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(57) Abstract 

Novel methods for designing humanized immunoglobulins having one or more complementary determining regions 
(CDR's) from a donor immunoglobulin and a framework region from a human immunoglobulin comprising first comparing the 
framework or variable 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. Each humanized immunoglobulin chain may comprise about 3 or more 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 additional position criteria. When combined into an 
intact antibody, the humanized immunoglobulins 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 contain­
ing an epitope. 
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CHIMERIC IMMUNOGLOBULINS SPECIFIC FOR p55 TAC PROTEIN 
OF THE IL-2 RECEPTOR 

Field of the Invention 
The present invention relates generally to the 

combination of recombinant DNA and monoclonal antibody 
technologies for developing novel therapeutic agents and, 

more particularly, to the production of non-immunogenic 

antibodies 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, 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 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 (~,Farrar, J., 

25 et al., Immunol. Rev. £1:129-166 (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 

30 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 

(~, Leonard, W., et al., J. Biol. Chem. 260:1872 (1985), 
which 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 acid signal peptide (~, 

Leonard, w., et al., Nature 311: 626 (1984)). The 219 NH
2

-
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terminal amino acids of the p55 Tao protein apparently 
comprise an extracellular domain (~, Leonard, w., et al., 
Science, ~: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 to the development 
of specifically reactive monoclonal antibodies. In 
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 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 

15 receptor (Herrmann, et al., J. EzP. Med. 162:1111 (1985)). 
The anti-Tao 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 cell culture. Also, based on studies with 
anti-Tao 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 be 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-Tao monoclonal 
antibody, can be used either alone or as an immunoconjugate 

(~, 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 

35 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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appropriate monoclonal antibodies specific for the IL-2 
receptor may have therapeutic utility .in autoimmune diseases, 
organ transplantation and. any unwanted response by activated 
T-cells. Indeed, clinical trials have been initiated using, 

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

Unfortunately, the use of the anti-Tac and other 
10 non-human monoclonal antibodies have certain drawbacks, 

particularly in repeated therapeutic regimens as explained 
below. Mouse monoclonal antibodies, for example, do not fix 
human complement well, and lack other important 
immunoglobulin functional characteristics when used in 

15 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 
into a human patient. Numerous studies have shown that, 

20 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) 

25 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. 

30 While the production of so-called "chimeric 

35 

antibodies" (~, mouse variable regions joined to human 
constant regions) 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 
extremely difficult using typical human monoclonal antibody 

production techniques. Similarly, utilizing recombinant DNA 
technology to produce so-called "humanized" antibcdies (see, 
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