A (Kabat et al.,
op. ¢it.). These leader sequences were chosen
as typical of antibodies.

(3) 3' of the coding sequences, the nucleotide
sequences are the sequences that follow the
mouse light chain J5 segment and the mouse
heavy chain J2 segment, which are part of the
anti-Tac sequences. These sequences are
included because they contain splice donor
signals. _

{4) At each end of the sequence is an Xba I site
to allow cutting at the Xba I sites and
cloning into the Xba I site of a vector.
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the cells, but not to be in | arge excess. Then the cells were washed
twce with 2 m of phosphate buffered saline (PBS) containing 0.1% sodi um
azide. The cells were then incubated for 30 mn at 4 deg with 250 ng of
phycoeryt hrin-conjugated avidin, which bound to the biotinylated anti-Tac
al ready bound to the cells. The cells ﬁgre washed again as above, fixed in
PBS cont ai ni ng 1% par af or mal dehyde a anal yzed for fluorescence on a
Lo : EAST NE sty 98 .8 dhary) of the

To synthes.ite the heavy chain, £our
oligenucleotides HES12, HES13, HES1l4, HES135 (Figure 5A)

ware
synthesized using an Applied Biosystems 380B DNA synthesizer.
Two of the cligonuclectides are part of each strand of the
heavy chain, and each oligcnucleotide overlaps the next c¢ne
by akbcut 20 nuclectides to allow annealing (Figure 53).
Together, the oligecnucleotides cover the entire humanized
heavy chain (Figure 3) with a few extra nucleotides at each
end to allow cutting at the Xba I sites. The
oligcnuclectides were purified from polyacrylamide gels.
Each oligcnucleotide was phosphorylated using AT?
and T4 polynucleotide kinase by standard procedures (see,
Maniatis, ge. git.). To anneal the phosphorylated
oligonucleotides, they were suspended together in 40 ul of TA
(33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM
magnesium acetate) at a concentration of about 3.75 uM each
heated to 95 deg for 4 min. and cooled slowly to 4 deg. To
synthesize the complete gene from the oligonuclectides by
synthesizing the opposite strand of each cligonucleotide

(Figure 5B), the following components were added in a final
volume ¢f 100ul:

10 ul annealed oligonucleotides
0.16 mM each  deoxyribonucleotide
0.5 mM ATP
0.5 mM DTT
100 ug/ml BSA
3.5 ug/ml T4 g43 protein (DNA polymerase)
25 ug/ml T4 g44/62 protein (poclymerase
' accessory protein)
25 ug/ml 45 protein (polyﬁerase accessory
protein)

The mixture was incubated at 37 deg for 30 min
Then 10 u of T4 DNA ligase was added and incubation at 37 deg
resumed for 30 min. The polymerase and ligase were
inactivated by incubation of the reaction at 70 deg for
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anti-Tac anti body as conpetitor in the first step decreased the anount of
biotinylated anti-Tac that could bind to the cells in the second step, and
t herefore the anount of phycoerythrin-conjugated avidin that bound in the
| ast step, thus decreasing fluorescence (Figure 10A). Equival ent anounts
(20 ng) of anti-Tac, and humani zed antj.-Tac used as conpetitor decreased
the fluorescence to approximately the Sanme degree (Figure 10B). This shows
t hat these l@3nPiBodi €8 HhFeS apptoGiemdt Ly Kt s aire Laf M EFIEWMehiRS8 to 4
fol d), becadsedi Eooae bad:aurh greatien naf Bisal by, 2o weykd Baxeotore:

mM, 43 ul of water, ard S50 u of Xba. I in 5 ul. The

-
T2agticn

was lncutated fecr J hr at 37 deg, and —un on a gel. The 431

4
pp Xba I fragment was purified frcm a gel and clcned into the
Xba I site of the plasmid pUCl9 by standard methods. Four
plasnmid isclates were purified and sequenced using the
dideoxy =methed. <Cne of these had the correct sequence

lgure 3).

[y
To synthesize the ligh%t chain, four
cligonuclectides JFD1, JFD2, JFD3, JFD4 (Figure 6A) were-
synthesized. Two of the oligonucleotides are part cf each
strand of the light chain, and each oligonuclectide overlags
the next cone by about 20 nucleotides to allow annealing
(Figure 6B). Together, the oligonuclectides cover the entire
humanized light chain (Figure 4) with a few extra nucleotides
at each end to allow cutting at the Xba I sites. The
oligonucleotides were purified from polyacrylamide gels.

The light chain gene was synthesized from these
clignuclectides in twec parts. 0.5 ug each of JFD1l and JFD2
were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH
7.5, 20 mM magnesium chloride, 50 mM sodium chloride), heated
at 70 deg for 3 min and allowed to cool slowly to 23 deg in
order for the oligonuclectides to anneal. JFD3 and JFD4 were
treated in the same way. Each reaction was made 10 m¥ in DTT
and 0.5 mM in each deoxyribonucleotide and 6.5 u of sequenase
(US Bicchemicals) was added, in a final volume of 24 ul, and
incubated for 1 hr at 37 deg to synthesize the oppasite
strands of the oligonucleotides. Xba I and Hind III were
added to each reaction to digest the DNA (there is a Hind III
site in the region where JFD2 and JF¥D3 overlap and therefore
in each of the synthesized DNAs; Figure 6B). The reactions
were run on polyacrylamide gels, and the Xba I - Hind III
fragments were purified and cloned intoc pUCl8 by standard
methods. Several plasmid isolates for each fragment were
sequenced by the dideoxy method, and correct ones chosen.
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34 effectively conpeted with the biotinylated anci-Tac, thus decreasing
fl uorescence nore. Biological properties of the humanized anti body For
opti-mal use in treatnent of human di sease, the humani zed anti body shoul d be

able to destroy T-cells in the body that express the IL-2 receptor. One
mechani sm by whi ch 39

cons ccion o lasmids o @ +Ss:aumanised_light and heavy
chains

The heavy chain Xba I I{ragment was isolated frcn
=hne pUCl3 plasmid in which it had been inserted and then
inserted into the Xba I site of the vector pVyl (see,
comaonly assigned U.S.S.N. 223,037) in the correct

orientation £y standard methods, to prcduce the plasmid

DHUGTACL (Figure 7). This plasmid will express high levels
of a complete heavy chain when transfected into an

[+]]
'‘a

prcpriate host cell.

The two light chain Xba I - Hind III fragments were
isolated frcm the pUCL8 plasmids in which they had been
inserted. The vector plasmid pVxl (see, commonly assigned
U.S.S.N. 223,037) was cut with Xba I, dephosphorylated and
ligated with the two fragments by standard methods. The
desired reaction product has the circular form: vector - Xba
I - fragment 1 - Hind III - fragment 2 - Xba I - vector.
Several plasmid isolates were analyzed by restriction mapping
and sequencing, and one with this form chosen. This plasmid,
PHULTAC (Figure 8), therefore contains the complete humanized
light chain (Figure 4) and will express high levels of the
light chain when transfected inte an appropriate host cell.

Synthesis and affinitv of humanized antibody

The plasmids pHUGTACl and pHuLTAC were transfected
into mouse Sp2/0 cells, and cells that integrated the
plasmids were selected on the ﬁasis of resistance to
mycophenclic acid and/or hygromycin B conferred by the gpt
and hyg-genes en the plasmids'(Fiqures 7,8) by standard
methods. To verify that these cells secreted antibody that
binds to the IL-2 receptor, supernatant from the cells was
incubated with HUT-102 cells that are known to express the
IL-2 receptor. After washing, the cells were incubated with
fluorescein-conjugated goat anti~human antibedy, washed, and
analyzed for fluorescence on a FACéCAN_cytofluorometer. The
results (Figure 9A), clearly show that the humanized antibody
binds to these cells, but not to Jurkat T-cells that do not
express the IL-2 receptor (Figure 9D0). As controls, the

B,



anti bodi es may destroy target cells is antibody-dependent cell-nedi ated
cytotcxicity, abbreviated ADCC (Fundanental | mrunol ogy, Paul, W, Ed.,
Raven Press, New York (1984), at pg. 681). in which the antibody forns a
bri dge between the target call and an effector cell such as a nacrophage
that can lyse the target. To determ ne mhether the humani zed antibody and
the original nouse anti-Tac anti body can nediate ADCC, a chrom um rel ease
assay was peridimred dopset andartaaet ivodwdSpec falsal lwsechmeas theokens e
HUT-102 celdsyi fhichnedio@se)t heilLad 4 eepiOmeMBrG I ncubated with [err] Cr
to allow For further experiments, cells groducing the

1

numanized antikody were injected into mice, and the resultan:

ascizes collected. Humanized antibody was guriflied o

(41

substantial homcgeneity f£rcm the ascites by passage thrcugh
an affinity column cf goat anti-human immuncglcobulin
antibedy, prepared on an Affigel-10 suppert (Bioc-Racd
Lasoratories, Inc., Richmond, CA) according to standard
technicues. To determine the affinity of the humanized
antibedy relative to the original anti-Tac antibody, a
competitive binding experiment was performed. About 5 x 10°
HUT~102 cells were incubated with known guantities (10 - 40
ng) of the anti-Tac antibody and the humanized anti-Tac
antibody for 10 min at 4 deg. Then 100 ng of bictinylated
anti-Tac was added to the célls and incubated for 30 min at 4
deg. This quantity of anti-Tac had previcusly been
determined to be sufficient to saturate the binding sites on
the cells, but not to be in large excess. Then the cells
were washed twice with 2 ml of phosphate buffered saline
(PBS) containing 0.1% sodium azide. The cells were then
incubated for 30 nmin at 4 deg with 250 ng of
phycoerythrin-conjugated avidin, which bound to the
biotinylated anti-Tac already bound to the cells. The cells
were washed again as above, fixed in PBS containing 1%
paraformaldehyde, and analyzed for fluorescence on a FACSCAN
cytofluorometer.

Use of iﬁcreasing amounts (10 - 40 ng) of the
anti-Tac antibody as competitor in the first step decreased
the amount of biotinylated anti-Tac that could bind to the
cells in the second step, and therefore the amount of
phycoerythrin-conjugated avidin that bound in the last step,
thus decreasing fluorescence (Figure 10A). Equivalent
amounts (20 ng) of anti-Tac, and humanized anti-Tac used as
competitor decreased the flgorescence to approximately the
same degree (Figure 10B). This sthS that these antibodies
have approximately the same affinity (within 3 to 4 fold),
because if one had much greater affinity, it would have more
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themto absorb this radionuclide. The h-UT-102 cells were then incubated
with an excess of either anti-Tac or humani zed anti-Tac anti body. The
XUT-102 cells were next incubated for 4 hrs with either a 30:1 or 100:1
ratio of effector cells, which were normal purified human peri pheral bl ood
‘mononucl ear cells that had been activated by incubation for about 20 hrs

w th human reconbi nant 1L-2. Rel ease OP4Ler[]Cr, whi ch indicated |ysis of
the target SAGPCEAIeL¥| FRPHERA TEESUIE® i iy Ya@dgrowrid TeGht £hesed (Tabl e

1). The resdcreashay thabreéceiddefodaati o of effector cells, anti-Tac did
not |yse a

Biolgogical croperties of the humanized antinody

For cptimal use in treatment of human dissase, the
numanized antibedy snhould be able to destroy T-cells in the

1o 3
WinlTD

tody that express the IL-2 receptor. One mechanism bv
antibecdies may desctrcy target cells is antibody-dependent
cell-mediated cytotcxicity, abbreviated ADCC (Fundamental
Tmmunolegy, Paul, W., Zd., Raven Press, New York (1984), at
pg. 68L). in which the antibedy forms a bridge between the
target cell and an effector cell such as a macrcphage that
can lyse the target. To determine whether the humanized
antibedy and the original mouse anti-Tac antibody can mediaxe
ADCC, a chromium release assay was performed by standard
methods. Specifically, human leukemia HUT-102 cells, which
express the IL-2 receptor, were incubated with *Cr tz allew
them to absorb this radicnuclide. The HUT-102 cells were
then incubated with an excess of either anti-Tac or humanized
anti-Tac antibody. The HUT-102 cells were next incubated for
4 hrs with either a 30:1 cr 100:1 ratio of effector cells,
which were normal purified human peripheral blocd mononuclear
cells that had been activated by incubation for about 20 hrs
with human recombinant IL-2. Release of *'cr, which indicated
lysis of the target HUT-102 cells, was measured and the’
background subtracted (Table 1) . The results show that at
either ratio of effector cells, anti-Tac did not lyse a
significant number of the target cells (less than 5%), while
the humanized antibody did (more than 20%). Hence, the
humanized antibody is likely to be more efficacious than the
original mouse antibody in treating T-cell leukemia or other
T-cell mediated diseases.
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significant nunber of the target cells (less than 5%, while the humani zed
anti body did (nore than 20% . Hence, the humani zed antibody is likely to be
nore efficacious than the ori.gi nal nouse antibody in treating T-cel

| eukemi a or other T-cell nediated di seases. 35 TABLE 1

35
TABLE 1

Percent Slcr release after ADCC

Effector: Target ratio

30:1 100:1
Antibodv
Anti-Tac 4% < 1%
Humanized 24% 23%
anti-Tac

From the foregoing, it will be appreciated that the
human-like immunoglobulins made by the present invention offer
numerous advantages over other antibodies. For example, in
comparison to anti-Tac mouse monoclonal antibodies, the

human-like IL-2 receptor immunoglobulins can be more
economically produced and contain substantiallf less foreign
amino acid sequences. This reduced likelihood of
antigenicity after injection into a human patient represents
a significant therapeutic improvement for immunoglobulins

designed in accordance with the above criteria.

R S



Percent [err]Cr release after ADCC Effector: Taraet ratio 30:1

100: 1 Anti body Anti-Tac 4% < 1% Humani zed
24% - 23% anti-Tac Fromthe foregoing, it will be
appreci ated that the human-Iike imunogl obulins made by the present

I nvention of fer nunerous advant ages over360t her anti bodi es. For exanple, in

Claims:

1. A method cof producing a humanized immunoglobulin
(Ig) having comgplementarity determining regions (CDR's)
rom a donor Ig combined with a framework region Irom
human Ig acceptor light and heavy chains, said method
cemprising:
1 comparing the framework or variable regicn

amino acid sequences of the donor Ig light and heavy
chains with correspoending sequences in a collection

of human Ig chains;

2 selecting, to provide the human acceptor Ig
light and heavy chain frameworks, sequences from the
collection which have at least 65% homology with the

respective donor framework sequences; and

3 combining CDR's from the donor Ig and

frameworks from the selected acceptor sequences.

2. A method of producing a hﬁmanized immunoglobulin
comprising expressing in a_recombinant host cell DNA
segments which encode the heavy and light chain CDRs and
framework that have been produced by the steps defined in

claim 1.

3. A method of claim 2, wherein expression of the DNA
segments 1s effected in a single host cell to produce the

humanized immunoglobulin.
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conparison to anti-Tac nouse nonocl onal antibodies, the human-like IL-2
receptor immunoglobulins can be nore econonically produced and contain
substantially-less foreign am no acid sequences. This reduced |ikelihood of
antigenicity after injection into a human patient represents a significant
t herapeutic inprovenent for immunoglobuljns designed in accordance with the

above criteria.

4. A method of any one of claims 1 to 3 further

comprising purifying the humanized immunoglobulin.

5. A method of claim 4 further comprising formulating
tne purified humanized immunoglebulin for therapeutic use.
6. A method of producing a humanized immunoglobulin

(Ig) heavy chain of a humanized immunoglobulin (Ig)
comprising the step of combining complementarity
determining regions from a donor Ig heavy chain with the
framework of a human acceptor Ig héavy chain selected so
that the sequence of the humanized Ig heavy chain
framework is 65% or more identical to the sequence of the

donor Ig heavy chain framework.

L
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36 d ai ns:

1.

A met hod of producing a humani zed i mmunogl obulin (I149)

havi ng conpl enentarity determning regions (CDR s) froma donor |Ig conbined

“w.th.a framework region fromhuman I.g acceptor

| i ght and.heavy chai ns,

sai d

nmet hod conprising: 1 conparing the framework or variable region am no
acid sequences of the donor Ig Iight and heavy chains with correspondi ng

sequences

in a collection

A3STRACT

dumanized Iamuncglssulins and Thelr Przductisn and Tse

humanizad

complementarity detarmining regions frem a dencxy Ig with

a framework that is a consensus sequence ¢ f£ramewcrks
of many human antikcdies.

FIGURE 3



of human I g chains; 2 selecting, to provide the human acceptor Ig |light .

and heavy chain franmeworks, sequences fromthe collection which have at
~ least 65% honol ogy with the respective donor framework sequences; and 3

conbining COR s fromthe donor Ig and frameworks fromthe sel ected acceptor
sequences. 2. A met hod of produci ng a humani zed i rmunogl obul i n

conprising expressing in a reconbi nant host cell DNA segnents whi ch encode
t he heavy and light chain CDRs and 1/8
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framework that have been produced by the steps defined in claim1l. 3

met hod of claim 2, wherein expression of the DNA segnents is effected in a
si ngl e host cell

to produce the hunmani zed |nnunoglobulln 37 4.
met hod of any one of clainms 1 to 3 further
2/8
_ 10 29 10 4 £ 30
T AGAT IR GATOOAG S TE AT T T ToToTT oo O TGO TCAGSTASSS086a0575040T
A N P L LS 6T A G Y H
T JU: 30 100 110 120
!luAuuguCAGbl.GTCCAG&CTGG GCTGAAGTCAAGAAACCTGGCTORAGCSTEAASG
S v e LY Qe S 6 AE VYV K X P G S S VoK
e JSO e _I40_ 150 160 170 130
I1GTGGTGUAAGGCTTCTGG CTACACCTTTACTAGCTACAGGATGCACTE6S TAAGGCAGS
Y3 60X A S 6 YT FT S Y R M H WY R Q
s 000 210 220 230 240
GUCUTGoACAGGO TCTGGAATGGATTOGATATATTAATCCSTCGACTOGSTATASTOAAT
AP 8 Q6 L E W LG Y I NP S T 5 YT CE
o250 280 270 280 280 300
AGAATGAGAAGT TCAAGGACAAGGCAACAATTACTGOCAGACGAATCCACCAATACAGSCT
T N 0 X £ 0 X A T 1 T A D E S 7T N T A
e 320 330 340 350 380
AGATGGAACTGAGCAG COTGAGATCTGAGSACACCGCAGTCTATTACTG TG CAAGAGSES
YHELSSLRSEOTAVYYCARG
SZQ 380 330 400 410 420
GGGs6GTCTTTEACTACTGEGECCAAGGAACCCTGGTCACAGTCTCCTCAGGTGAGTCCT
6 6 vV F DY WG Q6T L VY T VS S
i 43
TAAAACCTCTAGA
F16.__3.
|“,| = LETt-f
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conprising purifying the humani zed i nmunogl obul in. 5. A nmethod of claim
4 further conprising fornmulating the purified humani zed i mmunogl obulin in
for therapeutic use. 6. A met hod of produci ng a humani zed i mrunogl obul i n
(1'g) heavy chain of a humani zed i munogl obulin (1g) conprising the step of
conbi ning conpl enentarity determ ning regions froma donor |Ig heavy chain
with the franework of a human acceptor I g heavy chain selected so that the

sequence of the humani zed |1 g heavy chain franework is 65% or nore
identical to the sequence of the

10 20 30 4 50 50
TOTAGATGSAGACCEATACCCTCOTRCTATE6TCOTO0TOCTATSSATCCCAGGATCAA
MOE T ) T L L LWV L L L WY PGS
10 30 90 100 10 120
COGSAGATATTCAGATGACCCAGTCTCCATCTACCETSTCTECTAGCS TCG 463 ATAGGE
T6 D1 QM T QS PSTLS ASY G DR
i 130 140 150 160 170 180
TG AGCATAACCTGCTCTGCCAGOTCAAGTATAAGTTACATGCACTGGTACCAG CAGAAGC
VT 1T 0.5 AS S S IS Y MK WY Q QK
1% 200 210 220 230 240
CASGCAAASSTCCCAAGCT TCTAATTTATACCACATCCAACCTOSCTTCTEGAG TCCCTE
P 6 X AP K L L I YT T S KL ASG VY P
U 270 280 280 300
CTCGCTTCAGTEG CAGTOGATCTSGGACCEASTTCACCCTCACAATCABCTCTCTGCARE
ARF SG6 S 6 S 6TEFT LTI S S L Q
310 320 130 . 340 3

330 360
CAGATGATTTCGCCACTTATTACTGCCATCAAAGGAGTACTTACCCACTCACGTTCGGTC
PO O F AT Y Y CH QRS T Y P LT TF G

310 380 30 400
éGG%GACCA%GGzGGéGGTCAAACGTAAGTAGACTTTTC TAGA
T v K

FI6.—4.
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| g heavy chai n franmework.

donor
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ATGGGTCCGCAGGA
TAGCGTCGGGGAT

T6CT
GTGG

0
I

—cD

CAAATGTAGATGGAGAGGOA
TCAAGCGGAGATATTCAGAT

JFDI

GTGCATGTAACTTAT

AGCAGAGAG

AGCA
C6CT

|
A

O

ATAAATTAGAAGCTTGGGAG
AGTTGAGCTGGCAGAGCAGG

JFD2

D <«

GCCAAGCTTCTAATTTATACCACATCCAAGCT
GGCAGTGGATCTG

GOTCCCAAGGTTCTAAT
??g CAGTGGATGTGGGAGCGAGTTCACCCTCAG

JFD3

JFD3

JEDI

JFD4
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