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Humanized Irnmunoglobulins and theiI production and use 

!'jeld ot the Invent~on 
The present invention relates generally to the 

combination of recolll.binant DNA and monoclonal antibody 

technologies for developing novel therapeutic agents and, 

more particularly, to the production of non-imaunogenic 
antibodies and thair uses. 

10 Background at the Inventigo 

15 

In mammals, the i:mmune response is mediated by tYo 

types of cells that interact specitically with foreign 

material, i.e., anti9ans. one· of these cell types, a-cells, 
are responsible for the production of antibodies. The se.con'd 

call class, T-cells, include a wide variety of cellular ~· 

subsets controlling the .in v~vg 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 

CIL-2}, oriqinally named T-cell qrowth factor. IL-2's prime 
function appears to be the stimulation and ~aintanance of T­

cells. Indeed, some im:munolo9ists believe that IL-2 may be 

at the center of the entire i:mm.une response {see, Farrar, J., 

25 et al., lmrnunol. Rev. §.J.:129-166 (1982), which is 
incorporated herein by reference). 

To exert its biological ettects, IL-2 interacts 

with a specific high-affinity ~embrane receptor (Greene, W., 
et al., Ptggress in He~atology XIV, E. Brown, Ed., Grune and 

30 Statton, New ~ork (1986), at p9s. 28J ff). The human IL-2 

receptor is a complex multichain qlycoprotein, with one 
chain, known as the Tac peptide, beinq about 55k0 in size 

(~. Leonard, w., et al., J. Biol. chem . .L§Q:l872 (1985), 

~hich is incorporated herein by reference). A gene encoding 

35 this protein has been isolated, and predicts a 272 amino acid 

peptide, including a 21 amino aciQ signal peptide c~. 

Leonard, w., et al., Hatur~ 1.l].: 626 {1984)). The 219 NH 2-
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terminal a~ino acids of the p55 Tac protein apparently 
co~prise an extracellular domain (~, Leona.rd, w •• et al., 
scienc~, .2..J.Q.: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. In 
particular, one mouse monoclonal antibody, known as anti-Tac 

(Uchiyama, et al., M· Immyool. J.l.§.:1393 (1981)) has shoWri 
lO that IL-2 receptors ean be detected on T-cell$, but also on 

cells of the monocyte-macrophaqe family, Rupffer cells of the 
liver, Lanqerhans• cells of the skin and, of course, 
activated T-eells. Importantly, resting T-cells, B-cells or 
circulatinq machropha9es typically do not display the !L-2 

lS receptor (Her.t'lllann, et al., J. E~. Med~ l.21,: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, 
includinq the generation of cytotoxic and suppressor T 

20 lymphocytes in eell 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-eells, 
in particular adult T-cell leukemia. 

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

25 be an ideal tarqet for novel therapeutic approaches to T-cell 

mediated diseases. It has been proposed that IL-2 receptor 
specific antibodies, such as tbe anti-Tac monoclonal 

antibody, can be used either alone or as an immunoeonjuqate 
(~, with Riein A, isotopes and the like) ta effectively 

JO remove cells bearinq the IL-2 receptor. These agents can, 
for example, theoretically eli~inate IL-2 receptor-expressing 
leuke•ic cells, certain B-cells, or activated T-eells 
involved in a disease state, yet allow the retention ot 
mature nonnal T-cells and their precursors to en$ure the 

35 capability of ~ountin9 a nonnal T-cell immune r•spons~ 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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app~opriate.~onoclonal antibodiesispecific for the IL-2 
recepto~ may have therapeutic utiLity in autoillllnune diseases, 

organ- -transplantation ·and-- any 'Unwantett- -response by activated 
T-cells. Indeed, clinical trials have been initiated using, 

s L.SL,_, anti-Tac antibodie.s {see·, generally, Wald:man, T., et 
al., cancer Res. 45!625 (1985) and waidluan, T., seien~ 
232:727-732 (1986), both of which are incorporated herein by 

reference} • 

Unfortunately, the use of the anti-Tac and oth~r 
10 non-hu~ar. monoclonal antibodies have certain drawbacks, 

particulcxly in repeated .:therapeutic reqi?Qens as explained 
below. Mouse monoclonal antibodies, for example, do not fix 
human complement well, and lack other important 
immunoglcbulin !unctional characteristics ~hen used in 

15 hunians. 

Perhaps more importantly, anti-Tac and other non­
human monoclonal antibodies contain substantial stretches or 
amino aeid sequences that will be immunogenic when injected 
into a human patient. Numerous studies have shown ~hat, 

20 a!ter injection of a foreign antibody, the im.mune respons~ 
elicited by a patient against an antibody ean 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) 

25 monoclonal antibodies can be expected to be developed to 
treat various diseases, after the first and second treatments 
with any different non-h~man antibodies, subsequent 
treatments even for unrelated therapies can be ineffective or 
even dangerous in themselves. 

30 

JS 

While the production of so-called "chimeric antil:lodies" {e.g., 

mouse variable reqions joined to human constant regions) (see, 
for example, woa9/09622) has proven some.what succesis:ful, a 
significant immunoqenicity problem remains. In qe.ne.ral, the 
production of human immuno9lobulins reactive ~ith the human 
IL-2 receptor, as with many human antig~ns, 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 

Thiif 111i 11nrn1·1nr 
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..L..SLt.. .••. : BPO Publ•.i:caticru .N'O· •. 0239~0) , prov.ides.: uncertain 

re$U~ts. in part due to unpre'd.ictable·bindin9'" atfinities. 
· Thus, there is a. need for improved·. !o:t'llls of human­

like iWDunoqlobulins, such as those specific for the hwnan 
IL-2 receptor, that are substantially non-inununogenic in 
hUlllans, yet easily and economically produced in a manner 
suitable for therapeutic tcl:111ulation and other uses. The 
present invention fulfills these and other needs. 

The hypervariable regions (also called complementarity 
Determining Reqions, abbreviated to "CORs") of ilnlU.uno9lobulins 
were originally defined by Kabat et al., ("Sequences of Proteins 
ot IlUJn.unological 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) an~ 

89-97 (L3) in the light chain variable domain (VL) and 31-35 
(H1), so-Gs (H2} and 9~-102 (HJ) in the heavy chain variable 
domain (VH) , using Kabat• s standard numbering system for antibody 
amino acids. The CORs 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., .ill,: 901-
917 (1987)) have given an alternate definition of the 
hypervariable regions or COR$ as consisting of residues 26-32 
(Ll), 50-52 (L2l1 91-96 (L3) in VL and ~esidues 26-32 (Hl), 53-
55 {H2), 96-101 (H3) in VH. The Chothia definition is based on 
the residues that constitute the loops in the J-dimensional 
structures of antibodies. I~ is particularly important to note 
that for each of the six CORs the Chothia CDR is actually a 
subset of (i.e. smaller than) the Kabat COR, with the single 
exception of Hl (the first heavy chain COR), where the Chothia 

30 CDR contains aroino acids 26-30 that are not in the Kabat CDR. 

Riech'mann •t al ("Reshaping human antibodies for th'1rapy11 , 

Nature, Vol 332, pp 323-326, (March 1988)) describe work in which 
precisely the Kabat CDRs were transferred to a pre-determined 

lS human framework (NEW again for the heavy chain and REI for the 

Th!il~ill 1iUirnlf 1il~r 
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liqht chain). However, they found that antibody 

containinq the hUlUanized heavy chain lost most of its 

binding affinity and ability to lyse tarqet cells. They 

theretore made a new hUl\'lanized antibody containing the 

Kabat CDRs from the mouse antibody and two amino acid 

changes in Chothia CDR Hl, but no other mouse am.inc 

acids. 

lO Summary of the Invention 

The invention provides a method of producing a humanized 

imm.unoglobulin (Iq) chain having one or more 

complementarity detennining regions (CDR's) from a donor 

l5 I9 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 

20 

25 

30 

chains; and selecting to provide the human Iq 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 
producinq a humanized .immuno~lo~ulin {Ig) hea~y chain 

comprising the step of combining complementarity 

determining reqions from a donor Iq heavy chain ~ith the 

framework of a human acceptor Iq heavy chain selected so 

that the sequence of the humanized Iq heavy chain 

tramework is 65% or more identical to the sequence of the 
donor Iq heavy chain frani.ework. 

A further aspect of the inventifn is a method of 

35 producing a humanized immunoglobulin (Ig) comprising the 

step of combining complementarity determining reqions 

trom a donor Iq with a framewoli.k that is a consensu~ 

sequence of frameworks of many human antibodies. 
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The present invention provides novel compositf~ns 

useful, for example, in the treatlnent of T-cell mediated 

human disorders, the compositions containing human-like 
. . 

iinmunoqlobulins ·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 determ.iriinq reqions 
functionally joined to hum.an fra~ework reqion seqments. For 

example, mouse complelD.entarity determininq reqio~s, wi:th or 

without additional naturally-associated mouse amino acid 
residues, can be used to produce h\ll\\an-like antipodies 

capable of binding to the hwnan IL-2 receptor at affinity 

levels stronqer than about 191 M-1
• 

The immunoqlobulins, incl~ding binding fragments ··- ........ . 
and other derivatives thereof, of the present invention may 
be produced 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 ilnmunoglobulin framework regions and a 

second sequence set coding for the desired illllllunoglobulin 

co=pleJDentarity determining reqions can be produced 
synthetically or by cotnbininq appropriate cDNA and 9eno~ic 

35 DNA se9111ents. 
The h\lll\an-like immunoglobulins =ay be utilized 

a.lone in substanti~lly; pure- form,.. or-.·compl.e'Xed with a 

Thil f~ii1' 1iU1\1i~ lii~ii 
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The present invention provides novel composit1~ns 
useful, for example, in the treatment of T-cell ~adiated 
hwnan disorders, the compositions containin~ human-like 
illllBunoqlobulins specifically capable of blocking the binding 
of human IL-2 to its receptor and/or capable of binding to 
the pSS Tac protein on human IL-2 receptors. The 
i.Jnmunoqlobulins can have two pairs of light chain/heavy chain 
complexes, typically at least one pair having chains 
comprising mouse complementarity deter:mi.ning reqions 
functiona1ly joinad to hwn.an framework region segio.ents. For 
example, mouse complementarity determining regions, wi:th or 
without additional naturally-associated mouse amino acid 
residues, can be used to produce human-like antibodies 
capable of bindinq to the h\ll\\an IL-2 receptor at affinity 

levels stronger than about 1~1 M-1
• 

The i111IQUnoqlobulins, incl~din9 binding fragments ··- ......... . 
and other derivatives thereof, of the present invention may 
be produced readily by a variety of recombinant ONA 
techniques, with ultimate expression in transfected cells, 
preferably immortalized eukax:yotic celis, such as myeloma or 
hybridoma cells. Polynucleotides comprising a first sequence 
coding for human-like immunoglobulin tra~ework regions and a 
second sequence set codinq for the desired im:munoqlobulin 
co~plementarity determining reqions can be produced 
synthetically or by combining appropriate cONA and genomic 

35 DNA segments. 
'!'he human-like il1U1luno~lobulins may be utili~ed 

alone in substanti~J.ly; pure· form,... or.·comple'Xed with a 
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cytotox-ic aqent.1 :. sueh:.a.se:aT:radionuclJide.;. a ribosoma:l. 

inhibiting protein or a cytotoxic-agent active-at cell 
:surf aces-~ A1l ~of these· col:llpounds-.. wi:l:l. ba- particularly · use.tul 

in treating T-cell ~ediated disorders. The human-like 
5 ilnmunoglobulins or their complexes,can be prepared in a 

pharmaceutically accepted dosage .. form, which will vary 

depending on th~mode of adlninistration. 
The present invention also provides novel methods for 

designinq human-like ilMl.unoglobulin chains havi~q one or 

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

donor illU'll.unoglobulin and a framework region from a human 

immunoqlobulin, the preferred methods may involve first 
comparinq the !ramework o~ variable region amino acid 

sequence of the donor iID.munoqlo~ulin to correspondinq 
l5 sequences in a collection of human imxnunoqlobulin·chaihs, and 

selectin9 as the hu~an iwn.unoglobulin on~ of the ~ore 

homologous sequences from the collection. The human 
illmlunoglobulin, or acceptor immunoqlobulin, sequence is 
typically selected from a collection of at least 10 to 20 

20 illllnunoqlobulin chain sequences, and usually will have the 
hiqhest homology to the donor immunoglobulin sequence Of any 
sequence in the collection. The human illlmunoglobulin 
framework sequence will typically have about 65 to 70% 

homology or more to the donor iJDmunoglobulin framework 
25 sequences. The donor i:mmunoqlobulin may be either a heavy 

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

contain the same kind of chain. A hwnanized light and heavy 
chain can be used to fonn a complete humanized iIDlllunoglobulin 
or antibody, having two light/heavy chain pairs, with or 

30 without partial or full-lenqth human constant region$ and 
other proteins. 

35 

Whether or not in conjunction with the above coin.pa~ison 

step, additional amino acids in an acceptor 

inununoglobulin chain may be replaced with amino acids 

from the CDR-donor immunoqlobulin chain. More 

specifically, rurther optional substitutions of a human 

framework amino acid of the acceptor immunoqlobulin with 

a correspondinq amino acid from a donor ixnmunoqlobulin 
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will be made at positions in the immuno9lobulins whera! 
(a) the amino acid in the human f~arnework region of 

an acceptor immunoglobulin is rare for that position and 

the corresponaiR~ amino ~Gia ~n th~ 99~9~ immuno~lobulin 
5 is common tor that position in human i:mmunoglobulin 

sequences; or 

10 

15 

(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 interactinq with the antigen or 
with the CDR's of the humanized :Unmunoglobulin, 
optionally within about 3A of the CDR's in a three-
dimensional iinll\unoglobulin model. 

The humani"%ea.i'mlDunoglobulin chain vill typically 
comprise.at least about 3 amino acids fro~ the donor 
immunogiobulin in addition to the CDR's, usually at least one 
of which is illllllediately adjacent to a CDR in the donor 

20 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 of the present invention 

25 will be substantially non-imlnunogenic in humans and retain 
substantially the sa~a affinity as the donor immunoqlobulin 
to the antiqen (such as a protein or other compound 
containing an epitope). ~hese affinity levels can vary from 
about 101 M-1 or hiqher, and may be within about 4 fold of the 

JO donor illll1\uno9lobulin 1 s origina1 affinity to the antigen. 

35 
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BRIEF DESCRIPTION OF THE FlGURES 

Fiqure 1. Compari$on of seqllenees of anti-Tac 
heavy chain· (upper lines) and Eu ·heavy·chain (lower lines). 
The 1-letter code for amino acids is used. The first amino 

5 acid on each line is nwnl::Jered at the left. Identical 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 denoted ~Y 

10 an *· 
Fiqure 2. comparison of sequences of anti-Tac 

liqht chain (upper lines) and Eu light chain (lower lines). 
The sinqle-letter code for amino acids is used. The first 
amino acid on each line is nulllbered at the left. Identical 

15 amino acids in the two sequences are connected by lines. The 
J CDRs are underlined. Other amino acid positions for which 
the anti-Tac a~inc acid rather than the Eu amino acid was 
used in the humanized anti-Tac heavy chain are denoted by 

an *· 
20 Fiqure 3. Nucleotide sequencQ of the qene for the 

humanized anti-Tac heavy chain variable reqion gene. The 
translated amino acid sequence for the part ot the qene 
encoding protein is shown underneath the nucleotide sequence. 
The nucleotides TCTAGA at the beqinninq and end of the gene 

25 are Xba I sites. The mature heavy chain sequence begins with 
amine 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 ot the qene 

30 encoding protein is shown underneath the nucleotide sequence. 
The nuclaotides TCTAGA at the beginning and end of the gene 
are Xba I sites. The mature liqht chain sequence begins with 
amino acid 121 o. 

Figure 5. A. Sequences of the four 
JS · oligonucleotides used to synthesize the humanized anti-Tae 

heavy chain gene, printed 5 1 to J'. B. Relative positions 
of the oliqonucleotidesv The arrows point in the 3 1 

direction for each oligonucleotide. 
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Figure 6'. (AF sequences~ ot• the four 

oligonucleotides used to synthesize the humani~ed anti-Tac 
liqnt chain 9ene, printed 5 1 to 3 1 • (B) Relative positions 
of the oliqonuclaatides. The arrows point in the 3' 

s direction for each olig~nucleotide. The position of a Hind 
III site in the overlap of JFD2 and JFDJ is shown. 

Figure 7. ScheMatic diagram of the plasmid 
pHuGTACl used to express the humanized anti-Tac heavy chain. 
Relevant restriction sites are shown, and codinq regions.of 

10 the heavy chain are displayed as boxes. The direction of 
transcription fro~ the ilDlD.unoqlobulin (Ig) promoter is shown 
by an arrow. EH = heavy chain enhancer, Hyq • hyqromycin 
resistance qene. 

Fiqure 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 transeription 
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 hu~ani~ed anti-Tac 

antibody followed respectively by fluorescein-conjuqated goat 
anti-mouse Iq antibody or goat anti-human Iq antibody, as 
labeled. In 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 HOT-102 cells 
stained with 0-40 nq of anti-~ac as indicated, then with 
biotinylated anti-Tac, and then with phycoerythrin-conjugated 

JO avidin. (B) Fluoroeytometry of HTJT-102 cells stained with 
tha indicated antibody, then with biotinylated anti-Tac, and 
then with phycoerythrin-conju9ated avidin. 

Thiif Iii[ 11U1r11inr 
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· • DE'l'AILEO DESCRIPTION. O!'· nD!: INVBNT:ION .. :• 

In accordance·· with one · elDbodi:ment of· the present 
invention, ·hUJD.an-l:ike -±Jnmunoq.J.obul:-d;us=-:"Speci::!i-c:al·ly ·reactive 
.~ith desired epitopes, such as those on the IL-2 receptor on 

5 human T-cells, are providad. These immunoglobulins, which 

have binding affinities of at least about io• M~1 , and 

preferably 109 M·J. to 1010 M-1 or stranqer, are capable ot, 

~, blocking the binding of IL-2 to hmnan IL-2 receptors. 
The human-like immunoglobulins will have a human-like 

io framework and can have complementarity determ.inin9 re9ions 
(CDR's) from an i1D.Inunoglobulin, typically a mouse 
ilnln.unoglobulin, specifically reactive with an epitope on p55 
Tac protein. The immunoqlobulins ot the present invention, 
which can be produced economically.in large quantities, find 

15 use, for example. in the treat~ent of T-cell ~ediated 
disorders in hu~an 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 

.20 "light" (about 25kD) and one "heavy" chain (about S0-70kD). 
The NH

2
-terminus of each chain begins a variable region o! 

about 100 to 110 or more amino acids primarily responsible 

for antigen recoqnition. ~he COOH terminus of each chain 
defines a constant region primarily responsible for effecto~ 

25 function. 

Light chains are olassif ied as either kappa or 

lambda. Heavy chains are classified (and subclassified) as 
qarnma, mu, alpha, delta,-or epsilon, and detine the 

antibody's isotype as IqG. IgM, IqA, IgD and IqE, 
30 respectively. Within light and heavy chains, the variable 

~nd constant reqions are joined by a "J" reqion of about 12 

or more amino acids, with the heavy ehain also includinq a 
"D" region of about 12 more amino acids. (See, genei:.allx, 

Fundamental Immuno~ogy, Paul, W., Ed., Chapter 7, pgs. 131-

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

~he variable regions 
form the antibody binding site. 

of e~ch light/heavy chain pair 
The chains all exhibit the 
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sam~-general structure of relatively conserved fra~ework 
regions joined by three·hypervariahle reqions, also called 

CDR's (see, "Sequences of Proteins of Immunoloqical 
Interest," Kabat, E., et al.. U.S. Department of Health _and 

5 Human Services, (1983): and ChQfthia and Lesk, J. Mol. Biol., 

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

reference). The CDR's fro= the two chains ot each pair are 

aligned by the framework reqions, enabling binding to a 

specific epitope. 

10 As used herein, the teni "i:mmuno9lobulin 11 refe':r:s to 
a protein consisting or one or more polypeptides 

substantially encoded by ilDlllunoglobulin 9enes. The 

~eco9nized immunoqlobulin qenes include the kappa, lambaa, 
alpha, qalnma, delta, epsilon and mu constant region genes, as 

15 well as the myriad i1DJD.Unoglobu1in variable reqion genes. The 
immuno9lobulins may exist in a variety of forms besides 
antibodies; including, !or example, Fv, Fab, and F(ab)

2
, as 

well as in single chains (!L.£{.:.., Huston, et al., Proc. Nat. 
~ad. Sci. ij.S.A., 85:5879-5883 (1988) and Bird, et al., 

20 Science, ~:423-426 (1988), which are incorporated herein by 
reference). (~,generally, Hood, et al., HI:mtnunoloqy 11 , 

Benjamin, N.Y., ind ed. (1984), and Hunkapiller and Hood, 

Natyre, .llJ_:lS-16 (1986), which are incorporated herQin by 

reference). 

25 Chi~eric antibodies are antibodies whose light and 

heavy chain genes have been constructed, typically by genetic 
enqineering, from iilllt\unoglobulin 9ene seqtnents belonqing to 
ditferent species. For example, the variable (V) seqments of 

the qenes from a mouse monoclonal antibody may be joined to 
JO human constant (C) seqments, such as , 1 and ;

3
• A typical 

therapeutic chimeric antibody is thus a hybrid protein 
consisting.of the V or antiqen-binding domain fro~ a mouse 
antibody and the C or effector domain from a human antibody 
(~, A.T.C.C. Accession No. CRL 9688 secretes an anti-Tac 

35 chimeric antibody), although other mammalian species may be 
used. 

As used herein, the term "framework re9ion 11 refers 

to those portions of immunoglobulin light and heavy chain 

Thi1111W 1i'ii1l1l~"1mtii 
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variable reqions.-. that. are reiatively conserved (~, other 

than the CDR's) amon9 different imm.unoglobulins in a sinqle 

speci:es, ·a'S"" clef ined·' by "Kabat; et· a·1 •• ·; • '.QR'".· gil. As used 

herein, a "hulnan-lik.e framework region" is ·a framework region 

5 that in each existing chain COJD.prises at least about 70 or 

more aMino acid residues, typically 75 to 85 or more 

residues, identical to those in a human iW'llunoglobulin. 
As used herein, the terl'll whuman-like 

immunoglobulin 11 refers to an immunoglobulin compri$inq ~ 

10 human-like framework and in which any constant reqion present 

is su:bst;mtially holnoloqous to a human illllt\unoqlobulin 

constant region;· ~, at least about 85-90%, preferably 

about 95% identical. Hence, all parts of a hu~an-like 
imuunoqlobulin, except possibly the CDR's, are substantially 

15 homologous to corresponding parts ~f one or more native human 

iwnunoqlobulin sequences. For example, a human-like 
immunoglobulin would not enc01npass a chimeric ~ouse variable 

region/human constant region antibody. 
In accordance with another general aspect of the 

20 presen~ invention, also included are criteria by which a 

limited number of amino acids in the framework of a human-

1 ike or humanized immunoglobulin chain are chosen to be the 

same as the amino acids at those positions in the donor Iq 

rather than in the acceptor Ig, in order to increase the 

25 affinity of an antibody COlllprisinq the humanized 

illllnuno9lobulin 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 hu~anized antibodies 

JO (using as examples mouse antibodies as the source ot 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 1 s become human instead of mouse. Without intending 

JS to be hound 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 1 s May not Make as 
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effecti'7e contacts with' the ·anti9en- as-:·.the1 COR's did in the 

donor antibody; 
(2) Also, amino acids· in the original mouse 

antibody that are close to, but not part of, the CDR's (~, 

5 still part' of the framework), may Make contacts with the 

antigen that contribute to attinity. These amine acids are 

lost when the antibody is humanized, because all framework 

amino acids are made human. 

To avoid these problems, and to produce. humani.;ed 

10 antibodies that have a vary stron9 affinity for a desired 

antiqen, the present invention uses the following four 

criteria for desiqninq humanized immunoglobulins. These 

criteria may be used sinqly, or when necessary in 

combination, to achieve the desired affinity or othe~ 

15 characteristics. 

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

human i:nununo9lcbulin that is unusually homologous to the 
donor immunoqlobulin to be humanized, or use a consensus 

20 framework from many hu~an antibodies. For example, 

comparison of the sequence of a •ouse heavy (or light) chain 

variable region against human heavy (or light) variable 

~egions.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 

choosin9 as the acceptor i:mmunoqlobulin one of the human 
heavy (respectively light.) chain variable regions that is 

most homologous to the heavy (respe~tively liqht) chain 

30 variable reqion of the donor immuno9lobulin, fewar amino 

acids will be changeg in qoinq froni the donor inununoqlobulin 

to the humaniaed ill!lllunoglobulin. Hence, and again without 

intending to be bound by theory, it is believed that there is 

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

35 that distorts their conformation. Moreover, the precise 

overall shape of a humanized antibody comprising the 

hu~anized ilnlt\unoqlobulin chain ~ay more closely reselllble the 

Th111~~i 1in1r11i 1imr 
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shape· of the donor ant:ibody·i ·also-- reducinq the chance of 

distorting the CDR's. 

' · · Typical"l.y; ·one ··or- ·the" 3-5'· mosr-·homo1·ogous··heavy 

chain variable region sequences in a representative 

5 collection of at least about 10 to 20 distinct human heavy 

chains will b~ chosen as acceptor to provide the heavy chain 
frame~ork, and similarly for the light chain. Preferably, 
one o! the l-3 most homologous variable regions will be used. 

The selected acceptor immunoglobulin chain will most 
10 preferably have at least about 65% homoloqy in the framework 

region to the donor immunoqlobulin. 

Reqardless of how the acceptor inununoglobulin is 

chosen, hi9her affinity may be achieved by selecting a small 
number of amino acids in the framework of the humanized 

15 iJlllnuno9lobulin chain to be the same a$ 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. Preferahly, at most or all amino acid positions 

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

criterion Ir: If an amino acid in the framework of the human 

acceptor immunoglobulin is unusual (.i.J..._, 0 rare 11 , ~hich as 

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

{respectively light) chain V region sequences in a 

represen~ative data ban~), and it the donor amino acid at 
t:.hat position is typical tor human sequences (~, "com:mon11 , 

~hich as used herein indicates an a~ino acid occurring in at 
JO least about 25t of sequences in a representative data bank}, 

then the donor amino acid rathe~ 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 antibody may ba 

•ade less immunogenic. 
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Criterion-III: In the positiPn&•i:i:nmediately adjacent to the 
3 CDR's in the hu~anized i10muno9lobulin chain, the donor 
a~ino acid rather than acceptor amino acid may be selected. 
These amino acids are particularly likely to interact with 

s the amino acids in the COR 1 s and1. if chosen from the 
acceptor, distort the donor CDR 1 s and reduce affinity. 
Moreover, the adjacent a~ino acids may interact directly with 
the antigen (Alnit ~~.science, 1.J.J,, 747-753 (1986), which 
is incorporated herein by reference) and selecting these_ 

10 a~ino 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 
15 original donor antibody, shows that certain amino acids 

outside of the CDR's are close to the COR's and have a good 
probability of interacting with amino acids in the COR's by 
hydrogen bondinq, Van der Waals forces, hydrophobic 
interactions, etc. At those amino acid positions, the donor 

20 amino acid rather than the acceptor inanunoglobulin amino acid 
~ay be selected. Amino acids aocordinq to this criterion will 
generally have a side chain atom vithin about 3 angstrom 
units of some si~e in the CD~'s and must contain atoms that 
eould 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 avail~ble and ~ell known to those skilled in the 
art (see, Loew g,t AL_, Int. J. Quant. Chem., ouant. Biol_.. 
Symp., ,l2:55-66 (1988); Bruccoleri Jtt. 1!.!...., Nature, 335, 

30 564-568 (1988); Chothia ~~'Science, 1J..J.:755-758 (1986), 
all of which are incorporated herein by reference). These do 
not form part o! the inventiQn. Indeed, because all 
antibodies have similar structures, the kno"1l antibody 
structures, which are available fro~ the Brookhaven Protein 

35 Data Bank, can be used if necessary as rough models of other 
antibodies. commercially available computer programs ean be 
used to display these models on a computer monitor, to 
calculate the distance between atoms, and to esti~ate the 

Thr1f j~ 1iii1r1ir 11ir11r 



-------·-··--·--· --····- ··------·-------- --

16 

criterion-III: In the position&•iimne.diately adjacent to the 
J CDR's in the humani~ed im.munoglobulin chain, the donor 
amino acid rather than acceptor amino acid may be selected. 
These amine acids are particularly likely to interact with 

5 the amino acids in the CDR's and,. it chosen from the 
acceptor, distort the donor CDR's and reduce affinity. 
Moreover, the adjacent amino acids may interact directly with 
the antigen (Amit ,At Al..t., Science,~, 747-753 (1986}, which 
is incorporated herein by reference) and selecting these. 

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

Criterion IV; A J-dimensional ~odel, typically of the 
15 original donor antibody, shows that certain amino acids 

outside o! the COR 1 s are close to the COR's and have a qood 
probability of interacting with amino acids in the CDR 1s by 

hydrogen bondinq, Van der Waals forces, hydrophobic 
interactions, etc. At those amino acid positions, the donor 

20 amino acid rather than the acceptor ixnmunoglo~ulin amino acid 
may be selected. Amino acids acco~ding to this criterion will 
qenerally have a side chain atom ~ithin about 3 angstrom 
units of soma site in the CDR's and must contain atoms that 
could interact with the COR atoms according to esta~lished 

25 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 (sfi!S!, Loew~ .91..t., Int~ J. Ouant. Chem., Quant. Biol. 
SvtnQ._., ~:55-66 (l9SS); Bruccoleri~ Al..t.., Nature, 335, 

30 564-568 (1988); Chothia et s.l..i.., 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 

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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likelihood of difteren~ amino acids interacting (~, Ferrin 
~.Al..., J:.. Mol. Graphics, a:lJ-27 (l988)). 

H\lll\8.nized or hwnan-xike ·antibodies generally have 
at least three potential advantages over mouse or in some 

5 cases chimeric antibodies for use in human therapy: 

1) Because the effector portion is human. it ~ay 
interact better with the othe~ parts of the human ilZ(mune 
system (~....:JL., destroy the tarqet cells more efficiently by 

compleme:nt- dependent cytotoxicity (CDC) or 
10 antibody-dependent cellular cytotoxicity (ADCC)). 

2) The human immune system should not recognize 
the framework or constant reqion ot the hu~anized antibody as 
foreign, and therefore the antibody response against such an 
injected anti.body should be less than against a totally 

15 foreiqn mouse antibody or a partially foreign chimeric 
antibody. 

J) Injected mouse antibodies have been reported 
to have a half-life in the human circulation much shorte~ 
than the half-life of normal antibodies (D. Shaw ~ .2!..r.., ~ 

20 Immunol., .1.l§.:4534-4538 (1987)). Injected huinanized 
antibodies will presumably have a half-life ~ore similar to 
naturally occurring human antibodies, allo~in9 smaller and 
less frequent doses to be qivon. 

The present invention is specifically directed to 
25 .improved humanized imm:munoglobulins (e.9., 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 ce~tain i:mmunoqlobulins, substituting COR's 

30 regions in the light or heavy chain variable domains of an 
acceptor antibody with analogous parts ot CDR's (typically 
solvent accessible) from an antibody of different 
specificity. Also, that application discusses, for certain 
innnunoglobulins, the possibility of only transferring 

35 residues that are (solvent) accessible from the antiqen 
bindinq 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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science m~ 747-753 ( l..98.6);. or perhaps residues. essential for 
inter-chain interactions - but for the· selection cf which 

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

5 invention entails substituting entire CDR's and fra=ework 
amino acids ilnlnediately adjacent one (or pre!erahly ear:h) of 
the CDR 1 s. In general, any framework residue that also makes 

contact with the CPR 1 s to, e.g., maintain their conformation 

(and usually their antigen bindin9 specificity) are 
10 specif itally included within preferred ell\bodiments of the 

present invention as described in detail, supra. 
In one aspect, the present invention is directed to 

recombinant DNA segments encodinq the heavy and/or liqht 

chain CDR 1 s (typically with other amino acid residues as 

15 descri~ed above) from an i'lnlllunoglobulin capable of binding to 

a desired epi~ope, such as on the human IL-2 receptor (e.g., 
the anti-Tac ~onoclonal antibody). The DNA segments encoding 
these regions will typically be joined to DNA se9ments 
encodinq appropriate human-like framework reqions. For 

20 example, the preferred DNA sequences, which on expression 

code for the polypeptide chains comprising 'the anti-Tac heavy 

and liqht chain hypervariable regions (with human-like 
framework regions}, are shown in Figures J and 4, 

respectively. Oue to codon deqeneracy and non-critical 
25 amino-acid substitutions, othe~ ONA sequences can be readily 

substituted for those sequences, as detailed below. 

The ONA seCJ1llents will typically turther include an 
expression control DNA sequence operably linked to the human­
like antibody coding sequences, including naturally-

30 associated or heterologous promoter regions. Preferably, the 
expression control sequences will be eukaryotic p~omoter 
syste~s in vectors capable of transfor:ming or transfecting 
eukaryotio host cells, but control sequences for prokaryotic 
hosts may also be useQ. once the vector has been 

JS incorporated into the appropriate host, the host is· 

maintained under conditions suitable for hiqh level 
expression of the nucleotide sequences, and, as desired, the 

collection and purification of the. light chains, heavy 

Th11111111' 1iu1r1~11nr 
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Science 2U,: 747-753 (l..98.6).:. or p~haps :residues. essential :r:or 
inter-cnain interactions - bu~ tor the· selection of which 
insufficient 9uidance is provided.. in that application). 
Thus, for example, a preferred e:mbodi~ent of the present 

5 invention entails sul:>stitutinq entire CDR's and framework 

amino acids immediately adjacent one (or preferably each) of 
the CDR's. In general, any framework residue that also makes 
contact with the CDR's to, e.g., maintain their conformation 

(and usually their antiqen binding specificity) are 
lO specifitally included within preferred embodiments of the 

present invention as described in detail, sugra. 

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 ~esidues as 

15 described above) from an immunoqlobulin capable of ~inding to 
a desired epi~ope, such as on the human IL-2 receptor (e.9., 
the anti-Tac ~onoclonal antibody). The DNA seqments encoding 
these reqions will typically be joined to DNA segments 
encoding appropriate human-like framework regions. For 

20 exa~ple, 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 reqions), are sho~n in Fiqures 3 and 4, 

respectively. Due to codon degeneracy and non-critical 

25 amino-acid substitutions, other ONA sequences can be readily 

substituted for those sequences, as detailed below. 
The DNA seglnents will typically further include an 

expression control DNA sequence operably linked to the human-
1 ike antibody ccdinq sequences, including naturally-

30 associated or heteroloqous promoter regions. Preferably, the 

expression control sequences will be eukaryotic promoter 
systems in vectors capable of transtonning or transfecting 
eukaryotic host 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 tha nucleotide sequences, and, as desired, the 

collection and purification of the. iiqht chains, heavy 
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chains; li9ht/heavy-chain-di•ers. or intact antibodies, 
binding fragments er other i~unoglobulin forms may follow. 

HUlllan' ceinstant reg-:ion -BNA -sequences· 'C2'.n be· isolated 

in accordance with well known procedures fro~ a variety of 
5 human cells, but pre!erably immortalized B-cells (~, Kabat 

212· kit. and WPS7/0267l). For example, the human kappa 
immunoglobulin constant and J region genes and sequences are 

described in Heiter et al., .9l!l ~:197-207 (1980) and the 

nucleotide sQquenee of a human imraun09lobulin c"71 qene is 
10 described in Ellison et al., Nucl. Acid. Re§ • .l.Q:4071 (!982), 

both of Yhich are incorporated herein by reterence. The 

COR's for producing the immunoglobulins of the present 
invention will be si~ilarly 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 sou~ce, including, mice, rats, rabbits, or other 
veterbrate capable of producing antibodies by well known 
metbods. suitahle source cells for the DNA sequences and 
host cells for i~~unoglobulin expression and secretion can be 

20 obtained from a number of sources, such as the American Type 
culture Collection ( 11 CataloC.;JUe of Cell Lines and Hybridomas, 11 

Fifth edition (1985) Rockville, Maryland, U.S.A., which is 
incorporated herein by reference). 

In addition to the human-like i:mmunoqlobulins 
25 specifically described herein. other "substantially 

homologous 11 modified illllnunoqlobulins can be readily designed 
and manufactured utilizing various recombinant DNA techniques 

well known to those skilled in the a:rt. For example, for the 
IL-2 receptor ilJII!lunoqlobulins the framework regions can vary 

JO from the sequences in Fiqures 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 o! different human framework regions may 
be used singly or in combination as a basis fo~ the human-

35 like i111munoqlobulins of the present inven~ion. In general, 

modifications of the genes •ay be readily acco~plished by a 

variety of well-known techniques, such as site-directed 

~utagenesis {seg, Gill~an and Smith, ~ ~:81-97 (1979) and 

Th!1i1li~t 1iii1l1l1i"lilllr 
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Rober-ts, S. et al, Natur~ J.1!i:7Jl-1J4 (1987), both of which 
are incorporated herein by raference). 

Alternatively, polypeptide fragments comprising only a 

portion of the primary antibody structure may be produced, 

S which fraqments possess one or more ilun\unoqlcbulin activities 

(§..:JL.., compleMent fixation activity). Also because like many 

qenes, the immunoqlobulin-related genes contain separate 
functional reqions, each having one or more distinct 

bioloqical activities, the qenes ~ay be fused to functional 
10 reqions from other genes (!L.SL., enzymes, see, coJD.lllonly 

assigned u.s.s.N. 132,387, filed Dec. 15, 1987, which is 

incorporated herein by reference) to produce tusion proteins 

{~, immunotoxins) havin9 novel properties. 
The nucleic acid sequences of the present invention 

15 capable of ultimately expressing the desired human-like 

antibodies can be fonued from a variety of different 

polynucleotides (qenomie or cDNA, RNA, synthatic 

oligonucleotides, etc.) and components (.!L..9.... 1 v, J, D, and c 
reqions}, as well as by a variety of different techniques. 

20 ~oining appropriate 9enamic sequences is presently the most 
co~mon method Qf production, but cONA sequences ~ay also be 

utilized (.i.!i!. 1 European Patent Publication No. 0239400 and 

Reichmann, L., et al., Noture ~:323-327 (1988), both of 

Which are incorporated herein by reference) . 

25 As stated previously, the DNA sequences will be 

expressed in hosts after the sequences have been operably 

linked to (~, positioned to ensure the functioninq of) an 

expression control sequence. These e~ression vectors are 

typically replicable in the host organisms either as episomes 
30 or as an integral part of.the host chromoso1nal DNA. 

Conmtonly, expression vectors will contain selection markers, 

~' tetracycline or neomycin, to permit detection of those 

cells transtormed with the desired DNA sequences (~, ~' 

U.S. Patent 4,704,362, which is incorporated herein by 

J5 reference) . 
~- ~ is one prokaryotic host useful particularly 

for cloning the DNA sequences of the present invention. 

Other microbial hosts suitable for U$6 include bacilli, such 
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as.Bacillus .. sybtilu.s, and other.-enteJ:"obacteriaceae, such as 
Salmonella, ~trratia, and various Pseudomonas species. In 
these prokaryotic· hosts, one-·aan. a1soTmake expression .. 
vectors, which will typically contain expression control 

5 sequences compatible with the host cell (~, an origin of 
replication). In addition, any number of a variety of well­
known promoters will be present, such as the lactose pr<nnoter 
system, a tryptophan (trp) promoter system, a beta-lactCU11ase 
promoter syste~, or a promoter system from phage lambda. The 

10 promoters will typically control expression, optionally·with 
an operi·toJ:' sequence, and have ribosome binding site 
sequences and the like, for initiating ana COlllpleting 
transcription and translation. 

Other microbes, such as yeast, may also be used for 
15 expression. Saccharomvces is a p~eferred host, with suitable 

vectors having expression control sequences, such as 
promoters, includin~ 3-phosphoglycerate kinase or other 
glycolytic en~ymes, and an ori~in of replicat~on, termination 
sequences and the like as desired. 

20 In addition to microorganisms, ~ammalian tissue 
cell culture may also be used to express and produce the 
polypeptides of the present invention (see, Winnacker, "From 
Genes to Clones, 11 VCH Publishers, N.Y., N.Y. (1987), which is 
incorporated herein by reference) . Eukaryotic cel1s 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, Her.a 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., Ilnlnungl, Rev. 89:49-68 (l9B6), 
which is incorporated herein by reference), and necessary 
processing information sites, such as ri~osome 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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and.;.Barq;• Science 209..::·1422-·1417 (1980), .an immunglobulin 

qene, Adenovirus, Bovine Papilloma Virus, and the like. 
The vectors containing the-DNA.seqments ct interest 

(JL.9..L, the heavy and light chain encoding sequences and 
5 expression control sequences) can ba transferred into the 

host cell by well-known ~ethods, which vary depending on the 
type of cellular host. For exampler calcium chloride 

transfection is collUllonly utilized for prokaryotic cells, 

whereas calcium phosphate treatment or electroporation may be 

10 used for other cellular hosts. (See, generallx, Maniatis, et 

al., Molecular Clpninq: A L~boratory_ Man~ai, Cold Sprin9 
Harbor Press, (1982), which is incorporated herein by 

reference.} 

once expressed, the whole antibodies, their dimers, 
15 individual light and heavy chains, or other iwnunoqlobulin 

forms of the present invention can be purified according to 
standard procedures of the art, including ammonium sulfate 

precipitation, affinity colu~ns, column chromatography, 9el 
electrophoresis and the like (see, generallx, scopes, R., 

20 '2l;"otein pyritication, springer-Verlag, N.Y. (1982)). 
Substantially pure imll\unoqlobulins of at least about 90 to 
95% homogeneity are preferred, and 98 to 99% or more 
homoqeneity most preferred, ~or pharmaceutical uses. once 
purified, partially or to homogeneity as desired, the 

25 polypeptides may t~en be used therapeutically (including 

extracorporeally) or in developing and perf orJning assay 
procedures, immunofluorescent stainings, and the like. (~, 

gener9lly, Il!\Jl\uno!ogical Methgds, Vols. I and II, Lefkovits 

and Pernis, eds., Acade~ic Press, New York, N.Y. (1979 and 
30 1981)). 

The IL-2 receptor specific antibodies exe~plified 
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 hindinq of IL-2 to the human IL-2 receptor are 

suitable (~, u.s.s.N. 085,707, entitled "Treating Hwnan 
Malignancies and Disorders," which is incorporated herein by 
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and::. Barq;• Science 209·:·1422-14::;i7 (1980) , :an i:mmunglobulin 

gene, Adencvirus, Bovine Papilloma Virus, and the like. 

The vectors containin9 the~DNA.seqments of interest 

(~, the heavy and light chain encoding sequences and 

s expression control sequences) can be transferred into the 
host cell by well-known ~ethods, 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 ~y be 

10 used for other cellular hosts. (See, generall_y_, Maniatis, et 

al., Molecular Cloning: A Laboratory Manual, Cold Spring 

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

once expressed, the whole antibodies, their di.lners, 

15 individual light and heavy chains, or other immuno9lobulin 
forms of the present invention can be purified according to 
standard procedures of the art, including ammonium sulfate 

precipitation, affinity colu~ns, colu~n chro~atoqraphy, gel 
electrophoresis and the like (see, generallX, scopes, R., 

20 Protein PUtification, springer-Verlag, N.Y. (1982)). 

Substantially pure immunoglobulins of at least about 90 to 

95% ho~oqeneity are preferred, and 98 to 99% or more 

ho~oqeneity ~ost prefeJ:"red, 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, iJDmunofluorescent staininqs, and the like. (See, 

generally, I1\llDUn~l2gical Methods, Vols. I and II, Lefkovits 

and Pernis, eds., Acade~ic Press, New York, N.Y. (1979 and 

30 1981)) • 

The IL-2 receptor specific antibodies exemplified 

in the present invention will typically find use individually 

in traatin9 a T-cell mediated disease state. Generally, 

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

JS 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.s.N. OBS,707, entitled "Treating Human 

Malignancies and Disorders," which is incorporated herein by 
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referencer.-· For;·examp:};e-,.L .t:.yp.tca~=di-sease,rstates ·suitable tor 

treatment includ~ graft versu~ host disease and transplant 
reject-ion in patient9'·11ncterqom9 'CIJT orqan t:ranspl·a.nt, ·such ·as 
heart,. lungs, kidne:ys, liver, etc. Other diseases include 

5 autoimmune diseases, such as Type I diabetes, mul.tiple 

sclerosis, rheumatoid arthritis, systemic lupus 
erythematosus, and •yasthenia qravis. 

The h~n-like antibodies of the present invention 
may also be used in colnbination vi th other antibodies, ·. 

lO particularly hwuan ~onoclonal antibodies reactive with other 
markers on cells responsible tor the disease. For example, 
suitable T-cell •arkers 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., ~ds., Springer-Verla;, 

N.Y. (1994), which is incorporated herein by reference. 
The antibodies can also be used as separately 

administered co~positions given in conjunction with 

chemotherapeutic or immunosuppressive aqents. Typically, the 
20 agents will include cyclosporin A er a purine analog (&:.SL., 

methotrexate, 6-mercaptopurine, or the like), but numerous 
additional aqents (~, cyclophosphamide, prednisone, etc.) 
well-known to these skillad in the art May also be utilized. 

A preferred pharJllaceutical composition of the 
25 present invention comprises the use o! 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 ~hich is usually fatal to a cell when attached or 

30 absorbed. The second component, known as the "delivery 
vehicle," provides a means for delivering the toxic agent to 
a particular cell type, such as calls comprisinq a carcinoma. 
The two components are commonly chemically bonded toqether by 

any of a variety o! well-known chemical procedures. For 
35 example, when the cytotoxic agent is a protein and the second 

component is an intaet immuno9lobulin, the linkage may be ~y 

way of heterobifunctional cross-linkers, ~, SPDP, 
carbodi.imide, glutaraldehyde, .. or the. like. Production of 

Thi11~ii 1iii1l1~n1nr 
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variousr~-i'lllJXlunotoxins is well-knowrr with: the art·, ancl· 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), 

5 which is incorporated herein by reference. 

A variety of cytotoxic agents are suitable for usQ 
in illllnunotoxins. cytotoxic aqents can include 
radionuclides, such as Iodine-131, Yttrium-90, P..henium-1aa, 
and Bismuth-212; a numbar of chemotherapeutic druqs, sue~ as 

10 vindesine, methotrexate, adriaDycin, and cisplatinmJ and' 
cytotoxic proteins such as ribosomal inhibiting proteins like 
pokeweed antiviral protein, Pseudomonas exotoxin A, ricin, 
diphtheria toxin, ricin A chain, etc., or an a9ent active at 
the cell surface, such as the phospholipasQ enzymes (~, 

15 phospnolipase C). (See, generallv, co'lUlonly assigned 
U.S.S.N. 07/290,968 :filed December 28, 1988), "Chimeric 

Toxins," Olsnes and Phil, Pharmac. Ther., ll!355-3Sl (1982), 

and "Monoclonal Antibodies for cancer Detection and Therapy, 11 

eds. Baldwin and Byers, pp. 159-179, 224-266, Academic Press 
20 (1985), all of which are incox-porated herein by reference.) 

The delivery component cf the immunotoxin will 
include the human-like i:mmunoglobulins of the present 
invention. Intact immunoqlobulins or their binding 
frag1'Qents, such as Fab, are preferably used. Typically, the 

25 antibodies in the iitllnunotoxins will be ot the human IqM or 
IqG isotype, but other mallUUalian constant regions may De 
utili~ed as desired. 

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

JO useful for parenteral administration, i.e., subcutaneously, 
intramuscularly or intravenously. The co~positions 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 

JS aqueous carriers can be used, !L.SL.,, water, buffered water, 

0.4% saline, 0.3, qlycine and the like. These solutions are 

sterile and generally free of particulata matter. These 
compositions ~ay be sterilized by conventional, well knovn 
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sterilization techniques. The compositions may contain 
pharmaceutically acceptable aWcilia:ry substances as required 
to approxi:raate physiolog~aal conditions·such as pH adjusting 
and buffering agents, toxicity adjusting aqents and the like, 

5 for a~a~ple sodima acetate, sodium chloride, potassiwa 

chloride, calciwn chloride, sodium. lactate, etc. The 
concentration of antibody in these formulations can vary 
widely, .i...JL_, fro~ less than about 0.5%, usually at or at 
least about 1% to as much as 15 or 20% by weight and wiil be 

10 selected primarily based on fluid volUl'lles, viscosities, etc., 
in acco:r·lanca with the particular mode of administratior. 
selected. 

Thus, a typical pharmaceutical co~position for 
intramuscular injection could be ~ade up to contain l ~l 

15 sterile buffered water, and 50 m9 of antibody. A typical 
composition for intravenous infusion could be made up to 
contain 250 ml of sterile Rinqer•s solution, and 150 mq ot 
antibody. Actual methods for preparing parenterally 
administrable co~positions will be known or apparent to those 

20 skilled in the art and are described in ~ore detail in, for 
exampl6, Remington's Pharntaceutical Science, 15th ed., Mack 
Publishinq Company, Easton, Pennsylvania (1980), which is 
incorporated herein by reference. 

Tha antibodies of this invention can be lyophilized 
25 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 lyophilizaticn 
30 and reconstitution can lead to varying degrees of antibody 

actiYity loss (.!..:.a:., with conventional ilnlnune globulins, I9M 
antibodies tend to have qreater activity loss than IgG 
antibodies) and that use levels may have to be adjusted to 
compensate. 

35 The compositions containing the present hwnan-like 

antibodies or a cocktail thereof can be administered for 
prophylactic and/or therapeutic treatments. In therapeutic 
application, compositions are adlainistered to a patient 
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al:ready sufferinq frolD··a ·disease;. in;.an amount sutticient to 
cure or at least partially arrest the disease and its 
complications. An amount adequate to accomplish this is 
defined as a 11therapeutically effective dose." Alllounts 

5 effective for this use will depend upon the severity of the 
infection and the general state ot the pa~ient•s own illlmune 
system, but generally range fro• about 1 to about 200 mg of 
antibody per dose, with dosages of from 5 to 25 mg per 
patient beinq lDore cobUllonly used. It must be kept in mind 

10 that the materials of this invention may generally be 

employed in serious disease states, that is life-threatenin9 
or potentially life-threateninq situations. In such cases, · 
in view of the •ini~ization cf extraneous substances and the 
lower probability of "foreign substance" rejections which are 

15 achieved by the present hu:man-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 
20 containin9 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 11 prophylactically effective dosa.u In this use, the 
precise amounts again depend upon the patient-1 s state of 

25 health and general level o! illllDunity, but 9enerally range 
fro~ 0.1 to 25 mg per dose, especially 0.5 to 2.5 mq per 
patient. A preferred prophylactic use is for the prevention 
of kidney transplant rejection. 

Single or multiple administrations of the 
30 compositions can be carried out with dose levels and pattern 

beinq selected by the treating physician. In any event, the 
pharmaceutical tormulations should provide a quantity of the 
antibody(ie$) of this invention suttieient to effectively 
treat the patient. 

35 Hu~an-like antibodies of the present invention can 
further !ind a wide variety of utilities in vitro. By way o~ 
example, the exa~pla.ry antibodies can be utilized for T-cell 
typing, for isolating specific IL-2 receptor bearing cells or 



trag'lllents · ot- the recepi:ar ;· for· vaccine preparation, or the 
like. 

For diagnostic purposes, the antibodies ~ay either 
be labeled or unlabeled. Unlabeled antibodies can be used in 

5 colli.bination with other labeled antibodies (second antibodies) 
that are reaeti~e with .the human-like antibody, such as anti­
bodies specific for human i:m111unoqlobulin constant regions. 
AlternatiYely, the antibodies can be directly labeled. A 
wide variety of labels ~ay be eaployad, suoh as 

lO radionuclides, fluors, enzymes, enzyme substrates, enzyme co­
factors, ~nZYIRe inhibitors, ligands (particularly haptans), 
etc. Numerous types of ilDlllunoassays are available and are 
well known to those skilled in the art. 

Xits can also be supplied for use ~ith the subject 
15 antibodies in the protection aqainst or detection of a 

cellular activity or for the presence of a selected antiqen. 
Thus, the subject antibody composition ot the present 
invention ~ay be provided, usually in a lyophilized form in a 
containe~, either alone or in conjunction with ad~itional 

20 antibodies specific for the desired cell type. The 
antibodias, whieh ~ay be conju9ated to a label or toxin, or 
unconju9ated, are included in the kits with buffers, such as 
Tris, phosphate, carbonate, etc., stabilizers, biocides, 
ine~t proteins, ~, serum albUlllin, 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 a~ount 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 bQ desirable to include 

30 an inert extender or excipient to dilute the active 
ingredients, where the excipient may be present in from a~out 

l to 99% wt. of the total co~position. Where a second 
antibody capable of binding to the chiNeric antibody is 
•=ploy•d in an assay, this will usually be present in a 

35 separate vial. Tha second antibody is typically conjugated 
to a label and formulated in an analogous manner with the 
antibody formulations described above. 
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The following examples are offered by way of 
illustration, not by li•itation. 

EXPERIKE:NTAL 

5 Design ot genes for human-like light and heayy chains 

The sequence of the human antibody Eu (Sequences of 
Proteins of IlDmunological Interest, Kabat, E., et al., U.S. 
Dept. of Health and HUlllan Services, 1983) was used to provide 
the framework of the humanized antibody, because the a~ino 

10 acid sequence of the heavy chain of anti-Tac is more 
homologous to the heavy chain of this antibody than to any 
other heavy chain sequence in the National Biomedical 
Foundation Protein Identification Resource. 

To select the sequence of the h'Wnanized heavy 
15 chain, the anti-Tac heavy chain sequence (see, cownonly 

assigned u.s.s.N. 1 s 186,862 and 223,037, which are 

incorporated herein by reference) was aligned with the 
sequence of the Eu heavy chain (Figure 1). ~teach 

position, the Eu alnino acid vas :se1ected for the hwnanlzect 
20 sequence, unless that position fell in any one of the 

followinq categories, in which case the anti-Tac amino acid 

was selected. 

25 

(1) The position fell within a comple~entarity 
determininq reqion (CDR), as defined by Kabat, 
et al., 912. cit. (amino acids 31-35, 50-66, 

99-106); 

(2) The Eu a~ino acid was unusual for human heavy 
chains at that position, wherea~ the anti-Tac 
amino acid was typical for human heavy chains 

30 at that position (amino acids 27, 93, 95, 99, 

107-109, ll1); 

35 

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

(4) 3-dimensional modeling of the anti-Tac 
antibody suggested that the a~ino acid was 
physically close to the antiqen binding region 
(amino acids 48 and 68). 
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S01ne·alllino acids felL in.more·than·one~of these cateqories 

but are· only listed in one. 
To· select· the- sequence: ·of the- humanized light··· 

chain, the anti-Tac liqht chai~ sequence was a1i9ned with the 
5 sequence of the Eu light chain ·(Figure 2). The Eu amino 

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 (alllino acids 24-34, 50-56, 89-97) •. 

lo ( 2) Anti-Tac aJD.ino acid more typical than Eu · 

15 

20 

25 

(amino acids 48 and 63). 
(3) Adjacent to CDRs (no amino acidst Eu-and 

anti-Tac were already the same at all these 

positions)6 
(4) Possible 3-dim~nsional proximity to binding 

reqion (amino acid 60). 

The actual nucleotide sequence of the heavy 
(Figure 3) and li9ht chain (Figure 4) genes vere selected as 
folloltls: 

(l) the nucleotide sequences code for the a~ino 
acid sequences chosen as described above. 

(2) S' of these coding sequences, the nucleotide 

sequences code for a leader (signal} sequence, 
namely the leader of the 1ight chain of the 

antibody MOPC 63 and the leader of the heavy 
chain of the antibody PCH 108A (Kabat et al., 
.QR. c~t.). These leader sequences were chosen 

as typical of antibodies. 

(3) 3 1 of the coding sequences, the nucleotide 
JO sequences are the sequences that follo~ the 

mouse light chaillt JS seqment and the mouse 

heavy chain J2 segment, which are part o! the 
anti-Tac sequences. These sequences are 

included because they contain splice donor 
JS signals. 

(4) At each end of the sequence is an Xba I site 

to allow cutting at.the Xba I sites and 
cloninq into the Xba I site of a vector. 
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<;s;>nstl:'lotion· of humanized;·ligb~'. srnd heayy cnain gene~ 
To synthesi~e the heavy· chain, four 

oliqonucleotides HES12, HES13, HES14, HES15 (Figure SA) were 
synthesized using an Applied Biosystems JBOB DNA synthesizer. 

s TWo of the oli9onucleotides are part of each strand of the 
heavy chain, and each oliqonucleotide overlaps the next one 
by about 20 nucleotides to allow annealing (Figure SB). 
To9ether, the oli9onucleotidQs cover the entire huinanized 
heavy chain (Figure J) with a few extra nucleotides at each 

10 end to allow cutting at the Xba I sites. The 
oligonucleotides were purified fron polyaoryla.mide gels. 

Each oliqonucleotide was phosphorylated u~ing ATP 
and T4 polynucleotide kinase by standard procedures (see, 
Maniatis, .QR. cit.). To anneal the phosphorylated 

15 oligonucleotides, they were suspended together in 40 ul of TA 
(33 mM Tris acetate, pH 7.9, 66 ltlM potassium acetate, 10 mM 
~agnesium acetate) at a concentration of about 3.75 UM each, 
heated to 95 deg for 4 min. and cooled slowly to 4 deq. To 
synthesize the complete qene from the oligonucleotides by 

20 synthQsizing the opposite strand ~f each oligonucleotide 
(Figure SB), the following components were added in a final 
volume of lOOul: 

25 

30 

35 

10 ul 

0.16 mM each 
0.5 mM 
o.s ll'IM 

lOO ug/lnl 
3.5 uq/ml 
25 ug/ml 

25 uq/ml 

annealed oli9onuclaotides 
deoxyribon~cleotide 

ATP 

D'I'T 

BSA 
T4 q43 protein (ONA polymerase) 
T4 q44/62 p~otein (polynierase 
accessory protein) 
45 protein (polyn\erase accessory 
protein) 

The mixture was incubated at 37 deg for JO min. 
Then 10 u of T4 DNA ligase was added and incubation at 37 deg 
reswned for JO ~in. The polymerase and ligase were 
inactivated by incUbation of the reaction at 70 de9 tor 



Co:mttruction of plasmids to express•hy)lianized light and heaY:'[ 

chains 
The heavy chain Xba I fragment was isolated from 

the pUC19 plasMid in which it had been inserted and then 

S inserted into the Xba l site of the vector pV~l (~, 

coimnonly assigned u.s.S.N. 223,037) in the correct 

orientation by standard methods, to produce the plasmid 

pHUGTACl (Figure 7). This plasmid wiil express high levels 

of a co~plete heavy chain when transfected into an 

10 appropriate host cell. 
The two light chain Xba I - Hind III fragments were 

isolated fro• the pUC18 plasmids in which they had been 

inserted. The vector plasmid pV~l (see, co:mmonly assigned 

u.s.s.N. 223,037) was cut with Xba I, dephosphoi:ylated and 

15 liqated with the two fraqlllents by standard ~ethods. The 

desired reaction product has the circular forll\: vector - Xba 

I - fragment 1 - Hind III - fragment 2 - Xba I - vector. 

several plasmid isolates were analyzed by ~estriction mapping 

and sequencing, and one with this form chosen. This plasmid, 

20 pRuLTAC (Figure 8), therefore contains the complete hu~anized 

liqht chain (Fiqure 4) and will express high levels of the 

light chain when transfected into an appropriate host cell. 

Svnthesis and affinity of humanized Antibody 

25 The plas~ids pHuGTACl 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 hyqromycin B conferred ~y the gpt 

and hyg genes on the plasmids (Fiqures 7,8) by standard 

30 methods. To verify th~t these cells secreted antibody that 

binds to the IL-2 receptor, supernatant from the cells was 

incu~ated with HUT-102 cells that are known to express the 

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

fluorescein-conjuqated goat anti-human antibody, washed, and 

JS analy~ed for tluorescence on a FACSCAN cytofluoro~eter. 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 90). As controls, the 
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1s min.· ·To,d.i.9es.t.:·th~9ene :Wi~ ·Xba. •. ...i..-,_ c.u. · ......,, ....... ---- -- . 

added 50 ul of 2x TA containing BSA at 200 uq/lD.l. and OTT at l 

111M, 4 3 ul of water, ancl so .u. of. Xba.. I in. 5 ul. The :reaction 

was incuk>ated for J hr at 37 deg, and' run on a gel. The 431 

5 bp Xba· l fragment was purified from a qel and cloned into the 
Xba I site of the plasmid pUCl9 by standard methods. 
plas:mid·isolates were purified and sequenced usinq the 
dideoxy method- One of these had the correct sequence 
(Figure 3). 

10 To synthesize the light chain, four 

Four 

oli9onuclectides JFD1, JFD2, JFD3, JFD4 (Fi9llre 6A) were 
synthesized. Two of the o1igonucleotides are part of each 
strand of the light Chain, and each oliqonucleotide overlaps 

the next one by about 2o·nucleotides to al1ow annealinq 
15 (Figure 6B). Together, the oliqonucleotides cover the entire 

humanized light chain (Fiqure 4) with a few extra nucleotides 

at each end to allow cutting at the Xba I sites. The 
oligonucleotides were puritied from polyacryla~ide gels. 

The li9ht chain gene was synthesized from these 
~o olignucleotides in two parts. o.s ug each of JFOl and JFDl 

were combined in 20 ul sequenase bufrer (40 mM Tris-HCl, pH 
7.5, 20 tnM ~aqnesium chloride, so mM sodium chloride), heated 
at 70 deg for 3 min and allowed to cool slowly to 23 deg in 

order for the oligonucleotides to annea1. JFP3 and JtD4 were 
25 treated in the sa~e way. Each reaction was made 10 mM in D'I'T 

and 0.5 lnM in each deoxyribonucleotide and 6.5 u of sequenase 
{US Biochemicals) was added, in a final volu~e of 24 ul, and 

incubated for l hr at 37 deq to synthesize the opposite 

strands of the oligonucleotides. Xba r and Hind III were 
30 added to each reacticn to digest the DNA (there is a Hind III 

site in the region where JFD2 and JFOJ overlap and therefore 
in each of the synthesized DNAs: Fiqure 6B). The reactions 
were run on polyacrylamide gels, and the Xba I - Kind III 
fragments were purified and cloned into pUC18 by standard 

35 methods. Several plasmid isolates for each fraglnent were 
sequenced by the dideoxy method. and correct ones chosen. 

THIS SHEET HAS BEEN 
REPLACED 



original mouse anti-Tac·antibody was also used to stain these 

cells (Figure 9B,C), givinq similar results. 

For further experiMents, cells producing the 

humanized antibody were injected into mice, and the resultant 

5 ascites collected. Humanized antibody was purified to 

substantial homogeneity from the ascites by passage throuqh 

an affinity column of goat anti-hu•an iJDmunoglobulin 

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

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

10 techniques. To determine the affinity of the hu:manized. 

antibody relative to the original anti-Tac antibody, a 

competitive binding experiment was performed. About 5 ~ 105 

HUT-102 cells were incubated with known quantities (10 - 40 

ng) at the anti-Tac antibody and the humanized anti-Tac 

15 antibody for 10 min at 4 deq. Then 100 nq 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 

determined to be sufficient to saturate the binding sites on. 

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

20 were washed twice with 2 ml of phosphate buf~ered saline 

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

incubated for JO min at 4 deg with 250 ng of 

phyeoerythrin-conjugated avidin, which bound to the 

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

25 were washed a9ain as above, fixed in PBS containing 1~ 

paraforJnaldehyde, and analyzed for fluorescence on a FACSCAN 

cytofluorometer. 

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

anti-Tac antibody as competitor in the first step decreased 

30 the amount of ~iotinylated anti-Tac that could cind to the 

cells in the second step, and therefore the amount of 

phycoerythrin-conjuqated avidin that bound in the last step, 

thus decreasing fluorescence (Figure lOA) . ,Equivalent 

a~ounts (20 ng) of anti-Tac, and humanized anti-Tac used as 

35 competitor decreased the fluorescence to approximately the 

same degree {Figure lOB). 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 ~ore 
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effectively co~peted with the.biotinylated'-anti-Tac, thus 
decreasing fluorescence more. 

Biological properties of the humaniied antibody 

s For opti~al use.in treatment of human disease, the 
hu•anized antibody should be able to destroy T-cells in the 
body that a:>cpress the ZL-2 receptor. one mechanism by which 
antibodies may destroy tarqet cells is antibody-dependent 
cell-mediated cytotoxicity, abbreviated ADCC (Fundamental 

I 

10 Immunology, Paul, w., Ed., Raven Press, New York (1984),· at 

pg. 6Bl) 1 in ~hich the antibody forms a bridge between the 
target e~ll and an effector cell such as a macrophage that 
can lyse the tarqet. To determine whether the humanized 
antibody and the original mouse anti-Tac antibody can mediate 

15 A_Dcc, a chromium release assay was performed by standard 
~ethods. Specifically, human leukemia HUT-102 cells, which 
express the IL-2 receptor, were incubated with 51cr to allow 
them to absorb this radionuclide. The HTJT-102 cells ~ere 
then incubated with an excess of either anti-Tac or humanized 

20 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 h:uman peripheral blood mononuclear 
cells that had oeen activated by incubation for about 20 hrs 
with hu~an recombinant IL-2. Release of 51cr, which indicated 

25 lysis of the target HtJT-102 cells, was ~easured and the 

background subtracted (Table· l). The results show that at 
either ratio of ~ffector 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 

30 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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35 

TABLE 1 

~Q.t:cent 51cr re1ease after ADCC 

Effector: Target ratio 
30:1 100:1 

Antibody 
Anti-'I'ac 4% < 1% 

H\llll.anized 24% 23% 
anti-Tac 

From the foreqoing, it will be appreciated that the 
human-like i1DJ11unoglobulins of the present invention offer 
nUlllerous advantages of other antibodies. For example, in 
comparison to anti-Tac ~ouse ~onoclonal antibodias, the 

20 present human-like IL-2 receptor immunoqlobulins can.be more 
economically produced and contain substantially less foreign 
amino acid sequences. This reduced likelihood of 
antigenicity after injection into a hwnan patient represents 
a significant therapeutic improv•~ent tor immunoglobulins 

25 designed in accordance with the above criteria. 
Although the present invention has been described 

in so~e detail by way of illustration and exa~ple for 
purposes of clarity and understanding, it will be ap~arent 
that certain changes and modifications may be practiced 

30 within the scope of the appended claims. 
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Claims 

1- A method ot producinq a humanized 
immunoglobulin (Iq) chain having one or more 
complementarity detel':'1llininq reqions (CDR's) from a 
donor Ig and a framework reqion from a human Iq, 
said method comprising: OOlDparing the framework or 
variable re.qion amino acid sequence of the donor Ig 
1iqht or heavy chain with corresponding sequences 
in a collection of human Xq chains; and selecting, 
to provide the human Ig light or heavy ohain 
framework, a $equence from the collection which has 
at least about 65% homology with the donor 
framQWork. 

2 - A method of producing a humanized 
i:mmunoglobulin (Zq) heavy chain oomprisinq the step 
of col'llbininq complementarity determining regions 
from a donor Iq heavy chain with the framework of a 
human acceptor Ig heavy cha.in selected so that the 
sequence of the humanized Iq heavy chain framework 
is 65t or more identical to the sequence of the 
donor Ig heavy chain framework. 

3. A method of producing a humanized 
imm.unoglobulin (Ig) comprising the step of 
combining complementarity determining r99ions from 
a donor Xg with a framework that is a consensus 
sequence of fra•eworks of llla.lly human antibodies. 

4. A humanized immunoglobQlin chain obtainable by 

a method according to any one of clai~s 1 to 3. 

11111111111111 1111111111111111 
* C L M S * 

THIS SHEET HAS BEEN 
REPLACED 



5 

10 

15 

--···· ---··--··------·---------- ··-······-··· ----·-···-·····-··-·· 

5. A humanized ilnmunoglobulin comprisinq a chain 
according to claim 4. 

6.A polynucleotide comprising a first sequence 
codinq for a hum.an-like immunoqlobulin framework 
region and a second sequerioe codinq tor one or mora 
CDR 1s, wherein upon expression said polynucleotide 
encodes an ilnlllunoqlobulin chain of claim 4. 

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

s. The use of an immunoqlobulin of claim 5 in the 
manufacture of a medicament. 
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