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[57] ABSTRACT 

A polynucleotide encodes a modified anul>ody. or single 
chains thereof. The modified antibody has a non-antigen
binding peptide such as the constant regions of an antibody 
of a first species. peptide hormones. enzymes. and peptide 
transmitters; and a binding peptide such as the unsubstituted 
light and heavy chains of the variable region of an antibody 
of a second species which binds the human milk fat globule 
(HMF'G) antigen. The non-antigen-binding peptide is linked 
to at least one chain of the binding peptide. the chains may 
be linked to one another at a site other than the antigenic 
binding site. and at least one chain of the binding peptide has 
1 to 46 amino acids substituted with amino acids selected 
from specific ones assigned to each site. The polynucleotide 
and other products are also provided in the form of 
compositions. with a carrier. The polynucleotides may be 
RNAs and DNAs. and are also provided as hybrid vectors 
carrying them. and as transfected cells exp!'essing the modi
fied antibodies or their single chains. 

63 Claims, No Drawings 
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POLYNUCLEOTIDES ENCODING 
MODlFIED ANTIBODIES WITH HUMAN 

MJLK FAT GLOBULE SPECIFICITY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the diagnosis. immunization. and 

therapy of neoplastic tumors. particularly carcinomas by 
means of specifically targeted analogue peptides comprising 
amino acid sequences encompassing. for instance. the 
complementarity determining regions (CDRs). and ana
logues of the variable (Fv) region of anti-carcinoma 
antibodies. among others. The carcinoma specific peptides 
are provided as a single amino acid chain having the 
specificity of the non-human antibody F .. regions of the light 
or heavy chains. or as paired chains. either by themselves oc 
bound to other polymers such as synthetic polymers or 
oligopeptides resulting in chimeric antibodies. and more 
particularly analogues of human/non-human chimeric anti
bodies or other polymeric constructs. The analogue peptides 
comprise sequences derived from variable regions of het
erogeneous antibodies specific for human carcinoma anti
gens that elicit a lesser immunological response in humans 
than whole heterologous non-human antibodies. The pep
tides of the invention are useful for in vivo and in vitro 
diagnosis and therapy of carcinoma. Anti-idiotype polYJ>l!p
tide and analogues thereof are suitable for inununiting 
humans or other animals against carcinoma. Polynucleotide 
sequences. hybrid vectors and host cells encoding the ana
logue peptide and anti-idiotype polypeptides. hybrid vectors 
and transfected hosts are useful for preparing the peptides 
disclosed herein. 

2. Description of the Background 
Carcinomas result from the carcinogenic transformation 

of cells of different epithelia. Two of the roost damaging 
characteristics of carcinomas are their uncontrolled growth 
and their ability to create metastases in distant sites of the 
host. particularly a human host It is usually these distant 
metastases that cause serious consequences to the host. since 
frequently the primary carcinoma may be. in most cases. 
removed by surgery. The treatment of metastatic 
carcinomas. that are seldom removable. depends on irradia
tion therapy and systemic therapies of different natures. The 
systemic therapies cWTently include. but not fully comprise. 
chemotherapy, different immunity-boosting medicines and 
procedures. hyperthennia and systemic monoclonal anti
body treatment. The latter can be labeled with radioactive 
elements, immunotoxi.ns and chemotherapeutic drugs. 

Radioactively labeled monoclonal antibodies were ini
tially used with success in lymphomas and leukemia. and 
recently in some carcinomas. The conoept underlying the 
use of labeled antibodies is that the labeled antibody will 
specifically seek and bi.nd to the carcinoma and. the radio
active element. through its decay. will irradiate the rumor in 
siru. Since radioactive rays travel some distance in tumors it 
is not necessary that every carcinoma cell bind the labeled 
antibody. The specificity of the monoclonal antibodies will 
permit a selective treatment of the tumor while avoiding the 
irradiation of innocent by-stander norm.al tissues. that could 
be dose limiting. Chemotherapy produces serious toxic 
effects on normal tissues, making the chemotherapy of 
carcinomas less than desirable. and the use of radiolabeled 
monoclonal antibodies a valid alternative. 

2 
preparing both polyclonal and monoclonal antibodies. 
Examples of the latter are BrE-2. BrE-3 ancil KC--4 (e.g .. U.S. 
Pat. Nos. 5.077.220: 5.075.219 and 4.708.930. 

The KC-4 murine monoclonal antibody is specific to a 
s unique antigenic determinant. the .. antigen'". and selectively 

binds strongly to neoplastic carcinoma cells and not to 
normal human tissue (U.S. Pat. No. 4.708.930 to Coulter). 
The antigen appears in two forms in carcinoma cells. only 
the smaller of these forms being expressed in the cell 

10 membrane. The larger form appears only in the cytoplasm 
and bas an approximate 490 Kdalton molecular weight 
(range of 480.000-510.000). The second form occurs at a 
higher density of expression. is found both in the cytoplasm 
and the membrane of carcinoma cells and has an approxi-

15 mate 438 Kdalton molecular weight (range of 390.000-450. 
000) as determined by gel electrophoresis with marker 
proteins of known molecular weights. Labeled KC-4 was 
applied to the diagnosis and medical treatment of various 
carcinomas. particularly adenocarcinoma and squamous cell 

20 carcinoma regardless of the human organ site of origin. 
The BrE-3 antibody (Peterson et al .. Hybridoma 9:221 

(1990); U.S. Pat No. 5.075.219) was shown to bind to the 
tandem repeat of the polypeptide core of hwuan breast 
epithelial mucin. When the mucin is deglycosylated. the 

2s presence of moce tandem repeat epitopes is exposed and the 
binding of the antibody increases. Thus. arntibodies such as 
BrE-3 bind preferent:ially to neoplastic carcinoma tumors 
because these express an unglycosylated form of the breast 
epithelial mucin that is not expressed in normal epithelial 

30 tissue. This preferential binding combined with an observed 
low concenttation of epitope for these antibodies in the 
circulation of carcinoma patients. such as breast cancer 
patients. makes antibodies having specifidty for a mucin 
epitope highly effective for carcinoma radioimmunotherapy. 

3S A 'X>y-BrE-3 radioimmunoconjugate proved highly effective 
against hwnan breast carcinomas transplanted into nude 
.mice. Human clinical studies showed the 90y-BrE-3 radio
immunoconjugate to considerably reduce tthe size of breast 
tumor metastases without any immediate toxic side effects. 

40 Moreover. an u 11n-BrE-3 radioimmunoconjugate was suc
cessfully used for imaging 15 breast cancer patients. pro
viding excellent twnor targeting in 13 out of 15 of the 
patients. Out of all the breast tumor metastases occurring in 
another study. 86% were detected by 111In-BrE-3. 

45 Unfortunately. 2 to 3 weeks after treatment. the patients 
developed a strong human anti-mouse antibody (HAMA) 
response that prevented further administration of the radio
immuooconjugate. The HAMAresponse. which is observed 
for numerous murine monoclonal antibodies. precludes any 

so long-term administration of murine antibodies to hwnan 
patients. Similarly. other heterologous antibodies. when 
administered to humans. elicited similar antibody responses. 
The anti-hetc:rologous human response is. thus. a substantial 
limiting factor hindering the successful use of heterologous 

ss monoclonal antibodies as therapeutic agents. which could. 
otherwise. specifically annihilate breast carcinomas. causing 
little or no damage to normal tissue and having no other 
toxic effects. 

Chimeric antibodies are direct fusions between variable 
60 domains of one species and constant domains of another. 

Mouse/human chimeric antibodies prepared from other 
types of B cells binding to other types of antigenic deter
minants have been shown to be less immuoogenic in humans 

Non-human antibodies raised against human epitopes 65 
have been used for the diagnosis and therapy of carcinomas 

than whole mouse antibodies. These proved to be less 
immunogenic but still in some cases there is a mounted 
immune response to the rodent variable region framework 

as is known in the art. Also known are the methods for region (FR). A further reduction of the .. foreign'" nature of 
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the chimeric antibodies was achieved by grafting only the 
CDRs from a rodent monoclonal into a human supporting 
framework prior to its subsequent fusion with an appropriate 
constant domain. (European Patent Application. Publication 
No. 239.400 to Winter: Riechmann. et al.. Nature 
332:323-327 (1988). However. the procedures employed to 
accomplish CDR-grafting often result in imperfectly 
"humanized" antibodies. That is to say. the resultant anti
body loses avidity (usually 2-3 fold. at best). 

The ligand b.inding characteristics of an antibody com
bining site are determined primarily by the structure and 
relative disposition of the CDRs. although some neighboring 
residues also have been found to be involved in antigen 
binding (Davies. et al .. Ann. Rev. Biochem. 59:439-473 
(1990)). 

4 
with variable regions or analogues thereof. wherein each 
analogue peptide is operatively linked to at least one other 
peptide or analogue thereof. or mixtures thereof. T he ana
logue is also provided as a fusion protein. their correspond-

s ing DNAs hybrid vectors. transfected hosts and RNAS. This 
invention also encompasses a method of producing an 
analogue peptide or hybrid analogue peptide by recombinant 
technology. Also provided herein are in vivo an in vitro 
methods of diagnosing and for the therapy of a carcinoma. 

10 Also disclosed herein is an anti-idiotype polypeptide. 
comprising polyclonal antibodies raised against the ana
logue peptide of this invention. monoclonal antibodies 
thereof. fragments thereof selected from the group consist
ing of Fab. Fab'. (Fab')~. CDRs. variable regions and ana
logues thereof described above. an anti-carcinoma vaccine. 

15 a vaccination kit, a method of vaccinating against 
carcinoma. and a method of lowering the serum concentra
tion of a circulating antibody with the anti-idiotype polypep
tide of this invention. 

The technologies of molecular biology have further 
expanded the utility of many antibodies by allowing for the 
aeation of class switched molecules whose functionality has 
been improved by the acquisition or loss of complement 
fixation. The size of the bioactive molecule may also be 20 

reduced so as to increase the tissue target availability of the 
antibody by either changing the class from an lgM to an IgG. 

DESCR1PTION OF THE PREFERRED 
EMBODIMENTS 

This invention arose from a desire by the inventors to 
improve on antibody technology suitable for use in 
diagnostic. vaccine and therapeutic applications. The mono-or by removing most of the heavy and light chain constant 

regions to form an Fv antibody. Common to all of these 
potentially therapeutic forms of antibody are the required 
complementary determining regions (CDRs). which guide 
the molecule to its ligand. and the framework residues (FRs) 
which support the CDRs and dictate their disposition rela
tive to one another. The crystallographic analysis of numer
ous antibody structures revealed that the antigen combining 
site is composed almost entirely of the CDR residues 
arranged in a limited number of loop motifs. The necessity 
of the CDRs to form these structures. combined with the 
appreciated hypervariability of their primary sequence. leads 
to a great diversity in the antigen combining site. but one 
which has a finite number of possibilities. Thus. its hyper
mutability and the limited primary sequence repertoire for 
each CDR would suggest that the CDRs derived for a given 
antigen from one species of animal would be the same 
derived from another species. Hence. they should be poorly 
immunogenic. if at all. when presented to a recipient organ
ism. 

Accordfagly. there is still need for a product of high 
affinity and/or specificity for carcinoma antigens suitable for 
the detection and therapy of carcinomas which elicits a 
lesser antibody response than whole non-human antibodies 
orchimeric antibodies containing. for instance the entire 
non-huma.o variable region. 

SUMMARY OF THE INVENTION 

This invention relates to a.n analogue peptide or a glyco
sylated derivative which specifically binds to an antigen 
found on the surface or in the cytoplasm of carcinoma cells 
or released by the cells. the analogue peptide consisting 
essentially of at least one CDR or variable region of the light 

25 clonal antibodies obtained up to the present time have been 
prepared by fusing immortalized cell Jines with B-cells of 
non-human origin such as murine. rat. rabbit. goat. and the 
like. Many of these hybridomas can produce monoclonal 
antibodies that have desirable binding properties such as 

30 high affinity and/or specificity for human carcinoma 
antigens. and are also produced in large amounts. However. 
in general. non-human antibodies may only be administered 
once to humans due to the detrimental effects they produce. 
This is true foe most xenogeneic antibodies being adminis-

35 tered to a mammalian animal. For example. the repeated 
administration of mouse antibodies to a human subject 
elicits a strong human anti-mouse antibody (HAMA) 
response. which precludes their further utilization as thera
peutic agents in humans. These non-human antibodies i.ni-

40 tiate an immediate adverse reaction in many patients and are. 
thus. rendered ineffective as therapeutic agents. Non
human-human chimeric antibodies and non-human CDR 
"grafted"-human antibodies may have low affinity and/or 
specificity for their antigens. On the other hand. human 

45 monoclonal hybridoma cell lines have not been very stable 
and have. therefore. not been suitable for the large scale. 
repeated production of monoclonal antibodies. 

The present inventors. thus. have undertaken the prepa
ration of anti-carcinoma human and non-human CDRs and 

so non-human variable regions of antibodies. having affinity 
and specificity for an antigen found on the surface or the 
cytoplasm of a human carcinoma cell or released by the 
cells. wherein about l to 46 amino acids in the FR are 
substituted per chain with amino acids selected from the 

ss group consisting of amino acids present in equivalent posi
tions in hum.an antibodies. or fragments thereof comprising 
l to 3 CDRs per chain and flanking regions thereof. each of 
about J to at least up to JO amino acids. alone or with an 

or heavy chains of an antibody of a first species having 
affinity and specificity for an antigen found on the surface or 
the cytoplasm of a carcinoma cell or released by the cells. 
wherein preferably about l to at least 46 amino acids in the 60 

FR are substituted per chain with amino acids selected from 
the group consisting of amino acids present in equivalent 
positions in antibodies of a second species. or fragments 
thereof comprising 1 to 3 CDRs per chain and flan.king 
regions thereof. each of about 1 to at least 10 amino acids. 
alone or with an N-terminal fragment of to about l to at least 

N-termioal fragment of about 1 to at least up to 10 amino 
acids. to lower or even circumvent the anti-xenogeneic 
response. To preserve substantial binding specificity the 
present invention utilizes CDRs and/or analogues of varying 
lengths of the variable regions of light and/or heavy chains 
of mouse. rat. rabbit. goat. horse. primate such as human and 

65 simian. bovine. and guinea pig antibodies. among others. 
The present inventors have found. surprisingly. that these 

analogue anttbody fragments substantially preserve the 10 amino acids. combinations thereof. combinations thereof 
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binding and specificity characteristics of the whole antibody are not available. it is. fortunately. stiU possible to predict the 
while eliciting a lesser detrimental inununological. location of these important amino acids from the knowledge 
However. the simple preservation of the binding region of an of other antibody slructures. especially those whose variable 
antibody does not ensure that the binding characteristics of light and heavy regions belong to the same class. The classes 
the antibody will be maintained. Antibodies are glyc<r of variable regions can be determined from their amino acid 
polypeptides that are folded into specific conformations. sequence. 
When the glycoside portion of the molecule or portions of A method by which these important .amino acids are 
the amino acid sequence are perturbed or excised. the identified has been described for the case of the amino acids 
folding pattern of the molecule is generaUy perturbed. Thus. with buried side chains by Padlan. E. A. (Padlan. E. A .... A 
any deletion or modification of sequences of an antibody 10 Possible Procedure for Reducing the lrnmunogenicity of 
must be made taking into consideration that its folding- Antibody Variable Domains While Preserving Their Ligand-
dependent properties may be diminished or even obliterated Binding Binding Properties". Molecular lmmmunology. 
if die folding is affected. even though the amino acid 28:48~948 (1991)). Various antibody variable region 
sequences involved in the binding of the antigen are pre- structures were compared using a computer program that 
served. 

15 
determines the solvent accessibility of the framework resi-

The present inventors have selected the following strategy dues as well as their contacts with the .opposite domain 
for the preparation and manufacture of the analogue peptides (Padlan. E . A. ( 1991). supra). Swprisingly. a close exami-
and hybrid peptides of this invention. The cDNAs that nation of the fractional solvent accessibility reveals a very 
encode the variable chains of an antibody may be obtained close similarity in the exposure patterns of the V Hand the V L 

by isolation of mRNA from a hybridoma cell and reverse 20 domains. Put in simple terms. this means that regardless of 
transcription of the mRNA. amplification of the cDNA by the particular antibody in question. and of its amino acid 
PCR and insertion of the DNA into a vector for sequencing sequence. the buried residues occupy the same relative 
and restriction enzyme cutting. The cDNAs encoding the positions in most antibodies. 
CDR or F, region fragments of the light (VJ and heavy A similar analysis can be done by computer modeling. to 
('I H) chains of an antibody having affinity and specificity for 25 detennine which amino acids contact the CDRs and which 
a carcinoma cell antigen may be reverse transcribed from contact the opposite domain. At this point. the Fab slructures 
isolated mRNA. The variable region cDNAs may then be that are currently in the Protein Data bank (Bernstein. F. C.. 
modified with predesigncd primers used to PCR amplify et al .. J. Mo. Biol. 112:535-542 ( 1977)) ma:y be examined to 
them. cloned. into a vector optionally carrying DNA detennine which FRs are probably imponant in maintaining 
sequences encoding. e.g .. a constant region(s). optionally 30 the structure of the combining site. Thus. after a close 
sequenced. and then transfected into a host cell for expres- inspection of many high resolution three-dimensional struc-
sion of the analogue gene products. The binding specificity lures of variable regions. the positions of all important 
characteristics of the analogue peptides may be then deter- framework amino acids. that is. those that oontact the CDRS. 
mined and compared to those of the whole antibodies. the opposite domain. and those whose side chains are 

X-ray crystalographic srudies have repeatedly demon- 35 inwardly pointed. may be tabulated. Keeping these amino 
strated that the framework structures of the F~ of different acids. as well as those from the CDRs. and finally those FR 
antibodies assume a canonical structure regardless of the amino acids that may be involved in ligand binding. should 
species of origin. amino acid sequence. or ligand specificity. insure to a great extent the preservation of affinity. The 
This is generally taken as evidence that the ligand-binding precise identification of FR amino acids that are involved in 
characteristics of an antibody combining site are determined 40 ligand-binding cannot be generalized since it varies for 
primarily by the structure and relative disposition of the different antibodies. Nevertheless. conservative decisions 
CDRs. although some neighboring framework residues also can be made to preserve the amino acids located in FR that 
have been found to be involved in antigen-binding. Thus. if have a high probability of cont.acting the antigen. These 
the fine specificity of an antibody is to be preserved. its CDR regions are located immediately adjacent to the CDRs and at 
structures. and probably some of the neighboring residues. 45 the N-terminus of both chains. because the surfaces of these 
their interaction with each other and with the rest of the regions are contiguous with the CDR surfaces. 
variable domains. must also be maintained. These crystal- S111prisingly. it is possible to keep all of these important 
lographic studies point to the possible need for retaining amino acids in a heterologous humanized antibody and still 
most. if not all. of the many interior and inter-domain inaease dramatically the similarity with a buman consensus 
contact residues since the structural effects of replacing only so sequence. That is. the final number of amino acids with 
a few of them cannot be predicted. mouse identities differing from human identities that are 

While at first the necessity of keeping these amino acids kept is typically sm.all. This is usually possible because 
might seem to defeat the hwnanization goal of decreasing human frameworks that are similar to the mouse 
immunogenicity. the actual number of amino acids that must frameworks. especially at the positions of the important 
be retained is usually srnal.l because of the striking similarity 55 amino acids. can be found. This is because many of the 
between human and murine variable regions. Moreover. import.ant amino acids have the same identities in both 
many. if not most. of the retained amino acids possess side mouse and hwnan antibodies. 
chains that are not exposed on the surface of the molecule All the amino acids that are determined to be not impor-
and. therefore. may not contribute to the antigenicity. tant by the method described above may be completely 

The challenge in humanizing the variable regions of a 60 replaced by their corresponding human counterparts. The 
non-human antibody. e.g .. a murine antibody. thus begins surface of the finally humanized anti.body should look very 
with the identification of the "important" xenogenenic much like that of a human antibody except for the antigen 
amino acids. ''Important" amino acids are those that are binding surfaces. The orJginal shape of those binding 
involved in antigen binding. contact the CDRs and the surfaces. however. is maintained by leaving the internal 
opposite chains. and have buried side-chains. Ideally. lhese 65 composition of the antibody intacl preserving inter-domain 
residues would be readily identified from a weU character- contacts and by keeping very few key amino acids that 
ized three-dimensional structure. When direct structural data contact the CDRs. 
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a) Choosing the Best Human Framework to Use in lhe 
"Humanization" of an Antibody When lls Structure Is TABLE I-continued 
Known 

At the present time. there a.re I 1 Fab structures for which Fab Structures for Which Coordina1es 

5 are in the Prolein Data Bank 
the alomic coordinates are known and have been placed in 
the Protein Data Banlc as shown in Table l below. 2 from 
human and 9 from murine antibodies. 

ANTIBODY RESOLlTllON (A) R-VALUE PDB CODE 

RI9.9 2.8 0.30 lFJ9 

TABLE 1 10 
44-20 2.7 0.215 4FAB 

36-71 l.85 0.248 6FAB 
Fab Strucrures for Which Coordinates 81312 2.8 0.197 llGF 

are in the Protein Dai.a llank 
Dl.3 2.5 0.184 !FOL 

ANIIBODY RESOLUTION (A) R-VALUE PDB CODE 

HUMAN: NEWM 2.0 0.46 3FAB 15 
KOL 1.9 0.189 2FB4 

MU1UNE: McPC603 2.7 0.225 lMCP The contacts between side chains in lhe variable domains 
1539 1.95 0.194 2FB1 of the 11 Fabs have been collected and are presented in HyHEL-5 2.54 0.245 2HFL 
HyHEL-10 3.0 0.24 3HFM Tables 2 to 4 below. The FR in the V L domains that contact 

CDRs are listed in Table 2 below. 

TABLE 2 

V L Frame-..·orl.: Residues Thar Contact CDR Residues 
in Fabs of Known Thtte-Dimensiooal S!tuc:turc 

ANTIBODY 

POSmON J539 McPCtS03 HyHEL-10 HyHEl.r5 Rl9.9 4-4-20 36-71 81312 DJ.3 NEWM KOL 

I GLU(2) ASP(S) ASP(lO) ASP(3) ASP(8) ASP(4) ASP(ll) 
2 ll.E(ll) II..F.(lS) ll.E(17) II..F.(13) ll.E(S) VAL(9) ll..E{20) VAL(9) Il..F.(10) SER(3) 
3 VAL(3) VAL(2) VAL(3) Gl.N(2) VAL(2) GLN(2) LEU(6) VAL(2) 
4 LEU(7) MET(6) LEU(6) LEU(lO) MEI'(9) MET(l3) MET(7) MET(6) MET(?) LEU(4) LEU(6) 
s TIIR(l) TIIR(l) TIIR(2) THR(l) 
7 TIIR(4) 

22 SER(6) 
23 CYS(l) CYS(l) CYS(2) CYS(2) CYS(l) CYS(l) CYS(l) CYS(l) 
35 TRP(3) TRP(2) TRP(4) TRP(2) TRP(6) TRP(4) TRP(4) TRP(l) TRP(2) 
36 TYR(12) TYR(16) TYR(8) TYR(lO) TYR(22) 1YR(l3) TYR(IS) TYRC8) TYR(l4) TYR(l3) TYR(ll) 
45 LYS(J2) LYS(S) 
46 PR0(3) LEU(6) LEU(4) ARG(JS) LEU(5) VAL(l4) LEU(5) LEU( JO) LEU(6) LEU(2) LEU(6) 
4$ II..F.(J) II..F.(J) Il.E(l) ll..E{3) Il.E(2) VAL(!) Il.E(l) 
49 TYR(28) TYR(29) LYS(13) TYR(12) TYR(40) TYR(22) TYR(22) TYR(l6) 1YR(25) TYR(2S) 
58 VAL(3) VAL(3) ll.E(J) VAL(6) VAL(6) VAL(S) VAL(4) VAL(S) VAL(!) VAL(6) 
(,() ASP(!) ASP(2) ASP(4) ASP(2) 
62 PHE(l) PHE( l) PHE(l ) 
66 LYS(2) LYS(ll) 
67 SER(3) SER(l) 
@ l11R(3) 1liR(3) TIIR(5) !l!R(I) 1HR(4) TIIR(l) SER(l) 
70 ASP(2) ASP(l) ASP(6) SER(2) 
71 1YR(l4) PHE(23) PHE(17) TYR(l7) TYR(24) PHE(17) TYR(l7) PHE(l9) TYR(l6) ALA(3) ALA(4) 
88 CYS(l) CYS(2) CYS(l) CYS(l) CYS(J) CYS(l) CYS(2) CYS(l) 
98 PHE(8) PHE(8) PHE(IO) PHE(S) PHE(8) PHE(4) PHE(8) PHE(l4) PHE(l4) PHE(3) PHE('7) 

Those f'R in the V H domains that contact CDRs are listed 
in Table 3 below. 

TABLE3 

VH Frameworl.: Residues That Contact CDR Residues 
in Fabs of Koowo Thtee-Dimeosiooal Structure 

ANTIBODY 

POSmON 1539 McPC603 HyHEL-10 HyHEL-5 Rl9.9 4-4-20 36-7l Bi312 Dl.3 NEWM KOL 

I Gl.U(3) 
2 VAL(ll) VAL(3) VAL(8) VAL(!) VAL(?) VAL(3) VAL(J2) VAL(9) 
4 l.EU(2) LEU(S) LEU(S) LEU(2) LEU(!) LEU(!) LEU(J) LEU(! ) LEU(l) 

24 THR(2) VAL(6) ALA(!) 
27 PHE{3) PHE(2) TYR(J4) TYR(ll) PHE(26) TYR(4) PHE(4) PHE(4) THR(l) PHE(3) 
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TABLE :l-conrinued 

V" Framework Residues 1liat Contact COR Residues 
in Fabs of Known Tivu-Oimensional Structure 

ANTIBODY 

POSffiON 1539 McPC603 HyHEJ.,10 HyHEL-5 Rl9.9 4-4-20 36-7 1 BJ31 2 Dt.3 NEWM KOL 

28 ASP{9) 1lfR(S1 1lfR(3) 1HR(6) lHR(4) lliR(2) 1lfR(3) SER(l1 ll.E(2) 

29 PHE(4) PHE(41 PHE(IO) PHE(7) PHE( 13) PHE(6) PHE(3) l.EU(I) PHE(4) 

30 rnR(2) 1HRl6) SER(7) ASP(6) 

36 TRP(2) 

37 VAL(I) VAL(!) VAL(I) VAL(2) YAL(I ) 

38 ARG(l ) ARG(2) ARG(4) LYS(2) LYS(I) ARG(4) LYS(2) ARG(I) ARG(3) 

40 ARG(t ) 
46 GLU(3) GLU(4) GLU(I ) GLU(27) GLU(3) GLU(4) GLU(9) GLU(l) GLU(J) 

41 TRP(21) 11lP(29) TYRl20 TRP(21) TRP(l3) TRP(l8) TR.P(21) TRP(23) TRP(l9) TRP(22) TRP(l5) 

48 ll.E(I) n.£(1) MET(6) ll.E(l2) n.E(l3) VAL(!) ll.E(9) VAL(3) LEU(!) Ill!(2) VAUI) 

49 ALA(2} ALA(2) AL(2) ALA(2'1 

66 ARG(ll) ARC'J(3) ARG{2) ARG(2) ARG(l) 

61 PHE(4) PHE(IO) ll.E(9) ALA(l) PHE(ll) rnR<S) PHE(1 2) LEU(6) VAl..(2) PHE(IO) 

68 ll.E( I) THR( l ) lllR(ll ) 1l{R(2) 
(I} Il..E(8) VAL(6) ll.E(8) PHE(l2) L&J(S) D..8(20) LEU(6) ll.E(ll ) D...E(8) MET(4) ll.E(9) 

11 ARG(7) ARG(l6) ARG(2) ALA(I ) VAL(4) ARG(6) VAL(6) ARG(3) LS(4 ) ARG(9) 

73 ASN(I ) lliR(J) ASP(J) 
18 LEU(4) LEU(1) TYR(9) AL(I ) ALA(I) VAL(2) ALA(I ) l.Et:(6) VAL(4) PHE(S) 1.EG(S) 

80 l.EU(I ) 

82 LEU(2) MET( I) l.EU( I) 

86 ASP(2) 
92 CYS(I) CYS(I) CYS(I) 

93 ALA(4) ALAIS) LEU(2) 1HR(3) ALA(I ) 1llR(4) ALA(4) ALA(I ) ALA(3) 

94 ARG(38) ARG(24) ASN(ll) HIS(2) ARG(30) ARG(23) ARG(14) ARG(30) ARG(22) ARG(27) 

103 TRP(S) 11lP(9) TRP(2) TR.1'(2) TRP(S) TRP(2) TRP(4) TRP(4) 

The FRs. that contact FR.s ill the opposite domain and 
which presumably are the ones mainly responsible for the 
quaternary structure of the F v domaiDs are listed .iJl Table 4 
below. 

TABLE4 

Framewod< Residues 1bal Cotllact Framework 
Residues in the Opposite Demaio in Fabs of 

Known nu--Dimea1iooal Si:nacrurc 

POSIIJON 1539 McPC603 HyHEL-10 HyHEL-S Rl9.9 4-4-20 36-71 Bl312 013 NEWM KOL 

INVL: 

36 TYR(3) TYR(4) TYR(3) TYR(S) TYR( ll) TYJl(7) TYR(1) TYR(7) TYR(S) 

38 GLN(IO) GL~(4) Gl..N(9) GLN(S) GLN(S) GLN(3) GLN(6) GLN(12) GLN(6) GLN(7) GLN(8) 
43 SER(7) PRO(! ) SE.R(8) SER(S) 111R(3) SER(J) SER(2) ALA(S) ALA(I) 

44 PRO(IO) PRO(l4) PR0(8) PR0(11) PR0(7) ll.E(20) PR0(16) PRO(l6) PR0(7) PRO(l3) 

46 PRO(J) 
85 MET(2) lllR(S) VAL(I) ASP(12) 
87 TYR(6) TYR(4) PHE(6) TYR(2) PHE(S) TI'R(IO) TYR(8) TYR(6) TYR(6) 

98 PHE(ll ) PHE(ll) PHE(7) i'HE(l2) PHE( l2) PHE(l2) PHE(8) PHE(l3) PHE(l2) PHE(IO) PHE(IS) 

100 ALA(2) 
INVH: 

37 VAL(S) ll.E(2) VAL(I) VAL(4) VAL(2) VAL(! ) YAL(2) VAL(4) VAL(I) VAL(4) 

39 GLN( IO) 0LN(4) LYS(8) GLN(S) GLN(S) GLN(3) GLN(6) 01.N(IO) GLN(6) GLN(4) GLN(1) 

43 ASN(4) GLN(7) LYS(6) ARG(19) 

44 ARG(2) 
4S LEU(J3) LEU(l2) LEU(8) LEU(l4) LEU(8) LEU(U) LEU(l3) LEU( l4) LEU(ll) LEU(l6) 
41 TRP(I) 1YR(2) TRP(2) TRP(J) TRP(2) 
91 TYR(6) TYR(4) TYRO) TYR(8) PHE(3) TYR(2) PHE(4) TYR(3) lYR(S) TYR(3) 

103 TRP(ll) TRP(IS) TRP(16) TRP(ll ) TRP(4) TRP(18) TRP(24) TRP(21) TRP(l9) TRP(8) TRP(l9i 
!OS GLN(S) 
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The buried. inward-pointing FRs io the V ,_domains. i.e .. 
those which are located in the domain interior. are listed in 
Table 5 below. 

TABLE 5 

lnward-Pointll1g_ Buried Frameworlc Res~ io 
rhe V1 or Fabs or Knov.'D 'lll=-Dimensional Strucrutt 

ANTIBODY 

POSmON 1539 Mcl'C003 HyHEL-10 HyHEL.5 R19.9 ~20 36-71 Bl3U DI 3 NEWM KOL 

Il.E ILE ILE ILE Il..E VAL D..E VAL n.E 
4 LEU MET uru LEU MET MET MET MET MET l.EU LEU 
6 GLN OLN GLN GLN GLN GLN GLN GLN Gl..N GLN GLN 

11 11{R LEU LEU MET LEU LEU l.EU LEU UlU VAL ALA 
13 ALA VAL VAL ALA ALA VAL ALA VAL Al.A 
19 VAL VAL VAL VAL VAL ALA VAL ALA VAL VAL VAL 
21 ILE MET LEU MET Il..E ILE !LE D..E D..E D..E 11.ll 
23 CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS 
3S TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP 
37 GLN GLN GLN GLN Gl.N LEU GLN LEU GLN GLN GLN 
47 TRP LEU LEU TRP LEU LEU LEU LEU LEU LEU LEU 
48 D..E ILE D..E ILE VAL n..E ll..E ll.E VAL ll..E 
49 PHE 
S8 VAL VAL n...E VAL VAL VAL VAL VAL VAL VAL 
61 ARG ARG ARO ARO ARO ARO ARO ARG ARO ARO 
62 PHE PHB PHE PHE PHE PHE PHE PHE PHE PHE PHE 
71 TYR PHB PHE TYR TYR PHE 1YR PHE lYR ALA ALA 
73 LEU um LEU LEU uru LEU LEU LEU uru LEU LEU 
75 Il.E ILE ILE ILE Il..E Il.E ll.E ll.£ 11..E ll.£ n.E 
78 MET VAL VAL MET uru VAL LEU VAL uru LEU LEU 
82 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP 
83 PHE 
84 ALA ALA ALA ALA ALA ALA 11{R 

86 TYR 1YR TYR TYR TYR TYR T'i1t 1YR TYR T'i1t TYR 
88 CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS 

102 11{R THR 11{R THR TifR 11{R 11{R 111.R THR 1llR 11{R 

104 LEU LEU LEU IEU LEU LEU LEU LEU LEU LEU VAL 
106 LEU ILE D...6 ILE ll.E ll.E VAL VAL 

Those in the V H domain are listed in Table 6 below. 

TABLE6 

Inward-Pointing, Buried Framework Res;dues in 
!ht: V" or Pabs of Koown Three-Dimensional Strucrwe 

ANTIBODY 

POSIDON JS39 McPC003 HyHE..-10 HyHEL-S Rl9.9 ~20 36-71 81312 01.3 NEWM KOL 

2 VAL VAL VAL VAL VAL VAL VAL 
4 I.BU LEU LEU LEU LEU um LEU LEU lBU uru LEU 
6 GLU GLU GLU GLN GLU GLU GLN GLU Gl.U GLN GLN 
9 PRO 

12 VAL VAL VAL MET VAL VAL VAL VAL VAL VAL VAL 
18 um LEU LEU VAL VAL MET VAL LEU lBU LEU LEU 
20 LEU LEU LEU D..E MET um MET LEU D..E um LEU 
22 CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS 
24 ALA THR VAL ALA ALA ALA ALA ALA VAL VAL SER 
27 PHE PHE ASP TYR TYJt PHE 1YR PHE PHB 11{R PHE 
29 PHE PHE llE PHE PHE PHE PHE PHE lBU PHE PHE 
36 TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP 
38 A.RO ARO ARO LYS LYS A.RO LYS ARO ARG ARO ARO 
40 SER 
46 OLU GLU GLU 
48 11.ll n.E MET n.E n.E VAL ll.£ VAL LSU D..E VAL 
49 ALA ALA ALA ALA 
66 LYS ARO ARG LYS ARO ARO A.RO ARO 
67 PHB PHE n...E ALA THR PHE not PHE LEU VAL PHE 
69 n.E VAL n.E PHE LEU n.E LEU u.E n.E MET n.E 
71 ARO ARO ARG ALA VAL ARG VAL ARO LYS VAL ARO 
76 SER 
78 LEU LEU TYR ALA ALA VAL ALA LEU VAL PHE LEU 
80 LBU U!U LEU MET MET LEU MET LEU um LEU LEU 
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TABLE 6-continued 

Inward-Pointing. Buried Framework Residues iu 
the V., o r Fabs of Known Three-Dimensional SbUcturc 

ANTIBODY 

POSillON 1539 McPC60;\ HyHEL-10 HyHEL-5 Rl9.9 4-4-20 36-71 Bl3U Dl.3 NEWM KOL 

82 MET MET LBU LEU LEU MET LEU MET MET LEU MET 

82C VAL LEU VAL LEU LEU LEU LEU LEU um VAL LEU 
86 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP 

88 ALA ALA ALA ALA ALA ALA ALA ALA 
90 TYR TYR ll'R lYR TYR lYR ll'R TYR TYR lYR 1YR 

92 CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS 

94 ARO ARO ASN HIS ARO ARO ARO ARO ARO ARO 

107 lHR 1HR lHR THR lHR 1HR 11fR lHR SER 1HR 
109 VAL VAL VAL LEU LEU VAL LEU LEU LEU VAL VAL 

111 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 

From the above. it may be seeo that 20 "humanize" the 9 murine ant ibodies. sh owo in Table 1 
above. by CDR-grafting. with a view to preserviog their 
ligand-binding properties. the FRs listed io Table 2 to 6 
above would have to be retaioed. 

( I) There are many FRs that either contact the CDRs ot 
the opposite domain. or are fou nd in the domain 
interior. 

(2) These FR.s. which could ioflueoce the slructure of the 
combining site. and thus the antigen-binding cbarac- 25 

teristics of an antibody. are different from antibody to 
antibody. 

It is obvious from these results that oo ooe structure can 
serve as the perfect and sole basis of all "animalization". or 
in the present example "humanization". protocols. In fact . to 

ANTIBODY DOMAIN 

A search through the tables of iromunoglobulin sequences 
(Kabat et al.. "Sequences of Proteins of Immunological 
Interest". 5th Ed. US Dept. of Health and Human Service. 
NIB Publicatioo No.91-3242 (199 1)). shows that hum.an 
variable domain sequeoces are known that already have 
most of the FRs that need to be preserved as shown in Table 
7 below. 

TABLE 7 

Human Antibodies tbal are Mose Similar in 
Sequence to Murioe AD1ibodie$ of K.oown 

Jbree. Dimensiooal SINCturt 

MOST SIMILAR HUMAN SEQU'ENCE 

HyHEL-10 VH 58P2'CL (771112) 
VH FRAMEWORK !5P!'CL. ML! 'CL (61187) 
VH IMPT S8P2'CL. Ab26'CL, C6B2'CL (28138) 
VL IARCIBlAl'CL (731H17) 
VL FRAMEWORK IARCIBL41'CL (S9'80) 
VL IMPT IARCIBL4l'CL (»'37) 

HyHEL-5 VH ND'a.. (741116) 
VH FRAMEWORK 783c'CL, X1711S'CL (63187) 
VH lMPT 2U28'Cl., 51Pl'CL, 783c'CL. 83!CTO... AND, KAS. NEl'CL. 

Xl7t!S'CL (25137) 
VL HF2.-Vt 7'CL, KAS (6S/ !OS) 
VL FRAMEWORK HF2.-Vl7'Cl. (57/80) 
VL IMPT BL DEN, HF2-V17'Cl.. KUE. REL WALKER'CL, WIU=) (27136) 

R19.9 VH 2U28'Cl. (73/U9) 
VH FRAMEWORK 2U28'CL, 51P'CL. AND. LS2'CL. NEl'O. (6()'87) 
VH IMPT 2V28'CL, 8ElO'CL. LS2'0. (2&'38) 
VL WAI..KER 'Cl. (781107) 
VL FRAMEWORK RZ (62/80) 
VL IMPT RE11. WALKER'Cl. (33136) 

4-4-20 VH 30Pl'CL (771116) 
VH FRAMEWORK 2Pl'CL. 3D6'CL (65187) 
VH lMPT 484'CL. M26'CL (36'4 1) 
VL RPM!-64UYCL (911112) 
VL FRAMEWORK OM.(,()7-'CL (68180) 
VL IMPT CUM, FR, NIM (33136) 

1539 VH J<l>l'CL. Vb38Cl.IO'CL (81/118) 
VH FRAMEWORK 1812'CL. 30Pl'CL. M43 (71/87) 
Vll IMPT 38Pl'CL. 56P l'CL, M72. M74 (36'40) 
VL PA (621105) 
VL FRAMEWORK LEN, WEA (S3/llO) 
VL lMPT Bl OON. KUE. RE.I, WALKER'Cl.., WR.(=) (26'3S) 

McPC603 VH M72 (811120) 
VH FRAMEWORK 4Gl2'CL. Ab!8'CL. M72 (7CV87) 
VH IMPT 56Pl'CL, M72. M74, RF-SJ2'0.. (36'42) 
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TABLE 7-continued 

Human Amibodies thai are Most Simllar in 
Sequence to Murine Antibodies of Known 

Three-Dinicnsional Suuc1urc 

16 

ANTIBODY DOMAIN MOST SIMILAR HUMAN SEQUENCE 

VI. FK-0'.ll 'CL, LEN (9Ull3) 
VI. FRAMEWORK LEN (7CY80) 
VI. IMPT LEN (38142) 

36-71 VH 2U28'CL (741119) 
VH FRAMEWORK 21n8'CL. SIPl'CL. 783c:'Cl... AND 'CL. NEI'CL. Xl7115'CL. 

(61187) 
VH IMPT 2V28'CL. SEIO'CL (28138) 
VL AG (76/ IOS) 
VL FRAMEWORK RZ (63/80) 
VL IMPT REI, RZ, WALKER'CI.. (34131) 

Bl3U VH S6Pl'CL (831119) 
VH FRAMEWORK 484'0.., 4012'CI.., M26'CL. M72. RF-SJ2'0.., Vh38Cl.lO'CL 

(68/87) 
VH IMPT S6Pl'CL. M72. M74, RF-SJ2'CL (37/39) 
VI. RPMI-6410CL(861112) 
VI. FRAMEWORK OM-007-'CL (69.80) 
VL lMP'T CUM, NIM (36139) 

Dl.3 VH C682'CL (721116) 
VH FRAMEWORK C682'CL (62187) 
VH IMPT MOO'CL (32137) 
VL BR (7Sl107) 
VI. FRAMEWORK K1'2·1117'CL (64/80) 
VL IMPT 306'0.. Bl, DEN. EU, KUE. PA. REL WALKER'CL. WIL(=) (32136) 

These human sequences are not necessarily those which 
are most similar to the murine antibodies. overall or in the 
framework regions only. the latter sequences being included 
in Table 7 above. 

more similar lo these murine domains that are not included 
30 in the compilation of Kabat. et al. ( 1991 ). supra. When more 

sequences become available these may also be incoiporated 
to improve the pool of basic data available. 

The number of murine amino adds that still need lo be 
retained in order to h.ave all the important FRs in the 
"humanized" or analogue versions of the murine antibodies. 
as shown in Table 7 above. ranges from 21 (for HyHEL-5:12 
in V Hand 9 in Vu to 5 (for B13U:2 in V Hand 3 in VJ. 
These are not very many amino acids. considering that the 
resulting "humanized" or analogue molecules will probably 
retain most or all their ligand-binding characteristics. It is 
possible that there exist other human sequences that are even 

b) Choosing the best human framework to use in the 
"humanization" of an antibody when its structure is not 

35 known. 
In the absence of a three-dimensional structure. the iden

tification of the FRs that are crucial to maintain the com
bining site structure is not easily done. Nevertheless. some 
proposals may be made from the data shown in Tables 2 to 

40 6 above that have been collected in Tables 8 and 9 below for 
the V L and V H domains. 

JS39 

McPC603 

HyHEL-10 

HyHEL-S 

Rl9.9 

4-4-20 

36-71 

B13I2 

Dl.3 

JS39 

McPC603 

TABLE 8 

Fnmework Residues in V L Thal Probably Need to Be Pmerved in Order IQ Reproduce the Lipnd 
Properties of the Oriainal Antibody 

El . L . Q .... T . A ... 

DI VMTQ .. . . L . v .. 

DI VL . Q .. L . v . 

DI VL . Q .. M. A. 

. I QMTQ .. . L . A. 

DVVMTQ •.. L . V . 

Dl QM. Q ... L . A . 

. VLM. QT ... L . v. 

DI . M. Q • . . L . A . 

CDR2 
eisklas V . . RP . 

gas Ires v . DRP . 

CDRI 
. V . I . C sass·-·····SVSslh WYQQ .... SP . P WIY 

. V . M. C k ssqs 11 nsgnqknfl a WYQQ .... PP . LL I Y 

. V . L .C rasq ... - •• si3nnlh WYQQ . 

. V. M. C sass - . - - . - · s v n y my WYQQ. 

. V . I . C r as q •••••• di soy I o wYQQ . 

. SP . LLJK 

. SP. RWIY 

. T . KLLVY 

. A. I . C rasq- sl vb sqqn t yl r WYLQ . .... PKVLI Y 

.V. I .C rasq·-··· · dinnfln WYQQ ..... l . LLIY 

. A.ISC rasg-1illsdgd1yle WYLQ . 

. V . I . C rasg· -·--·ni hnyla WYQQ . 

CDR3 

. SP . LL! Y 

. SP . LLVY 

..... Y.L. I .. M .. D . A. YYC qqw1yplit P ... T . L.L . 

. S . TDF . L . J .. V •. 0 . A . YYC qodbsyplt P . A . T . L . l . 
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TABLE 8-continued 

Framework Residues in V L That Probably Need to Be Pr<SeTVcd in Order to Reproduce the Ligand 

Properties of d~ Original Antibody 

HyHEL-JO y a s q s i s I . RF . . T . F . L . I . V. O . . MYFC qqsnswpyt F . 

HyHEL-5 d t s k 1 a s V . RF. . Y . L . I . M. 0 . A . YYC qqwgr • npt F . 

Rl9.9 y t s r 1 b s V . RF . DY . L. . L . O . ATY. C qqgs11prt F . 

B13l2 

Dl.3 

1539 

McPC603 

HyHEL-10 

HyHEL-5 

Rl9.9 

36-71 

B13I2 

Dl.3 

J539 

kvsorfs V . ORF . T. F . L . I v. 0 . Y . C sqsthvpwt F . 

ftsrsqs . V .. RP . T OY . L. I L. 0 . A. YP C q q g n a 1 pr t F . 

kvsorfs V . ORF . . T . F . l . I . V. 0 . VYYC fqgshvppt F . 

y t t t I ad V .. RP . S . T . Y . l . I. l . DP .. YYC q bf ws t pr t F . 

TABLE 9 

Framework Residues in V" That Probably Need to Be Preser"ed in 
Order to Reprodu.:c the ligand Properties of tile Original Ant.ibody 

V . L . E. 

V . L . E . 

V . 

V. 

V . L . E . P . V . 

L. Q . 

V . L . E . 

L. E . 

EV. L . Q . 

V . L . E . 

V . L . E . 

M. 

v . 

V. 

V. 

v . 

v . 

CDR2 

CDRl 
L . L . C . A . FD P . k y w ms WV R Q . 

L . L . C . T . FTP . d f y me WV R Q . 

L . L . C . V. D.IT sdyws WIRK. 

V.I.C.A. YTP. dywie WVKQR. 

. LEWI . 

RLEWIA 

N . LE YM. 

LEWI 

V.M. C . A. YTFT snvn WVKQ .. Q. EWI 

M.L .C.A. PTPS dywmn WVRQS. LEWVA 

V.M.C . A. YTP. sngin WVKQ. LEWI . 

l . L . C. A . FTP . r c a ms WV R Q . K . L . WV A 

l . I . C.V . P . L. gygvn WVRQ . LEWL . 

eibp--dsgt nytpsll:d KP.l . R.N. . L. L . M . V . D. A. YYCAR 

McPC603 asroltgnl:y11eysa•vkg RPJV.R . T . . L . L. M. L . D. A . YYCAR 

HyHEL-10 y v s - - • y s g s t y y n p s 1 k s RI . I . R . 

HyHEL-5 c i 1 p • • g s g s t n y h c r f k g K A . P . A . 

Rl9.9 yinp--gkgylsynckfltg . TTL.V . 

Y . l . l . V. 

A. M. l. L. 

A . M. L . L. 

4-4-20 

36-71 

q i r n k p y n y e I y y s d s v It g R P TI . R . D. S . V. l . M. L . 

Bl312 

Dl.3 

J539 

ynnp- gngyi aynekflcg . T . L . V. 

gi SS- ggsyt f ypdt ylcg RF. R . 

mi w- • gdgnr dyns al ks RL . K . 

CDR3 
hyygyn- - - • a y W. Q . T . V . V . 

McPC603 nyygstwyf- · dv W. T . V . V . 

HyHEL-10 w d g - - -

HyHEL-5 g n y d f -

- d y W. 

• d g w. 

Rl9.9 s f y g g s d 1 a v y y f d s W. 

s y y g m- - - - - • - . d y W. 

v . v . 

T . L . V . 

T . L. V. 

T . V. V . 

A . M. L . L. 

L. l. M. L. 

V. L. M. l . 

D. A. YYC . N 

D. YYCL H 

D . A . YFC.R 

D. YYCT. 

D . A . YF CAR 

D . A . YYCT R 

D. A. YYC AR 

T . L. I 

T . L. 

T . L. 

T. L. 

T. L . 

T . L . I . 

T . L. 
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TABLE 9-continued 

Framework Residues in VH lb:u Probably Need co~ Preserved in 
Order to Reproduce tbe Lig:utd Properties or the Original Antibody 

36-7 1 s c y y g g s )' k C - - - d y W. . T . L . V . 

Bl312 y s s d p f y f . - - •• d y W. . T . L . V . 

013 e r d y r I • • · • • • • d y W. . T. L . V . 

From Tables 8 and 9 above. it may be seen that many of 
the important FRs Oan.k the CDRs. Among these Oanking 
positions are most of the FRs that are involved in the contact 1s 
with the opposite domain as shown in Table 4 above. and 
many of those which are in contact with the CDRs as shown 
in Tables 2 and 3 above. Moreover. almost all of the FRs that 
have been observed to participate in the binding to antigen 
(Amit. A.G .. et al .• Science 233:747-753 (1986): Sheriff. Cf 

20 
al.. P.N.A.S. (USA) 82:1104-1107 (1987): Padlan. E. A .. ct 
al.. P.N.A.S. (USA) 86:5938-5942 (1989);Tulip. et al .. Cold 
Spring Harbor Syrop. Quant. Biol. 54:257- 263 (1989); 
Bentley. et al .. Nature (London) 348:254-257 (1990)). arc in 
these fiank:ing regions. Thus. during "animalization" or 
"humanization" or formatfon of the analogue peptides. not 25 

just the CDRs are transplanted. but also some of the residues 
immediately adjacent to the CDRs. This provides a better 
chance of retaining more of the ligand-binding properties of 
the original antibody. The likelyhood of retaining the antigen 
binding properties of the original antibody is even greater if 30 
the first few amino acids in the NH2-termini of both chains 
arc also transplanted. since some of them are found to be in 
contact with CDRs as shown in Tables 2 and 3 above. 
Further. Tables 8 and 9 above also show many other frame
work positions that are deemed structurally important in all 3S 

the cases examined here. The xcnogcneic residues at those 
position.s should probably be retained as well. 

Alternatively. it may possible to reduce immunogcnicity. 
while preserving a.ntigco-binding properties. by simply 
replacing those exposed residues in the framework regions 40 

which differ from those usually fou nd in human antibodies 
(Padlan. E. A. (1991). supra). This would " hwnanize" the 
surface of the xenogencic antibody while retaining the 
interior and contacting residues which infiuence its antigen
binding characteristics. The judicious replacement of exte- 4S 

rior residues should have littJe. or no. effect on the interior 

be preserved. but also those FRs that contact either the 
CoR·s or the opposite domain. as well as all buried residues. 
which give shape to the variable domains. 

This design of the humanized versions of murine anti· 
bodies is reached in stages as follows. 

1- Choice of a xenogeneic model of known structure. 
2- Choice of the target species FR. 
3- Identification of xcnogeneic/target species differences. 
4- Identification of imponant xenogeneic amino acids. 

( 1) O:ioice of a xenogeneic model of known structure 
The V H and V L domains of an antibody of desired 

specificity are classified according to Kabat ct al.(1991). 
supra. Then. an antibody of the same species may be chosen. 
whose structure has been determined. and whose variable 
regions belong to the same classes and subclasses. Modeling 
the xenogeneic antibody in question to such structure 
ensures maximaJ chance for success. This. however. is not 
absolutely necessary since the relative positions of the 
important amino acids do not vary considerably even in 
variable regions of different classes. Thus. with less than a 
perfect match this method may still be applied to design the 
analogues of this invention. Once the xenogeneic model is 
chosen. it may be applied to identify Che locations of 
important residues in the xenogencic antibody to be animal-
ized (humanized). Tables 2. 3. 4. 5. 6. 8 and 9 indicate the 
positions of the important amino acids in several antibodies 
whose structures have been determined to a high resolution 
level. 
(2) Oloice of the target species FR 

The target species framework should. ideally. be a con-
sensus framework. That is. one that has a maximum number 
of amino acids in common with all human frameworks of the 
same class. This is important. because. the goal of human
ization is to avoid an immunological response against the 
e ngineered analogue peptide. of the domains. or on the interdomain contacts. For example. 

the solvent accessibility patterns of the F .s of 1539. a murine 
lgA (k) and of KOL. a human IgG 1 (A) have been found to 
be very similar (Padlan. E. A. (1991). supra). 

The target species framework that is chosen is that which 
shares the greatest number of important amino acids with the 

so original xcnogeneic antibody. Thus. in cbosing the target 
species (human) FR. the similarity between the important 
amino acids is more important that the overall similarity. 

At present. more than 35 different Fab structW'eS have 
been elucidated by X-ray diffraction analysis. although 
atomic coordinates for only 11 arc currently in the Protein 
Data Bank as shown in Table 1 above. Most of the available 
structures have been analyzed to only medium resolution. ss 
some having been refined to only a limited extent. 
Eventually. atomic coordinates for more and better-refined 
structures will become available. so that the "'important" 
FRs will be more easily assessed. This will improve the 
theoretical predictive record of the present method for 60 

determining the best mode for the analogue peptides. 
As already indicated above. the specificity of an antibody 

depends on the CDR structures and sometimes. on some 
neighboring residues as well. These structures. in turn. 
depend on contacts with framework amino acids and on the 6S 

interaction of the V L and V H domains. Thus. to ensure the 
retention of binding affinity. not only the CDR residues must 

In practice. the sequences of the xenogeneic variable 
chains arc aligned with the consensus sequences from all 
variable region classes of the target species and the number 
of differences in the amino acids that must be retained from 
the xenogeneic species are scored. The human consensus 
sequcnce(s) that score(s) the lowest number of di1ferences is 
(arc) then chosen. These arc the best analogue peptide 
candidates. Others with low numbers that arc higher than the 
above may also be suitable. and arc placed in a reserve pool. 
and so forth. If there are too many differences in the chosen 
framework (e.g .. more than 16). then the same alignment 
procedure using all tabulated human sequences may be 
repeated in order to find a spcci1ic human firamcwor.k whose 
similarity with the xenogencic sequence is maximized at the 
positions of the important amino acids. Thus. most 
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preferably. lhe target species FR should be a consensus 
sequence. Next preferable would be a framework of a 
common target species (human) antibody. and finally. the 
framework of any target species (human) antibody. 
(3) Identification of xenogeneic target species differences 

The xenogeneic sequences are then aligned with the target 
species sequences and the positions of aJl amino acids that 
di:lfer in lhe murine and in the human frameworks are 
tabulated. Such a table contains the maximum number of 
amino acids that can be changed toward the full "animal
ization" ("humanization") of the xenogeneic antibody (see. 
Tables 31 and 32 below). If all those changes were to be 
made. a so called CDR-grafted antibody would be obtained. 
That is. only the original CDRs would be retained from the 
murine antibody. In some c.tses. possibly. such CDR-grafted 
antibody may maintain the original binding affinity. In most 
instances. however. the affinity of a CDR-grafted antibody 
would be considerably less than that of the original xen~ 
geneic antibody. In order to maximize the chances for 
conserving the original affinity. the identities of all important 
amino acids must be preseived. 
(4) Identification of important xenogeneic amino acids 

If the outlined approach to animalization (humanizing) an 
antibody is followed strictly. the amino acids that are cor
respondingly important in the model xenogeneic antibody 
chosen in step l are retained. In a more preferred approach. 
however. the amino acids that have been shown to occupy 
important positions in other antibodies of the same species 
or of the target species may aJso be retained and are therefore 
taken out from the group of candidates to be mutated. This 
preferred approach may be particularly appropriate when 
there is a chance that the amino acids in question could make 
contacts with the CDRs or with the opposite chains. Once 
the important xenogeneic amino acids are identified. the 
DNA sequence may be mutagenized to change all other 
amino acids. which for the most part occupy exposed 
positions. 

The present method is exemplified for a murine antibody 
humanized with the intent of diminishing or avoiding a 
HAMA response upon its administration to humans. Murine 
and human antibodies. whose three-dimentional structures 
have been deduced to a high degree of resolution. were 
utilized as guidance in the choice of the amino acids to be 
substituted in order to humanize the particular murine anti
body utilized. The method. however. may be applied more 
generally to transform antibodies from one species into a 
less immunogenic form to be administered to a second 
species. provided that adequate three-dimentional models 
are available for antibodies from those species. Information 
on other murine antibodies from a Data Bank were used to 
modify the BrE-3 antibody with human amino acids. 
Similarly. antibodies of other species besides mouse may 
also be utilized. their CDRs and other amino acids preserved 
and those amino acids not considered "important" replaced 
with human amino acids. Similarly. the above approach may 
be applied to the preparation of "animalized" antibodies for 
any animal species. This may be artained by substituting 
amino acids of the antibody target species into an antibody 
of aootller species in accordance with this invention. 

Various peptide structures. such as CDRs. and an.alogue 
antibodies. Fab. Fab'. (Fab')z. and variable fragments having 
a desired specificity. may be constructed and optionally 
bridged via a linker. In addition. one or more of the peptides 
may be attached to one or more effector agent(s) or bridged 
via a linker. Multiple antibody. variable regions. Fab. Fab'. 
(Fab')i. CDRs and the like. and combinations thereof. may 
also be constructed and bridged via linkers or attached to one 
or more effector agents such as are described below. 

22 
The cDNAs encoding the analogue variable regions of aa 

antibody of a desired specificity may be cloned into a vector. 
optionally containing sequences encoding constant regions 
or fragments thereof. enzymes. neuropeptides. other peptide 

5 transmitters. toxins. hormones. operative conjugation 
regions. cytokines. lymphokines and the like. optionaUy 
under the same promoter. Although this is the cloning 
strategy utilized in the examplary disclosure of this 
invention. otller methods known in the art may also be 

10 utilized such as co-expression and the like. In the exemplary 
disclosure provided herein. a BrE-3 mouse-human chimeric 
antibody specifically binding to human mammary mucin 
and carcinoma cells was constructed by joining the DNAs of 
the murioe BrE-3 variable domain to a human constant 

15 domain (an effector agent) cloned into a hybrid vector. and 
the product expressed by transfecting the vector into 
myeloma cells. The variable regions of tihe chimeric anti
body were modified at the DNA level to obtain an analogue 
or "humanized" chimeric polypeptide. The modifications to 

20 the variable regions of the peptides may be conducted by 
PCR amplification with primers that are custom tailored to 
produce the mutations desired. 

The analogue "humanized" peptide prepared comprises 
the "hwnanized" variable regions of the BrE-3 mouse anti-

25 body (U.S. Pat. No. 5.075.219) and the kappa and gamma l 
constant region of a human antibody. This humanized anti
body was characterized by its molecular weight and binding 
specificity. and shown to compete well with or better than 
the respective parent mouse and chimeric antibodies for the 

30 antigen with mouse antibody for the antigen. The analogue 
"humanized" peptide was shown to bind weakly to normal 
breast. lung. colon and endometrium. and strongly to carci
noma tissue sections by the ABC immunoperoxidase 
method. The portions of the CDR and FR regions of the 

3S non-modified peptide (mouse F., regions) and effector agent 
(human F ... regions) were shown to be substantially identical 
to those of the non-human and human antibodies from which 
they were obtained. The analogue peptide and hybrid deriva
tives of this invention lacking any non- human constant 

Ml region sequences possess less foreign antigenic epitopes 
than the whole xeoogeneic antibodies from which they are 
derived. Accordingly. the inventors expect them to elicit a 
less oomplex immuoogenic response in humans than the 
corresponding non-human whole antibodies or even than the 

45 chimeric antibodies. However. to what extent a portion of 
the non-human FRs may be deleted without altering the 
binding characteristics of the CDRs could not be predicted 
prior to this invention because of the substantial conforma
tional alterations that normally occur upon modification of 

so amino acid sequences in the interior regions that may a:lfect 
the binding of the CDRs to the antigen. 

The present invention. thus. provides a substantially pure. 
isolated analogue peptide which specifically binds to an 
antigen on the surface or in the cytoplasm of a carcinoma 

55 cell or released by the cell. the polypeptide being selected 
from the group consisting essentially of at ileast one CDR or 
variable region of the light or heavy chaims of an antibody 
of a .first species having affinity and specificity for an antigen 
found on the surface or lhe cytoplasm of a carcinoma cell or 

60 released by the cell wherein about 1 to a.t least 46 amino 
acids in the FRs are substituted per chain with amino acids 
selected from the group consisting of amino acids present in 
equivalent positions in antibodies of a second species. or 
fragments thereof comprising 1 to 3 CDRs per chain and 

65 flanking regions thereof. each of about l to at least 10 amino 
acids. alone or with an N-terminal fragment of about l to at 
least 10 amino acids. combinations lheroof. wherein each 
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analogue peptide is operatively linked to at least one other position. These are shown under the last heading of '"Not 
analogue peptide. combinations thereof and mixtures Preferred Analogue". 
thereof. 

A single unit of the analogue peptide of the invention may TABLE 10 
be as short as the shortest CDR and as long as the longest 5 
combination of variable regions. antibodies. and the like. Alternative Amino Acids for V1 Chain 

including non-peptide polymers of up to about 106 molecu- MOST 
Jar weight. and in some instances even larger. When several PREFERRED PREFERRED NOT PREFERRED 
units are linked or other combinations provided. the si:z:e of VI. BrE-3 ANALOGUE ANALOGUE ANALOGUE 

the analogue peptide increases accordingly. The smaller 10 
FRI ID WIPLMCRT 

molecular weight analogue peptides are particularly suited 2V I WK CRH 
for greater penetration of cells. the brain-blood barrier. and 3V L YC 

tumors. among others. whereas the higher molecular weight 4M LVI PTQ 

polypeptides are better sui1ed for in vitro or in vivo imaging ST 
6Q 

and diagnosis. 15 Tr IADS WYMCGH 
The analogue peptide of the invention may contain amino SP AE WYFKCN 

acid sequences derived from light and/or heavy chains of 91... FP wYMH 

antibodies of a first or xenogenic species raised against a !OS T HDQ 
llL NV WYCRGH 

variety of antigens and/or epitopes. For example. the mouse 12P s WllQl 

antibodies disclosed in the examples were raised against lO 13V YKCRHN 

human mammary fat globulemucin (Br&3) and the "KC-4" 14S T WMCE 

antigen in human carcinoma cells (KC-4). Other antigens ISL PFlL WYCGHDNEQ 
100 

comprising a variety of epitopes may also be utilized as long 17D lEQ WIYFPMCR 
as the antibody contributing the variable region displays !SQ PS WYFCAHDN 
affinity and specificity for human carcinomas that will 25 !9A v WPKMCRTIINQ 

permit their specific binding to carcinoma cells in a variety 20S WPLCHD 
211 WPKCGDEQ 

of tissues. Similarly. the antibodies may be raised in animals 22S WVMCHE 
of dllferent xenogeneic species. The antibody from which 23C 
the polypeptide of the invention is derived may be a mouse. FR2 3SW 

rat. goat. birds including poultry. rabbit. guinea pig. horse. 30 36F YL MIN 
371.. Q WLVKJITHDE 

bovine. and prim.ate including human and simian antibody. 38Q IiFMCAYSDN 
among others. The preparation of the antibody and frag- 39K R WIPMCA 
ments thereof encompassed by the invention is similar. 40S p FLKARTGQ 

whether the origin of the antibody is human or non-human. 41G IYFPMCT 
42Q WYVCD 

The original mRNA is obtained from cells of the desired 35 43S p WYFKMHDNEQ 
xenogeneic species but the remainder of the work-up is 44P WYICCRGHDQ 
similar. utilizing a model antibody of the same xenogeneic 4SK EQR "i'l'CGHD 

species and substituting amino acids from the target species. 461.. RV KCD 
471.. v Wil.MTSN 

The hwrumi:z:ation procedure described here is designed to 481 FPLVMTS 
minimize potential losses in antigen binding affinity that 40 49Y s PLVMA 
may result from the introduced amino acid changes. Io the FR3 57G WVTSGDNEQ 

case of BrE-3. therefore. eight amino acid changes are made SSV IYFLVMATQ 
591' s 

in the variable light region and in the variable heavy region. 60D N WFMCR 
Furthermore. to minimize the immunological response to the 6!R T 
humaniz.ed antibody. target human amino acid sequences 45 62F 

were used that comprise the consensus sequences of all 63S T IYPLKARSG 
64G D 

appropriate human variable regions. Nevertheless. neither 65S 
the proposed amino acid changes nor the proposed human 66G YCHDQ 

target sequences are necessarily the only choices available. 67S A VKMCRHN 

Thus. many other individual amino acid changes and per- 50 68E GD VMCARSGQ 
6'11' SPMCE 

mutations thereof may be made without significantly affect- 70D WIFPMCR 
ing either the affinity of the resulting antibody or its human 71F WKMTEQ 

immunogenicity. 1rr WLMCGHNEQ 

The following Tables 10 and 11 indicate other possible 73L 
74K NLRE WLMCHD 

amino acid changes for BrE-3. The amino acid positions (or 55 751 L 
numbers) are as conventionally accepted (Kabat et al .. 1991. 76S rr l!..VMC 

supra). The most preferred changes are indicated under the 77R s WYFl..KCHQ 

heading "Most Preferred Analogue". H antibodies other than 78V ALI WYFKCRHNE 
79E KGQ WVKM 

BrE-3 are to be considered. then the amino acids shown in 80A p WLKM 
the BrE-3 column would also be part of this group of most 60 8lE Il.VKMAGDNE 
preferred choices. Amino acid changes that are oot part of 82D 

the most preferred group but that are still acceptable are S3L MV WCRH 

indicated in the next column under the heading "Preferred 84G LVARTSG 
85V IM WFKCQ 

Analogue". In some instances. the "Preferred Analogue" S6Y 
choices become too numerous and the least acceptable 65 87F YL IMS HE 
choices are provide instead for that position. Clearly. all 88C 

amino acids other than those listed may be substituted at that 
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TABLE IO-continued 

Ahemaiivc Amino Acids for V1 Chain 

MOST 
s 

PREFERRED PREFERRED NOT PREFERRED 
VL BrE-3 ANALOGUE ANALOGUE ANALOGUE 

FR4 98F 
990 10 

1000 ASQ IPVKRTG 
IOIG 
10.2T 
103K NR IYMATGJIDEQ 
104L v LG 
105E ll.VfSGHNEQ 15 
1061 YLVl<MRTI) 
106aA PLVTI POSSIBLE 

A_ ... INSERT 
!07K R n.VMATSGNE 

TABLE 11 

Alternative Amino Acids for v., Chain 

MOST PREFERRED PREFERRED NOT PREFERRED 
VL BrE-3 ANALOGUE ANALOGUE ANALOGUE 

FR! lE Q PVLKARGHDEQ 
2V M WYPKCRHV 
3K QR L 
4L WYKCRSN 
SE VD WYCO 
6E QD WLYFMSH 
7S T IMCRHD 
8G E 
9G WJYKCRNQ 

100 DA WIYFMCH 
llL VF WKCGHN 
12V I WYPTHD 
13Q KE WYFCD 
14P WIYMCRDQ 
ISG IYCHN 
16G RSE WIYFMC 
17S PA WIYCHDNE 
18M WYCD 
19K R wrYPCH 
20L v WYFPKDNQ 
2lS WMH 
22C 
23A TSE WFLMCH 
24A v Wl<MCRHNEQ 
25S WIVMR.HDEQ 
260 
?:TF SPMCR 
28T AINS CHQ 
29F WYKCRHDNEQ 
305 WLMCDQ 

FR2 36W 
37V WIFLVMAroQ 
38R YFS 
39Q FPVMCA 
40S VA WY 
41P TS PLVARTSHNEQ 
42E G YPLKMCTIDI 
43K WlYLVCS 
440 SR WIFMCH 
45L 
46E Q FPMCR'ID 
47W PMARNQ 
48V STO YPKCAR'rnNQ 
49A WFPKCRHNQ 

FR3 66R SYLVMCATSDE 
67F WYPKMHNEQ 
68T IS WYPGE 
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TABLE 11-continued 

Alternative Ami.110 Acids for V" Cbaill 

MOST PREFERRED PREFERRED NOT PREFERRED 
VL Br£-3 ANALOGUE ANALOGUE ANALOGUE 

691 WYKOINQ 
705 L WVMCIIDEQ 
7JR WYFCtIDQ 
720 N VKRTSGIIDE 
730 N WYFLC 
745 A FPLVTGDN 
7SK EN NPCGD 
765 NTRK WFPLMCE 
77R 'JNIVSM WFC 
78V LA WKCRNE 
79Y FH WPG 
SOL WYLKCARGHEQ 
SIQ E WYFPC 
82a SON WMQ 
82b IR WYFPLMHQ 
82c PLVMAGE 
83R EKT WILCR 
84A SPVIl WKCDEQ 
SSE D WIYFPLMCRG 
860 
87T M WLVMCNE 
88G A 
89L TIVM WYPKGEQ 
90Y HF 
91Y WlPLVKMAOQ 
92C 
93T ASHAV WIFR 
94G R TSDQLAW 

103W A 
1040 YH 
105Q 1llR IYFI..VMCDQ 
106G 
107T AQ 
108L STGM WYCHDE 
109V LT IK 
uor SL 
lllV 
112S T 
113A s PLVATG 

In one particularly preferred embodiment of the 
invention. the anti-human carcinoma analogue peptide com
prises a member selected from the group consisting of amino 
acid sequence ID No. 67 to 73 ofTable 47. sequence ID No. 
75 to 81 of Table 48. and sequences wherein about 1 to at 
least 46 amino acids in the FR are substituted per chain with 
amino acids selected from the group consisting of amino 
acids present in equivalent positions in human antibodies. or 
fragments thereof comprising 1 to 3 CDRs per chain and 
flanking regions thereof. each of about 1 to 10 amino acids. 
alone or with an N-terminal fragment of about 1 to 10 amino 
acids; CDR fragments thereof. or combinations thereof 
wherein each analogue peptide is operatively linked to at 
least one other analogue peptide. and mixtures thereof. 

The present analogue peptides are provided either as a 
naked peptide or in glycosylated form. When provided in 
glycosylated form. the analogue peptide may be operatively 
linked to a glycosyl residue. provided by the eukaryotic cell 
where it is expressed. or it may be cloned and expressed in 
a prokaryotic cell as the naked polypeptide. and the glycosyl 
residues added thereafter. for example by means of glycosyl 
transferases known in the art. Ex.amples of glycosyl residues 
that may be added to the analogue peptide of the invention 
are N-glycosylated and 0-glycosylated residues. among 
others. The glycosyl residues added to the naked analogue 
peptide may have a molecular weight of about 20 to 50.000 
daltons. and more prefaably about 100 to 20.000 daltons or 

40 

greater. depending on the size and molecular weight of the 
peptide to which they are attached. However. other types of 
polysaccharides and molecular weights ma.y also be present 
The glycosyl residues may also be attached to the naked 

4S analogue peptide of the invention by chemical means as is 
known in the art .. 

A single CDR is the smallest part of an antibody known 
to be capable of binding to an antigen. The sequences of the 
V L and V H CDRs of the exemplary analogue are shown in 

so Tables 47 and 48 below. Thus. small peptides that have the 
sequence of a single CDR can bind antigen and are. 
therefore. suitable for imaging tumors in vivo. A CDR 
attached to an effector peptide may be chemically synthe
sized or encoded in a DNA segment. Such small molecules 

ss have great tumor penetration and extremely rapid clearing 
properties when compared to larger antibody fragments. In 
some cases it is more convenient to produce these small 
molecules by chemical synthesis as is known in the art rather 
than by fermentation. These small peptides are. in some 

60 cases. completely noo-imrounogenic. thus avoiding the 
RAMA response altogether. Also preferred are 2 and 3 CDR 
units per chain operatively linked to one another by 1 to at 
least 10 amino acids and up to the entire inter CDR sequence 
length as positioned in the variable regions. 

65 Heavy and light chain analogue variable regions may be 
obtained individually or in V JIV ,_ pairs. or attached to an 
effector peptide such as a constant region(s) or portions 
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thereof. a drug. an enzyme. a toxin. a whole antibody. or any 
other molecule or radioisotope. The fragments of the ana
logue variable regions may be synthesized chemically as is 
known in the art or from the DNA segments encoding the 
non-human variable regions. This may be attained by PCR 
amplification of the DNA with primers synthesized to con
tain the desired mutation as is known in the art. Similarly. 
the fragments encoding analogue variable regions may be 
synthesized chemically or obtained by extablished cloning 
methods of resoiction digestion. ligation. mutagenesis. and 
the like. 

There are advantages to using different molecular variants 
of the analogue peptide depending on the specific applica
tions for which they are intended. some of which are listed 
below. 

Smaller molecules penetrate target tissues more efficiently 
and are cleared from the body much more rapidly than 
larger molecules. 

Single chain molecules can be manipulated and synthe
sized more efficiently that multiple chain molecules. 

Many of these variants can be synthesized efficiently and 
inexpensively in bacteria. 

Bi-functional or multifuncitonal molecules may carry 
polypeptide effectors. such as enzymes. toxins. 
radioisotopes. drugs. and other molecules. to a target 
tissue. 

The following list encompasses exemplary analogue pep
tides of the invention engineered with molecules derived 
from antibodies or antibody fragments. These analogue 
peptides. among others. are suitable for the practice of this 
invention. A more extensive list of polypeptide constructs 
may be fou nd in O'Kennedy. R .. and Roben. P. (O'Kcnnedy. 
R .. and Roben. P .• "Antibody Engineering: an Overview". 
Essays Biochem. (England) 26:59-75 (1991)). 

The analogue peptides and hybrid peptides of this inven
tion encompass CDRs and/or analogue variable regions. 
monoclonal anu'bodies. antibody fragments such as Fab. 
Fab'. (Fab'h· and fragments thereof. CDRs. constant 
regions. single or multiple-domain and catalytic fragments. 
bi-functional or muhifuncitonal combinations thereof. 
enzymes. peptide hormones. molecules such as drugs and 
linkers. transmitters. and toxins. among others. These arc 
suitable for imaging. therapy. diagnostics. and biosensors. 
Single-Chain Antigen-Binding Polypeptides 

Single chain antigen-binding polypeptides and their syn
theses have been desaibcd. e.g .• by Bird. R. E .• et al. (Bird. 
R. E .. et al.. Science 242(4877):243-<i (1988); Bird. R. E .. 
ct al .. Science 244(4903):409 ( 1989)). For example. ana
logue peptides such as V H"linker-V Land V cl.i.o.ker-V H· have 
significant advantages over monoclonal antibodies in a 
number of applications. These may be expressed and puri
fied from £. coli. The polypeptide linker binding the two 
chains may be of variable lengths. For example. about 2 to 
50 amino acid residues. and more preferably about 12 to 25 
residues. and may be expressed in E. coli. 
Single Chain F •. (scF. or sF..) 

These are single chain analogue peptides containing both 
V Land V H with a linker such as a peptide connecting the two 
chains (V clinker-V H). The engineering may be done at the 
DNA level So. knowledge of the sequence is required. 
These analogue peptides have the conformational stability. 
folding. and ligand-binding affinity of single-chain variable 
region immunoglobulin fragments and may be expressed in 
Escherichia coli. (Pantoliano. M. V .. et al .. Biochem. (US) 
30 (42):10117-25 (1991)). The peptide linker binding the 
two chains may be of variable length. for example. about 2 
to 50 amino acid residues. and more preferably about 12 to 

30 
25 residues. and may be expressed in £. coli. (Pantoliano. M. 
V .. et al. ( 1991). supra). An analogue peptide such as an scF,. 
may be expressed and prepared from £. coli and used for 
tumor targeting. The clearance profiles f.or scF,. in some 

s situations fragments are advantageous relative to those of 
normal antibodies. Fab. Fab· or (Fab'h fragments. (Colcher. 
D .. et al .. J. Natl. Cancer lost. 82 (14):1191-7 (1990)). 
Another type of analogue peptide comprises a V trlinker-V L 

and may have about 230 lo 260 amino acids. A synthetic 
10 gene using E. coli codons may be used for expression in £. 

coli. A leader peptide of about 20 amino acids. such that of 
Tip LE may be used to direct protein secretion into the 
periplasm or medium. If this leader peptide is not naturally 
cleaved. the sf v analogue peptide may be obtained by acid 

1s cleavage of the unique asp-pro peptide bond placed between 
the leader peptide and the sF,.-encoding region. (Huston. J. 
S .. el al .. "Protein Engineering of A ntibo<lly Binding Sites: 
Recovery of Specific Activity in an Anti-Digoxin Single
Chain F,Analogue Produced in E.coli.". P.N.A.S. (USAJ 85 

20 ( 16):5879-83 ( 1988)). The construction. binding properties. 
metabolism and tumor targeting of the single-chain F,. 
analogue peptides derived from monoclonal antibodies may 
be conducted as previously described. (Milenk. D. E .. et al .. 
Cancer Res. (US) 51 (23 ptl):6363-71 (1991): Yokota.eial. . 

2s "Rapid Tumor Penetration of a single-dlain F,. and Com
parison with Other Irnmunoglobulin Forms". Cancer Res. 
(US) 52(12):34-02-8 (1992)). This type of analogue peptide 
provides extremely rapid tumor penetration and even distri
bution throughout tumor mass compared to IgG or lg 

30 fragments Fab and F(ab')i. 
Bifunctional scF"-Fxn or Fxn-scFv 

An example of this type of analogue peptide is a 
V clinker-V H with an effector peptide such as a honnone. 
enzyme. transmitter. and the like. These hybrid analogue 

3S peptides may be prepared as described by McCamey. et al 
(McCamey. J. E. et al .. "Biosynthctic Ant:Jbody Binding 
Sites: Development of a Single-Chain F, Model Based on 
Antidinitrophenol lgA Myeloma MOPC 315". J . Procein 
Chem. (US) 10 (6):669-83 (1991)). A bi-functional hybrid 

40 analogue peptide containing an Fe-binding fragment B of 
staph protein A amino tenninal lo a single-chain analogue F. 
region of the present specificity is also e ncompassed and 
may be prepared as previously described. (Tai. M. S .. et al.. 
Biochem. 29 (35):8024-30 {1990)). In this example of a 

4S hybrid analogue peptide of this invention is a Staph. A 
fragment B (anti Fe))-scF, polypeptide. The order is back
ward of normal cases. This FB-sF. may be encoded in a 
single synthetic gene and expressed as peptide in £. coli. 
This analogue peptide is a good example of a useful mul-

so tifunctional targetable single-chain polypeptide. A hybrid 
analogue peptide also comprising antibodies to a human 
carcinoma receptor and angiogenin is also part of this 
invention. Angiogenin is a human homologue of pancreatic 
RNAse. This is an {Fab')i-like antibody-enzyme peptide 

ss effector. Another hybrid analogue peptide comprising a 
V 1rCHl heavy chain-RN Ase may be expressed in a cell that 
secretes a chimeric light chain of the same antibody. A 
scaeted anubody of similar structure was shown to cause 
the iolub ition of growth and of protein synthesis of K562 

60 cells that express the human ttansferrin receptoc.(Rybak. S. 
M .. et al .. "Bumaniz.ation of Iromunotoxins". P.N.A.S. 
89:3165-3169 (1992)). 
Bi-specific Antibodies 

A monoclonal anti-Fe antibody may be incorporated into 
6.5 a bi-specific F(ab'h analogue peptide as described by 

Greenman. J .. et al. (Greenman. J .. et al .. Mol. Immunol. 
(Enlgand) 28 (11):1243-54 (1991). A bi-specific F(ab'h 
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comprising two (Fab'-(thioether-link}-Fab') chains has the 
advantage that it is not blocked by human F., gamma Ril 
antibody. Thus. these are also utilized as effector agents 
herein. Bi-specific antibodies may be obtained when two 
whole antibodies are attached. Another way to obtain 5 
bi-specific antibodies is by mixing chains from different 
antibodies or fragments thereof. In this manner the "left" 
branch of the bi-specific antibody has one function while the 
"right" branch has another. The analogue peptides in accor
dance with this invention may be screened with a filamen- 10 

tous phage system. This system may also be used for 
expressing any genes of antibodies or fragments thereof as 
well as for screening for mutagenized antibody variants as 
described by Mar.ks. J. D .. et al . (Mar.ks. J. D .. et al .. 
"Molecular Evolution of Proteins on Filamentous Phage. 15 

Mimicking the Strategy of the Immune System". I .Mot. 
Biol. (England) 267 (23): 160007-10 (1992)). A library of 
V H and V k genes or analogue therof may be cloned and 
displayed on the surface of a phage. Antibody fragments 
binding specifically to several antigens may be isolated as 20 
reported by Mar.ks. J . D .. (Marks. J. D .. "By-Passing Immu
nization. Human Antibodies from V-gene Libraries Dis
played on Phage". J. Mol. Biol. (England) 222 (3):581-97 
(1991)). 

32 
and heavy chains comprising at least one :xenogeneic CDR 
or variable region. e.g .. amino acid sequences ID Nos. 12 or 
13 of Table 16 below. with the modifications shown above. 
wherein about l to 42 amino acids in the FR are substituted 
per chain with amino acids selected from the group consist
ing of amino acids present in equivalent positions in anti
bodies of the target species. or fragments thereof comprising 
1 to 3 CDRs per chain and tlaoking regions thereof. each of 
about 1 to at least 10 amino acids. alone or with an 
N-terminal fragment of about 1 to at least JO amino acids. 
and one set of light and heavy chain comprising at least one 
xenogeneic CDR or analogue variable region. e.g .. amino 
acid sequences ID Nos. 12 or B having a different set of 
substitute amino acids, wherein about l to at least 46 amino 
acids in the FR are substituted per chain with amino acids 
selected from the group consisting of amino acids present in 
equivalent positions in antibodies of the target species. or 
fragments thereof comprising 1 to 3 CDRs per chain and 
Hanking regions thereof. each of about l to at least 10 amino 
acids. alone or with an N-terminal fragment of about 1 to at 
least 10 amino acids. or fragments thereof. or combination 
thereof. Multi-functional hybrid analogue peptides may 
comprises several identical units or combinations of the 
above bi-functional analogue peptides of the same or dif-

Covalent Oligosaccharide Modifications 25 ferent specificities or xenogeneic species. Preferred ana
logue peptides are those comprising .murine CDRs and other 
regions substituted with human amino acids. 

The present analogue peptides alone or as hybrid peptides 
comprising antibodies and fragments thereof may be. e.g .. 
covalently modified utiliting oxidized oligosaccharide moi
eties. The hybrid analogue peptides may be modified at the 
oligosaccharide residue with either a peptide labeled with a 30 

radioisotope such as 12~ or with a chelate such as a 
diethylenetriaminepentaacetic acid chelate with 111In. The 
use of oligosaccharides provides a more efficient localiza
tion to a target than that obtained with antibodies radiola
beled either at the amino acid chain lysines or tyrosines 35 

(Rodwell. J. D. et al .• "Site-Specific Covalent Modification 
of Monoclonal Antibodies: In Vitro and In Vivo 
Evaluations". P.N.A.S. (USA) 83:2632-6 (1986)). 

Particularly preferred analogue peptides of this invention 
are those having the sequences ID Nos. 67 through 73. or 75 40 
through 81. and analogues thereof. wherein about l to 42 
amino acids in the FR are substituted per chain with amino 
acids selected from the group consisting of amino acids 
present in equivalent positions in antibodies of the species 
for which use it is intended. such as human. or fragments 45 

thereof comprising 1 to 3 CDRs per chain and tlank:ing 
regions thereof. each of about 1 to at least 10 amino acids. 
alone or with ao N-tenninal fragment of about I to at least 
10 amino acids. or combinations thereof. Examples of 
possible substitute amino acids are shown in Table 10 and 11 50 
above. and are indicated in the colwnos titled BrE-3. Most 
Preferred Analogue and Preferred Analogue amino acids 
subtituents. Others are also suitable as may be deduced by 
the method described herein. These amino acid sequences 
may be bound by a peptide or non-peptide linker such as is 55 
known in the art. Examples of peptide linkers are 
polylysines. leucine zippers. EGKSSGSGSEJKVD. and 
(GGGGS)x3. and non-peptide polymers. among others. 
Effector agents such as peptides and non-peptides may also 
be attached to the analogue peptides of the invention. These 60 

include non-peptide polymers. monomers. atoms. etc. These 
are discussed below. 

Another preferred embodiment comprises a bi-functional 
analogue peptide having a pair of light and heavy chains of 
the same specificity attached to ooe another by a linker. such 65 
as those provided above. Io another preferred embodiment. 
a bi-functional analogue peptide comprises one set of light 

In another aspect. this invention provides a hybrid ana
logue peptide that comprises al least one anti-carcinoma 
analogue peptide and at least one effector agent operatively 
linked to the peptide. combinations thereof and mixtures 
thereof. The effector agent utilized in this invention com
prises peptide polymers other than the constant region of an 
antibody of the same species as the CDRs. non-peptide 
polymers. monomers. and atoms such as metals. Io one 
particularly preferred embodiment. the effector agent may 
comprise an atom such a radioisotope. an enzyme or a 
lluorescenl label. These effector peptides are suited for in 
vivo and in vitro assays because they permit the identifica
tion of complexes formed by the peptide of the invention. 
Radioisotopes are particularly preferred for in vivo imaging. 
Polypeptide labeling is known in the art (Greenwood. F. C .• 
el al. Biochem. J. 89:114-123 (1963)). When a glycosylated 
polypeptide is utilized. the radiolabel may be attached to the 
glycosyl residue as is known in the art (Hay. G. W. et al. in 
Methods in Carbohydrate Chemistry. Vol 5:357. Whistler. R. 
L. Ed .. Academic Press. NY and London (1965)). Effector 
agents comprising a monomer may be therapeutic. i.mmu
nogenic or diagnostic agents. radioisotopes. DNA. or RNA 
monomers. chemical linkers. transmitter molecules. combi
nations thereof. or combinations thereof with peptide and 
non-peptide polymers or copolymers and atoms. Examples 
of therapeutic agents are anti-neoplastic drugs such as 
vincristine. intercalation drugs. adriamycin. enzymes. toxins 
and hormones. among others. Examples of immunogenic 
agents are other vaccines for carcinomas or for others 
purposes. Examples of diagnostic agents are radioisotopes 
and enzymes. among others. Examples. of therapeutic. 
i.mmunogenic and diagnostic agents are toxins. vaccines. 
and radioisotopes. among others. Examples of radioisotopes 
are 111In, 3s5, l>Oy, 1~e 22s Ac 1251 and ~c. among others. 
Examples of DNA and RNA monomers are A. T. U. G. C. 
among others. Examples of chemical linkers are dithiobis 
(succinimidyl)propionate and bis-(sulfosuccinirnidyl) 
suberate. among others. Examples of transmitter molecules 
are cAMP and cGMP. among others. Examples of toxins are 
ricin A-chain and abrin A-chain. among others. 
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When the effector agent is a non-peptide polymer linked 
to the analogue peptide of the invention it may comprise an 
ester. e ther. vinyl. amido. imido. al!.")'lene. arylall..")'lene. 
cyanate. urethane. or isoprene polymers. DNA polymers. 
RNA polymers. copolymers thereof and copolymers thereof 
with peptide polymers or monomers. or have labeled atoms 
attached thereto. Examples of these are polyesters. 
polyethers. polyethyleneglycols. polyvinyls. polyamido and 
polyimido resins. polyethylenes. polytetrafiuoroethylene. 
poly(e thylene)terephathalate. polypropylene. silicone 
rubber. isoprenes and copolymers thereof. copolymers of 
silicone and carbon.ated polylactic or polyglycolic acid or 
coUagen. and the like. Particularly preferred are biodegrad
able and bioresorbable or bioabsorbable materials. which if 
detached Crom the polypeptide and left in the systemic 
circulation will not damage endogenous tissues. The effector 
agent being a peptide may comprise antibodies such as lgG. 
lgM. lgE or lgD. the constant region of antibodies of a 
species di1ferent from the variable region or fragments 
thereof. and the CDRs. variable regions. Fab. Fab'. {Fab'h 
fragments of antibodies of the classes described above. 
hormones. enzymes. peptide trasnroitters and whole 
antibodies. combinations thereof. and combinations thereof 
with non-peptide polymers. copolymers. monomers and 
atoms such as radioisotopes. Examples of othe:r antibodies. 
Fab. Fab'. (Fab')i. CDRs and variable regions thereof are 
those that specifically bind carcinoma epitopes such as do 
BrE-3 and KC-4 and others having specificities for different 
carcinoma epitopes such as Br&l. Br-E2. and Mc5. among 
others. and fragments thereof. Examples of peptide trans
mitters and hormones suitable for use herein are insulin. 
growth honnone. FSH. LH. endorphins. and TNF. among 
others. Examples of enzymes are peroxidase. LDH. alkaline 
phosphatase and galactosidase. among others. 

34 
In another preferred embodiment. the hybrid analogue 

pepcide of the invention described above having two heavy 
and two light analogue chafos operatively Linked to one 
another. where each pair of heavy and light chains has 
specificity for a different epitope. One example of this 
analogue peptide is a pair of "humanized" variable region 
heavy and light chains of a BrE-3 analogue peptide and a 
pair of "humanized" variable region light and heavy chains 
of a KC-4 analogue peptide that arc covalently anached to 

10 one another by a peptide or non-peptide polymer or a 
disulfide bridge. or non-covalently by means of a lencine 
zipper or two helical structures. and the like. Non-peptide 
polymers may be covalently attached to peptides by methods 
known in the art (Duronio. V .. el al .. "1\vo Polypeptides 

IS Identified by Interleukin 3 Cross-Linking Represent Distinct 
Components of the Interleukin 3 Receptor". Exp. Hem.acol. 
20 (4):505-11 (1992)). In another embodiment. the inven
tion provides a hybrid analogue peptide comprising at least 
one CDR or analogue variable region of the heavy chain of 

20 an antibody of a first species or fragments thereof. opera
tively linked co a first effector agent. and at least one CDR 
or analogue variable region of the light chain of an antibody 
of a second species or fragmen1 s thereof operatively linked 
to a second effector agent and combinations thereof. wherein 

25 each pair of light and heavy chains has a predetermined 
specificity. combinations thereof. and ~tures thereof. lo 
another preferred embodiment of the hybrid analogue 
peptide. at least one CDR or analogue variable region of the 
heavy chain of a murine antibody or fragments thereof and 

30 at least one CDR or variable region of the light chain of a 
murine antibody or fragments thereof arc linked to one 
another by a non-peptide polymer such as an isoprene 
polymer or monomer. In still another preferred embodiment. 
the hylrid analogue peptide of lhe invention is one wherein lo a particularly preferred embodiment. the analogue 

peptide of the invention comprises noo-human CDR and 
variable region sequences. and the effector peptide com
prises the constant region of the light or heavy chains of a 
human antibody or fragments thereof capable of binding 
y-globulio. protein G or protein A. or fragments lacking this 
binding capability. Also preferred is a half hwnan.i.zed/half 40 

chimeric or murine antibody (e.g .. humanized light chain 
and murine or chimeric heavy chain and viceve:rsa). In one 

3S at least one pair of light and heavy chains comprising at least 
one muriJle CDR or analogue variable region or fragment 
therof is linked to at least one other pair of light and heavy 
chains comprising at least one murine CDR or analogue 
variable region oc fragment thereof. In another embodiment 
the two or more F, regions are covalently attached to one 
another by a peptide or non-peptide polymer or a disulfide 
bridge. or non-covalently by means of a leucine zipper or 
two helical structures. and the like. In a most preferred 
embodiment. the analogue peptides and hybrid polypeptides 

of the most preferred embodiments. the analogue peptidc(s) 
comprise(s) all CDRs. Banking sequences of 1 to 10 amino 
acids connecting them. and an N-terminaJ region of at least 
up to IO amino acids. 

In another preferred embodiment. the hybrid analogue 
peptide comprises two heavy and two light chains. each light 
and heavy chain comprising at least one CDR or analogue 
variable region polypeptide or fragments thereof of ooe 
species and the constant region a.nd the substitute amino 
acids of an antibody of a different species such as human. at 
least one other CDR. analogue variable region. chimttic 
Fab. Fab' or (Fab'h· fragments thereof. combinations 
thereof. and mixtures thereof. Still more preferred is a 
hybrid analogue peptide comprising at least two "human
ized" murine-human or chimeric antibody fragments 
thereof. Fab. Fab' or (Fab'h fragments thereof operatively 
linked to one another. The peptide fragments may be 
covalently attached to one another as is known in the art 
(Marcbis-Mouren G .. et al .. " ITT 29. a Model Cell Line: 
Stimulation by the Vasoactive Intestinal Peptide (VIP); VIP 
Receptor Structure and Metabolism". Biocb. 70 (5):663-7 1 
(1988)). or they may be synchesized by methods known in 
the art (Allen. G .. et al .. "Production of Epidermal Growth 
Factor in Escherchia Coli from a Synthetic Gene". J. CeU 
Sci. Suppl. 3:29-38 ( 1985)). 

4S of the inve.ntion have affinity and specificity for an epitope 
located in the most hydrophilic region of a 20 amino acid 
tandem repeat that makes up a large part of the polypeptide 
core of mammary mucin. to hexamc:r fragments of the 
sequence APDTRPAPG or trimer TRP fragments shown to 

so afford the strong binding of all five different monoclonal 
antibodies raised against human mammary fat globule (Mc 1. 
Mc 5. BrE-1. Br&2 and Br&3). The monoclonal antibodies 
were shown to bind to di.ffcrent but overlapping polypeptide 
epitopcs but to have different tissue and rumor specificities. 

ss to quantitatively di.ffer in their binding to breast carcinoma 
ceU lines when observed by 6ow cytometry and have 
different competition patterns for binding to the native 
antigen on breast carcinoma ceUs. Also preferred amongst 
antibodies utilized for the preparation of the present ana-

60 logue peptide and hybrid polypeptide arc those that exhibit 
strong binding to the hexamcr peptides described above or 
to fragments comprising a TRP trimer to tandem repeats 
thereof. In one most preferred embodiment. the analogue 
peptide comprises the humanized antibodies expressed by 

65 the hybridoma cell lines having the ATCC Accession No. 
HB 11200 (Br&3 HZ). This ceU was deposited with the 
ATCC under the Budapest Treaty on Nov. 13. 1992. 
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This invention also provides an anti-human carcinoma (1990)). Monoclonal antibodies may be prepared as 
composition that comprises the anti-carcinoma analogue described by Kohler and Milstei.n (Kohler. G. and Milstein. 
peptide and/or hybrid polypeptide of the invention and a C.. ··continuous Culture of Fused Cell Secreting Antibody 
pharmaceutically-acceptable carrier. The anti-human carci- of Predefined Specificity ... Nature 256:495-497 (1975)). 
noma analogue peptide and hybrid peptide provided herein 5 Suitable for use in this invention are antibodies such as IgG. 
may be present in the composition in an amount of about IgM. lgE and IgD. Protein A. protein G and y-globulin may 
0.001to99.99 wt%. more preferably about 0.01to20 wt%. be obtained commercially. 
and still more preferably about 1 to 5 w t %. However. other Still part of this invention is a diagnostic kit for human 
amounts are also suitable. Pharmaceutically-acceptable car- carcinomas that comprises the anti-carcinoma composition 
riers are known in the art and need not be further described 10 comprising a hybrid analogue peptide and an effector agent 
herein and may be provided in a separate sterile container or comprising an enzyme. a radioisotope. a Jfluorescent label 
in admixture with the polypeptide. Typically. saline. aqueous and/or a peptide comprising the constant region of an 
alcoholic solutions. albumin-saline solutions. and propylene antibody of the species for which use it is intended. or 
glycol solutions are suitable. However. others may also be fragments thereof capable of binding y-globulin. protein G 
utilized_ When utilized for therapeutic purposes. the com- 15 or A. anti-human carcinoma antibody. y-globulin. protein G 
position may also contain other ingredients as is known in or protein A. a solid support having operatively linked 
the art. Examples of these are other anti-neoplastic drugs thereto an antigen which specifically binds to the anti-
such as adriamycin. and mitornycin. among others. cytoxan. carcinoma hybrid analogue peptide of the irnvention and the 
PALA and/or metrotrexate. However. other therapeutic antibody. and instructions for its use. Wlhen the effector 
drugs. diluents. immunological adjuvants a.nd the like may 20 agent comprises a peptide. such as the constant region of an 
be also be added. When the composition described above is antibody of the target species. the solid s11pport may have 
utilized for in vivo imaging. it may comprise about 0.001 to operatively linked thereto ao antibody which specifically 
99.9 wt% analogue peptide. and more preferably about 0.01 binds to a portion of a fusion protein other than the antigen 
to 25 wt % analogue peptide. Typically. when the compo- of the invention. This permits the binding of the anti-
sition is utilized for therapeutic purposes it may contain 25 carcinoma analogue peptide to the antigen molecule now 
about 0.001 to 99.9 wt % analogue peptide. and more attached to the solid support. Any complex formed between 
preferably about 0.01 to 30 wt % analogue peptide. When the hybrid analogue peptide of the invention and the sup-
utilized for the in vitro diagnosis of carcinomas the compo- ported carcinoma antigen will. thus. remain attached to the 
sition of the invention may comprise about 0.001 to 35 wt solid substrate. A competitive assay may th.en be conducted 
% analogue peptide. and more preferably about 0.001 to 10 30 by addition to the solid supported antigen of a known 
wt % analogue peptide. Other amounts. however. are also amount of the hybrid antigen peptide and the sample. The 
suitable. amount of antigen present in the sample may be obtained 

Such products .find one utility in the treatment of from a dilution curve by addition of y-globulin. protein G or 
carcinomas. such as breast. lung. ovary. endometrial. protein A. e.g_. labeled. to bind the hybrid analogue peptide 
pancreas. prostate and colon cancers. among others. The 35 that is now attached to the support. This kit may be used in 
''humanized". "half humanized" and "partially hwnanized" a competitive assay where the supported antigen molecule 
analogue peptides may be used for treatment or diagnosis of competes with antigen in the sample for a known amount of 
humans. The "animalized". "half animalized" and "partially the analogue peptide of the invention. The assay was 
animalized" analogue peptides of the invention may be described by Ccrian.i. R L.. et al. (Ce.riani. R- L.. et al .. Anal. 
utilized for the treatment of species such as were described 40 Biochem. 201:178-184 (1992)). the relevant text thereof 
above so far as the amino acids of such species are substi- being incorporated herein by reference. 
tuted for those of the xenogeneic amino acids and any Still part of this invention is an in vivo method of imaging 
constant region present in the analogue. The present ana- and/or diagnosing a carcinoma. that comprises adrninister-
logue peptides are particularly suitable for repeated admin- ing to a subject suspected of carrying a carcinoma the 
istration to a subject and for long term therapies such as is 45 a.nti-carcinoma analogue peptide of the invention in radio-
the case of metastases and/or reoccurrence of tumors. labeled form. in an amount effective to reach the carcinoma 

Also provided herein is a diagnostic kit for carcinoma. and bind thereto. and detecting any localized binding of the 
that comprises the composition of the invention comprising labeled analogue peptide to the twuor. 'JYpically. the ana-
the anti-carcinoma analogue peptide. a solid support. anti- logue peptide of the invention may be administered in an 
carcinoma antibody. y-globulin. protein G or protein A. and 50 amount of about 0.01 to 5000 µg/kg weight per treatment. 
instructions for its use. This diagnostic kit may be utilized by and more preferably about 0.1 to 500 µg/kg weight per 
covalently attaching the antigen or analogue peptide of the treatment. However. other amounts may also be utilized. 
invention to the solid support by means of a linker as is Rad.iolabels that may be utilized are 111In. 35L -re. and 
known in the art- In a particularly preferred embodiment. the rn1. among others. These radioisotopes may be detected 
support is coated with methylated albumin as described in 55 with a PEr scanner. NMR imaging. and radioactivity count-
U.S. Pat. No. 4.572.901. the relevant text of which being ing apparatus that are in wide use by the medical commu-
incorporated herein by reference. When a biological sample nity. 
is added to a well. the analogue peptide of the invention will Also provided herein is an in vitro method of diagnosing 
bind to carcinoma antigen present in the biological sample. a carcinoma that comprises contacting a biological sample 
If a competitive assay is utilized. to the solid supported 60 with the anti-carcinoma an.alogue peptide or hybrid polypep-
antigen are added a known amount of the analogue peptide tide of the invention to form an anti-carcinoma analogue 
and the sample. Thereafter. labeled y-globulin. protein G or peptide-antigen complex with any carcinoma antigen 
protein A in labeled form may be added for detection. present in the sample. and detecting any complex formed. 
Anti-carcinoma antibodies of a first species may be obtained The biological sample is typically obtained from a human 
by challenging a subject of another species with carcinoma 65 suspected of being atllicted with the carcinoma. Suitable 
cells. the human milk fat globule rnucin and the like. as is biological samples are serum. blood. sputum. feces. lymph 
known in the art (Peterson. J. A.. et al .. Hybridoma 30 9:221 Huid. spinal fluid. lung secretions. and urine. among others. 
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Clearly. any source of fluid. tissue and the like may be 
prepared for use in this method as is known in the art. 

The hybrid BrE-3 analogue peptide of the invention. 
chimeric BrE-3 polypeptide. and the mouse BrE-3 antibody 
show substantially no scrong binding to normal tissue. The s 
hybrid BrE-3 analogue peptide shows a pattern similar to the 
BrE-3 chimeric polypeptide and the mouse BrE-3 antibody. 
The mouse BrE-3 antibody was shown to bind with speci
ficity to carcinoma tumors of the breast. lung. ovary. bladder. 
and the endometrium. mesothelioma. colon. kidney. l.iver. 10 

merkel cells. pancreas. salivary glands. sarcomas and 
thyroid. among others. Weak binding was only shown to 
nonnal breast tissue. lung tissue. distal convoluted tubes of 
the kidney. acini of the pancreas and stomach mucosa 
(Peterson. J. A.. et al. (1990). supra). The KC-4 hybrid IS 

murine peptide has tissue specificity similar to that of the 
mouse KC-4 antibody. The KC-4 monoclonal antibody was 
shown to bind specifically and strongly to solid tumor tissue 
in the lung. colon. kidney. breast. stomach. prostate. 
panaeatic. lymph node doctal and lymphoma. and non- 20 

specifically and weakly to nonnal breast. kidney. and stom
ach tissue. KC-4 also showed some weak binding to normal 
tissue including spinal cord. uterus. thyroid. tongue. 
prostate. spin. adrenal. Jung. gall bladder. heart. lymph 
nodes. colon. liver. brain. testes. thymus. and placenta (U.S. 2S 
Pat. No. 4.708.930). In one preferred embodiment of the in 
vitro diagnostic method. the anti-carcinoma analogue pep
tide added to the biological sample comprises a labeled 
hybrid analogue peptide. Suitable labeling materials were 
described above. This method may be practiced. with the 30 

solid support containing kit described above. as a competi
tive assay as disclosed by Ceriani. R. L.. et al. (Ceriani. R. 
L. et al. (1 992). supra). 

Also provided herein is a method of inhibiting the growth 

38 
the infusion. Med icat ions including acetaminophe n. 
diphenhydramine. epinephrine. and corticosteroids may be 
kept al hand for treatment of allergic reactioas should they 
occur. The administration of the hybrid analogue peptide of 
the invention may be repeated as seen desirable by a 
practitioner. Typically. once a first dose has been adminis-
tered and imaging indicates that there could be a reduction 
in the size of the tumor. whether primary or metastasized. 
repeated treatments may be administered every about l to 
100. and more preferably about 2 to 60 days. These repeated 
treatments may be continued for a period of up to about 2 
years. and in some circumstances even for longer periods of 
time or until complete disappearance of the twnor(s). The 
administration of the hybrid analogue peptides of this inven
tion is typically more useful for therapeutic pwposes when 
a primary tumor has. for example. been excised. Thus. it is 
primarily. for mopping up after surgical !intervention or in 
cases of cancerous metastases that the present method is of 
most use. 

Also provided herein is a substantially pure, isolated 
analogue polydeoxyribonucleotide that comprises an ana
logue oligodeoxyribooucleotide encoding the analogue pep
tide or hybrid peptide of this invention. including all redun
dant sequences. In one preferred embodiment. the analogue 
polydeoxyribonucleotide of the invention comprises a DNA 
sequence selected from the group consisting of DNA 
Sequence ID No: 64 of Table 45. or DNA Sequence ID No: 
65 of Table 46. or DNA segments encoding the CDR 
fragments Sequence ID Nos: 68. 70. 72. 76. 78 or 80 flanked 
by 1 to 10 murine amino acid sequences. and the N-tenninal 
fragment of 1 to 10 amino acids of murine orig.in. the 
remainder amino acids present being of human origin. The 
above DNA sequences may be cloned for expression under 
the same promoter. 

Also provided herein is a hybrid vector that comprises a 
veclor having the 3Jlalogue polydeoxyribonucleotide of this 
invention operatively linked thereto. 1YJ>ically. vectors 
capable of replication both in eukaryotic and prokaryotic 
cells are suitable. When the preparation of a glycosylated 
analogue polypeptide is desired the vector should be suitable 
for transfection of eukaryotic host cells. In one preferred 
embodiment. the hybrid vector comprises the analogue 
polydeoxyribonucleotide and a polydeoxyribonucleotide 
comprising an oligodeoxyribonucleotide encoding an effec
tor peptide. the effector peptide-encoding polydeoxyribo
nucleotide being operatively linked to the vector. As already 
indicated. the various DNA sequences may be cloned for 
expression under the same promoter. In addition. the 
polydeoxyribonucleotide encoding the effector polypeptide 

or reducing the size of a primary or metastasized carcinoma 35 

comprising administering to a subject in a n.eed of the 
treatment an effective amount of the anti-carcinoma hybrid 
analogue peptide of the invention. Typically. the hybrid 
aJ1alogue peptide may be adm.in.istered in an amount of about 
0.001 to 2000 µg/kg body weight per dose. and more 40 
preferably about 0.01 to 500 mg/kg body weight per dose. 
Repeated doses may be administered as prescribed by the 
treating physician. However. other amounts are also suit
able. Generally. the administration of the hybrid analogue 
peptide is conducted by infusion so that the amount of 45 

radiolabeL toxin or other effector agent present that may 
produce a detrimental effect may be .kept under control by 
varying the rate of administration. Typically. the infusion of 
one dose may last a few hours. However. also contemplated 
herein is the constant infusion of a dose for therapeutic 
purposes that will permit the maintenance of a constant level 

so may also be cloned for expression under the same promoter. 

of the hybrid polypeptide in serum. The infusion of the 
hybrid analogue peptide of the invention may be conducted 
as follows. Intravenous (1 V.) tubing may be pretreated. e.g .• 
with 0.9% NaCl and 5% human serum albumin and placed ss 
for intravenous administration. The prescribed dose of the 
analogue peptide may be infused as follows. Unlabeled 
analogue peptide may be infused initially. 30 minutes after 
completion of the unlabeled antibody infusion. H 1 In-labeled 
and 90y labeled antibody may be co-infused. The I.V. 60 

infusion may comprise a total volume of 250 ml of 0.9% 
NaCl and 5% human scrum albumin and be infused over a 
period of about 2 hours depending on any rate-dependent 
side effects obseivcd. Vital signs should be taken every. e.g .. 
15 minutes during the infusion and every one hour post 65 

infusion until stable. A thorough cardiopulmonary physical 
examination may be done prior to. and at the conclusion. of 

This invention also encompasses a host cell that bas been 
t:ransfected with the hybrid vector described above. Suitable 
hosts are prokaryotic and eukaryocic hosts such as bacteria. 
yeast. and mammalian cells such as insect cells and non
producing hybridoma cells. among others. Suitable vectors 
and/or plasmids for the transfcction of each one of these 
types of hosts are known in the art and need not be further 
described herein. Also known in the art are methods for 
cloning DNA sequences into each one of these types of 
vectcx-s and for transfec0ting the different types of host cells. 
Particularly preferred is the cell line having the ATCC 
Accesion No. HB 11200 (BrE-3 HZ). 

Polyribonucleotides may be obtained by traJ1saiption of 
the polydeoxyribonucloetides described above as is known 
in the art. Provided herein are analogue polyribonucleotides 
comprising analogue oligoribonucleotid.es encoding at least 
one CDR or an analogue variable region oc fragments therof. 
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combinations thereof. and combinations thereof with an 
effector peptide may be prepared by cloning the desired 
DNA segments and then transcribing the thus obtained 
hybrid polydeoxyribonucleotide into the corresponding 
RNA sequences. 

Thls invention also provides a method of producing an 
analogue peptide which specifically binds to an antigen on 
the surface or in the cytoplasm of a carcinoma cell. or 
released by the cell. that comprises doning the analogue 
polydeoxyribonucleotide of the invention into a vector to 
form a hybrid vector. transfecting a host cell with the hybrid 
vector and allowing the expression of the anti-carcinoma 
analogue peptide. and isolating the anti-carcinoma polypep
tide or mixtures thereof. The DNA segment encoding the 
analogue polypeptide may be obtained by chemical synthe
sis or by site-specific modification of the sequence enooding 
the variable region of the xenogeneic species by PCR 
amplification with specifically designed primers as is known 
in the art. The fragment DNAs may also be prepared by PCR 
with primers that introduce a stop codon at a desired position 
as is known in the art. Preferably. the cloning and transfec
tion steps are conducted by cloning polydeoxyribonucle
otides encoding the analogue peptides selected from the 
group comprising at least one CDR or analogue variable 
region of the heavy or light chains of the xenogeneic species. 
antibodies thereof. or fragments therof. The method may 
further comprise allowing the expressed analogue peptides 
to interact with one another to form double chain analogue 
peptides. one or both analogue peptide chain comprising at 
least one xenogeneic CDR or variable region of the light or 
heavy chain of the antibody or fragment thereof modified as 
described above. Still pan of this invention is a method of 
producing a hybrid analogue peptide comprising an effector 
peptide and an analogue peptide which specifically binds to 
an antigen on the surface or in the cytoplasm of a carcinoma 
cell or that is released by the cell. the method comprising 
transfecting a host cell with the hybrid vector of this 
invention carrying a DNA sequence encoding the hybrid 
analogue peptide. allowing the expression of the hybrid 
analogue peptide. and isolating the hybrid ananJogue peptide 
or mixtures thereof. The techniques for obtaining mRNA. 
conducting reverse transcription and PCR amplification of 
DNA. chemical synthesis of primers. cloning DNA 
sequences into a vector. transfecting a host cell. and puri
fying polypeptides from a culture medium are known in the 
art and need not be further described herein. 

40 
secreting monoclonal antibodies of a certain specificity is 
also known in the art (Kohler. G. and Milstein. C. (1975). 
supra). Techniques for obtaining different antibody frag
ments were described above or are known in the art and need 

5 not be further described herein (Wilbanks. T .. et al. "Local
ization of Mammary Tumors In Vivo with 1311-Labeled Fab 
Fragments of Antibodies Against Mouse Mammary Epithe
lial (MME) Antigens". Cancer 48:1768-1775 (1981)). The 
techniques for modifying peptides to obtain the analogue 

10 peptides of this invention nave been described above or are 
known in the art. 

In one particularly preferred embodiment. it is provided a 
hybrid anti-idiotype polypeptide comprising the anti
idiotype polypeptide of the invention and an effector agent 

15 operatively linked to the anti-idiotype polypeptide. Effector 
agents suitable for use herein were described above for the 
anti-carcinoma analogue polypeptide of the invention are 
also suitable for use with the anti-idiotype polypeptide. 
Preferred are polyclonal antibodies raised against the anti-

20 carcinoma monoclonal antibodies or the analogue peptide of 
the invention. and a monoclonal antibody obtained by fusion 
of a B-ceU producing an antibody having specificity for the 
analogue peptide of the invention and an immortalized cell 
line. Also preferred are fragments of the monoclonal anti-

25 body such as Fab. Fab'. (Fab'h and variable region 
fragments. analogues and fragments thereof as described 
above. and CDRs. Also. as described above for the anti
carcinoma polypeptide analogue. preferred are combina
tions of the above fragments and analogues and combina-

30 lions of the fragments with whole antibodies and analogues 
thereof. In another preferred embodiment. the anti-idiotype 
polypeptide comprises an analogue variable region of a 
monoclonal antibody linked to a peptide comprising the 
hexamers or trimers descn'bed above or tandem repeats 

35 thereof. 
DNA and RNA segments encoding the anti-idiotype 

polypeptide and hybrid polypeptidde a hybrid vector having 
the DNA operative.ly linked thereto and a host cell trans
fected with the hybrid vector are also contemplated herein. 

40 Also provided herein is an anti-carcinoma vaccine that 
comprises the an.ti-idiotype polypeptide of the invention. 
and a pharmaceutically-acceptable carries. 'fypically. the 
anti-idiotype polypeptide is present in the c<>mposition in an 
amount of about 0.001to99.99 wt%. and more preferably 

45 about 0.01 to 50 wt % of the composition. However. other 
amounts are also suitable. Pharmaceutically-acceptable car
riers are known in the art and need not be further described 
herein. The vaccine provided herein may further comprise 
other ingredients such as adjuvants. and the like. Examples 

This invention also encompasses an anti-idiotype peptide 
that comprises polyclonal antibodies raised against anti
carcinoma antibodies. the analogue peptide of the invention. 
monoclonal antibodies thereof. fragments thereof selected 
from the group consisting of CDRs. Fab. Fab'. (Fab')2• and 
variable region fragments and fragments thereof. analogues 
thereof selected from the group consisting of Fab. Fab'. 
(Fab')i. and variable regions thereof. wherein about l to at 
least 46 amino acids in the FRs are substituted per chain with 
amino acids selected from the group consisting of amino 
acids present in equivalent positions in human antibodies. or 
fragments thereof comprising l to 3 CDRs per chain and 
flanking regions thereof. each of about l to at least 10 amino 
acids. alone or with an N-terminal fragment of about I to at 
least IO amino acids. The technique for obtaining anti
idiotype polypeptides is known in the art and need not be 
further described herein (Nisonotf. A. aod Lamoyi. "Impli
cation of the Presence of an Internal Image of an Antigen in 
Anti-ldiotype Antibodies: Possible Applications to Vaccine 65 
Production". Clio. Immunol. Imm.inopathol. 21:397-4-06 
(1981)). Moreover. the technique for producing hybridomas 

so of adjuvants are SAF-1 and Freund's. among others. 
Suitably. other ingredients typicaJJy used for the preparation 
of vaccines may also be utilized herein. In one embodiment. 
the vaccine of the invention may be provided in unit form as 
a powder or in a diluent. In another embodiment.. it may be 

55 provided in powder form in a sterile container comprising a 
plurality of doses for preparation prior to utilization. Dilu
ents that are suitable for the preparation of a forroulation that 
may be administered to a patient by injection are known in 
the art. Examples were provided above. 

60 An anti-carcinoma vaccination kit is also provided by this 
invention that comprises. the vaccine described above and a 
diluent in separate sterile containers. and instructions for its 
use. 

Also provided herein is a method of vaccinating against 
carcinoma that comprises administering to a human an 
effective amount of the anti-idiotype polypeptide or hybrid 
polypeptide described above. Typical amounts administered 
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ing one or more of the hexamer or trimer sequences and 
having a molecular weight of about 5.000 to 1.000.000. 
Typically. the anti-idiotype polypeptide is administered in an 
amount of about 0.0 I to 5000.00 µglkg body weight/dose. 

10 a humao are about 0.1 10 5000 µg/kg body weight/dose. 
and more preferably about l to 500 µg/kg body weight/dose. 
The anti-idiotype vaccine of the invention may be admin
istered repeatedly in order 10 boost the active immunization 
produced by the first dose. An anti-idiotype antibody very 
likely resembles the epitope on the carcinoma cell to which 
the anti-carcinoma antibody binds. Thus. it may be utilized 
for the production of an immunological response by a 
subject such as a human or other mammals against its own 
carcinoma cells. 

5 and more preferably about 1 to 250 µg/kg body weight/dose. 
However. other amounts may also be utilized. The admin
istration of the anti-idiotype polypeptide may be infusion as 
described above. 

Also provided herein is a method of inhibiting the growth 

When an anti-idiotype polypeptide of. e.g .. non-human 
origin is administered to a. e.g .. human. it may produce a 
somewhat detrimental response. Accordingly. in theory. the 
smaller the non-human amino acid sequence the anti
idiotype polypeptide contains. the lesser the immunogenic 
response to its xenogeneic sequences it will elicit in a 
human. Accordingly. preferred anti-idiotype polypeptides 

10 
or reducing the size of a primary or metastasized carcinoma 
tumor comprising administering to a subject in need of the 
treatment an effective amount of an anti.body or an anti
carcinoma hybrid analogue peptide comp.rising an effector 
agent selected from the group consisting of radioisotopes. 
therapeutic drugs and vaccines. and an anti-carcinoma 

are those containing at least one CDR or variable region of 
a non-human antibody binding specifically to the anti
carcinoma polypeptide described herein. optionally as a 
hybrid polypeptide. Also preferred are human anti-idiotype 
antibodies. CDR and variable fragments thereof. and frag
ments thereof that are operatively linked to an effector agent 
comprising a human polypeptide that may include the con
stant region of a hwnan antibody and fragments thereof. 
non-peptide polymers. monomers and atoms that may be 
radiolabeled as described above. Other types of constructs 
are also possible. several of which were described above. 

15 polypeptide which specifically binds to an antigen on the 
surface or in the cytoplasm of a carcinoma cell or released 
by the cell. allowing the hybrid polypeptide 10 reach the 
tumor and the polypeptide to bind thereto. and administering 
to the subject an amount of the anti-idiotype polypeptide of 

20 the invention effective to bind residual or unbound circulat
ing hybrid analogue peptide to thereby accelerate the clear
ance of the hybrid polypeptide. 

Having now generally described this invention. the same 
will be better understood by reference to certain specific 

25 examples. which are included herein for purposes of illus
tration only and are not i.ntended to be limiting of the 
invention or any embodiment thereof. unless so specified. 

Peptides comprising the sequence APDTRPAPG or frag
ments thereof comprising hexamers with the trimer TRP or 30 

TRP by itself or ta.ndem repeats thereof may also be utilized 
for clearing from the circulation of a subject molecules such 
as antibodies and analogue peptides of the invention which 
have been used for therapeutic pwposes. The peptide com
prising the hexapeptide or tripeptide sequences may be 35 

utilized as a tandem repeat comprising up to about 10.000 
repeats of the basic unit. and in some instances up to about 
500.000 repeats. In another embodiment peptides compris
ing one or more hexapeptides or tripeptides may be opera
tively linked to other polypeptide sequences of related or 40 

unrelated function. which sequences provide bulk that aids 
the clearance through the liver and/or kidneys of the immu
nological complex formed between the circulating unbound 
or residual antibody or polypeptides utilized for the therapy 

Methods Utilized 

EXAMPLES 

Example 1 

The procedures utilized herein for the reverse-
transcription (Rf) of RNAs encoding the variable regions 
and the subsequent amplification of the cDNAs by the 
polymerase chain reaction (PCR) have been described 
(Orlandi. R.. et al.. "Cloning Irnmunoglobulio Variable 
Domains for Expression by the Po1ymerase Chain 
Reaction". P.N.A.S. (USA) 86:3833-3837 (1989): Coloma. 
M. J .. et al .• "Primer Design for the Cloning of Immuno
globuli.n Heavy-Chain Leader-Fvs from Moose Hybridoma 
Cells Using the PCR". Bio.Techniques 11:152-156 (1991); 
Gavilondo-Cowley. J. V., et al .. "Specific Amplliication of 
Rearranged Immunoglobulin Fv Genes from Mouse Hybri
doma Cells". Hybridoma 9:407-417 (1990)). 

Total RNA is an adequate substrate for Rr-PCR. Poly
adenylated RNA was utilized herein. however. because it 
contains only minor levels of conuuninating ribosomal RNA 
and practically no DNA. 1be polyadenylated RNA was 
isolated with a Fast Track mRNA isolation kit (lnvitrogen 
Corporation. San Diego. Calif.). 

The oligonucleotides were synthesized on a PCR-Mate 
EP DNA synthesizer model 391 (Applied :Biosystems. Fos
ter City. Calif.). A PCR mouse lg primer set was purchased 
from Novagen (Madison. Wis.). and complementary DNA 

of carcinomas and the bexapeptide. The peptides comprising 45 
the hexapeptide or tripeptide may also be provided as a 
hybrid analogue peptide with other analogue peptides 
described above. In the absence of such treatment. the 
therapeutic antibody. which may carry a radioisotope. a 
toxin or other therapeutic molecules. may remain in the so 
circulation for several days and in some instances weeks. 
This. in the case of a radioactively labeled antibody or 
analogue peptide of the invention may produce extensive 
damage. which is highly detrimental to the health of the 
patient. and in some instances lethal. 

Thus. this invention also provides a method of lowering 
the serum concentration of a circulating antibody or 
polypeptide that binds to an antigen on the surface or in the 
cytoplasm of carcinoma cells or released by the cells com
prising administering to a subject the anti-idiotype polypep- 60 

tide described above. in an amount effective to bind the 
circulating polypeptide. to thereby accelerate its clearance. 

55 (cDNA) was prepared with an RNA PCR kit (Perkin Elmer
Cetus. Norwalk.. Conn.). 

In one preferred embodiment a tandem repeat of up to about 
20.000 and even up to about 50.000 peptides comprising the 
sequence APDTRPAPG. hexarners thereof having a TRP 65 
trimer or tandem repeats thereof are preferred. Another 
preferred embodiment comprises an oligopeptide compris-

PCR DNA fragments were cloned directly into pCRlOOO. 
using a TA cloning kit (lnvitrogen CoipOration. San Diego. 
Calif.). Plasmid DNA was isolated with a k:iit purchased from 
Qiageo (l'chapsworth. Calif.). and DNA sequencing was 
conducted with a Sequenase 2.0 DNA sequencing kit 
(United States Biochemical. Cleveland. Ohio) using aque
ous 5'a-35SdATP at 600 mCi/mmol (Amersham 
Corporation. Arlington Heights. Ill). 

Sequence analyses were perlonned on a Macintosh com
puter using the program GeneWorks (lntelliGeoetics. Inc. 
Mountain View. Calif.). 
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43 
Example 2 

44 
modified and amplified fragments were excised with either 
EcoRV and Sal I (for V L) or with EcoR V and Nhe I (for V H). 
These fragme nts were then ligated into the respective 
vectors. which had been cut open with the appropriate 
restriction enzymes. Both the vectors and the inserts were 
purified from an agarose gel prior to ligation. using the 
BiolOl GeneClean kit (glass beads) (La Jolla. Calif. ). 

Example 5 

SP2/0-Ag14 cells (Shulman. M .. et al. (1978). below) 
were cul tured either in Dulbecco's modified Eagle's 
medium (DME): fetal bovine serum (FBSJ. 90: 10 (v/v) or in 5 

a mixture of DME:RPMI:FBS. 45:45:10 (v/v/v) or 
RPMI:FBS. 90:10 (v/v). Penicillin and streptomycin were 
added to prevent bacterial growth. When serum-free 
medium was utilized. it contained an HL-1 supplement as 
directed by the manufacturer (Ventrex Labs .. Portland. Me.). 
The freezing medium was 10% DMSO in bovine serum. 

Expression of Mouse-Human Chimeric Antibody 

0 
The V H and V L regions in the final mouse-human chi-

1 meric antibody were sequenced once again to verify that 
their sequences were correct. 

Example 3 
PCR Primers 

The non-producer myeloma cell line SP2/0-Ag14. 
(ATCC: CRL 1581. Shulman. M .. et al .. "A Better Cell Line 
for Making Hybridomas Secreting Specific Antibodies". 

Primers and primer mixtures MulgKV S-C. MulgA. V L3'-
l. MuJgV H5'-C. MulgV H5'-F. andMuJgA.V ;J'-2 were part of 
a primer set purchased from Novagen. Their sequences may 
be obtained from Novagen. Other primers were synthesized 
by the inventors. These sequences are shown in Table 12 
below. 

ts Nature 276:269-270. (1978)) was transfected. and a chi
meric antibody were isolated as desaibed by Coloma. M. J. 
et al. (1992). with the following modification. The selection 
was only undertaken for the uptake of hisD by adding 5 mM 
histidinol to the medium and readjusting the pH to 7.4 with 
NaOH. 

TABLE 12 

Synlhdic Primers 

J02· TGAAGCTTGC TCACTG GATGGTGGG AA (Seq. ID No: 1): 
103- AGA TGG GGG ror CGT TIT GG (Seq. ID No: 2); 
104- GCT 1UA A'.IT CCA GGG GCC AGT GOA TAG A (Seq. ID No: 3 ): 
VHIBACK (4) - AG GT(CG) (CA)A(GA) CrG CAG (CG)AG TC(fA) GG 
(Seq. ID No: 4) 
1014- ATG TAC TTG GGA cro AAC TAT arc 1T (Seq. ID No: S). 

•Orlandj, R., ct al. (Orlandi, R., ct al. "Cloning Immunoglobulin Variable Domains for 
Expression by the Polymerase Chain Reaction" . P.N.A.S. (USA) 86: 3833-3837 (1989)). 

Example 4 
Cloning of Chimeric BrE-3 Antibody Polydeoxyribonucle- 35 

O(ide 
Two expression vectors pAG4622 and pAH4604 were 

utilized herein (Coloma. M. J .. et al .. "Novel Vectors for the 
Expression of Antibody Molecules Using Variable Regions 
Generated by PCR". J. hnmunol. Methods 152:89-104 40 

(1992)). These were kindly provided by S. L. Morrison 
(Dept. of Microbiology and Molecular Genetics. UCLA). 
The construction and expression of chimeric genes was 
performed as desaibed by Coloma. M. J .• et al. (Coloma. M. 
J.. et al. (1992). supra). 45 

Oligonucleotides were synthesized and used in a PCR 
mixture to produce variable heavy (V H) and variable light 
(VJ fragments with the correct ends for insertion into the 
pAG4622 and pAH4604 expression vectors. There 
sequences are shown in Table 13 below. 

TABLE 13 

Synthesized Oligonucleotidt:s 

Example 6 
Production of Transfected Hosts 

After ten days. the stable transfectant colonies were 
clearly established at a frequency of approximately 10-'. 
The colonies were transferred to a nonnal medium (without 
histidiool) and the supematants from stable transfectants 
were assayed for the presence of the mouse-human chimeric 
BrE-3 antibody. This was done by capturing the secreted 
mouse-human chimeric BrE-3 antibody with a plate-bound 
goat anti-hwnan-K antibody and developia.g with goat anti
human-y antibody as described by Coloma.. M. J. et al. with 
the following modification. The secondary antibody utilized 
herein was radiolabeled with 1251 

Example 7 
Confirmation of Mouse-Human Chimeric BrE-3 Antibody 
Expression 

The supernatants were assayed for binding to human milk 
fat globule (HMFG) as described by Ceriao.i R. L. {Ceriaoi 

1016 (sense VM leader)· GGG G>JATC CACC ATG TAC TTG GGA CrG AAC 
"DJ GTC UC A (Seq. JD No: 6); 
1017 (sense VL leader)· GGO GATATC CACC ATG AAG TI'G CCT 01T AOO 
cro TI'O GT (Seq. ID No: 7 ); 
JOJ8 (anti-sense JH.3) • GGG GCTAGC TGC AGA GAC AGT GAC CAG AGI CC 
(Seq. ID No: 8); 
1019 (anti-sense Joel) - GGG GTCGACITAC G TIT OAT 'ITC CAG CTI GGT 
GCC TCC A (Seq. JD No: 9) . 

The original pCRl 000 clones were utilized as the starting 65 R. L .. et al .. Diagnostic Ability of Different Human Mille Fat 
templates for the PCR. The new PCR products were cloned Globule Antigens in Breast Cancer". Breast Cancer Res. 
back into pCRlOOO and their sequence coofinned. Correctly Treat. 15:161-174 (1990)). HMFG was bound to the micro-
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titer plates as described previously (Ceriani R. L.. "Solid 
Phase ldentihcation and Molecular Weight Determination of 
Cell Membrane Antigens with Monoclonal Antibodies". in: 

46 
The cDNAs that encode the BrE-3 mouse irnrnunoglobu

lin variable domains (V Hand VJ were prepared by reverse 
transcription and PCR amplification (RT-IPCR) from poly
adenylated RNA isolated from 108 BrE-3 hybridoma cells Monoclonal antibodies and functional cell lines. Progress 

and application. Bechtol. K. B .. McKem. T. J .• and Kennett. 
R .. Eds .. Plenum Press. New York. pp 398-402 (1984)). 

5 by the following procedure. 

Most colony supernatants were positive by both assays. The 102. 103. 104. 1014 and V HlBACK primers were 
synthesized. and there sequences shown in Example 3 
above. Other primers were purchased from Novagen. With 

The colonies that secreted the highest level of chimeric 
antibody into the supernatants. as determined by these 
assays. were subcloned and subsequently adapted to serum
free medium for the purification of antibody. 

Example 8 
Competition Assay 

10 
the exception of V HlBACK. which is a framework-specific 
primer. all sense primers are specific for the leader peptide 
region. All anti-sense primers are specific for the constant 
regions. The degenerate A. chain of the specific primer 
MuJgA.Vt.3'-1 (from Novagen). was used to isolate the K The antibody-antigen affinity constants for the mouse

human chimeric antibody which binds to human milk mucin 
and the whole murine antibody were determined by obtain
ing the reciprocal value of the concentration of competing 
unlabeled monoclonal antibody giving 50% binding as 
described by Sheldon. K. et al. (Sheldon. K..et al.. "Char
acterization of Binding of Four Monoclonal Antibodies to 

20 the Human Ovarian Adenocarcinoma Cell Line HEY". Bio
chem. Cell Biol.. 65: 42~28. (1987)). The protocol for the 
assay was as follows. 

is chain cDNA clones because of the similarity of the y and K. 

Microtiterplates (Dynatech. Chantilly. Va.) were prepared 
using successive layers of methylated BSA. glutaraldehyde. 
anti-~galactosidase and the bacterial fusion protein 11-2 ( a 25 

hybrid of ~galactosidase and human mammary mucin) as 
described in Ceriani. R. L.. et al. (Ceriani. R. L .. et al.. "A 
Novel Serum Assay for Breast Cancer Epithelial Antigen 
Using a Fusion Protein". Anal. Biochem. 201:178-184 
(1992). Each well contained 388 ng · of the 11-2 fusion 30 

protein. To each well were added 25 µI t2si -BrE-3 (ATCC 
No. HB 10028)in RIA buffer (10% bovine calf serum. 0.3% 
triton X-100. 0.05% sodium azide pff7.4. in phosphate 
buffer saline). and competed with 25 µl of either unlabeled 
murine antibody or mouse-human chimeric antibody in RIA 35 

buffer at final concentrations in the nanomolar range. 
lodinations were performed with 12 51 (17 Ci/mg. Nordion 

International Inc .. Kanata. Ontario. Canada). 50 micrograms 
of monoclonal antibody BrE-3 (Coulter. Hialeah. Ra.) were 
labeled at a specific activity of 9.56 mCi/mg using the 40 
chlorarnine T method as described by Ceriani. R. L. and 
Blank. E. W .. (Ceriani. R. L . and Blank. E. W .. "Experi
mental Therapy of Human Breast Tumors with 1311-Labeled 
Monoclonal Antibodies Prepared Against the Human Milk 
Fat Globule". Cancer Res. 48:4664--4672 (1988)). 45 

When the counts of bound radiolabeled murine BrE-3 
antibody were plotted an the Y axis and the logarithm of the 
nanomolar (nM) concentration of competing unlabeled 
murine BrE-3 antibody or mouse-human chimeric antil>ody 
were plotted in the X axis. both curves overlapped within SO 
5% error (Figure not shown). 

nus proves that the variable region's affinity character
istics have been preserved. 

Example 9 
Amplification of cDNAs Encoding BrB-3 Variable Regions 

An identical K' chain clone was isolated with primer 102 
which is specific for the K' chain constant domain. 

The V H region cDNA could not be isolated with the 
available leader peptide primers. Thus. the V HlBACK 
primer was used. which yielded the V H cDNA '(72. The 
leader-peptide primer 1014 was then desi.gned by extrapo
lating from the framework sequence of 172. using cataloged 
nucleotide sequences (Kabat. E. A .. et al .. "Sequences of 
Proteins of Immunological Interest". U.S. Dept. Health and 
Human Services. NIH publication No. 91-3242. 5rh Edition 
(1991). After sequential PCR reactions. this new primer 
yielded the complete V H framework cDN A. This informa
tion is summarized in Table 14 below. 

TABl.E 14 

Primer Combinations for PCR Amplification 

Clone No. Sense Primers Anlisense Primers 

VL 1.52 MulgicVL5'..C 102 
164 MulgicVLS'..C MulgAVl.3'-l 

v,. '(12 V,.IBACK (103or104) 
1012 J014 (1" PCR) 103 

1014 (2"" PCR) 104 
1043 1014 (l" PCR) J03 

(MulgVHS'-C + Mu\gyVH3'·2 
MulgVHS-f) 
(2°" PCR) 

Example 10 
Isolation of Amplified BrE-3 V L and V H cDNA and 
Sequences 

The PCR products were cloned without prior purification 
into pCR 1000 (lnvitrogen) and sequenced in both directions. 
Clones 152. 164. 1012. and 1043 were isolated indepen
dently during different Rf-PCR runs. The sequences of V L 

clones 152 and 164 were found to be ide.~tical. as were the 
sequences of the V H clones 1012. 1043. The V H and V L. 

DNA sequences and their derived protein sequences are 
shown in Tables 15 and 16 below. 

TABLE 15 

Bdl-3 V L Nucleotide and Derived Protein ~ueoces 

Bi:E.-3 VL 
DNA~uence 

ATG AAO TIO CCT GIT AGO CTG TIO GTO CTG TIO 1TC TGG ATT CCT GCT TCC ATC (~. ID No: JO) 

AGT OAT GIT GTG ATC ACC CAA ACT CCA ere TCC CTG CCT GTC AGT err GOA GAT CAA 
OCT TCC ATC TCT TGC AOA TCT AGT CAO AAC err GTA CAC AAC AAT GGA AAC ACC TAT 
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TABLE 15-conlinued 

BrE-~ V L Nucleocide and Derived Proleiri Sequeuces 

TIA TAT TGG rrc CTG CAG AAG TCA GGC CAO TCT CCA AAG ere CTG A1T TAT AGO OCT 

TCC ATC CGA TIT TCT GOG GTC CCA GAC AGO 'ITC AGT GGC AGT GOA TCA GAG ACA GAT 

ITC ACA ere AAG ATC AC.C AGA GTG GAG GCT GAG OAT CTG GOA GIT TAT ITC TGC TTT 

CAA GGT ACA CAT OTT CCG TGO ACG TIC GOT GOA GOC ACC AAG CTG GAA ATC AAA c 

Amino Acid Seque~ 

m k I p v r I I v I L F W I P A S I S DI V V M T Q T P L S L 
PVSLGDQASISCRSSQN L VHNNGNTYLYWF 

LQKSGQSPKLLIY RAS! R FSGVPO RFSG SG 

SET DFTLKI SRVEAEDLGVYF C FQGTHVPW 
TFGGGT K LE IK 

(Seq. No: II) 

TABLE 16 

BrE-3 V" Nucleotide and Derived Prolein Sequences 

BtE-3 VH 
DNA~ 

ATG TAC TIU GOA CTG AAC TAT GTC TIC ATA OTT TTT CIC TTA AAA GOT GTC CAG (Seq. ID No: 12) 

AGT GAA GTG AAG CTT GAG GAG TCT GGA GOA GGC 1TG GTG CAA CCT GOA GOA TCC ATG AAA CIC 
TCT TGT GCT GCT TCT GOA TIC ACT TTT AGT GAT GCC TGG ATG GAC TOO GTC CGC CAO TCT CCA 
OAO AAG GOO CTT GAG TOO GIT ocr GAA A1T AOA AAC AAA GCC AJ>J Al'J CAT GCA ACA TAT TAT 

OAT GAG TCT Gro AAA GOG AGO TIC ACC ATC TCA AOA OAT GAT TCC AAA AGT AOA OTG TAC CTG 

CAA ATO ATA AOC TIA AOA OCT GAA GAC ACT GGC CTT TAT TAC TOT ACT GGG 0AG1Tlf OCT AAC 

TOG GGC CAO GGG ACT cro OTC ACT GTC TCT GCA 0 

Amino Acid Sequcoce 

m y I g 1 n y v f I V F L L K G V Q S El V K L E E S G G G L (Seq. ID No: 13) 
V Q P G G S M K L S C A A S G F T F S D A W _M_D W V R Q S P 

EKGLEWVAElRNKANNHATYYDE S VKGRFT 

IS RDDSK S RVYLO M ISL RA EDTGL Y YCTOE 

F A N W G Q G T L V T V S A 

The sequences were interpreted as described by Kabat ct 
40 

al. (1991). The residues that are shown in lower case 
correspond to PCR primers. The mature chains begin at Dl 
(VJ and El (V H). respectively. The amino-acids that are 
underlined are those corresponding to the CDRs. The under- 4S 

TABLE 17 

Comparisoo of cDNA-Deduced Prorein Scquoncc with 
Directly Detcm!ined N-ienninal Protein Seaueoce 

VL 
lined nucleotides indicate joining segments. VL 

cDNA-deduced DVVMTQTPLSLPVSLODQASISCRS 
Protein sequence GVVMTQTPLSLPVVLODQASilXRX 
cDNA-deduced EVKl..EESOOGl.VQPGGSMKLSCAAS 
Protein sequeuce EVKU:ESGGVLVQPGOSMKLSSAAS The framework and CDR polypeptide segments were 

identified according to Kabat et al. (1991). V Lis a group IlK 
chain. Part of the CDR 3 and all of framework 4 (FR4) are 50 

encoded by 1u- V H belongs to group me. CDR 3 and FR4 
arc encoded by 1113• Little or nothing rem.aiDs from an 
unidentified D minigcne. Thus. the CDR 3 is only 4 amioo

VH 
VH 

BrE-3 was reduced with 5% mercaptoethanol. separated 
on a 10% SDS polyaaylamide gel. and clectroblotted onto 
a ProBlott membrane (Applied Biosystems. Foster City. 
Calif.). AmiD.o acid sequencing was pcrfo.rmed directly on 
the immobilized bands by the Biotechnology Instrumenta-acids long. s.s lion Facility. University of California. Riverside. The protein 
sequence given here is the sequencer's best guess. 

Example 11 

Comparison of cDNA deduced Amino Acid Sequence 60 

with Directly Determined N-Tenninal Fragment Sequence 

Once the variable region cDNAs were cloned. it was 
confirmed that. in fact. they encoded the variable regions of 
BrE-3 and not those of another antibody by comparing the 
cDNA-derived amino acid sequences of the cloned BrE-3 
variable region with the N-terniinal sequence of purified 
BrE-3 antibody directly determined by a single run of 
protein sequencing. The cDNA sequences were shown to be 
accurate by comparison with 2 independently reverse b'an-Table 17 below shows a comparison between the cDNA

derived polypeptide sequence and the polypeptide sequence 
deteanined directly from purified BrE-3 monoclonal anti
body. 

6S scribed clones. 
The general agreement between the predicted and the 

determined amino-acid sequences shows that the cloned 
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described in Examples 6 and 7 above. High producing 
transfectants were subcloned and subseq1uentJy adapted to 
grow in serum-free medium. The mouse-human chimeric 
antibody produced by the myeloma cell line was then 

cDNAs encode polypeptides of the same class and subclass 
as the variable regions of BrE-3. This indicates that the 
cDNAs encode authentic variable regions. The authenticity 
of the variable region polypetide and. therefore. that of the 
mouse-human chimeric BrE-3 antibody is unquestionable 
given that the variable regions and the chimeric antibody 
a.flinity constant is indistinguishable from that of BrE-3. 

Example 12 
Construction of Mouse-Hum.an Chimeric Antibody Genes 

5 purified from the cul!ure supernatant using a Sepharose 
4B-protein A column (Bio-Rad. Richmond. Calif.) as 
described in Ey. P. L.. et al. (Ey. P. L.. et al .. "Isolation of 
Pure lgGl. IgG2a and lgG2b lrnrnunoglobulins from Mouse 
Serum Using Protein A-Sepharose". lnununochemistry 

The vectors used were developed by Coloma. M. J .. et aJ. 
(Coloma. M. J.. et al. (1992). supra) and kindly provided by 
S. L. Morrison (Dept. of Microbiology and Molecular 
Genetics. UCLA). Both vectors were derived from pSV2 
(Mulligan. R. C .. and Berg. P .. "Expression of a Bacterial 
Gene in Mammalian Cells". Science 209:1422-1427 (1980) 
). and contain genomic fragments encoding either the heavy 

to 15 :429-436 ( 1978)). Antibody disulfide bonds were reduced 
to separate the light and heavy chains by heating for 10 min 
at 65° in LaemmJi loading buffer containing 5% beta
mercaptoethanol. The separated chains were then chrom.ato
graphed on a SDS polyacrylamide gel (10%). The reduced 

or the light chain constant domains. The vectors accept 
cDNAs that encode the Fv regions. To ligate the F_ cDNAs 
to the vectors. restriction ends were added to the cDNAs in 

15 mouse-human chimeric antibody and BrE-3 antibody were 
eletrophoresed in separate lanes next to 97.4. 66.2. 45.0. 
31.0 and 2.5 Kdalton protein markers. Table 18 below shows 
the apparent molecular weights of the two bands obtained 
for both. 

a set of PCR reactions. using-the J016. J017. 1018 and 
20 

J019 primers. 
The pAG4622 light chain vector contains the gene for the 

human K chain constant region. including the J-C intron. It 
encodes xanthine-guanine phosphoribosyltransferase or gpt 

25 
(Mulligan. R. C .. and Berg. P.. "Selection for Animal CeUs 
that Express the Escherichia Coli Gene Coding for 
Xanthine-Guanine Phosphoribosyltransf erase" .P.N .A.S. 
(USA) 78:2072-2076 (1981)) as a dominant selectable 
marker. It accepts the mouse V l. cDNA between the ribo
some binding site (Kozak. M .. "Compilation and Analysis of 30 

Sequences Upstream from the Translational Start Site in 
Eukaryotic mRNAs". Nucleic Acids Res. 12:857-872 
(1984)). which is preceded by the VH promoter from the 
anti-dansyl murine monoclonal antibody 27 .44 (Coloma. M. 

35 I.. ( 1992). supra). and the J-C intron. The J-C intron contains 

TABLE 18 

Reduced Br£-3 and Chimeric Br£-3 Antibody 
V1 and V" Apparent Molecular Weights 

Chimeric Antibody 

v,.. 
(Kd) 
so 

VH 
(Kd) 
49 

Bi£-3 

The heavy and light chains of the chimeric BrE-3 anti
body separat.e as expected when electroph.oresed on a poly
acrylamide gel. 

Example 14 
Affinity Binding Constants for BrE-3 and Mouse-Human 
Chimeric Antibody the JC chain enhancer (Potter. H.. et al.. "Enhancer

Dependent Expression of Human K Immunoglobulin Genes 
Introduced into Mouse Prep -B Lymphocytes by 
EJectroporation". P.N.A.S. (USA) 81:7161-7165 (1984); 
Ernorine. L. et al .. "A Conserved Sequence in the Immu
ooglobulin J Kappa-C Kappa lntron: Possible Enhancer 
Element''. Nature 304: 447-449 (1983)). 

The pAH4604 heavy chain vector contains the gene for 

The purified mouse-hum.an chimeric BrE-3 antibody and 
purified murine BrE-3 gave similar competition curves when 
tested against 1251-labeled murine BrE-.3 binding to its 

40 antigen. The affinity binding constants of the murine anti
body and the mouse-human chimeric antibody were deter
mined in independent competition assays as described in 
Example 8 above. The values of the constants are 2.68xl08 

:~~as~~=oJ~e~;~:~::~0~; ~~h n~~~~~· ~ 45 

and Mulligan. R. C.1\vo Dominant-Acting Selectable Mark-

M-1 and 3.75xl08 M-1 for the hybrid BrE-3 polypeptides 
and foe the murine antibody of BrE-3. respectively. These 
values are not distinguishable at a 95% confidence interval. 

Example 15 
Tissue Binding Studies 

so lmmunohistochemical staining using tb.e immunoperoxi-

ers for Gene Transfer Studies in Mammalian Cells". 
P.N.A.S. (USA) 85:8047-8051 (1988)) as a dominant select
able marker. It accepts the mouse V H cDNA between the 
dansyl promoter-ribosome binding site and the constant yl 
gene. The vector also contains an insert that encodes the 
heavy chain enhancer (R.abbitts. T. H .. et al. 'Transcription 
Enhancer Identified Near the Hum.an C mu Immunoglobulin 
Heavy Chain Gene is Unavailable to the Translocated c-myc 

55 
Gene in a Burk.in Lymphoma". Nature 306:806-809 
(1983)). 

The new V H and V l. DNA fragments with appropriate 
restriction ends were integrated into pAH4604 and 
pAG4622 as described in Example 4 above. The vectors 

60 were then electroporated (together) into SP2/0-Ag14 
myeloma cells as described by Coloma et al. (1992). supra. 

Example 13 

dase technique of consecutive human breast carcinoma 
tissue sections was conducted with the mouse-human chi
meric BrE-3 antibody. A control was stained with the 
anti-human secondary antibody only. Positive staining 
resulted from the use of the mouse-human chimeric BrE-3 
antibody. followed by the anti-human antibody specific 
binding. (Pictures not shown). 

The breast carcinoma tissue sections were stained with the 
supernatant of the transfected cells using the Vectastain ABC 
method (Vector Labs. Burlingame. Calif.). The tissue stained 
with the goat anti-human lg secondary antil>ody only shows 
background or non-specific staining of necrotic areas of the 
tissue section. 

Characterization of Mouse-Human Chimeric BrE-3 Anti
body and V H and V L Regions 

The supematants from stable transfectants were assayed 
for the presence of the mouse-human chimeric antibody as 

The tissue stained with mouse-human chimeric BrE-3 
65 antibody. followed by the secondary antibody. shows spe

cific staining of the breast carcinoma cells in the breast tissue 
sections. 
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Example 16 
BrE-3 Imaging Studies 

The murine monoclonal antibody BrE-3 has been shown 

52 
antibody was shown to preserve the original binding affinity 
of the murine antibody. 

In this hybrid polypeptide. approximately : . of its con
tiguous non-human immunogenic targets (CL and CH 
regions) were entirely replaced by human constant domains. 

Example 18 

to be highly effective for imaging and for the radioimmu
notherapy of breast cancers. For example. in a pharmaco- 5 
kinetic study of 15 breast cancer patients conducted with an 
111Jn MXDTPA-BrE-3 radioimmuooconjugate (BrE-3 
antibody). the serum levels were low in most patients. the 
blood clearance correlated with the circulating antigen and 
lhe imaging results showed that about 86% of all sites could 
be imaged (Liebes. L. et aL "Pharmacokinetics of iuln
BrE-3 Monoclonal Antibody in Patients with Breast 
Carcinoma". Proc. Am. Assoc. Cancer Res. 33:216(Abs No. 
1292) ( 1992)). 

Cloning of KC-4 V H and V L and cDNAs 
10 

The procedure and media employed are described and 
referenced in Examples I and 2 above. 

A 90Y-Br&3 radioimmunoconjugate having similar mar
macokinetic characteristics and extrapolating the urn. 
BrE-3 dosimetry results provide a superior therapeutic 
agent. as well. 

Example 19 
15 

PCR Primers used in First Isolation of KC-4 cDNAs 

The PCR primers were purchased from Novagen 
(Madison. Was.). Their sequences. reproduced from the 
booklet provided by Novagen. are shown in Table 19 below. 

As with many other monoclonal antibodies. however. the 
clinical applications of BrE-3. a whole mouse antibody. are 

TABLE 19 

PCR Primer Seque1ices 

MulgicVLS'-C: sense primer mix for kappa leada. 
ACTAGTCGACAJUAAGTI'GCCTOTTAOOCTGJTOGTOCTO (Seq. ID No: 14) 
ACTAGTCGACATOOAGWCAGACACACTCCTOYTATGGGT (Seq. ID No: 15) 
ACTAGTCGACATGGATITWCAGGTGCAGATIWTCAGCITC (Seq. ID No: 16) 
MulgKVL3'· 1: antiscnsc kappa c:oostaJll n:gioo. 
CCCAAGCITACfGGATGGTGGGAAGATGGA (Seq. ID No: 17) 
Mulg V H.5'-F: sense primer mix for heavy chain leader. 
ACTAGTCGACATGRACTJTGGGYTCAGCTroRTIT (Seq. ID No: 18) 
ACTAon::GACATGAGAGTGCTGATIFCI Ji IGTG (Seq. ID No: 19) 
ACTAGTCGACATGGA'ITITGGGCTGAI 11111 I 11\TTG (Seq. ID No: 20) 
MulgyVli3'-2: awiscose gamma constanl regioo. 
CCCAAGCITCCAGGGRCCAJUCGGATARACJGRTGG (Seq. ID No: 21 ) 

limited by the HAMA response. A chimeric monoclonal 
antibody should give a more restricted HAM.A response. 

Example 20 
Cloning of Mouse-Human Chimeric KC-4 Antibody Ribo
nucleotide 

Example 17 40 
Hybrid BrE-3 Imm.unogenicity 

The BrE-3 variable region polypeptides have been cloned 
without the constant regions to produce less immunogenic 
polypeptides than the parent murine antibody. It has. 
moceover. been shown herein that the mouse-human chi-

The two expression vectors pAG4622 and pAH4604 
described in Example 4 were utilized. 

Oligonucleotides synthesized and used in a PCR to pro
duce V Hand V L fragments with the correct ends for insertion 
into the pAG4622 aod pAH4604 expression vectors are 
shown in Table 20 below. 

TABLE20 

1020 - sense kappa leader 
GGG GATATC CACC ATG AAG TIG CCT GIT AGG CTO TIG (Seq .. ID No: 22) 
1021 ·anti.sense JK2 
CCC GI'CGACJ"L\C G TIT ncr ITC CAG err GGT CCC CCC T (Seq. ID No: 23) 
1022 · sense V., leader 
GGG GATATC CACC ATG OAC TIT GGG CI'C AGC 1TG 01T1T (Seq. ID No: 24) 
1024 - anti.sense JH3 
CCC GCTAGC TGC AGA GAC AGA GAC CAG AGT CC (Seq. ID No: 25) 

meric BrE-3 antibody lacking its original murine constant 
region preserves its antigen binding characteristics. 

The original pCRlOOO clones were the starting templates 
00 for the PCR and the rest of the procedures as described in 

Example 4 above. A BrE-3 variable region chimeric alone or as a mouse
human chimeric anubody also containing a constant region 
human region or a fragment thereof is significantly less 
immunogenic to humans than the parent murine antibody. 65 

The hybrid polypeptide comprising the variable region of 
the BrE-3 antibody and the constant region of a human 

Example 21 
Expression of the KC-4 Qtimeric Gene 

The V H and V L regions in the KC-4 mouse-human 
chimeric antibody were sequenced once again to verify that 
their sequences were correct. The traosfection of the non-
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producer myeloma cell line SP2/0-Ag14. (ATCC: CRL 
1581) and isolation of polypeptide was conducted as 
described in Example 5 above. 

54 
The treatment of the original murine KC-4 antibody with 

N-glycosidase F (Boehringer Mannheim GmbH Germany) 
following the recommendations of the manufacturer. pro
duced a noticeable decrease in the intensity of the "top" light Example 22 

Production of Transfected Hosts 
After ten days. stable transfectant coloaies were clearly 

established at a frequency of approximately 1/10.000. The 
colonies were transferred to normal medium and the assays 
conducted as described in Example 6 above. 

5 chain and a concomitant increase in the intensity of the 
bottom light chain (Figure not shown). 

The explanation for the existence of an extra light chain 
is that this chain is glycosylated. Three lines of evidence 

Example 23 
Confirmation of Mouse-Humao Chimeric KC-4 Antibody 
Expression 

The supernatants were essayed for binding to human milk 
fat globule (HMFG) and the breast epithelial mucin (BEM) 

10 
substantiate this. First. the detection of an asparagine-linked 
glycosylation site in the amino acid sequence of the light 
chain. That is the triad NIS (Asn-Ile-Ser) in framework 3. 
Second. the decrease of the intensity in the putative glyco
sylated band after trealroent with N-glycosidase F. while 

as described previously in Example 7 above. HMFG and 15 

BEM were bound to the microtiter plates as described 
previously by Ceriani. R. L. (1990). In this radioassay the 
bound chimeric KC-4 (HMFG and BEM) was detected by 
anti-human gamma chain conjugated to 12s-i. Most colony 
supernatants were positive by both assays. The colonies that 20 
secreted the highest level of chimeric antibody in the 
supernatants. as determined by these assays. were sub
cloned. 

Example 24 
Western Blot 25 

75 µI of the culture supernatant was added to 20 µl of 
4XLaemmli buffer and 5 µI ~mercaptoethaool and the 
mixture was heated at 65° C. for 15 min .. in order to reduce 
antibody disulfide bonds and. thus. separate heavy from light 
ch.ains. 20 µI of the treated sample was chromatographed in 30 
duplicate lanes on a 10% SDS polyacrylamide gel together 
with other antibodies that were treated similarly and that 
were loaded for comparison. Pre-stained size markers 
(BioRad. Richmond. Calif.) were also loaded. 

The cbromatographed proteins were electroblotted onto a 35 
ProBlott membrane (Applied Biosystems. Foster City. 
Calif.) in 90% 30 mM CAPS pHll. 10% methanol. for 1 
hour at 25 V and at 4° C. The membrane was cut into 2 parts 
containing identical antibody samples. The 2 membranes 
were immersed in 20% Bovine Calf Se.rum in PBS and 40 
shaken slowly at room temperature for lhour 35 min. 1251 
labeled goat anti-human 1C chain antibody was added to one 
membrane and 125! labeled goat anti-human y chain antibody 
to the other membrane. Antibodies were labeled at a specific 

concomitantly the intensity of the non-glycosylated band 
was increased. Finally. 2 corresponding light chain bands are 
seen in the chimeric antibody version. 

The extra light chain in the chimeric version cannot be a 
contaminant since it was specifically stained by goat anti
huroan K chain antibody. It can only be a product expressed 
by pAG4622. Thus both light chains must have the same V 1.. 
amino acid sequence and the same human constant region. 
These observations show that approximately half of the light 
chains of both the murine KC-4 and the KC-4 chimeric 
antibody are glycosyl.ated at the asparagine-Linked glycosy-
lation site. 

Example 25 

Amplification of cDNAs Encoding KC-4 F. Regions 

The cDNAs that encode the KC-4 mouse immunoglobu
Lin V H and V L were prepared as described in Example 9 
above from polyadenylated RNA isolated from 100 million 
KC-4 hybridoma cells. All clones were obtained from inde
pendent PCRs. The sequences of the primers are given in 
Example 19 and 20 above. All primers are specific for either 
the leader peptide region or for the constant regions. The 
primer combinations utilized herein are shown in Table 21 
below. 

TABLE 21 

Primer Combinalion for PCR Amplifications 

Clooe No Primer combinations 
activity of approximately 10 mCi/mg using the chloramine 45 ---------· ------------
T method as described by Ceriani. R. L. and Blank. E. W. 
(1988). the labeled antibodies were diluted to 4,000 cpm/µl 
in RIA buffer. 

After incubating 3 hours at room temperature the blots 
were washed twice in TBS for 10 min each time, once in 50 

TBST (50 mMTRIS pH7.5. 3 mM EDTA25 mM NaCl) 10 
min and once more in TBS (fBS with 0.05% Tween 20) for 
10 min. The membranes were dried and exposed to Kodak 
XAR film. 

Western blot analyses of culture supernatants revealed 55 

that 3 antibody chains were expressed that corresponded to 
the 3 antibody chains seen in the original KC-4 antibody. 
These were a heavy chain that stained with goat anti-human 
y chain 1251-labeled antibody. and 2 light chains that stained 
with goat anti-human K chain 1251-labeled antibody (Figure 
not shown). 

96 
107 
Kl 
66 
20') 

H3 
H7 

MulgKVLs·.<: + MulglcVL3'-t 
MulgKVL5'.<: ..- Mulgt:V3L3'-l 
1020 +1021 
MulgVw5'-F + MulgyV.,3'-2 
MulgVwS-F + MlllgyV.,3·-2 
1022 + 1024 
1022+1024 

Example 26 

Isolation of Amplified KC-4 Fv1.. (V,) and FVH (V H) cDNA 
a.nd sequences 

The PCR products were cloned. without IJlCior purification. 
into pCRIOOO (Iovitrogen) and sequenced in both directions. 
The V H and V L DNA sequences and their derived protein 
sequences are shown in Tables 22 and 2.'l below. 
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TABLE 22 

V L Nucleoli& Sequences 
KC-4 v L (kll-!kli 

ATG AAG TTG CCT GIT AGO CTG TIU GTG CTG ATG TIC TOO ATT CCT 
OCT TCC AGC AGT GAT G1T TIG AW ACC CAA ACT CCT CTC TCC cro 
CCT GTC AGT CTI GGA GAT CAA GCC TCC ATC TCT TGC AGA 1CT AGT 
CAO AGC AIT GTA CAT AGT AAT GGA AAC ACC TAT TIA GAA TOG TAC 
CTG CAO AAA CCA GGC CAO TCT CCA AAG CTC cro ATC TAC AAA GIT 
TCC ATC CGA TIT TCT GOG OTC CCA GAC AGG TIC AGT GGC AGT GGA 
TCA GOG ACA GAT 1TC ACA CTC AAT ATC AGC AGA GTG GAG OCT GAG 
OAT cro GOA ATT TAT TAC TGC TTf CAA GGT TCA CAT GTT CCG TAC 
ACG TTC GGA GOG GOG ACC AAG CTG GAA ATA AAA C (Seq. ID No: 26) 

TABIE 23 

VH Nucleotide Sequence 
KC-4 VH (IlID·D9-lli3) 

ATG GAC TTT OGG ere AOC 1TG GIT TIC err G'IC CTI ATI TIA AAA 
GOT arc CAG roT GAA GTG CAO ATG GTG GAG TCT GGG GGA GIG AAG 
CCT GGA GGG TCC CTG AAA CTC TCC TOT OCA GCC TCT GGA TIC OCT 
TIC AGT AOC TAT GCC ATG TCT TGG GIT CGC CAG GAG AAG AGG cro 
GAG TOG GTC GCA GAA ATI AGT AGT GGT GGT AAI TAC GCC TAC TAT 
CAA GAC ACT Gm ACG GGC CGA TIC ACC AGA GAC AIU GCC AAG AAC 
ACC cro TAC CTG GAA ATG AOC AGT CTG AGG TCT GAG GAC ACO GCC 
ATG TAT TAC 'lUf GCA AGO OAO OGT ATC coo GCC TGG TTT OCT TAC 
TGG GGC CAA OGG ACT cro OTC TCT GTC TCT GCA G (Seq. ID No: V) 

Example 27 
Amino Acid Sequences of KC-4 Chimeric Antibody Fv 
Regions 

TABLE 25-continued 

After the KC-4 F. region cDNAS were cloned. aod 35 
sequen.ced. and their cONA-derived amino acid sequence 
was compared with the N-terminus sequence directly deter
mined by a single run of amino acid sequencing on purified 
KC-4 antibody. 

FR2 
CDR2 
FR3 

V H Amioo Acid Sequences 
KC-4VH (1IID-D9-JH3) 

WVRQSPEKRLEWVA (Seq. ID No: 39) 
EISSGGNYAYYQDTVI'G (Seq. ID No: 40) 
RFilSRDNAKN'U..YlEMSSLRSEDTAMYYCAR ( Seq. ID 
No: 41) 

The cDNA sequences were showo to be accurate since in 
both cases they were identical for clones that were prepared 
from independent reverse lranscription reactions. This con
firms that the cloned cDNAs are authentic KC-4 F. regions. 
The sequences are shown in Tables 24 and 25 below. 

FRI 
CDRI 
FR2 
CDR2 
FR3 

CDR3 
FR4 

TABLE24 

VL Amino Acid Sequences 
KC-4VL (kll-Jt2) 

MKLPVRLLVLMFWIPASSS (Seq. ID No: 28) 
OVLMTQTPLSLPVSLGDQASISC (Seq. ID No: 29) 
RSSQSJVHSNGNTYLE (Seq. ID No: 30) 
WYLQICPOQSPKlllY (Seq. ID No: 31) 
KVSIRFS (Seq. ID No: 32) 
GVPDRFSGSGSGTDFILNISRVEAEDLGJYYC (Seq. ID 
No: 33) 
FQGSHVPYI' (Seq. ID No: 34) 
FGGGTKLEIK (Seq. ID No: 35) 

4() CDR3 
FR4 

EGTPAWPAY (Seq. ID No: 42) 
WGQGJLVSVSA (Seq. ID No: 43) 

The sequences were interpreted as described by Kabat et 
4S al. ( 1991). supra. Tiie residues that are uodedined corre

spond to PCR primers. The mature V L and V H chains begin 
at amincracids D and E of framework 1 (FRI). respectively. 

Framework and CDR protein segments were identified 

50 according to Kabat et al. (1991). supra. V Lis a group Il IC 

chain. 

Part of the CDR 3 and all of the framework 4 (FR4) are 
encoded by Jk2. Y H belongs to group illd. CDR 3 and FR4 

55 
resulted from a genomic recombination involving minigeoes 
09 and no. There is an asparagine glycosylation site io the 
light chaio in FR3. The site reads NIS (Asn Ile Ser). 

Example 28 
TABLE 25 

~~~~~~~~~~~~~~~~~~~~~ 60 
V H Amioo Acid Sequences 

KC-4V" (IDD-D9-JH3) 

MDFGLS!,_~VLil.KGVQC (Seq. ID No: 36) 
FRI EVQMVESGGGLVKPOGSLKLSCAASGFAFS (Seq. ID 

No: 37) 
CORI SYAMS (Seq. ID No: 38) 

Comparison of cDNA deduced Amino Acid Sequence with 
Directly Determined N-Terrninal Fragment sequence 

A comparison between the cDNA-derived polypeptide 
65 sequence and the amino acid sequence determined directly 

on the purified KC-4 monoclonal antibody was undertaken. 
The results are shown in Table 26 below. 
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TABLE 26 

Comparison of cDNA-Oeduced wi1h Direcly 
Oe1ermine<l N-Tenninal Amino Acid Sequences 

FIRST BAND TOP 

V". cDNA-deduccd EVQMVESGGGLVKPGGSLKLS (Seq. ID 
No: 44 

V.,, Protein sequence EVQMVESGGGLVXPOOXLKLS CScq. ID 
No: 45) 

SECOND BAND 

VL. cDNA-Ocduced DVLMTQll'LSLPVSLODQASl (Seq. ID 
No: 4Q) 

VL, Protein scqucoce DVLMTQll'LSLPVXXGDQASl (Seq. ID 
No: 47) 

TICIRDBAND 

VL. cDNA-dcduccd DVLMTQTPLSLPVSLGDQASI (Seq. ID 
No: 48) 

VL, Pro1cin sequence DVLMTQTPLSLPVSLGDQASI (Seq. ID 
No: 49) 

X UllOCrtain or alternative calls. 

A sample of KC-4 (approximately 190 ug) was reduced 
with 5% mercaptoethanol (65° C. for 15 min.). separated on 
three lanes of a 10% SDS polyacrylamide gel and electtob
lotted onto a ProBlott membrane (Applied Biosystems. 
Foster City. Calif.) in 90% 30 mM CAPS pHl l. 10% 
methanol. for l hour at 25 V and at 4° C. The ttansferred 
prOlein species were stained with Commassie Blue. 3 bands 
were seen in each lane. of which 2 migrated as expected for 
a heavy and light chain. The third band migrated above the 
light chain. Amino acid sequencing was performed directly 
on the immobilized bands by the Biotechnology Instrumen
tation Facility. University of California. Riverside. The 
amino acid sequence given here is the sequencer's best 
guess. 

Example 29 
Construction of Mouse-Human Chimeric KC-4 Antibody 
Genes 

The vector used were described in Example 1 above. 
Restriction ends were added to the cDNAs in a set of PCR 
reactions. using primers 1020. 21. 22. and 24. 

The pAG4622 light chain vector and the pAH4604 heavy 
cha.in vector were described in Example 12 above. 

The new V H and V L DNA fragments with appropriate 
restriction ends were integrated into pAH4604 and 
pAG4622 as described in Example 12 above. The vectors 
were then electtoporated (together) also as described in 
Example 12. 

Example 30 
lissue Binding Studies 

The supematants from stable transfectants were assayed 
for the presence of the mouse-human chimeric KC-4 anti
body as descri.bed in Example 13. The chimeric antibody 
secreted in the supernatant bound both HMFG and BEM 
very strongly. In addition. the supernatants containing 
mouse-human chimeric KC-4 antibody were used to stain 
human breast carcinoma tissue sections by using the immu
noperox.idase immunobistochemical sta.ining technique. The 
intensity of the staining was comparable to that obtained 
with the original murine monoclonal antibody. 

The KC-4 monoclonal antibody is known to bind the 
hum.an milk fat globule and the breast epithelial mucin. This 
binding specificity of the KC-4 monoclonal antibody was 
maintained after the recombinant procedure. The KC-4 
chimeric antibody bound very sttongly to the human milk fat 

58 
globule and the breast epithelial mucin as determined by 
radioassay (Ceriani. et al .. Breast Cancer Res. Trent. 15:161 
(1990)). lo addition. the KC-4 chimeric antibody bound 
several human breast tumors in h.istopathological sections in 

s a manner comparable to the KC-4 murine monoclonal 
antibody. as detected by immunostaining described in 
Example 15 above. This specificity of binding demonstrated 
the retained binding reactivity of the variable regions of 
KC-4 by the polypeptide of the invention when attached to 

10 the human F,. fragme nt. 

Example 31 
Hybridoma Cell Deposits 

The hybridoma cell lines expressing the BrE-3 and KC-4 
IS mouse-human chimeric and fully humanized BrE-3 antibod

ies were deposited on Nov. 13. 1992 under the Budapest 
Treaty with the ATCC. 12301 Par.klawn Drive. Md .. 20852. 
and have been assigned Accession Nos. HB 11199 
(Chimeric BRE-3A1C10). HB 11201 (Chimeric KC-4 IE8). 

20 
and HB 11200 (Humanized BrE-3 AJC10). Hybridomas 
expressing fully humanized. and half humanized/half chi
meric KC-4 antibodies were deposited with the ATCC. on 
Sep. 23. 1993. and have been assigned Accession Nos. 
ATCC HB 11455 (Humanized HuKC-4-4V2). HB 11454 

25 
(Light chain humanized/heavy chain chimeric HuKc-4Vl). 
and HB 11456 (Heavy chain humanized/light chain chimeric 
HuKC-4V3). Hybridoroas expressing half humanized/half 
chimeric BrE-3 antibodies were deposited with the ATCC on 
Nov. 11. 1993. and have been awarded Accession Nos. HB 

30 
11486 (Light chain humanized/heavy chain chimeric BRE-
3V l ) and HB 11487 (light chain hw:na.oized/heavy chain 
chimeric HuBRE-3V3). 

Example 32 
Materials and Assays for Epitope Mapping 

35 The specific details of the preparation of materials. cell 
lines. and techniques employed were disclosed by Peterson. 
J. A .. et al. (Peterson. J . A .. et al .. "Molecular Analysis of 
Epitope Heterogeneity of the Breast Mucin". Breast Epithe
lial An.tigens. Ed. Ceriani. R. L. Plenum Press. NY (1991)). 

40 the relevant text of which is incorporated herein by refer
ence. 

Overlapping peptide hexamers were synthesized onto the 
ends of polyethylene pins using an Epitope Scanning Kit 
(Cambridge Research Biochemicals. Cambridge. UK). 

4S which is based on a method originally described by Geysen. 
H. L.. et al. (Geysen. H. L.. et al .. "Use of Peptide Synthesis 
to Probe Vital Antigens for Epitopes to :a Resolution of a 
Single Amino Acid". P.N.AS. (USA) 81:3998-4002 (1984) 
). The polyethylene pins were arranged in a 8x12 configu-

50 ration that fits into a 96 well microtiter dish. The pins are 
supplied with an alanine attached to the ends to which the 
amino acids are added consecutively usin:g pentafiuorophe
nyl active esters of ftuorenylmethyloxycalbonyl (Fmoc)-L
amino acids. Each consecutive overlapping hexamer differs 

ss from the previous one by a single amino acid and enough 
were synthesized to span the entire sequence of the peptide 
to be tested so that every combination of bexamer was 
present. Each monoclonal antibody was tested for binding to 
the synthetic peptides using an ELISA method with horse 

60 radish peroxidase-conjugated goat anti-mouse lgG 
(Promega. Madison. Wis.) and color development with 
2.2'azinobis (3-eth ylbenzothiazoline-6-sulfonic a cid 
(Sigma. St. Louis. Mo.). 

The hexapeptides starting with A. P. D. and T bind well to 
65 the antibodies (Hexamers 1 to 3 and 20). whereas the 

hexamcrs starting between these positions did not. The 
hexamers prepared are shown in Table 27 below. From the 
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hexamer that each monoclonal antibody binds the linear 
amino acid sequence essential for its binding to the antigen 
may be deduced. For example. BrE-3 required the sequence 
TRP within the hexamer. Other monoclonal antibodies 
required other amino acid sequences (e.g .. Mc5. TRPAP; 5 
Mel. DTR; BrE- L DTRP). BrE-2 also required TRP but its 
different specificity for normal and tumor tissue indicates 
that its epitope on the native antigen is different from BrE-3. 

84:6060-6064 (1987); Siddiqui. J .. et al .. "Isolation and 
Sequencing of a cDNA Coding for lhe Human DF3 Breast 
Carcinoma-Associated Antigen". P.N .A.S. (USA) 
85:2320-2323 ( 1988)). 

One was started at the beginning of the published 20 
amino acid repeat (Gendler. S. I.. et al. (J 987). supra) unit. 
and the other was started in the middle. All five monoclonal 
antibodies bound to both synthetic peptides. as did DF3. a 

TABLE 27 

Eeir~ M2eeing of Re~ar PeE!,!!!e Breasr Mucin 

lkx-
mer G v T s A p D T R p A p G s T A p p A H G v T s A p D T R p 

l p D T R p A 
2 D T R p A p 
3 T R p A p 0 
4 R p A p 0 s 
s p A p G s T 
6 A p 0 s T A 
1 p 0 s T A p 
8 0 s T A p p 
9 s T A p p A 

JO T A p p A H 
11 
12 
13 
14 
15 
16 
17 
l8 
l9 
2j) 

Example 33 
Epitope Mapping 

Five different monoclonal antibodies (Mel. McS. BrEl. 
BrE2 and BrE3). were prepared using the human milk fat 
globule (HMFG) for immunization. All identified epitopes 
on the highly glycosylated large molecular weight breast 
mucin. By immunohistochemistry they appeared to recog
nize different epitopes since each had different tissue and 
tumor specificities (Peterson. J. A._ et al .. "Biochemical and 
Histological Characterization of Antigens Preferentially 
&pressed on the Surface and Cytoplasm of Breast Carci
nomas C.Clls Identified by Monoclonal Antibodies Against 
the Human Milk Fat Globule". Hybridoma 9:221-235 
(1990)). Each monoclonal antibody bound to a different 
spectrum of nonnal tissues and their specificities for differ
ent carcinomas were different. BrE2 and BrE3. however. 
were quite similar. In addition. by screening breast ygtll 
cDNA expression libraries wjth some of these monocJooaJ 
antibodies. cDN A clones were isolated that produced fusion 
proteins that bound all of them. while other cONA clones 
bound just some (Larroca. D .. et al .. "High Level Expression 
in E. Coli of an Alternate Reading Frame of pS2 mRNA that 
E.ncodes a Mimotope of Human Breast Epithelial Mucin 
Tandem Repeat" Hybridoma 11(2):191-201 (1992)). 

This binding to the fusion proteins indicated that the 
epitopes for these 5 monoclonal antibodies included the 
polypeptide portion of this glycoprotein. To confirm this the 
binding of these monoclonal antibodies to two synthetic 
polypeptide 20-mers (PDTRPAPGSTAPPAHGVfSA and 
APPAHGVfSAPDTRPAPGST) that spanned the tandem 
repeat consensus sequence was tested (Gendler. S. J.. et al. 
"Cloning of Partial cDNA Encoding Differentiation and 
Tumor-Associated Mucio Glycoproteins Expressed by 
Human Mammary Epithelium". P.N.A.S. (USA) 

A p p A H 0 
p p A H G v 

p A H G v T 
A H 0 v T s 

H 0 v T s A 
H v T s A p 

v T s A p D 
T s A p D T 

s A p D T R 
A p D T R p 

35 monoclonal antibody against breast carcinoma cells pro
duced by others (Hull. S. R .. et al .. "Oligosaccharide Dif
ferences in the DF3 Sialomucin Antigen from Normal 
Human Milk and the BT-20 Human Breast: Carcinoma C.Cll 
Line". Cancer Comm. 1:261-267 (1989)). Three other 
monoclonal antibodies (Ceriani. R. L. . et al. "Character-

40 ization of Cell Swface Antigens of Human Mammary Epi
thelial Cells with Monoclonal Antibodies Prepared Against 
Human Milk Fat Globule". Somat Cell Genet. 9 :415-427 
(1982); Peterson. J. A.. et al. "Biochemical and Histological 
Characterization of Antigens Preferentially Expressed on the 

45 Swface and Cytoplasm of Breast Carcinoma Cells Identified 
by Monoclonal Antibodies Against the Human Milk Fat 
Globule". Hybridoma 9:221-235 ( 1990)) against other com
ponents of the HMFG that do not cross-react with the breast 
mucio. Mcl3. against a 70 KDa glycoprotein. and Mc3 and 
Mc8. against a 46 KDa glycoprotein do not bind to these 

50 synthetic peptides (data not shown). 

Example 34 
Humanization Approach for Preparation of Humanized 
BrE-3 (BrE-3 HZ) 

55 
The present humanization approach is based on Padlan. E. 

A .. "Choosing the Best Framework to Use in the Human
ization of an Antibody by CDR-Grafting: Suggestions from 
3-D Sstructural Data". Antibody Engineering 2nd. Annual 
Conf. San Diego. Calif. (Dec_ 16-17. 1991). 

The fine specificity may be preserved in a "hwnanized" 
60 antibody only if the CDR structures. their interaction with 

each other. and their interaction with the rest of the variable 
domains can be maintained- (Padlan. E. A.(1991). supra). 
This requires the preservation of residues of the FRs which 
contact the CDRs. those which are involved in the V L-V H 

65 contacL and those which are buried and could influence the 
overall domain structure and the structure of the combining 
site. 
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Immunological Interest" NIH ( 1991). The BrE-3 kappa 
chain V '- domain belongs to group II and the V H domain 
belongs 10 group me. A murioe antibody was then found. 
whose structure had been determined. and whose variable 

By examination of murine Fab structures. for which 
atomic coordinates are available. the FRs which are prob
ably "important" in maintaining the structure of the com
bining site may be determined (Pad.Ian. E. A.. 8th Interna
tional Congress of Immunol.. Budapest. Hungary. Abstracts 
p. 19 (Aug. 2-28. 1992)). 

The specificity of an antibody depends on the CDR 
structures and sometimes. on some of its neighboring resi
dues as well. These CDR structures. in turn. depend on 
contacts with framework amino acids and on the inte.ractioo 

5 regions belong to the same classes. The anti-fluorescy1 
murine antibody 4-4-20 shown in Table l above (Herron. J. 
N .. et al .. 'Three-Dimensional Structure of a Fluorescein
Fab Complex Crystallized in 2-Methyl-2.4-Pentancdiol". 
Proteins. 5:271-280 ( 1989) fits these requirements since. 

10 like BrE-3. it has V L. and V H domains belonging to groups 
n and me. Thus. the three-dimensional structures of anti
bodies BrE-3 and 4-4-20 should be similar. and BrE-3 may 
be modeled after 4-4-20. 

of the V '- and V H domains. Thus. to ensure the retention of 
binding affinity. not only the CDR residues must be 
preserved. but also those PR residues that contact either the 
CDRs or their opposite domains. as well as all buried 
residues. which give shape to the variable domains. The is 
buried amino acids are placed in exactly the same positions 
in human and in murine frameworks (Padlao. E. A .. "A 
Possible Procedure for Reducing the lnununogenicity of 
Antibody Variable Domains While Preserving Their Llgand
Bindiog Properties". Molecular Immunology 28:489-498 20 
(1991)). 

This approach was applied to design humanized ana
logues of the variable regions of BrE-3. The humanization or 
design of the exemplary analogue peptide provided herein 
was undertaken as follows. The identification of the 2s 
residues. which are most probably "imponaot" i.o preserving 
the combining site structure. permits the selection of the best 
human FR sequences to use i.o the "humanization" of the 
murine BrE-3 chimeric antibody of known structure or 
analogues peptides of the invention. The results of the 30 

analysis can be used also to predict which FRs should 
probably be retained in those cases where no three~ 

dimensional structural data are available. 
The present procedure used was designed to reduce the 

irnmunogenicity of antibody BrE-3. its chimeric derivatives 35 

or fragments thereof while preserving its antigen-binding 
properties of an antibody are primarily determined by its 
CDRs. the CDRs of antibody BrE-3 were "grafted" onto a 
human framework. In addition. the FRs in antibody BrE-3 
that are judged as probably important in maintaining the 40 
combining-site structure. were retained also in the human
ized molecule. 

Example 35 

Example 36 
Choice of the Target Human Framework 

The choice of the target human framework was not based 
on the similarity of the amino acid sequence of the entire 
framework. but strictly on the similarity at the residues that 
were judged to be structurally important according to the 
4-4-20 model. That is. only amino acids that could be 
involved in contacts with CDR with the opposite chain. or 
amino acids whose side-chains were predicted to be 
inwardly pointed. The positions of these amino acids are 
shown in Tables 8 and 9 and also in Tables 2. 3. 4. 5 and 6 
above. These position are as follows. 

For the light chain variable region framework: 1. 2. 3. 4. 
5.6.11. 13. 19.21. 23.35. 36.37.38.44.45.46.47. 
48.49.58.60.61.62.69. 71. 73. 75.78.82.86.88.98. 
102. and 104. 

For the heavy chain variable region framework: 4. 6. 12. 
18.20.22.24.27.28.29.30.36.37.38.39.40.45.46. 
47.48.49.66.67.68.69. 71. 73. 76. 78. 80. 82c. 86. 
88. 90. 91. 92. 93. and 94. 

The numbering system is conventionally accepted (Kabat. 
et al. (1991). supra) and shown in Tables 10 and 11 above. 
In this case. the consensus sequences of all human F v regions 
were selected as the target human framework to minimize 
the immunogenicity of the product 

First. the sequences of the mouse variable chains were 
aligned with consensus sequences from all known human 
variable region classes (Herron. J. N .. (1989). supra) and the 
number of differences in the amino-aclids that must be 

Choice of a Mouse Model of Known Structure 
The classification of the V H and V '- domains of an 

antibody such as BrE-3 was done according to Kabat. E. A .. 
et al. (Kabat. E. A.. et al.. "Sequences of Proteins of 

45 retained from the moose were scored. The positions of these 
amino acids were obtained from those of murine monoclonal 
antibody 4-4-20. which was chosen to model BrE-3 as 
shown in Tables 28 and 29 below. 

TABLE 28 

BrE3 VL 
CDRl CDR2 .... 

BRE3K DVVMTQTPLSLPVSLODQASISC RSSQNLVHN-NGNTYLY WPLQKSOQSPKLLIY RASIRPS 

HuKi·O IQ . . S . S .. SA. V .. RVT . T .. A .. S .. XXS-1 SN . . A . YQ . . P . KA . ... . . A .. SLE . 

HuKii-nt I ... S. . TP . EP . . .S.L . SXD .. . . . N . Y .. . P . . .. Q .. L V. N. A. 

HuKiii El. L . S . GT . SL . P . ER . TL ... A .. SVSSS . - - - · .. A . YQ .. P .. A . R . . G .. S . AT 

HuKiv . I .. . S.D .. A .. . ER . T . N. K . .. SVLYSS . NKN . . A . YQ .. P . . P. W .. T . E . 

CDR3 . . 
BRE3K GVPDRPSGSGSETDPTLKI SRVEAEDLGVYPC FQGTHVPW- T FGGGTKLEI K 
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TABLE 28-C'Ontinued 

Choke of BrE-3 V L rarger human framework 

HuKi·n s . . G . . T . . S LQP . . FAT . Y . Q . YNSL . EW. Q . v . 

HuKii-nr G . . v . y M ALQX. RX . Q. V. 

lluKiii I . G . T . . L . p . . FA . Y • Q. YOS S. Pl . Q. V. 

HuKh· . G . T . S LQ .. . VA . . Y Q YYST . . x . Q. v . 

• identity with the mwine sequence 
• the moose residues that an: SINCturally mqionant. 

TABLE29 

Choice of Bm-3 V M Targel Hwnan Framework 

CDRI 
BRE3VH .. ... 

E VK L EE SOGOL VQPOQS MKL SC AA S GP TP S DA WMD· - WVR QS PE K GL E WV A 
HuHJ Q . Q . V Q . A E V X K . . A . V . V . . K . • Y . T S YA I S • • A . G Q . MG 

HuHD Q. Q . Q . 

. . Q . v . 

p K . S QTLS . T . TV . GSV . SYX WSWN I . P . G . I 0 

s HuHJII ... LR . SYA . S·· A . G . 

CDR2 
BR.E3VH El RNKANNHATYYOE S VKG RPT I SROOSKSRVYLQMJ S LR AEOTGLYY C TG 
HuHJ N - PYG . GD . N . AQRFQ . W. v . . TA . T . T . TA . MELS . .. S .. AV . . AR 

HuHD R. YY R .YSOS . K . NP . L . s v . v . T . . NQP S . KLS . VT . A . AV . AR 

HuHDl v . S G . TDGO S . AD ... N . NTL .. . . N . AV . AR 

COR3 
BRE3VH E.F- - - • • • • • •••• · • • AN WGQGTLV TVSA 
HuHI APGY OSGGOCY R GOY K PDY . S 

HuHil 

HuHDl 

ELPG OY K GD OYY Y KK OFDV 

ORXGXSLSOXYYYYHYFDY 

ideoti!y with the mwinc sequence 
• the moose residues that are slNCturally iroponant. 

. s 

. s 

Based on these scores. the human frameworks belonging clarity. The CDRs are not shown. since their sequences were 

to groups V _til and V ,)II were chosen to receive the BrE-3 45 not changed dwing the humanization process. 
CDRs plus other important amino acids. 

Example 37 
lde·ntifi.catioo of Murine/Hwnao Differences 

The original mouse sequences (BrE-3 V K or V H) were 
aligned with their closest human (Human Kil or Hiii) 
relatives that were chosen after comparing their sequences in 
Table 28 above. The alignment of these two sequences is 
shown in Table 30 below. The information in this table is 
also contained in Table 28 above. but is reproduced here for 

Thus. Table 30 shows the maximum number of amino 
acids that can be changed toward the humanization ofBrE-3. 

.so based on the consensus human sequences obtained from the 
current databases (Kabat. E. A.. el al. ( 1991). supra). If all 

these positions were to be replaced with lhe corresponding 
human amino acids. the corresponding CDR grafted anti
body variable regions would be attained. 

TABLE 30 

Br£.3 VK 
Hwnan Kii 

Br£-3 VK 

Corresponding Amino Add Scqucoccs of VK BrE-3 and HUman K1I 

DVV~fTQTP LSLPVS LGDQASI SC 
. J .... S ...•.. TP . EP ..... 

CDRI 

GVPDRPSOSOSETDFTLKISRVEAE.DLOVYFC 
CDR3 

CORl 
WFLQK SGQS PKLLIY •••••· 
. Y ... P .... Q .... •••••• 

FGGGTKL.EI K 
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TABLE 30-continued 

CorrespoodiJl8 Amino Acid Sequences of VJ( BrB-3 and HUman Kll 

Human KU . G . . ......... . .. V . .. Y . . Q ... v ... 

BrE-3 VH E VKL E ES GGGL VQP Oas MKL s c AAS GPTP s 
Ht.unan ID Q . V . • . . . . . • . • • . L R . . . . . . . . . . . 

BrE-3 VH CDR2 

CORI 
WVRQS PEKGLEWVA 
.... A . G.. S 

Ht.unan m 
RPTI SRDDSKSRVYLQMI SLRAEDTGLYYCTG 

.. N . . NTL .. . N .. .. . .. AV ... AR 

CDR3 
Brllr3 VH 
Humanm 

WGQGTLVTVSA 
.. . .. .. .. . s 

Table 31 and 32 below contain the same information as 20 

Table 30 above in a different format. It shows the numbers 
of the residues that would have to be changed in order to 
completely convert the original murine framework com
pletely into a human consensus framework. 

TABLE 31 

BrE-3 V L Amino Acid Candidares for Change 
inro Human Coosensus Sequences 

VL 

Vl2 FY36 EG68 
GQ!OO 
TS7 SP40 LV83 
LV104 
STl4 KQ45 FY87 
I.PIS 
DE17 
QP18 

TABLE 32 

Br£.3 VH Amino Acid Candidates for Chqc 
into Human Consensus Sequences 

SA40 

EG42 
AS49 

DN73 

25 

30 

35 

40 

45 

V2 
P36 
K45 
P87 
0100 
L104 

MIS 
S40 
A49 
073 
S76 
V78 
L.89 
T93 
G94 

TABLE33 

lmoortanr V, Amioo Acid Posirions 10 be Preserved 

Buried CDR contacr 
CDR conracr 
CDR contacr 

Co:ntact with VH 

Possible contacr with VH 
Possible contacl with VH 
Buried 

TABLE 34 

lmportanl V H Amino Acid Posirions 10 be Preserved 

Bisled 
Bisled 
CDR contact 
CDR contact 

CDR cootact 
Mishl affecr interaction with V L 

CDR contact 
CDR contact 

Buried 

Buried 
Buried 

Buried 

Most of the "important" amino acids were selected on the 
basis of the structure of antibody 4-4-20 and according to 
Tables 2. 3. 4. 5. 6. 8 and 9 above. 1\vo Ji.mportant amino 

KQ3 
AS113 
EV5 
Ml..18 
KR19 

SN76 
Jrrl7 
VL78 
IN82a 
GA88 
LV89 
TA93 
GR94 

50 acids out of each chain. however. were selected based on 
more general structural analysis. using othe:r antibody struc
tures. This was done to maximize the chances of conserving 
ligand binding properties. In particular the preservation of 
the Leu at 89-H was suggested in order to ensure the 

---------------------- ss maintenance of. the V L:V H contact. Although the residue at 
89-H is usually not in contact with V L and is only partly 

Example 38 

Identification of important murine amino-acids 

The "important" murine amino acids that should be 60 

preserved were chosen based on the contacts of a particular 
amino acid with the CDRs. and with the opposite chains 
and/or whether their side chains are pointing inwardly or 
outwardly. The positions of these "important" amino acids 
were determined based on the examination of the known 65 
structures of other antibodies. This information is provided 
in Tables 33 and 34 below. 

buried. it nonetheless contributes to the interface. A Val for 
Leu replacement at th.is position could very well create a 
"cavity" which could atfed the contact. An Ue for Leu 
replacement would probably be fine since these amino acids 
have essentially the same side chain volume. 

Finally. by comparing the position of all amino acids that 
are candidates for mutation. shown in Tables 31 and 32 
above. with those that are "important" and should be 
preserved. shown in Tables 33 and 34. the final selection of 
amino acid positions for actual mutation was attained. Any 
"important" amino acid position was eliminated from the list 
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of candidates. Table 35 below shows the amino acids that 
were selected for changed from murine to human identities 
to obtlin the present humanized analogue. 

TABLE 35 

Selected Amino Acids for Mutation 

VL VH 

TS7 KQ3 
ST14 EV5 
LP15 KR19 
DEl7 F.042 
QP18 
R1TI 
SP40 IN82a 
EG68 GASS 
LV83 AS113 

Example 39 
Introduction of Changes in Amino Acid Sequence 

The changes were done at the DNA level in sequential 
manner. All but one of the codon mutations were performed 
using enzymatic inverse PCR (EIPCR). a mutagenesis tech
nique developed by Stemmer and Morris (Stemmer. W. P. C 

Positioo 

5 

10 

68 
and Morris. S. K .. "Ezymatic Inverse Polymerase Chain 
Reaction: a Restriction Site Independent. Single Fragment 
Method for High Efficiency Site-Directed Mutagenesis". 
BioTechniques 13: 146-220 ( 1992 )). 

First. the entire plasmid. contlining the target cDNA was 
amplified by inverse PCR using terminal mutagenk oligo
nucleotides. 

Second. Bsal was used to cut the ends of the incorporated 
primers. This enzyme cuts at a site that is displaced from its 
recognition site. Thus. after digestion of the open amplified 
plasmid with Bsal. the Bsal recognition sequence was 

15 
removed from the ends of the DNA. The DNA was left with 
complementary sticky ends and can be closed into a func
tional plasmid that contains the mutagenized region. The 
amino acid and DNA sequences of the non-mutated (wild
type) variable light and heavy chains of BrE-3 are shown in 

20 Tables 15 and 16 above. The amino acid sequences of the 
BrE-3 frameworks and the mutations that were performed 
for the humanization. the oligonucleotide that was used for 
the mutagenesis. and the method of mutagenesis are shown 
in Tables 36 to 44 below. 

TABLE 36 

F,., FR I Muta!ion Sites 

Analogue I DNA Codoo Method fo~ 
FRI {8 Changes) (FRI) (Analogue) Mutagcnesis Primers 

L=ler Peptide Not Shown 
D 
v 
v 
M 
T 
Q 

7 T s ACTTCI EIPCR• (1037. 1038) 
p 
L 
s 
L 
p 
v 

14 s T AGTACT EIPCR (1037, 1038) 
15 L p CTTCCT EIPCR (1037. 1038) 

G 
17 D E GATGAG EIPCR (1031, 1038) 
18 Q p CAACCA EIPCR (1037, 1038) 

A 
s 
J 
s 
c 

•EJPCR: Enzymatic Inverse Polymerase Chain Reaction 

Position 

CORI 

40 

FR2 

Not Shown 
w 
F 
L 
Q 
K 
s 
G 

TABLE 37 

FYI FR2 M111alion Sites 

Analogue I DNA Codoo Method for 
(8 Changes) (FR2) (AJlaloguc) Mutageoesis Primers 

p TCACCA E.IPCR• {1039, 1040) 
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Position FR2 

Q 
s 
p 
K 
L 
L 
I 
y 
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TABLE 37-continued 

FY' FR2 Mutation Sites 

Analogue I DNA Codon Method for 
(8 Changes) (FR2) (Analogue) Mutagctiesis Primers 

•EIPCR: Enzymatic Inverse Polymerase Chain Reaction 

TABLE 38 

F:ia FR3 Mutation Sites 

Analogue I DNA Codon Mctlxxl for 
Positioo FR3 (8 Changes) (FR3) (Analogue) Mutageoesis Primers 

CDR2 Not Sbown 
G 
v 
p 
D 
R 
F 
s 
G 
s 
G 
s 

68 E G GAGGGG EJPCR• (1041. 1042) 
T 
D 
F 
T 
L 
K 
1 
s 
R 
v 
E 
A 
E 
D 

83 L v ClGGTG ElPCR (J041. J042) 
G 
v 
y 
F 
c 

•EJPCR: Enzymatic lnvCTSC Pol}'merase Chain R=tioo 

TABLE 39 

Fw FR4 Mutation Sites 

Analogue I Aanlogue 2 DNA Codon M<:tbod for 
Position FR4 (JO Changes) (6 Changes) (FR4) (Analogue) Mutagenesis Primers 

CDR3 Not Sb:>wn 
F F 
G G 
G G 
G G 
T T 
K K 

70 
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TABLE 39-continued 

Fvi .FR4 Mumioo Sites 

Analogue l Aanlogue 2 DNA Codon Method for 
Position FR4 (10 Changes) (6 Changes) (FR4l (Analogue) Mutageocsis Primers 

L L 
E E 
I I 
K X 

TABLE40 

F.,.. FRI Mutation Sites 

Analogue I DNA Codon Method fot 

Position FRI (8 Changes) (FRI) (Analogue) Mutagencsis Primen 

Leader Peptide NOi Shown 
E 
v 

3 K Q AAGCAG E.JPCR• (1057, 1058) 
L 
E v GAOGTG EIPCR (1051. 1058) 
E 
s 
G 
G 
G 
L 
v 
Q 
p 
G 
G 
s 
M 

19 K R AAAAGA EIPCR (1051, 1058) 
L 
s 
c 
A 
A 
s 
G 
F 
T 
F 
s 

•EIPCR: Enzymatic Joversc Polymerase Chain Reaclioo 

Position FR2 

CORI Not Slx>wn 

42 

w 
v 
R 
Q 
s 
p 

E 
K 
0 
L 

TABLE41 

Pyv FR 2 Mllllltion SilCS 

Analogue l ONA Codon Method for 
(8 Changes) (FR2) (Analogue) Mllla&enesis Primers 

G GAOGGG (JOSS. JOS6) 

72 
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Position 

Positioo 

CDR2 

77 

82 

88 

FR2 

E 
w 
v 
A 

FR2 

Not Shown 
R 
F 
T 
I 
s 
R 
D 
D 
s 
K 
s 
R 
v 
y 
L 
Q 
M 
I 
s 
L 
R 
A 
E 
D 
T 
G 
L 
y 
y 
c 
T 
G 

5.792.852 
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TABLE ·H -continued 

Fw FR2 Muta1ion S11c:s 

Analogue I ONA Codon Method for 
(8 Changes) (FR2) ( Analog ... ) Muta&enesis Primers 

TABLE 42 

F~ FR3 Mutation Si1es 

Analogue I DNA Codon Melhod for 
(8 Changes) (FR2) (Analogue) Muragenesis Primers 

T AGAACT EIPCR• (JOS3. JOS4) 

N ATAAAT EIPCR (JOS3. JOS4) 

A GGCGCC EIPCR (J OS3. JOS4) 

•EJFCR: Emymatic Invene Pl>lymer.lse Chain Reac:tioo 

TABLE43 

Fw FR4 Mwatioo Siies 

Analogue I ONA Codon Method for 

Posilioo FR2 (8 Changes) (FR2) (Analogue) MUlageoesis Primers 

CDR3 Noc Shown 
w 
G 
Q 
G 
T 
L 
v 

74 
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TABLE 41-continued 

F.,,,, FR4 Murarioo Sires 

Analogue I DNA Codon Method for 
Posi1iou FR2 (8 Changes) (FR2) (Analogue) Muiagenesis Primers 

113 

T 
v 
s 
A s GCA TCT (1051. 1052) • 

•• PCR: Po~~ Chain Reaction 

TABLE 44 

Sequences of Murasenic Olig0tiucl<otides 

J037 TCC CTO GGT CTC ACT CCT GGA GAG CCA GCT TCC ATC TCT TGC AGA TCT AGT (Seq. ID No. 50) 
J038 AGC TI'G GGTCTC AGO AGTGAC AGO CAO GOAGAGTGO AGA TTG GGTCATCAC AAC (Seq. ID No. SJ ) 
J039 G TTC era OTC TCG CCA GGC CAG TCT CCA AAG ere CTG (Seq. ID No. 52) 
1040 T n:JG AGO 11'.:T CCC TGG CIT cro CAO GAA CCA flJA TAA AT (Seq. ID No. 53) 
1041 TTC ACA GGT CTC ATC AGC AGA GTG GAG OCT GAO OAT GTG GOA GIT TAT TT (Seq. ID No. 54) 
1042 AGC C'TC GGT CTC OCT OAT CIT GAG TGT GAA ATC TGT CCC TOA TCC ACT GC (Seq. ID No. 55) 
105 I CCT GGA GOA TCC Aro AGA ere TCT TOT GCT (Seq. ID No. 56) 
1052 GIT GOG GCT AGC AGA AGA GAC AGT GAC CAO AGT (Seq. ID No. 57) 
1053 TAC era GOT ere AAT AOC TrA AGA OCT GAA GAC ACT GCC CTI TAT TAC TOT (Seq. ID No. S8) 
1054 TTC AOC GGT CTC GCT A1T CAT rro CAO OTA CAC AGT ACT TIT GGA ATC ATC (Seq. ID No. S9) 
JOSS cm:: COC GGT CTC CCA OGG AAG GGG CIT GAG TOO GTT GCT GAA ATT AGA AA (Seq. ID No. 60) 
1056 ere AAG GGT CTC CCC TOG AGA CTG GCG GAC CCA OTC CAT CCA GGC ATC A (Seq . ID No. 61) 
1051 T GAG GAG cm:: TCA GOA GGC TfG GTG CAA CCT GOA GOA TCC ATG AGA ere TCT (Seq. ID No. 62) 
JOSS 00 TTG COG TCT CCC TCC TCC AOA CTC CAC AAG CTG CAC TIC ACT CTO GAC A (Seq. ID No. 63) 

•no« Primer set JOSI aod10S2 was originally intended formulageoizing Kl910 R (by JOSI) aodA113 ro S (by JOS2), as described 
below. Primer JOSI , however, was somehow defective (it did not run as a single band oo a polyacrybntidc gel) and thus only the 
AIJ3 10 S mutagenesis was successful. Mutation Kl9 10 R was accompl.isbed at a latter time with EIPCR, using primers JOS1 and 
JOS8. 

Example 40 Example 41 
Synthesis of Primers 3S Hot Start PCR 

All primers except J051 and J052 were synthesized on a 
PCR-Mate EP DNA synthesizer model 391 (Applied 
Biosystems. Foster City Calif.). Primers 1051 and J052 
were purchased from Keystone Laboratories. Inc. Menlo 
Park. Calif. Both. the PCR method used with 1051 and J052 40 

and the EIPCR method used wjth all other primer sets. are 
described below. The EIPCR method was used for preparing 
all primer sets with the exception of 105 l and 1052. Th.is 
region is part of a larger cDNA fragment that encodes the 
variable region of the antibody and that is in.serted into the 45 

3 Kb plasmid pCRlOOO (Invitrogen Corporation. San Diego. 
Calif.). 

The plasmid DNA template was extracted with a kit 
purchased from QIAGEN (fchapsworth. Calif.) and diluted 
to 1 ng/µl in 10 mM TRIS 1 mM EDTA pH 7.5--8. Th.is so 
plasmid is composed of vector pCRlOOO (lnvitrogen 
Corporation. San Diego. Calif.) into which the cDNA encod
ing lhe variable region to be humanized was inserted. 

A m.ixrure of PCR primers was made where each primer 
was present at a concentration of 10 pmole/µ1 in water. 55 

The PCR amplification conditions were as follows. All 
reagents as well as the GeneAmp PCR system 9600 were 
purchased from Perkin Elmer Cetus. Optimal PCR condi
tions were determined empirically for each pair of 
mutagenic primers. A matrix of conditions varying the 60 

All the components of the PCR mixlure. with the exception 
of Taq polymerase. were mixed in a 95 µJ volume. The 
mixture was then dispensed in 19 µl aliquots into 5 PCR 
tubes. The reason for perfonning five independent reactions 
was to decrease the odds that unwanted mutations be iso
lated as a result of nucleotide misincorporatioo during PCR. 
The tubes were heated to 95° C. for 5 Minutes and then 
cooled to 72° C. While at that temperature 1 µ1 of an 
appropriate Taq polymerase dilution in 10 mM TRIS pH 8.3. 
50 mM KCl was added to lhe reaction tubes. The tempera
ture cycling then proceeds as follows. 

94° c .. 3 min 
[(94° C .. 1 min) (500 C.. I min) (72° C .. 3.5 min)] 3 cycles 
[(94° C., 1 min) (55° C.. I min) (72° C.. 3.5 min)] 25 

cycles 
72° c .. 10 min 

Example 42 
Extra Final Extension 

After cycling the contents of the five tubes were mixed an 
extra final extension reaction was carried ouL Extra nucle
otide triphosphates (to 125 µM) were added. 5 units ofTaq 
polymerase were also added and the mixture was heated to 
72° C. for 10 minutes. 

concentration of MgCl2. mutagenic primers. and template Example 43 
plasmid DNA were set up. The annealing and extension Purification of PCR Products 
temperatures during PCR may be varied. The PCR products were then separated on a 0.8% agarose 

Plasmid template (500 pg/µJ). 0.5 µM each mutagenic gel in lXTAE buffer and 0.5 µg/mJ Ethidium Bromide. The 
oligonuceotide. 1 mM MgC12. 10 mM TRIS pH 8.3. 50 mM 65 correct DNA band was visualized with UV light (366 run). 
KC!. 0.2 mM each nucleotide triphosphate (dGrP. d.PJP. excised from the gel and extracted with the GeneClean kit 
TTP. dcrP). and Taq polymerase 1 unit/ 20 µJ. purchased from Bio 101. La Jolla. Calif. 
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77 
Example .u 

The DNA was then digested with Bsal for two hours at 60 
degrees celsius in 25 µl (20.5 µl of DNA. 2.5 µI 10xbuffer 
4 (NEB) and 2 µI BsAJ (NEB). Bsal sites were designed near 
the 5' end of the PCR primers. The primers included 6 
extranucleotides 5' of the Bsal sites 10 facilitate digestion by 
Bsal. There were no Bsal sires elsewhere in the plasmid. If 
there were other restriction enzymes may be used as adviced 
by Stemmer and Morris (Stemmer and Morris (1992). 
supra)). This special class of restriction enzyme cuts at a site 
that is different from its recognition sire but. nevertheless. at 
a precise di.stance from it. Using this method. there was no 
need for having restriction sites in the sequence in order to 
pcrlorm the mutagcoesis. 

Example 45 
Second Purification 

The restticted products were then separated on a 0.8 % 
agarose gel in l xTAE buffer and 0.5 µg/ml Ethidium Br~ 
mide. The correct DNA band was visualized with UV light 
(366 run). excised from the gel and extracted with the 
GeneQean kit purchased from Bio 101. La Jolla. Calif. 

Example 46 
Ligation (Reclosure of Plasmid) 

The ligation rnixlLUes consisted of 5 µJ extracted DNA. 2 
µ1 lOxligation buffer (NEB) 1 µJ T4 Dl\A polymerase 
(NEB). 12 µJ water. The amount of plasmid DNA may be 
varied depending of the intensity of the band extracted from 
the Gel. Ligation was carried out at room temperature for 2 
hours. or alternatively at 14° C. overnight. 

Example 47 
1Tansfonnation and Sequencing 

The reclosed plasmids were then transformed into E. coli. 
We used Inv alpha F competent cells purchased from 
Invitrogen Corporation. San Diego Calif. 

Plasmid DNA was then prepared from a few transfor
mants and 5C<1uenccd 10 verify that mutagenesis was suc
ccsfuJ. 

Example 48 
Mutagenesis using 1051 and 1052 

These oligonucleoti.des were designed lo mutagenize Kl 9 
to R (by 1051) and A113 to S (by 1052). not by using 
EIPCR but using the normal PCR (with primers pointing to 
each other). Primer JOSI carried a Barn.HI site and primer 
1052 carried an Nhcl site. After mutagenenic PCR ampli
fication the resulting amplified DNA cassette was inserted 
into the plasmid in lieu of the corresponding wild-type DNA 

78 
fragment. There was not competing reason 10 use this 
method over the EIPCR method except that <'onvenientJy 
p laC'ed restriction sites (BamHI and Nhel ) were available. 
This method. however. yielded only the Al l:l to S mutation. 

5 A subsequent analysis showed that the 10:5 I primer. which 
carried the Kl9 to R mutation ran aberrantly on a polya<'ry
lamide gel. 

The protocol for the mutagenic ampli.fication step was as 
follows. Plasmid template (500 pg/µ1). 0.75 µM each 

10 
mutagenic oligoouceotide. 2 mM MgC12. 10 mM TRlS pH 
8.3. 50 mM KCI. 0.2 mM each nucleotide triphosphate 
( dGTP. d/JP. TIP. dCTP). and Taq polymerase 1 unit/ 20µ1. 

IS 

The PCR was hot started as described for EIPCR above. 
The temperature cycling conditions used were as follows. 

94° c.. 3 min 

1(94° C .. l min) (44° C .. l min) (72° C.. I min)l 3 cycles 

1(94° C .. 5 sec) (65° C.. 1 min) (72° C .. I min)l 32 cycles 

72° c .. 10 min 
The extra final extension and purification of PCR products 

20 were conducted as described foe EIPCR above. 
The restriction digestion of the vector and the insert were 

conducted as follows. The PCR product was digested with 
Bamtll and NheI for I h 50' at 37° C. (19 µI of DNA. 2.5 
µJ IOxbuffer 3 (NEB). 1.5 µI BamHI (NEB). 1.5 µJ Nhel 
{NEB). The vector. which is the starting plasmid described 

25 above. was digested under similar conditions 11µ1 plasmid ( 1 
µg). 2 µJ JOxbuffer 3 (NEB). 1.5 µ1 Bamlll (NEB). 1.5 µJ 
NheI (NEB) 14 µl water. 2 h 30' at 37° Cl. 

The restricted products. vector and insert. were then 
purified once more as described above for EIPCR. 

30 The ligation of the fragments was conducted as follows. 
The ligation mixtures consisted of 5 µJ vector. 5 µJ insert. 2 
µl JOxligation buffer (NEB) 1 µJ T4 DNA polymerase 
(NEB). 7 µp water. The amount of plasmid DNA may be 
varied depending of the intensity of the band extracted from 

35 the GeJ. Ligation is carried out at 14° C. overnight. A control 
ligation with vectoc only was carried out in parallel. 

The transfoanation of the host cells was conducted as 
described for EIPCR. 

Example 49 
40 Plasmid Preparation and Sequencing 

Plasmid DNA was then prepared from several indepen
dent transfonnants. A few of the plasmids that were shown 
by restriction analysis to contain the insert were then 
sequenced 10 verify that the mutagenesis was successful. 

'45 When one of the sequenced DNAs contained the desired 
mutation it was utilized for the next mutation cycle. The 
fully mutated humanized analogue BrE-3 DNA sequences 
for the V H and V L segments are shown in Tables 45 and 46 
below. 

TABLE45 

BiE-3 VL Humaoiud Analogues DNA Sequences 

B!E-3 VL FR-HZ 

ATO AAO 1TG CCT G'IT AGO CTG ITO GTG cm TIO Tit: TOO 

A1T CCT GCT TCC ATC A<:rr OAT GTr GTG ATO ACC CAA TCT 

CCA ere TCC CTG CCT GTC ACI CCT GGA GAG CCA OCT TCC 

ATC TCT TGC AGA TCT AGT CAO AAC CIT GTA CAC AAC AAT 

GGA AAC ACC TAT TI'A TAT TOO 1TC cro CAG AAO CCA GOC 

CAG TCT CCA AAO ere cro A1T TAT AGO OCT TCC ATC CGA 

1TT TCT OGG OTC CCA GAC AGO 1TC AGT GOC AGT GOA TCA 

QOO ACA oxr 1TC ACA ere AAG ATC AOC AGA 'GTG GAG OCT 

GAG OAT Q!Q GOA G'IT TAT Tl'C roe TIT CAA GOT ACA CIJ 

GIT CCG TOG ACG Tl'C GGT GOA GOC ACC AAG CI'G GAA ATC 

AAA C (Seq. ID No. 64) 
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ATG TAC Tl'G 
1TA AAA GGT 
GOA GOA GOC 
TCT TGT GCT 
ATG GAC TOO 
TOG v"1T GCT 
ACA TAT TAT 
TCA AGA GAT 
Ali]' AOC TIA 
ACT OGG GAO 
ACT OTC TCT 

5.792.852 
79 

TABLE46 

BrE-3 Vn Humanized Ao:Uogue ONA Sequence 
81£-3 VH FR-HZ 

OGA CTG AAC TAT GTC TIC ATA 
OTC CAG AGT GAA GTG CAG CTT 
TTG GTG CAA CCT GGA GGA TCC 
GCT TCT OGA 1TC ACT TTT AGT 
OTC CGC CAG TCT CCA GGG AAG 
GAA A1T AGA AAC AAA GCC AJ(f 

GAT GAG TCT GTG AAA GGG AGG 
GAT TCC AAA AVf ACT GTG TAC 
AGA GCT GAA GAC ACT GCC CTI 
TIT GCT AAC TOO GGC CAO GGG 
TCT G (Seq. ID No.: 65) 

Example 50 

GIT TTT 
GTG GAG 
ATG AGA 
OAT GCC 
GOO CIT 
A.'J' CAT 
TIC ACC 
CT0 CAA 
TAT TAC 
ACT CTG 

80 

CTC 
TCT 
ere 
TOO 
GAG 
OCA 
ATC 
ATO 
TOT 
GTC 

Antibody Expression 
Colonies that secrete the highest level of antibody in the 

supcroatants. as determined by these assays. were subcloned 
and subsequently adapted to serum-free medium for the 

20 purification of antibody_ Serum free medium contains HL-1 
supplement as directed by the manufacturer (Ventrex Labs .. 
Portland. Me.). 

Two expression vectors pAG4622 and pAH4604 
(Coloma. M. J .. et al. ( 1992). supra) were used that were 
developed and provided by S. L. Morrison (Dept. of Micro
biology and Molecular Genetics. UCLA). Any cDNA encod
ing a signal peptide and either the variable heavy chain or 
the variable light chain can. in principle. be inserted into Example 51 
these vectors resulting in a construction that encodes an 25 Half Humanized/Half Chimeric BrE-3 Antibody 
IgGl. K. antibody with human constant regions. Correctly A humanized BrE-3 light chain was paired with a non-
modified cDNAs were excised from pCRlOOO with EcoRV humanized BrE-3 chimeric heavy chain by co-transfectioo 
and Sal I and inserted into pAG4622. These encode the of SP2/0 mycloma cells with hybrid plasmids carrying the 
modified light chain. The wild-type heavy chain was simi- respective DNA sequences and those of a hwnan Fe (HuBrE-
larly excised from pCRlOOO by digestion with EcoRV and 

30 
3Vl: HuBrE-3V3)-

NbEI and inserted into pAH4604_ The restriction and liga- Example 52 
tion react.ions necessary to accomplish these operations were Determination of Affinity Constants 
performed under the conditions stipulated by the enzyme 
manufacture.rs (New England Biolabs. Beverly Mass-). Both The secreted half hurnaoi1.cdlhalf chimeric and fully 
the vectors and the inserts were purified from an agarosc gel humanized antibodies were purified from ailture superna-
prior to ligation. using the BiolOl (La Jolla. Calif.) 35 tanls using a Scpharose 48-protein A column (Bio-Rad. 
GeneOean kit (glass beads). The v Hand v L regions in the Richmond. Calif.) as described by Ey. P. L. el al. (Ey. P. L.. 
final constructions were sequenced once again to verify that et al. (1978). supra). Miaotiter plates (Dynatech. Oiantilly. 
they arc correct. The non-producer myeloma cell line SP2/ Va.) were prepared as described by Ceriani. R L-- et al 
0-Ag14. ATCC: CRL 1581. (Shulman M .. el al. (1978). (Ceriani. R. L .. et al. (1992). supra) using successive layers 
supra) was transfected with both plasmid constructions. and 40 of methylated BSA. glutaraldehyde. aoti-.j3-galactosidase 
antibody producers are isolated following the recommenda- and the bacterial fusion protein 11-2 ( a hybrid of 
lions outlined in (Coloma. M. J. et al. (1992). supra) except j3-galactosidase and human mammary mucin). Each well 
that selection was done only foe the uptake of hisD (by contained 388 ng of the 11-2 fusion protein. To each well 
adding 5 mM histidinol to the medium and readjusting the were added 25 µl 12'1-BrE-3 in RIA buffer ( 10 % bovine calf 
pH to 7.4 with NaOH). Usually after ten days. stable 45 scrum. 0.3% triton X-100. 0.05 % sodium azide pH7.4. io 
ttaosfectant colonies were established at a frequency of phosphate buffer saline) and compete wilh 25 µI of either 
approximately 10-s to 10'"". Colonies were then transferred unlabeled murine or chimeric antibody in RIA buffer at the 
to normal medium (without histidinol). The culture media final concentrations of 130 pM. 850 pM. 1.3 oM. 4 nM. and 
were either Dulbeco·s modified Eagte•s medium (OME): 13 oM). Iod.ioations were performed with 1" 1 (17 Ci/mg_ 
fetal bovine serum (FBS). 90:10. v/v. or a mixture of so Nordion International). Fifty micrograms of monoclonal 
DME:RPMl:FBS. 45:45:10. v/v/v. Penicillin and streptomy- antibody BrE-3 (Coulter. Hialeah. Aa.) were labeled at a 
cin were added to prevent bacterial growth_ specific activity of 9.56 mCi/mg using the chloraroine T 

The supcrnatants from stable transfectaots were assayed method as described previously by Ceriaoi. R. L .. et al. 
for the presence of the anllDodies_ This was d.ooe by cap- (Ccriani. R. L. et al. (1988). supra). 
turing the secreted chimeric antibody with a plate-bound ss Antibody-antigen affinity constants were determined by 
goat anti-human-kappa chain antibody and developing with taking the reciprocal of the concentration of competing 
goat anti-human-gamma chain antibody. essentially as unlabeled monoclonal antibody that produced 50% binding 
descnbcd previously (Coloma. M. J_ (1992). supra) except as described by Sheldon. K.. el al (Sheldon. K..et al. (1987). 
that the secondary antibody was radiolabeled with 12~ The supra). The protocol used to detennioe affinity constants was 
supernatants were also assayed for binding to human milk 60 as described above except that in each case. an unlabeled 
fat globule (HMFG) as desaibed previously (Ceriani R. L.. antibody competed for binding to antigen against the same 
et al .. "Diagnostic Ability of Different Human Milk Fat radiolabcled antibody. Both. the half humanized/half chi-
Globule Antigens in Breast Cancer". Breast Cancer Res. meric antibody and the fully humanized antibody competed 
Treat. 15:161-174 (1990)). HMFG is bound to the micro- about as well or better with the murine BIE-3 anubody for 
titer plates as described previously (CeriaJli. R. L (1984). 65 the antigen. 
supra). Usually most colony supematants were positive by Polyacrylamide gel electrophoresis was performed to 
both assays. insure that the antibody chains migrated as expected. 
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The affinity binding constants of the murine. chimeric. 

half humanized and humanized antibodies were determined 
in independent competition assays. 

Example 53 

Histochemical Specificity 

lmmunohistochemicaJ staining using the immunoperoxi

dase technique of consecutive human breast carcinoma 
tissue sections was used as a test to verify that the analogue 

antibodies retain useful affinity for the carcinoma antigens. 

Breast carcinoma tissue sections were stained with the 

supernatant of the half humanized/half chimeric and fully 
humanized transfected cells using the Vectastain ABC 
method (Vector Labs. Burlingame. Calif.). Both antibodies 

showed strong staining patterns. 

Example 54 

Gel Otromatography of Half Humanized/Half Cllimeric and 
Fully Humanized Antibodies 

Antibody disulfide bonds were reduced by heating for 10 

s 

10 

IS 

20 

min at 65° C. in Laemmli loading buffer containing 5% 
beta-mercaptocthanol. The separated chains were then chro- 2S 

Leader 

FRI 

CDRl 

FR2 

CDR2 

FR.3 

CDR3 

FR4 

82 

TABLE 47 

BrE-3 VL Analogue Amino Acid Sequonce 

BrE-3VL FR·HZ 

mklpvrllvlLFWIPASIS (Seq . ID No.: 66) 

OVVMTQSPLSLPVTl'GEPASISC (Seq. ID No.: 67) 

RSSQNLVHNNGNTYLY (Seq. ID No.: 68) 

WFLQKPGQSPKLUY (Seq. ID No.: 69) 

RASIRFS (Seq. ID No.: 70) 

GVPORFSGSOSOTDFn.KISRVEAEDVGVYFC 

(Seq. ID No.: 7 1) 

FQOllfVPWT (Seq. ID No.: 72) 

FGGOTKLEIK (Seq. ID No.: 73) 

TABLE 48 
matographed on a SDS polyacrylamide geJ (10%). 1\vo -----Br£-_l_V_w_An- alo_ g_ue_ Am_ ino_A_c_id_Seqloc __ oc_ e ___ _ 

bands were observed for both half humanized/half chimeric Bi£-3VH FR-HZ 

antibodies of similar migration pattern as the murine anti-
body. These data were also confirmed by Western blotting. 

30
F LeaderRJ myf$.~GVQS (Seq. ID No.: 74> 

EVQLVESOGGLVQPGGSMRLSCAASGFIFS 

Example 55 

Deduced Amino Acid Sequences of V cHZ and V 1rHZ 

The amino acid sequences of the light and heavy chains 
of the analogue humanized antibody arc shown in Tables 
47and 48 below. These amino acid sequences may be 

impl'ovcd either to increase affinity for the antigen or to 

decrease immunogenicity in humans. Numerous variants of 
Ibis sequence may be engineered in accordance with lhe 
invention. 

Seq. ID No.: 7S) 
_C_D_R_l __ D_AWMD __ (Seq. ID No.: 76) 

FR2 
CDR2 

3S FR3 

WVRQSl'OKGLEWVA (Seq. ID No.: 77) 
BlRNKANNHAIYYDESVKO (Seq. ID No.: 78) 

RFtlSRDOSXS'IVYLQMNSLRAEOTALYYCTG 
(Seq. IO No.: 79) 

_C_D_R3 _ __ EF_~_(_Seq. ID No.: 80) 

FR4 WOQGTLVTVSS (Seq. ID No.: 81) 

Sl!QUENC1l USTINO 

( I I GENERAL INFORMAI'ION: 

( i i • ) NUMBER OF SEQUENCES: SI 

( 2 ) INFORMAI'ION FOR SEQ IO NO:l : 

( i ) SEQUENCE CHAltACTf!RISTICS: 
( A ) l.ENOTH: 17 bMe poirt 

( B ) TYPE: ....iac acid 
( c l S'lllANDEDNESS: mp 
( D I TOPOLOOY: liMS 

( • • ) MOLECULE TYPI!: DNA{_.,) 

( • i > $l;QllE.NCE DESC1UPTION: SEQ IO NO: 1: 

TOAAO CTT OC TCA CTOOATO OTOOOAA 

( 2 > INFORMATION FOR SEQ ID NO:l : 

( • I SEQUEl'CE OIARACTERISTICS: 

( A ) l£NOTll: 20 bMe - · 
( B l TYPE: ouclcic acid 
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I C l SllU\NDEDNESS: •• 
I D I TOPOLOGY: line..-

< i > MOLECULE TYPE: ONA ts-xni<l 

( • 1 ) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

AGATG GGGGT OTCOTTTTGG 

I 2 ) lNFORMATION FOR SEQ ID NO:J: 

I 1 l SEQUENCE CHA.RACTERJSTICS: 

I A ) LENGTH: 28 base poin 
I B l TYPE: wckic acid 
( C ) STRANOEONESS: sio@lc 
I D ) TOPOLOGY: liDca 

( i i ) MOLECULE TYPE: ONA <~_,,,,;e) 

I • ; ) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

GCTTGAATTC CAGGGGCCAG TGGATAOA 

( 2 1 lNFORMATION FOR SEQ ID N0:4: 

( i ) SEQUENCE CliARACTERJSTICS: 

( A ) l.ENO'Ill: 22 base poin 
( B ) TYPE: mc:lcie acid 
( c ) STRA.ND£DNESs: single 
( D ) TOPOLOOY: liaea 

( i i ) MOLECUL.E TYPE: DNA (8eslomicJ 

C • i ) SEQUENCE DESCRIPTION: SEQ lO N0:4: 

AGOTBHAHCT GCAGBAOTCW GO 

( 2 ) INR>RMAJiON FOR SEQ lD NO-.S: 

( i ) SEQUENCE CHARACIERISTICS: 

( A ) LENGlH: 26 booe pairs 
( B ) TYPE: wc:lcie acid 

( c ) STR.ANOIIDNESS: .. 
( D ) TOPOLOGY: liDca 

( i i ) MOU!CULI! TYP!!: ONA~) 

( • i ) SEQUENCE OOSClUP'JlON: SEQ ID N0-.5: 

ATOTACTTOO GACTGAACTA TOTCTT 

( 2 ) lNR:)RMA'.[ION FOR SEQ IO N0:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base poin 
( B ) TYPE: ooclcie acid 
( C )~:single 
I D ) TOPOLOGY: Ii.Dea 

( i i I MOLECUU! TYPE: ONA (Scoomic) 

r • i J SEQUENCE DESCIUPilON: SEQ lO N0:6: 

5.792.852 

-continued 

OOGOATATCC ACCATGTACT TGGOACTGAA CTATOTCTTC A 

( 2 } INR>RMAl'JON FOR SEQ 10 N0:7: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LEN01H: 39 besc pairs 
( B ) TYPE: nucleic: acid 
( c ) sraANOEONESS: •• 
( 0 ) TOPOLOGY: liDc:a 

( i 1 ) MOLECULE TYPE: ONA (8<l>OIDi<) 

84 

2 0 

2 8 

22 

2 6 

4 I 
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5.792.852 
85 

-continued 

( • I ) SEQUENCE DESCRJP110N: SEQ ID N0:7: 

OGGOATATCC ACCATGAAG T TGCCTGTTAG GCTGTTGG T 

> INR:>RMATION FOR SEQ 10 N0:8: 

I 1 ) SEQUENCE CHAJlACTERlSTICS: 

I A ) l.ENG'IH: 3Z bMe pair> 
f B l TYPE: nucletc acid 

( c l SJJUNDEI:>NESS: ""sk 
I D l TOPOLOOY: ~ 

I 1 1 J SEQUENCE DESClUP'TlON: SEQ ID N0:8: 

GOGO C TAG C T OCAGAGACAG TOACC AOAOT CC 

( 2 ) INJ'QRMATION FOR SEQ ID N0:9: 

( i ) SBQUENCECHARACTEJUSTICS: 

( A I L£NGlli: )9 - _. 

( B ) TYPE: .xlcic acid 
( c ) SilW'ID£DNl!SS: •• 
C D ) TOPOLOO Y: b.Dur 

< I ) MOl..ECUL.E TYPE: DNA (s-cnic) 

( 1 1 ) SEQUFNCE DESCRJPT10N: SEQ ID N0:9: 

GGOOTCOACT TACGTTTOAT TTCCAGCTTO OTGCCTCCA 

I 2 ) INl'ORMATION FOR SEQ ID NO:IO: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) l..ENG'll!: 3?4 bMc poirs 
( 8 ) TYPE: aucleic acid 
< C ) STIIANDEONESS: siDa1e 
( D ) TOPOLOGY: h.ocar 

( i 1 ) MOLECULE TYPE: DNA (leoaaic) 

( • i ) Sl!QVENCE DESCRIP'rlON: SEQ ID NO:IO: 

ATOAAOTTOC CTOTTAOOCT OTTOGTOCTO TTOTTCTOGA 

TTCCTOCTTC C ATCAOTOAT OTTOTOATOA CCC AAACTCC 

ACTCT CCC TG CCTOTC AOTC TTOOAO ATCA AOCTTCCATC 

TCTTOCAOAT CTAGTCAOAA CCTTGTACAC AACAATOOAA 

ACACCTATTT ATATTOGTT C CTGCAGAAGT CAOGCCAGTC 

TC C AAAO CTC CTGATTTATA OOOCTTCCAT CCOATTTTCT 

OOOGTCCCAO ACAGOTTCAO TGGCAOTOO A TCAGAOACAO 

ATTT C ACACT CAAOATCAOC AOAGTOOAOO CTOAOGATC T 

GOOAOTTTAT TTCTGCTTT C AAOGTACACA TOT TCCOTOO 

ACOTTCOOTO OAGOCACCAA OCTOOAAATC AAA C 

( 2 ) INJ'ORMATION FOR SEQ ID NO: ll: 

( i l SF.QUENCE CHARACTERISTICS: 
( A ) LENOTH: 131 1mW10 acids 
( 8 ) TYPE: lllliao acid 

( D >TOPOLOGY: h.ocar 

( i 1 1 MOLECULE TYPE: pqinde 

( • I ) SEQUENCE DESC1UJl110N: SEQ ID NO:ll : 

Mel Lyt Leu Pro Val Arg Leu Leu V e l Leu Leu P bc Trp 

86 

39 

3 2 

) 9 

4 0 

80 

l 2 0 

I 6 0 

:! 0 0 

240 

2 8 0 

3 l 0 

360 

3 94 
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5.792.852 
87 88 

-continued 

I 0 

I c Pr o A I> S • r I e Se r Asp Va l V a I Me I Th r 0 I o Tb r 
IS 20 2 5 

Pro Leu Ser L cu Pro Va I S c r L cu Oly A•p 0 I n A I a S c r 
3 0 3 5 

I I < Ser Cys Ar g S • r S • r 0 l. As• L c u Va I Hi,, A• a A• o 
40 45 5 0 

0 I y As a Tb r Tyr L • u Tyr Trp p be Leu 0 l • Ly s Ser 0 l y 
s s 60 6 s 

0 Io Sc r Pro Ly s L • u Leu I l c Ty r Ar 8 A I a S e r I I < Ar g 
70 7 5 

Pbc S e r 0 I y Val Pro Asp Arg p b c Ser 0 I y S • r 0 1 y Sc r 
80 8 s 9 0 

0 l u Tbr Asp Pbe Tb r Leu Ly s l I e Ser A r g Val Olu A I > 
~5 I 0 0 

Olu Asp Leu 0 I y Val Tyr Pbe c y. p b e 0 I a O I y Tb r Hi s 
105 I I 0 I I S 

v. l Pro Trp Tb r Pbe 0 1 y O I y 0 I 1 Tb r Ly • Lev 0 I u I I e 
I 2 0 I 2 5 I 3 0 

Lys 
I 3 I 

( 2 ) !NroRMAJJON FOR SEQ ID N0:12: 

( i ) SEQUENCll C'HAAACTl!JUS'ITCS: 
( A ) I..ENO'nl: 403 bue .,Us 
( B ) lYP!!: aucleio: Kid 
( c ) STRANDEDNESS: siolJle 
( D )TOPOLOOY: W..• 

( i ) MOLEC1JlJ; TYP6: DNA~) 

(. ) SEQUENCE DESC'IUPTtON: SEQ ID NO:J2: 

ATOTACTTOO OACTOAACTA TOTCTTCATA OTTTTTCTCT 40 

TAAAAOOTOT CCAOAOTOAA OTOAAOCTTO AOOAOTCTOO 80 

AOOAOOCTTO OTOCAACCTO OAOOATCCAT OAAACTCTCT I 2 0 

TOTOCTOCTT CTOOATTC A C TTT T AOTO AT OCCTOOATOO I 6 0 

ACTOOOTCCO CCAOTCTCCA OAOAAOOOOC TTOAOTOOOT 2 0 0 

TOCTOAAATT AOAAACAAAO CCAATAATCA TOCAACATAT 2 4 0 

TATOATOAOT CTOTOAAAOO OAOOTTCACC ATCTCAAOAO 280 

ATOATTCCAA AAOTAOAOTO TACCTOCAAA TOATAAOCTT 320 

AAOAOCTOAA OACACTOOCC TTTATTACTO TACTOOOOAO 360 

TTTOCTAACT OOOOCCAOOO OACTCTOOTC ACTOTCTCTO 400 

CAO 403 

( 2 ) l!'llQRMA'.ll()N FOR SEQ ID N0:13: 

( i ) SEQUENCE CHARAC'l'l!RlSTICS: 
( A I LEN<Jnt: 134 mUao oads 
( B I TYPE: moo ocid 
( D l TOPOLOOY: linca 

( i ) MOl.K\JLE TYPE: pq>eidt 

( . ) SEQUENCE Dl!SCRJP'IlON: SEQ ID NO:l3: 

Me I Tyr Leu 0 I y L cu As• Tyr Va I Pbe I 1 e Va I Pbc Leu 
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L. < \) L. y $ 0 l y v. l 0 l n S < r Olu Val 
IS zo 

0 I y 0 l y 0 l y L. c u Va I 0 I n Pr o 0 l y 

JO 

S c r c y. A I a A I a Sc r Gly p b. Tbr 
40 4 s 

Mc r Asp Tr p v. l Ar 8 G 1 n S < r Pro 
s s 60 

Trp Va l A I a 0 l u I I c At 8 A' n Ly • 
70 

Tb 1 Ty r Ty r A' p o I u s ct Va Ly• 
80 8 s 

Sc r Arg Asp Asp S c r Lys s. ' Ar 8 
9 s 

I l e S • r L cu Arg A I a 0 In Asp Tb r 
I 0 S I I 0 

Tbr 0 l y Glu Pbc A I a As n Trp GI y 
I 2 0 I 2 S 

Tb r Va I Sc r A I a 
I 3 4 

( 2 ) lNroRMATION FOR SEQ ID NO:l4: 

( i } SEQUENCE CHARACTERJSllCS: 
( A ) J...EN01H: 40 !me pars 
( B } TYPE: nucleic acid 
( c ) S'IRANOEDNESS: siaglc 

( D ) TOPOLOO Y: linear 

( i i ) MOLECULE TYP£: DNA (geaomic) 

( x ) SBQUENCE 0£SCRJPTION: SEQ ID N0:14: 

ACTAOTCOAC ATOAAOTTOC CTOTTAOOCT 

( 2 ) CNR>RMATION FOR SEQ ID NO:IS: 

C i ) SEQUENCE CHARACl'ERISllCS: 
( A } u:NOnl: 39 base poirs 
( B ) TYPE: -i.:i< acid 
( C ) STRANDEDNESS: sinp 
( D ) TOPOLOGY:~ 

( i i ) MOU:CUU! TYPE: DNA~) 

( x i ) SEQUENCE Dl!SCIUPTION: SEQ ID NO:IS: 

5.792.852 

-continued 

I 0 

Ly s Leu olu 

Gly S • r Mc r 
3 ~ 

p b c S c r Asp 
s 0 

0 l u Ly• GI y 

Al a A$ n As n 

7 s 

0 l y At 8 p b c 

v. l Ty r L • u 
I 0 0 

Oly Leu Ty r 
I I S 

0 In 0 I y Tb r 

OTTOOTOCTO 

ACTAOTCOAC ATOOAOWCAOA CACACTCCTO YTATOOOT 

( 2 ) INRlRMATION FOR SEQ JD N0:16: 

( i ) SEQUENQl CHARACI'ERJSTICS: 

( A ) LENGlli: 40 - poas 
( B ) TYPE: nu<lcic acid 
( C ) STRANDEDNESS: s=slo 
( D ) TOPOLOOY: line.-

( i ) MOLECULE TYPE: DNA (gaicmic:) 

( 1 ) SllQUENCI! DESCIUPTlON: SEQ ID N0:16: 

ACTAOTCOAC ATOOATTTWC AOOTOCAOATT TWCAOCTTC 

( 2 )INR:>RMAl'IONFORSEQ!DNO:l7: 

90 

0 I u S < r 
2 s 

Ly' Leu 

Al a Trp 

Lou GI u 

6 s 

Hi $ A I a 

Tbr I I e 
9 0 

O In Mc r 

Tyr Cys 

L c u Val 
I 3 0 

4 0 

3 9 

40 
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( 1 J SEQUENCE C'HARACTERISTICS: 
( A l Ll!N-O!li: .lO base pairs 

( 8 l TYPE: nucleic acid 
( C I STRANDEDNESS: SU>@l• 
( D I TOPOl.OOY: lmc• 

1 i i l MOLECUL£ TYi'!!: DNA (~caomic:) 

t • i I SEQUENCE DESCR.IPTION: S EQ ID l'l0:17. 

CCC AAOCTTA C T GGA TOO T G OOAAOATGGA 

( 2 ) INR>RMATION FOR SEQ ID NO:ll: 

< i ) SEQUENCE CHARACTERISTICS: 
I A I L..ENOnl: 3S boolc poirs 
l B I TYPE: 11><1ei< .:Id 

I c ) STRANDEDNESS: •infile 
( D ) TOPOLOOY: lincA" 

( i i ) MOLECUU: TYPS: DNA (8CftO<Dic) 

< • i ) SEQUENCE DESC1UP110N: SEQ ID NO:l8: 

5.792.852 

-continued 

A CTAGTCGAC ATGRA C TTTO OGYTCAGCTT GRTTT 

( l ) INR>RMATION FOR SEQ ID N0:19: 

( I ) SEQUENC1! CHARACTllRJSTICS: 
( A ) LaJGnl: 33 buc poirs 

( B ) TYPE!: nuddc: ....:I 
C C ) STRANDEDNESS: •"'8k 
( D ) TOPOLOOY: liaes 

( i i ) MOU!CULI! TYPE: DNA (8.-.iic) 

( • i ) SEQUENC1! DESCR1PTION: SBQ ID NO:l9: 

ACTAGTCOAC ATGAGAOTOC TOATTCTTTT OTO 

( 2 ) INR>RMA1lON FOR SEQ to N0:20: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOlll: 38 boolc poirs 
( 8 ) TYPE: taldcio ocid 
( c ) S1'RANOBI>NESS: •• 
( D ) TOPOl..oGY: ...,._ 

( i i ) MOU:CUl.£ TYPE: DNA~) 

( • i ) SBQUl!NCI! Dl!SCRJP1lON: SBQ ID N0::20: 

ACTAGTCOAC ATGOATTTTO OOCTGATTTT TTTTATTO 

( 2 > INR>RMAilON FOR SEQ ID N0:21 : 

< i ) SEQUENCE CHARACTERISTICS: 
( A I LENOTH: JS boo1c poirs 
( B ) TYP'I!: -* acid 
( C ) STRANOl!DNESS: male 
( D ) TOPOLOOY: W..-

( i i ) MOLECULE TYPE: DNA (8CllOmic) 

i • ) F'EAI\l'RE: 
( 8 ) LOCAJ'ION: 30 
( D > Ol1iER INFORMATION: 30 is Utociao 

( 1 i ) SEQUENCE DESCIUPTlON: SBQ ID N0:21 : 

CCCAAGCTTC CAOO OR CC AR KGOATARAC~ ORTOG 

( 2 ) INR>RMATION FOR SEQ 10 N0-.22: 

( i ) SEQUENCE CHARACTEIUSTICS: 

92 

3 0 

3 s 

3 3 

3 8 

3 s 
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t A I LENOnl: 37 base pairs 
t B ) TYPE: oockic acid 
( C ) Snv.NDEDNESS: sin@lc 
( D \ TOl'OLOOY: liJ>car 

( i i I MOLECVl.E TYP:E: DNA <scnocnic J 

1 • i I SEQUENCE DESCRIPTION: SEQ ID N0:22: 

5.792.852 

-continued 

GOOOATATCC ACCATOAAOT TOCCTOTTAO OCTOTTO 

f 2 ) INFOllMAI'JON FOR SEQ ID N0::!.3: 

t 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 39 base poirs 

C 8 ) TI'l'I:: ouclac acid 
( c ) snv.NDEDNESS: •io@lc 
( D ) TOPOl..OOY: lioear 

I i i ) MOLECULE TYPE: DNA (l!<1IOll>i<:) 

( x i ) SEQUENCE DESCIUPTION: SEQ ID N0:23 : 

CCCOTCOACT TACOTTTTAT TTCCAOCTTO O T CCCCCCT 

t 2 l INroRMATION FOR SEQ lD N0:24: 

( i l SeQU&ICE CHAltACTERISTlCS: 
( A ) l.ENGlli: 39 base poin 
{ B ) TYPE: aucleic acid 
( c ) 5IllANDEDNESS: sio@lc 
( D ) TOPOLOGY: liocs 

( i i ) MOLECULE TYPE: DNA (gm:>mic:) 

( x i ) SEQUENCE D£SCRIPTION: SEQ ID N0'.24: 

OOGOATATCC ACCATGGACT TTGGGCTCAG CTTOGTTTT 

( 2 ) JNroRMAIJON FOR SEQ ID N0:2S: 

c i ) SSQOENCE CHA.RACTERJsncs: 
( A ) 1...ENOIH: 32 base piin 
( 8 ) TI'l'I:: oucleic acid 
( C ) STRANDEDNESS: siask 
( 0 ) TOPOl..OOY: ~ 

I > i ) MOLECULE TYP£: DNA (3eaomic> 

C x ; ) SEQUENCE DESCR.lPTLON: SEQ ID N0:2': 

CCCGCTAGCT OCAOAGACAG AGACCAOAOT CC 

( 2 ) INR)QM/JION FOR SEQ 10 N0:26: 

( i ) SEQU'ENCE CHARACTERISTICS: 
( A ) u:NGill: 394 base pUS 
( B ) TYPE: msclcic ocid 

( C ) STRANDEDNESS: ...p 
( D ) TOPOLOGY: liJ>ew 

( i i ) MOLSCULE TYPE: DNA (8cnomicl 

( x i ) SEQUENCE DESCRJPTION: SEQ ID N0:26: 

ATGAAOTTOC CTOTTAOOCT GTTGGTGCTG ATOTTCTGGA 

TTCCTOCTTC CAOCAOTOAT OTTTTGATGA CCCAAACTCC 

TCTCTCCCTO CCTGTCAOTC TTGOAGATCA AOCCTCCATC 

TCTTOCAGAT CTAOTCAGAO CATTOTACAT AOTAATOOAA 

ACACCTATTT AOAATGOTAC CTOCAGAAAC C AOOCCAOTC 

TCCAAAGCTC CTOATCTACA AAGTTTCCAT CCO ATTTTCT 

94 

3 7 

3 9 

39 

3 2 

4 0 

80 

I 2 0 

I 6 0 

200 

240 
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OOOOTCCCAO ACAOOTTCAO TOOCAOTOOA 

ATTTCACACT CAATATCA()C AOAOTOGAOO 

OOOAATTTAT TACTOCTTTC AAOOTTCACA 

ACOTTCOOAO OOOOOACCAA OCTOOAAATA 

( 2 J INR>RMATION FOR SBQ ID NO:l7: 

1 > ) SEQUENCE CHARACTERISTICS: 
I A )u:NOlll: 4l8i.-i:-s 
( B I TYPE: ..,.1..e O<>d 
! C ) STRANDEDNESS: riosl< 
( D )TOPOUlOY: U-

( i i J MOLECULE TYPE: DNA (8<1K>ID>C) 

( i i I SEQUENCE DESCIUP'tlON: SEQ CD N0-.27: 

5.792.852 

-continued 

TCA000AC"A0 

CTOAOOATCT 

TOTTC:COTAC 

AAAC 

ATOOACTTTO OOCTCAOCTT OOTTTTCCTT OTCCTTATTT 

TAAAAOOTOT CCAOTOTGAA OTOCAOATOO TOOAOTCTOO 

OOOAOOCTTA OTOAAOCCTO OAOOOTCCCT OAAACTCTCC 

TOTOCAOCCT CTOOATTCOC TTTCAOTAOC T ATOC C ATOT 

CTTOOOTTCO CCAOTCTCCA OAOAAOAOOC TOOAOTGOOT 

COCAOAAATT AOTAOTOOTO OTAATTACOC CTACTATCAA 

OACAC TOTO A COOOCCOATT CACCATCTCC AOAOACAATO 

CCA AOAACAC CCTOTACCTO OAAATOAOCA OTCTOAOOTC 

T0A00ACACO OCCATOTATT ACTOTOCAAO 00A00ACTAC 

OOTATCCCOO CCTOOTTTOC TTACTOOOOC CAA000AC T C 

TOOTCTCTOT CTCTOCAO 

( 2 ) l!'IPORMAnON FOR SEQ ID N0:28: 

( i ) SEQ(JENCE CHARACTERISTICS: 
( A ) L..ENOnl: 19 ano acids 
( B ) TYPE: amlllo ..,id 
( D ) TOPOLOOY: llac. 

(ii ) MOLEC\JLE TYP:E: poillide 

( I i ) SEQUENCE DESICRIP'tlON: SBQ ID N0-.211: 

Mel Ly s Leo Pro v. l Ar 8 Lea Leu Va I Leu Mc l 
s I 0 

I< Pr o Ala S • r S • r S • r 
ls I 9 

( 2 ) lNPOllMAllON FOR SEQ ID N0:29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) l...E.NO'IHJ 2) llDino acid.s 
( B ) TYPE: llDiAo acid 
( D ) TOPOLOOY: ~ 

) MOLECU1..E TYP:E: ~ 

(. ) SEQUENCE DESC'RIYTION: SEQ ID N0:29: 

Asp Va I Leu Mc 1 Tb r 0 Io Tbr Pro Leu Sor Leu 
I s l 0 

S • r Leo 0 l y Asp 0 I a A I a Ser I l c S • r Cys 
I S 20 2 J 

96 

2 g 0 

.I 2 0 

J60 

3 9 4 

40 

80 

l 2 0 

16 0 

200 

2 4 0 

2 8 0 

J 2 0 

360 

400 

4 I 8 

Pb< T r p 

Pro Va I 
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97 98 

-conlinued 

I INR:IRMAllON FOR SEQ 10 l'i0:30: 

(I 1 SEQU'ENCE ct1ARAcn:iumcs 

I A 1 l.ENG1ll: 16 llUlUIO ocQ 

I 8 l TYPE: 21DHK> ft(:ld 

I 0 1 TOPOLOGY: lin'"" 

I I I MOl..ECULE TYPE: pcp:iilo 

( I I SEQ!,CNCE DESCRIPTION: SEQ ID N0:30: 

Ar I S • r s .' GI• s . , I I c Va HI • s .' Asn GI y As• Tb r 

I ' I 0 

Ty t L cu GI u 
I $ 

2 ) INR>RMATION FOR SEQ ID N0-.31 : 

Ii >SEQUENCE CKARACTEJUmcs: 
( A ) l.ENGIH: IS-..ooads 

! 8 1TYPE: -•ad 
( I> ) TOPOLOOY: IM>ca 

( i I ) MOU!CUI.£ TYPE: peptide 

( x ) SEQUENCE DESCRIPTION: SEQ ID l'i0:31: 

T' p Ty' Leu GI a Lya p, 0 GI y GI o s.' pf 0 Ly I Lou Lou 

I ' I 0 

I c T 1 r 
I S 

( 2 ) I~ FOR SEQ ID N0:32: 

c 1 J SEQUENCE CHARACTERJmcs: 
( A ) LENGTH: 1 ...U0 ecids 
I B )TYPE: llllino.cld 
( D ) TOPOLOOY: Ii-. 

( 'I ) MOLECULE TYPE: pcpcidc 

( I i ) SEQUENCE DESCIUPllON: SEQ ID NO-.Jl: 

Ly• Val s. f I I c Ar 8 p b. s. f 
) ' 

( 2 ) INR>RMAl'.ION FOR SEQ rD N0:33: 

( i ) SEQUENCE CKARACTElUmCS: 

( A ) UNGIH: 32-ecodl 
( B ) TYPE: muoac.t 
I I> ) TOl'OLOOY: W..• 

( i ) MOLECULE TYPE: pcpbdo 

(I ) SEQUENCE DESCRIPTION: SEQ ID N<Y.tl: 

01 y Val pf 0 As p Ara p b. s . f 0 I 1 Ser 0 I y Sc r Oly Tb r 

s I 0 

A l p Pbe Tb r Leu A' • I I c Sc r Ar 8 Val Olo A I a 0 I u Aap 

I S 20 
2 ' 

Lou 0 I y I I c Ty r Ty r Cys 

3 0 

( 2 ) INl'l:>RMAl'ION FOR SEQ ID N0-.34: 

( i > sBQUENCE CHARACTERJmcs: 

( A } l..ENGTH: 9-...is 
( 8 JTYPE: -..oac.t 

( D > TOPOLOOY: liDeor 
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99 

-continued 

I i • > MOLECIJL.E TYPE: pcpOdc 

I x 1 SEQUENCE DESCRIPTION: SEQ ID N0:34: 

Pbe Gin Gly Ser Hi s Val Pro Tyr Tbr 
I 

( 2 I INFORMATION FOR SEQ ID N0:35: 

I i 1 SEQUENCE CHARACTERISTICS: 
t A l l..fNOTH: 10 ...U.o acids 
I B ) TYPE: amino acid 
( D ) TOPOLOOY: W.C-ar 

i i ) MOi.ECIJL.E TYPE: peplide 

< x i J SEQUENCE DESCR.ll'IlON: SEQ ID N0-.3S: 

Pbe Gly Gly Gly 
I 

Th r 

s 

( l J INR>RMAl"ION FOR SEQ ID N0:36: 

Ly s 

( i ) SEQUENCE CHAJtACTERJSTICS: 
( A ) LENGTH: 19 amino acids 
( .B I TYPE: amiao acid 

( 0 ) roPOl..OGY: lioear 

( i i ) MOLfCUL£ TYPE: pcpcido 

Leu Glu 

( x i ) SEQUENCE DESCRIPllON: SEQ ID N0-.36: 

I Io L y s 
I 0 

Met A•p Pbe Gly Leu S~r Leu Val Pbe Leu Val Leu I le 
I S l 0 

Leu Ly s Oly Val Gia Cys 
I S 

( 2 ) IN'.R'.>RMAl"ION FOR SEQ CO NO: 37: 

( i ) SEQUENCI! CHAMCI"ERJSTICS: 
( A ) l...ENG'IH: 30 ami.a acids 
( B ) TYPE:amiaoocid 
( 0 ) TOPOLOOY: lioear 

( i i ) MOLfCUL£ TYPE: peplide 

( x ) SEQUENCE DESCRD'TION: SEQ ID NO: 37: 

Glu Val Olo Met Val Glu Ser Gly Gly Gly Leu Val Ly s 
I S I 0 

Pro Gly Oly Ser Leu Ly s Leu S er Cys Ala Ala Ser Gly 
IS 20 25 

Pbe Ala Pbe Ser 
3 0 

( 2 ) lNFORMAT!ON FOR SEQ 10 N0-.38: 

C i ) SEQUENCE CHARACTERISTICS: 
( A ) LEN<mf: S amiao acids 
( .B )TYPE: amiaoac;d 
( 0 ) TOPOl.OOY: lioear 

( i i ) MO!..ECUU! TYPE: pepcidc 

( x i ) SEQUENCE OESCRIPI10N: SEQ ID N0:33: 

Ser Tyr Ala Met Sor 
s 

( 2 ) INR>RMAI'ION FOR SEQ ID N0-.39: 

( i ) SEQUFNCE CHARACTEIUSTICS: 

100 
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c A ) l.E.NG1U: 14 amino acids 

( 8 > TYPE.: amino acid 
( D > TOl'Ol .00 Y: lino.Y 

I J MOLECul..E. TYPE: pcpOde 

' . I SEQUENCE DESCRIPTION: SEQ ID NO:J9: 

Tr p Va I A r g 0 I n Ser Pr o GI u l. y ' Ar 8 l. e u GI u Trp v a I 
I s I 0 

A I a 
I 4 

( ~ ) INFORMATION FOR SEQ ID N0:40: 

( I ) SEQUENCE CHARACTERISTICS: 
( A l LE.NGIH: 17 amino acids 
( B ) TYPE: amino acid 
( D 1 TOPOLOGY: linc.ar 

( i ) MOLECULE TYPE: pep<ide 

( . ) SEQUENCE DESCRIPilON: SEQ ID N0-.40: 

GI u I e Sc r Sc r 0 I y GI y As n Ty r Ala Ty r Tyr GI o Asp 
s I 0 

Tb r Va I Tbr 0 I y 
I S 

( 2 ) INFORMATION FOR SEQ ID N0:41 : 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LE.NGIH: 32 amino acids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: linc.ar 

( ; ) MOLECULE TYPE: pcpcidc 

( . ) SEQUENCE D£ScRIPTION: SEQ ID N0:41 : 

Arg p b . Tb r I I c Sc r Ar g Asp As o A I a l. y s Aso Tb r Leu 
I s I 0 

Ty r l.. u 0 I u Mc r s c' S c r l.. u Arg Sc r GI u Asp Tb r A I a 
IS 20 25 

Mc r Ty r Ty r c y. A I a Ar a 
30 

( 2 ) l l'<"FORMATION FOR SEQ ID N0:42: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LE.NGIH: 11 amino acids 

< 8 J TYPE: amino acid 
( 0 ) TOPOLOGY: W.-

( i ) MOLEcUl.E. TYPE: pep<ide 

(. ) SEQUENCE DESCRIPilON: SEQ ID N0:4~: 

Olu Asp Tyr GI y I c Pro A I a Trp p b c A I a Ty r 
s I 0 

( 2 ) INFORMATION FOR SEQ Tl> NO-A:!: 

( i ) SEQUENCE CHARACTEJUSilCS: 
( A ) LE.NG'IH: II amino acids 

( B ) TYPE: amino acid 
( 0 ) TOl'Ol.OGY: liacar 

( i i ) MOl..SCUl.E TYPE: pcpcidc 

( • i ) SEQUENCE. DESCRIPTION: SEQ ID N0:43: 
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Tr P 0 I y 0 I a 0 I y Tbr L c u Va l Sc r Va I Sc r A l a 

I 5 I 0 

I INFORMATION FOR SEQ ID NO:#: 

( i l SEQUENCE CHARACTERISTICS: 
( A ) LENGlll: 21 lmino acids 
1 8 ) TYPE: amino acid 
I D >TOPOLOGY: linear 

(; i l MOLECUl..ll TYPE: pcpcjdo 

( . ) SEQUENCE DESCRIPTION: SEQ ID N0:44: 

Glu v a I 0 I a Met Va 0 I u S c r GI y 0 I y GI y Leu Val L y' 
s I 0 

p ' 0 0 I y 0 I y S c r L eu Ly s L cu Se r 

I S 2 0 

( 2 \ INFORMATION FOR SEQ ID N0:4S: 

( i ) SEQUENCE CHARACTERISTICS: 
I A ) l.ENOTII: 21 omiDo acids 
( B ) TYPE: amloo acid 
( D ) TOPOLOOY: lin<a-

( i i ) MOLECUl..ll TYP£: peptide 

( . ) SEQUENCE DESCRIPTION: SEQ ID N0:45: 

0 I u v. l 0 l. Mc t Va G l u S c r GI y G l y G l y Leu Va I l y I 

5 I 0 

Pro 0 I y 0 I y x •• Leu Ly s Leu Se r 
I 5 20 

( 2 ) INR>RMAllON FOR SEQ ID N0:46: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 lmino acids 
( B ) TYPE: amiAO acid 
( D ) TOPOLOOY: W.Ca 

! i ) MOU:CULE TYPE: peptide 

( l ) SEQUENCI! DESCRJP'IlON: SEQ ID N0:46: 

Asp Va I L • u Me I Thr 0 Io Tb r Pro Leu S c r Leu P r o Va I 

I s I 0 

Sc r L cu G I y A s p 0 I• A I a S c r I I c 

I S 20 

( 2 ) lNR:>RMATION FOR SEQ ID N0:47: 

( i ) SEQUENCE CHARACTERISI1CS: 
! A ) LENOTH: 21 aaiAo acids 
( B ) TYPE: omiDo acid 
( D ) TOPOLOGY: W.C.. 

ii I MOU:CUU: TYPE: pq:icido 

( x i I SEQUENCE DESCRIP110N: SEQ ID N0:47: 

A s p Va I Leu Mc I Tht GI n Tb t Pro Leu s.' L cu p' 0 Val 

I s I 0 

Xaa Xaa GI y Asp 0 In A I a s. t I I c 
I S 2 0 

( 2 ) INRlRMAilON FOR SEQ ID NO-All: 

(; I SEQUENCE CHARACTERISTICS: 
( A ) LENGTii: 21 amiao acids 
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I 8) TYPE: muoac.S 
C D l TOPOLOGY: lulea 

I I I ) MOLECULE TYPE: pep>d< 

C • 1 l SEQUENCE DESCRlmON: SEQ ID N0:48: 

A S J> Val l..cu Met Tbr OJn Tbr Pro 1.cu Ser Leu Pro Val 

I I 0 

S er Leu Ol y Asp 0 1• Al a Ser lie 
I S 20 

I 2 > INl'ORMATION FOR SEQ ID N<U9· 

I I l SEQUENCE CHARACTERISTICS: 
( A ) LENOlli: 21 .mno ICids 
I 8 ) TYPE: ...W.o 0<id 
( D ll'OPOl.OOY: bnea 

I • i > MOLECUL.E TYPE: pcpOd< 

( • • ) SEQUENCE DESCIUPTlON: SEQ ID Nek49: 

Asp Val Leo Mer Tbr Ola Thr Pro Leu S er Leu Pro Val 

I S I 0 

Ser Lou Gly Asp O ln Ala Ser I le 
L S 20 

I 2 ) l~ON FOR SEQ ID NO: SO: 

( I ) SEQUENCE OIARACTERlSTICS: 
( A ) LENCl1'H: 51 bate pm> 

( 8 ) TYPE: aockir: acid 
( c ) STRANDEONP.SS: tln@lc 

( D ) TOPOLOOY: W... 

( i 1 ) M0LECUL.E TYPE: DNA (,._,;c) 

( • i ) S5QUEl'lCE D!!SCRJPl10N: SEQ ID NO: SO : 

TCCCTOGOTC TCACTCCTGO AGAGCCAGCT TCCATCTCTT 

GCAGATCTAO T 

( 2 ) INR>RMATION FOR SEQ ID NO: SL: 

( • ) SEQUENCE CHARACTEIUSTICS: 
( A ) U!NG"Tll: 54 buc poin 

( 8 ) TYPE: mc:lcoc acid 
( C ) STRANDEDNESS: laaJc 
( D ) TOPOLOOY: liMar 

( i ) MOU!CUl..E TYl'£; DNA <ae-ni<l 

I • ) SEQUENCE DESCRIP'I10N: SEQ ID NO: SI: 

AGCTTOGOTC TCAOOAOTOA CAGOCAOOGA G AOTOOAOAT 

TOOOTCATCA CAAC 

( 2 ) INR:>RMATION FOR SEQ ID NO: 51: 

( i ) SBQUENCC CHARACTERISTICS: 
( A ) LENOTII: 37 buc i-s 
( B ) TYPE: lllC1"'c acid 
( c ) STRANDEONESS: till@lo 
( D ) TOPOU>OY: Ii.a 

( • 1 ) MOLECULE TYPE: DNA (ac110cmc) 

( • i l SE'QUENCE DESCIUP110N· SEQ ID NO: n : 

GTTC C TOOTC TCGCCAOO CC AOTCTCCAAA OCTCCTG 

106 

,0 

S I 

40 

s 4 

3 7 
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( I ) SCQUENCE CHARAC"IalSTICS: 
t A ) LENOlH: J9 base poirs 

I B l TYPE: auclci< acid 
t c J S'IRANtlEDN'ESS: siol!I< 
I 0 I TOPOLOOY: W.C. 

1 ) MOLECUl.E TYl'E: ONA (8e-m<J 

( I I ) SEQUENCE DESCRlP'IlON: SEQ JO NO: Sl : 

5.792.852 

-continued 

TTOOAOOTCT CCCTGGCTTC TOCAGGAACC AATATAAAT 

C 2 ) INl'C>RMIJION FOR SEO 10 NO: S4: 

( i ) SEQUENCE CHARACJ'EJUS11CS: 
( A ) U!N01ll: SO base poirs 
( e )TYl'E: ooclcic ocid 
( C ) STRANDEDNESS: •iaslc 
( 0 l TOl'OLOOY: ~ 

( 1 i ) MOl.ECULE TYPE: ONA (8etlomic) 

( • i ) SEQUENCE DESCIUPTION: SEQ CO NO: 54: 

TTCACAOOTC T C ATCAOCAO AGTOOAOOCT GAOOATOTOO 

OAOTTTATTT 

( 2 ) INPORMATION FOR Sr:Q ID NO: SS: 

( i ) SBQUENCE CKAIV.cn:RIS'TICS: 
C A ) 1.EN0'111: SO buc poirs 
( 8 ) TYPe: mclcio ocid 
I C )~:~ 

( 0 ) TOPOLOOY: W.C. 

( I i ) MOlBCUU! TYPE: ONA (tdlomic) 

( x i ) Sl!QUENCE DESCIUPTION: SEQ ID NO: SS: 

AOCCTCOOTC TCOCTOATCT TOAOTOTOAA ATCTOTCCCT 

OATCCACTOC 

( 2 ) INPORMAl'ION POR SEQ ID NO: 56: 

( I ) SEQUENCE CHARACialS11CS: 
( A ) LENO!H: 30 buc poirs 
( B ) TYPE:~ acid 
( C ) sn.ANOEDNESS: siilglc 
( 0 ) TOPOLOOY: lino.-

( I i ) MOl..ECtJLll TYPE: ONA <se-omK:> 

( I l ) S1!Q(JENCE OESClUP'nON: SEQ CO NO: .56: 

CCTOO AOOA T CCATOAOACT CTCTTOTOCT 

( 2 ) lNRlllMAI'ION FOR SEQ ID NO: S7: 

( i ) SEQUENCE CKAIV.cn:RISTICS: 
( A ) UN01H: ll buc poirs 
C 8 ) TYPE: IUClcic: lltid 
( C I STRANDEDNESS: aoa1< 
I 0 ) TOPOLOOY: 6-

( i 1 ) MOU3CULE TYPE: ONA~) 

( 1 i ) SBQUENCE DESCIUPilON: SEQ JO NO: S7 : 

OTTOOOOCTA OCAOAAOAGA CAGTOACCAG AOT 

108 

3 9 

4 0 

s 0 

40 

50 

30 

3 J 
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( 2 1 INR:>RMATION FOR SEQ ID NO: 58 : 

1 i ) SEQUENCE CHARACTERISTICS: 
( A ) LI:NGTII: 51 base paJJS 

( B ) TYPE: nucleic acid 
< C ) STRA1'1>EDN'ESS: singk 
( D ) TOPOLOOY: li.oes 

I i i l MOLECULE TYPE; DNA (8<,.,,,,;.:J 

1 x 1 ) SEQUENCE DESCRJP'llON: SEQ ID NO: SS: 

5.792.852 

-continued 

TACCTGGGTC TCAATAGCTT AAGAGCTGAA OACACTGCCC 

TTTATTACTO T 

( 2 ) INroRMAI'!ON FOR SEQ rD NO: 59 : 

( i I SEQUENCE CHARACTERISTICS: 

( A ) l.ENOlH: 5 l base poin 
( B ) TYPE: wckic acid 

( C ) S'IltANOEDN'ESS: siDgle 
< D ) TOPOl.OOY: linear 

I i i ) MOUiCU1..E TYPE: DNA (8¢1IOCDic) 

< x i ) SEQUENCE DESCRIP'l10N: SEQ ID NO: 59: 

TTCAGCGGTC TCGCT ATTCA TTTGCAGOTA C ACAGTACTT 

TTGGAATCAT C 

( 2 l INR>RMAllON FOR SEQ ID NO: 60: 

( i ) SEQUENCE CliARACIEJUSTICS: 
( A ) LENG'IH: 5() bt.se poin 
( B ) TYPE: miclac acid 

( c ) S'IRANDEDNESS: single 
( D ) TOPOl..OOY: liaear 

( i i ) MOLECULE TYPE: DNA (8enomie) 

( x i ) SEQUENCE DESCRJP110N: SEQ ID NO: <iO: 

OTCCGCOOTC TCCCAGGGAA GGOGCTTGAG TGGGTTGCTG 

AAATTAGAAA 

( 2 ) lNR:lRMATION FOR SEQ ID NO: 61 : 

( I ) SEQl1ENCE CHARACTERISTICS: 
( A ) U!NOTH: .fJ bt.se poi.-. 
( B ) TYPE: wc:lcic acid 
( C ) STRANDEDNESS: sillgle 

( D ) TOPOLOGY: linear 

( i i ) MOU!CUU! TYPE: DNA ~l 

( x i ) SEQUENCE DESCRlP'IlON: SEQ ID NO: 61 : 

CTCAAOOOTC TCCCCTGGAO ACTOOCOOAC CCAOTCCATC 

CAOGCATCA 

( 2 ) INRJRMATION FOR SEQ ID NO: 62 : 

l i ) SEQUENCE CliARACIEJUSTICS: 
( A ) l.ENGlll: 52 bt.se pairs 

( B ) Til'f!: llUCJac acid 
( C ) STRANDEDNESS: siagk 
( D ) TOPOl.OOY: liaoar 

( i i ) MOLECULE TYPE: DNA (Benoalic) 

1 x i ) SEQUENCE OESCRIP1lON: SEQ ID NO: 62: 

110 

4 () 

5 I 

40 

5 I 

40 

50 

40 

49 
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TOAOO AOOTC TCAOOAOOCT TOGTGCAACC TOOAGOATCC 4 0 

ATOAOACTCT CT $ 2 

2 I INR>RMATION FOR SEQ JJ) NO: 63: 

( i ) SEQUENCE CHARACTERISTICS: 
I A I UlNOTH: SI - pain 
C 8 I TYPE: nucleic ocid 
C C I STRANDEDNESS: •in@le 
C D I TOl'OLOOY: liac.-

(ii > MOLECULE TYPE: DNA (lcnomic) 

( • i ) SEQU'ENCE DESCRIP'llON: SEQ ID NO: 63: 

OOTTOCOOTC TCCCTCCTCC AGACTCC.ACA AOCTOCACTT 40 

CACTCTOOAC A S I 

( 2 ) INPORMAJlON FOR SEQ ID NO: 64: 

( i ) SBQUENCE CHAA.ACTERIS11CS: 
C A ) l..ENCmi: 394 buo po.ir• 
f 8 )TYPE: mclac llCid 
( C ) STRA!'1DEDNESS: •"'8Je 
I D ) TOl'OLOOY: bac. 

c i; ) MOU!C\Jl..2 TYPE: DNA (1-mc} 

( • i ) SSQUE'NCE OESC'RJP'Tl<ll'I: SEQ II> NO: 64: 

ATOAAOTTOC CTOTTA OOCT OTTGOTOCTO TTGTTCTOOA 40 

TTCCTOCTTC CATCAGTGAT OTTOTOATOA CCCAATCTCC 80 

ACTCT CCCTO CCTOTCACTC CTGOAGAGCC AOCTTCCATC 1 2 0 

TCTTOCAOAT CT AOTCAGAA CCTTOTACAC AACAATOOAA I 6 0 

ACACCTATTT ATATTGOTTC CTOCAOAAOC CAOOCCAOTC 200 

TCCAAAOCTC CTGATTTATA OOOCTTCCAT CCGATTTTCT 240 

OOOOTCCCAO ACAOOTTCAO TOGC.AGTGGA TCAGOOACAG 2 8 0 

ATTTCACACT CAAGATCAOC AOAOTOOAOO CTOAOOATOT 3 2 0 

OOOAOTTTAT TTCTGCTTTC AAOOTACACA TGTTCCOTOO 360 

ACOTTCOOTO OAOOCACCAA OCTOOAAATC AAAC 394 

( 2 ) INPORMATION FOR SEQ ID NO: 6S: 

( l ) SBQUENCI! CHARACTERISTICS: 
( A ) l..ENGIB: 403 buo pars 
( 8 ) TYPE: imclat llCid 
( c ) STRANDEDNEss: bop 
( 0 ) TOl'OLOOY: W... 

(I I ) MOLEC\JLE TYPE: DNA es-m>icl 

'. l ) SBQUENCE l>ESClUPllON: SEQ ID NO: 6S: 

ATOTACTTOO OACTGAACTA TOTCTTCATA OTTTTTCTCT 40 

TAAAAOOTOT CCAGAGTOAA GTOCAOCTTO TGGAOTCTOO 80 

AOOAOO CTTO OTGCAACCTG GAOOATCCAT OAGACTCTCT I 2 0 

TOTOCTOCTT CTGGATTCAC TTTTAOTOAT GCCTOOATOO I 6 0 

ACTOOOTC CO CCAOTCTCCA OGGAAGGOGC TTOAOTGOOT 200 

TOCTOAAATT AOAAACAAAG CCAATAATCA TOCAACATAT 2 .. 0 

TATOATOAOT CTOTOAAAOO OAGOTTCACC ATCTCAAOAO 2 8 0 
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ATOATTCCAA AAGTACTGTG TACCTOCAAA TGAATAGCTT 3 2 0 

AAOAGCTOAA OACACTGCCC TTT A TT ACTG TACTGGGOAG ) 6 0 

TTTGCTAACT GGGOCCAGGG GACTCTGGTC /ICTGTCT CTT 4 0 0 

C TO 4 0 3 

I 2 ) INR>RMATION FOR SEQ ID NO: 66: 

l; l SEQUENCE CHARACTERISTICS: 
i A I LENGTii: 19 amiDo acids 

< B l TYPE: ami.oo acid 
( D I TOPOLOGY: 6->r 

( J ) MOLECULE TYPl:: peptide 

{ x j ) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 

Mc I Ly s L cu p, 0 VA l Ar g Leu L cu Val Leu Leu p b. Trp 
I s I 0 

I c Pro A I a S c r I c S c r 
I S 

( 2 ) INFORMATION FOR SEQ ID NO: 67: 

( i ) SEQUENCE CHAltACI'ERISTICS: 

l A ) LENOnl: 23 .m.io acids 
( B ) TY!'!;: amiDo acid 
( D ) TOPOlOOY: liJicJI' 

J MOlKULE TYPE: peptidc 

( . ) SEQUEJllCE DESCRJPilON: SEQ ID NO: 67: 

Asp Va I Va I Me I Tb r GI n Sc r Pro Leu S e r Leu P r o v. l 
s I 0 

Tb r Pr o Oly 0 I u Pro Al• Ser I I c Sc r c y s 
IS 20 

( 2 ) INRJRMAllON FOR SEQ ID NO: 68: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTII: 16 amiDo acids 

( B ) TYPE: amiDo acid 
( D ) TOPOLOOY: linca 

( i ) MOLECULI! TYPE: pepcidc 

( . ) SEQUENCE DESCRJPTION: SEQ ID NO: 63: 

Arg Ser Sc r GI n Asn Leu Va Hi I As ll As n GI y Aso Tbr 
I s I() 

Ty r Leu Ty r 
I S 

( 2 ) INR:lRMATION FOR SEQ ID NO: 69: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) Ll!NOTH: IS amino acids 
( B ) TYPI!: ami.oo acid 
( D ) TOPOLOGY: linca 

( i; ) MOLECULE TYPE: peptide 

( • i ) SEQUENCE DESCJUPilON: SEQ ID NO: 69: 

Tr p Pb e L cu GI n Lys Pr o 0 I y G l n Ser Pro Ly s Leu Leu 
s I 0 

I e Ty r 

I S 
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( 2 l INFORM/IT!ON FOR SEQ ID NO: 70: 

( i ) SEQUENCE CHARACTERISTICS: 

1 A ) l..ENOIB: 7 _,., aach 

I B ) TYPE: ..W.0 oc:.S 
I 0 ) TOl'OLOOY: W... 

( i i ) MOl.fCIJt.E TYPE: pqlOdc 

t x i I SEQUEl'CE OESClllPTION: SEQ ID NO: 70: 

Ar g A I a Sc r I I c Arg p b" Sc r 

I 

( 2 \INFORMATION FOR SEQ ID NO: 71 : 

( i ) SEQUENCE CHARACTERISTICS: 

I A ) L.ENOnl: 31 lmiao oc:ids 
( 8 ) TIP£: -.00 •<id 
( 0 ) TOPOLOGY: hoc. 

( ii ) MOU:CULE TYPE: pqlbdo 

( • i ) SEQUENCE DESCRIPTION; SeQ ID NO: 71: 

0 I 1 Va I Pro A s p Arg p b c Sc r G 1 y Sc r 0 1 y S c r G 1 y Tb r 

s I 0 

Asp p b • Thr I.. u L y s l l • s., Ara Va I 0 I u A I a GI u Asp 

I S 20 2 s 

V • I 0 I y Va I Ty r Pbc c y • 
3 0 

( 2 ) INR>RMAllON R>R SEQ 10 NO: 72: 

Ii ) SEQUENC1! CHARACTERISTICS: 
( A ) LENOlH: 9....., lltlds 

C B ) TYPE: amiao ocid 
( D ) TOPOLOGY: U.. 

( i i ) MOU!Cl.1l..E TYPE: pcpcide 

( x i ) SEQllE'ICE OESC'RIP'J10N: SEQ ID NO: 72: 

p b c 0 I n 0 I 7 Tbr H is Va I Pro Trp Tb t 

I s 

( 2 J JNR>RMA110N R>R SEQ ID NO: 73: 

i ) SSQUENC'1! CBAAACTEIUSTICS: 
( A ) L.ENO'llt: 10 __, ocidt 
( 8 ) TYPl!: muooc:MI 
( D ) TOPOLOGY: bur 

( l i ) MOLECULE TYPE: pqlbdo 

( x i ) S6QU&ICE OESCIUP110N: SEQ ID NO: 73: 

p b. G 1 y GI y 0 I y Tb r I. y • I.. u 0 I u I I c I. y • 

I s l 0 

( 2 ) INFORMATION R>R SEQ ID NO: 74: 

( i ) SEQUENCE CHAAACl'EJUSTICS: 

( A ) l.ENOTll: 19 llDUIO ICd 
( 8 ) TYPI!: ..UO acid 
( D ) TOPOLOGY: bDc.. 

( i i ) MOLECUU! TYPE: pcpcide 

f x i ) SSQUENCE DESCIUP'IlON: SEQ ID NO: 74: 

Mc t Ty r I.cu 0 I y Leu As n Ty r v. 1 p b. I I c V • I Pbc Leu 

59 of 65 BI Exhibit 1122



117 

Leu Ly s Gly Val Oln S er 

I 5 

1 INFORMAl'ION FOR SEQ ID NO: 75: 

( i ) SEQUENCE CHARACTERJSTICS: 
( A l LENOTH: 30 amino acids 

I B > TYPE: amino acid 
I D > tOPOLOOY: linear 

i i I MOLECULE TYPE: peprido 

( x i l SEQUENCE DESCRIPT10N: SEQ ID NO: 75: 

G l u v. l GI n Leu Va l 0 l u Ser 
5 

Pro GI y Gly s c J Me I Ar 8 L c u 

I 5 20 

Pbc Tb r Pbe Se r 

30 

( 2 ) INFORMATION FOR SEQ ID NO: 76: 

( j ) SEQUENCE CHARACil!RJSTICS: 
I A .l 1..ENGTil: 5 amiJ>o acids 
( B ) TYPE: amino acid 

( D ) TOPOLOGY: Li.near 

( ii ) MOl..ECULE TYPE: pcpDdc 

( x i ) SEQUENCE DESC'RIPTION: SEQ ID NO: 76: 

Asp A I a trp Mc I Alp 

l s 

( 2 ) INR>RMATION FOR SEQ ID NO:n: 

( j ) SEQUENCE Cl:IARACil!RJSTICS: 
( A ) LENGTH: 14 omiJ>o acids 
( B ) TYPE: miino ac:id 
( D ) TOPOLOGY: lino.r 

'ii ) MOL.ECULE TYPE: pcpDdc 

( l i ) SEQUENCE DESC'RIPTION: SEQ ID NO: n : 

trp v. l Ar B GI D Sc r Pr o 0 I y 
I s 

A I a 

( 2 ) INR>RMATION FOR SEQ ID NO: 78: 

( i ) SEQUENCE CHARACTERISTICS: 

( A J l..EN<JTl:I: 19 ..UO acids 
( B ) TYl'e: ami.no acid 
( D ) TOl'OLOOY: lino.r 

( i i ) MOl...EC\JLE tYPE: peptide 

( :I l ) SEQUENCE DESC'RIPTION: SEQ ID NO: 78: 

GI u I I e Are A I D Ly' A I a A t n 
5 

A s p GI u Sc r Va I Ly s G I y 

I 5 

( 2 ) INR>RMATION FOR SEQ ID NO: 19: 

C i ) SEQOENCE CHARACil!RJSTICS: 

5.792.852 
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I 0 

0 I y 0 I y G I y L cu v a I GI n 

I 0 

Sc r c y' Ala A I a S e r GI y 
2 s 

1. y • Oly Leu 0 I u Trp Va I 
I 0 

ASD H > ' A I a T b r Tyr Ty r 
I 0 
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( A I LENGTil: 32 3llioo acids 
1 B ) TYPE: amino acid 
I D \ TOPOLOOY: hnear 

( ii ) MOLECULE TYPE: pcpeidc 

( ~ i ) SEQUENCE DESCRIPTION: SEQ ID NO: 79: 

Arp. Pbc Tb r I I e Ser Ar 8 A s p A s p 5 c T l. y s S e r Tb r Va I 

I s I 0 

Tyr Leu 0 Io Mer A s o Ser I,, e u Arg A I a 0 I u A t p Th r A I a 

IS 2 0 2 s 

L c: u T y r T y r c y s Tb r 0 I)' 

3 0 

( 2 ) INR>R.MATJON FOR SEQ ID NO: 80: 

( i ) SEQUENCE CHARACTEIUSTICS: 
( A ) l.ENGJli: 4 8"'ioo acids 
( B ) TYPE: mni.oo acid 
( D ) TOPOl.OCiY; linca 

( ii ) MOLECULE T YPE: peptide 

( x i ) S1!QUENCE DESCRll'TION: SEQ ID NO: 80: 

0 I u Pb e Ala As o 
I 

( 2 ) lNFOAAIAilON FOR SEQ ID NO: 31: 

( i ) SEQUENCE CHAllACTEIUSTICS: 
( A ) LENG'llf: II mni.oo ar:ids 
( B ) TYPE: llDiDo acid 
( D ) TOPOLOOY: liDea< 

( i i ) MOLECULE TYPI:: pqiOdo 

( J; j ) SEQUENCE DESCIUl'IlON: SEQ ID NO: &I: 

Trp 0 I y 0 In O I y Tb r l. cu Va I Tbr Val Sc r Se r 

I s I 0 

The invention now being fully described. it will be 
apparent to one of ordinary skill in the art that many changes 

Ligbl Chain Heavy Chain 
and modifications can be made thereto without departing PO<Sitioo Amino Acid Substitution Amino Acid Substitution 
from the spirit or scope of the invention as set forth haein. 45 

1 D PVLKAROHDE or Q 
2 WKCRHVorl MorV 

What is claimed as novel in Letters Patent of the United 3 VorL LQRor K 

States is: 4 MPTQLVorl MorL 

1. A polynucleotide comprising a nucleic acid encoding a 
5 T VDorE 

50 6 Q QDorE 
modified antiOody or single chains thereof which selectively 7 TIADorS Tors 

binds the hum.an milk fat globule (HMFG) antigen. and 8 PAorE G orE 
9 LForP G 

competes as well or better with the unmodified antibody for 10 Tor s DAorG 
binding the HFMG. antigen comprising II NLorV VForL 

55 12 Sor P lorV 
13 v KEorQ 

a non-HMFG antigen-binding peptide from a first species; 14 S orT p 

15 Pf1 or L G 
and 16 G RSE or G 

an HMFG antigen-binding peptide comprising the light 17 TEQorD PA or S: 
60 18 PS orQ M 

and heavy chains of the variable region of an antibody 19 VorA R orK 
of a second species; wherein 20 s VorL 

at least one chain of the non-HMFG antigen-binding 21 I s 

peptide has l to 46 amino acids substituted with 22 s c 
23 c TSE or A 

amino acids selected from the group consisting of the 65 24 V or A 
following amino acids at the specific sites and 25 s 
chains: 
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-conrinued ~onlinued 

Light Chain Hc:a~y Chain Lig:ht Chain Heavy Cham 

Position Ammo Acid Substitution Amino Acid Subs11tu1ion Position Amino Acid Substitution Amino Acid Substitution 

26 G s 112 Tors 

7:1 F 113 PLVATG orS. 

28 AINS or T 
29 F 
30 s 2. The polynucleotide of claim 1. wherein the subsritu-
35 w Lions in the variable regions of the encoded modified anti-
36 MINYFor L w 10 
37 WLVKRDIDE or Q WIFJ.. VMATO or Q body are selected from the group consisting of 

38 Q R 
39 RorK Q 
40 FLKARTOQP or S VAorS L1gbt Chain Heavy Chain 
41 G PLVAR:TSHNE or Q Position Amino Atid Substitution Amwo Acid Substitution 
42 Q GorE IS 
43 Por S K 1 PVl..KARGHDE or Q 
44 p SR or G 2 WK.CRH or I M 
4S EQRorK L 3 VorL LQR or K 
46 RV orL QorE 4 PTQLVor l 
47 WILMTSNorV w s VDorE 
48 FPLVMTS or! STG orV 

20 
6 QorD 

49 Yor S A 7 IADor S T 
57 WVI'SODNE or Q 8 AorE E 
S8 IYFLVMAT orQ 9 For P 
S9 Sor P 10 T Dor A 
(,() NorD II NorV V or F 
61 TorR 12 s I 
62 F 25 13 KorE 
63 IYPLKARSG or T 14 S orT 
64 Doro IS PFI or L 
65 s 16 RS orE 
66 0 R 17 TI!Qor 0 PorA 
61 AorS F 18 PSorQ 
68 VMCARSGQO or E IS !>fT 30 19 v R orK 
(IJ T I 20 v 
70 0 L or S 23 TSorE 
71 F R 24 v 
72 T VKRTSGHDE or N 28 AINSorT 
73 L Nor D 36 MfNYForL 
74 NLREorK f'PLVTGDNA or S 3S 37 WLVKRTIIDE or Q WIFLVMATG or Q 
7S Lor I EN orK 39 R 
76 rr or s NTRK orS 40 FLXARTOQP or S VAorS 
77 Sor R TNIVSM or R 41 PLVAR:TSHNE or Q 
78 ALl orV LA orV 4 2 OorE 
79 KGQorE FH orY 43 p 
80 PorA L 44 
81 ILVKMAGDN or E EorQ 40 Sor R 
82 0 M 45 EQR or K 

82a SON or I 46 R orV 
82b IR or S Q 
82c PLVMAGorE 47 WILMTSNorV 

83 MVorL EXT or R 48 FPLVMTorS STorO 
84 LVARTSorG SPV'll or A 4S 49 s 
85 IM orV WIYFFLMCRGD or E 57 WVTSODNE or Q 
86 y D .SS IYFLVMAT or Q 
87 IMSHEF'Yor L MorT 59 s 
88 c AorO 60 N 
89 IRVMorL 61 T 
90 KF orY so 63 TYPLKARSG orT 
9 1 y 64 0 
92 c 67 A 
93 ASHAVorT 68 VMCAASGQO or E I or S 

94 TSDQLAWR or G 70 L 

98 F 72 VKRTSGHDE or N 

99 0 SS 73 NorD 

100 IPVKRTOAS or Q 74 Nl..R or E FPLVTGON or A 

101 G 1S L EorN 

102 T 
76 l orT NTJU< or S 

103 IYMATOHOEQNR or K AorW 
77 s lNIVSMor R 
78 Al.or I LA orV 

I~ LGorV YH orG 79 KOorQ F or H 
105 ILVI'SGHNE or Q TI<RorQ 60 

80 p 
106 YLVXMRTD or I 0 81 ILVKMAODN or E E 

106& Pl.VD 82a SON 0< I 
107 ILVMATSGNER or K AQorT 82b I or R 
108 STGM or L 82c PLVMAOor E 
109 IKLTor V 83 MVorL BKorT 
100 SLorT 6S 84 LVAR:TS or G SPVTor I 

Ill v 85 IM orV WIYFPLMCRO or D 
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-continued -continued 

Light Chain Hca•yCbain Ligh1Ch2in Heavy Chain 
Posi11on Amino Acid Subsliru1ion Amino Acid Subsrirwiou Position Amino Acid Subscirurion AmUlO Acid Substitution 

81 IMSHEFYor L M s 8 AorE E 
88 AorG 9 For P 
89 ITVM or!.. 10 T Dor A 
90 HorF II NorV VorF 
93 ASHAVorT 12 s I 
94 TSDQLA WR or G 13 KorE 

100 IPVKRTOAS or Q 10 14 T ors 
103 IYMATGJIDEQN or R A IS PFI or L 
104 VLorG YorH 16 RS orE 
IOS U.VTSGHNE or Q 1ll or R l7 lEQor D Por A 
106 YLVKMJIT or D 18 PS orQ 
106a Pl.VT or I 19 v R orK 
107 ILVMATSGNE or R AorQ 15 20 v 
108 SIU or M 23 TSorE 
109 00... orT 24 v 
110 Sort 28 AlNS oorT 
112 T 36 YLorF 
113 PLVATSorG. 37 Q 

20 
39 R 
4-0 Por S VA or S 

3. The polynucleotide of claim 2. wherein the substitu- 41 Tor S 
tions in the variable regions of the encoded modified anti- 42 Gor E 

body are selected from the group consisting of 43 p 
44 Sor R 

25 
4S EQR or K 
46 R orV Q 

Lig.br Chain Heavy Chain 47 v 
PosillOD Amino Acid Substirutioo Amino Acid SubstitutioD 48 STorG 

I PVLKARGlIDE or Q 49 s 
2 WKCRorH S9 s 
3 L 30 60 N 
4 PT orQ 61 T 

36 fVH or N 63 T 
37 WLVKR'.IHD or E WIFLVMAIG or Q 64 D 
4-0 FLKARTGorQ 67 A 
41 PLVARTSHNE oor Q 68 GDorE I or S 
47 WILMTSorN JS 70 L 
48 fPLVMTorS 72 N 
S1 WVTSODNE or Q 73 N orD 
SB IYFLVMAT or Q 74 NLR or E A 
63 IYPLKARS or 0 1S L EorN 
68 VMCARSCl or Q 76 1 orT trrRK or S 12 VKKI'SGHD or E 

40 77 s lNIVSM or R 74 FPLVI'GD or N 
81 lLVKMAGDN or E 78 AL or I LAorV 

82.c PLVMAGorB 19 QGorQ For H 

84 LVARTS orO 80 p 

8S WJYFPLMCR or G 81 E 
87 IMSH or E 82a SON or I 
94 TSDQLAorW 4S 82b 1 or R 

100 IPVKRTor O 83 MV oor L EKorT 
103 l'YMATOHDE or Q 84 SPVTor I 
104 LorG as IM orV D 
lOS O.VTSOHNE or Q 81 YLorF M 
106 YLVKMRTorD 88 AorG 
106a PLVIl so 89 CIVMoorL 
107 U.VMATSGN or E 90 H orF 
109 I orX 

93 ASHAVorT 
113 PLVATorG. 

94 RorG 
100 ASorQ 

4. The polynucleotide of claim 2 . wherein the substitu- 103 Nor Q A 
SS 104 v YorH 

lions in the variable regions of the encoded modified anti- !OS TH or R 
body are selected from the group consisting of 106 

107 R AorQ 
108 SIU or M 

Liahl Chain Heavy Chain 60 
109 L orT 

Pos11JOD Amino Acid Substirutioo Amino Add Substirurion 110 Sor t 
112 T 

I Q 113 Sor A. 
2 I M 
3 LorV QRorK 
5 VDorE S. The polyribonucletide of claim 1. wherein the substi-6 QorD 65 
7 lAD or S T tutions in variable regions of the encoded modified antibody 

are selected from the group consisting of 
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the light chain constant region of an antibody of the first 

Heavy Chain 
Amino Acid Subsii1u1ioo 

species linked to the light chain variable region of an 
antibody of the second species; wherein at least one of 
the variable region chains is substituted. 

3 Q or K 14. The polyribonudetide of claim 13. comprising the 5 
s v or E light and heavy chains of the variable regions of the encoded 
7 s or T modified antibody. which are operativC'ly linked to one 

13 Q or K another at a site other than the antigen binding site. 
1
1
4
5 

T ors 15. The polynucleotide of claim 9. wherein 
Por L 

17 E or 0 10 the first species is rourine; and 
18 P or Q the second species is human. 
19 R or K 16. The polynucleotide of claim 1. wherein the encoded 
40 P or S A or s modified antibody competes as well or better with the 
42 GorE 
44 G or K antibody expressed by the hybridoma cell .AJCC No. HB 
45 Q or K is 10028 for binding to the HMFG antigen. 
68 G or E 17. The polynuc!eotide of claim 1. wherein the light cflain 
74 K or N S or A variable region of the encoded modified antibody has 1 to 8 
7
8
7
1 

Tor R substitutions. 
QorE 

82 Nor 1 18. The polynucleotide of claim 1. wherein the light cflain 
82a s or N variable region is substituted at a position selected from the 
83 VorL 

20 groupconsistingofpositions7.14.15.17. 18.40.45.68. 74. 
84 Aor 5 and 83. 
~ AorG 
89 v or M 19. The polynucleotide of claim 18. wherein the light 

110 Tors chain variable region is substituted with S. T. P. E. P. P. G. 
__ 11_3 ___________ s_o_r _A_. ------ 25 ::~ti:!.ritiOnS 7. 14. 15. J7. 18. 40. 68. and 83. 

2t. The polynucleotide of claim 1. wherein the heavy 
chain variable region of the encoded modified antibody has 
1 to 12 substitutions. 

6. The poly nucleotide of claim 1. wherein the non-HMFG 
antigen-binding peptide of the encoded modified antibody is 
selected from the group consisting of the constant regions of 
an antibody of the first species. hormones. enzymes. 
cytokines. and neurotransmitters. 

30 
21. The polynucleotide of claim 1. wherein the heavy 

chain variable region is substituted at a position selected 
from the group consisting of 3. 5. 13. 19. 40. 42. 44. 74. 77. 
81. 82. 82a. 84. 88. 89. 110. and 113. 

7. The polynucleotide of claim 6. wherein the encoded 
constant regions are selected from the group consisting of 
complete human constant regions. and Fab. Fab'. (Fab')i 
fragments thereof and single chains thereof. 

8. The polynucleotide of claim S. wherein the non-HMFG 
antigen-binding peptide of the encoded modified antibody is 
selected from the group consisting of peptide honnooes. 
enzymes. cytokines. and neurotransmitters. 

22. The polynucleotide of claim 21. wherein the heavy 

35 
chain Vari.able region is substituted with Q. V. R. G. T. N.A. 
and S at positions 3. 5. 19. 42. 77. 82. 88. and 113. 
respectively. 

9. The polynucleotide of claim 1. wherein the first and 
40 second antibody species of the encoded modified antibody 

are selected from the group consisting of murine. rat goat. 
rabbit. canine. primate. bovine. ovine. equine. feline. pig. 
human. and guinea pig antibodies. 

10. The polynucleotide of claim 1. wherein 
the second species is non-human; and 
the non-HMFG antigen-binding peptide is selected from 

the group consisting of complete human antibody con
stant regions. and Fab. Fab'. (Fab'h fragments thereof 
and single chains thereof. 

11. The polynucleotide of claim 1. wherein the non
HMFG antigen-binding peptide is selected from the group 
consisting of human antibody constant regions which bind 
immunoglobulin. protein G. protein A and single chains 
thereof. 

12. The polynucleotide of claim 1. wherein 
the second species is non-human; and 

45 

so 

SS 

the non-HMFG antigen-binding peptide is selected from 
the group consisting of human antibody constant 
regions which bind imrnunoglobtllin. protein G. or 60 
protein A. and single chains thereof. 

13. The polynucleotide of claim 1. wherein the modified 
antibody encoded by the nucleic acid is selected from the 
group consisted of polypeptides. comprising 

the heavy chain constant region of an antibody of the first 65 
species linked to the heavy chain variable region of a.n 
antibody of the second species; and 

23. The polynucleotide of claim 1. wherein 
the encoded HMFG antigen-binding peptide comprises a 

sequence selected from the group consisting of SEQ. 
ID No: 64 and SEQ. ID No: 65. and 

the encoded non-HMFG antigen-binding peptide com
prises a constant region peptide selected from the group 
consisting of lhe light and heavy chains of a human 
antibody constant region. each chain being operatively 
linked to one sequence at a site other than the HMFG 
antigen-binding site. 

24. The polynucleotide of claim 1. wherein 
the HMFG antigen-binding peptide comprises a sequence 

selected from the group consisting of SEQ. ID Nos: 67 
through 73. each sequence being operatively linked to 
one another at a site other than the HMFG antigen
binding site. and SEQ. ID Nos: 75 through 81. each 
sequence being linked to one another ,at a site other than 
lhe HMFG antigen-binding site; and 

the non-HMFG antigen-binding peptide comprises a con
stant region peptide selected from the group consisting 
of light and heavy chains of a human antibody constant 
region. each chain being operatively linked to one of 
the sequences at a site other than the HMFG antigen· 
binding site. 

25. The polynucleotide of claim 1. wherein the nucleic 
acid encodes a polypeptide selected from t he group consist
ing of 

SEQ. ID No: 13 operatively linked to the heavy chain of 
a human antibody constant region at a site other than 
the HMFG antigen-binding site; and 
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SEQ. ID Nos: 67 to 73. each sequence being operatively 
linked to one another and to the tighl chain of a human 
antibody constant region at sites other than the HMFG 
antigen-binding site. 

26. The polyribonucletide of claim 1. wherein the nucleic 5 
acid encodes a polypeptide selected from the group consist
ing of 

128 
39. The polynucleotide of claim 1. wherein the encoded 

non-HMFG antigen-binding pepLide comprises a chain 
selected from the group consisting of the light and heavy 
chains of the constant region of an antibody of the first 
species. 

40. The poly nucleotide of claim J. wherein the nucleic 
acid encodes a fragment selected from the group consisting 
of Fab. Fab'. (Fab'h fragments and single chains of the 
antibody expressed by the hybridoma cell ATCC No. HB 

SEQ. ID No: 11 linked co 1he light chain of a human 
antibody constant region at a site olher than the HMFG 
antigen-binding sire: and 10 11200. 

SEQ. ID Nos: 75 to 81. each sequence being operatively 
linked to one another and to the heavy chain of a human 
antibody constant region at a site other than the HMFG 
antigen-binding site. 

27. The polynucleotide of claim 1. wherein the nucleic 15 

acid encodes a polypeptide selected from the group consist
ing of 

SEQ. ID Nos: 67 to 73. each sequence being operatively 
linked to one another and to the light chain of a human 
antibody constant region at a site other than the HMFG 20 

antigen-binding site; and 
SEQ. ID Nos: 75 to 81. each sequence being operatively 

linked to one another and to the heavy chain of a human 
antibody constant region at a site other than the HMFG 
antigen-binding site. 

25 

28. The polynucleotide of claim 1. wherein the nucleic 
acid encodes the antibody expressed by the hybridoma cell 
ATCC No. HB 11200. or a single chain thereof. 

29. The polynucleotide of claim 1. wherein the nucleic 
acid encodes a polypeptide selected from the group consist- 30 

ing of 
the heavy chain constant region of an antibody of the first 

species operatively linked to the heavy chain variable 
region of an antibody of the second species at a site 
other than the HMFG antigen-binding site; and 35 

the light chain constant region of an antibody of the first 
species operatively linked to the light chain variable 
region of an antibody of the second species at a site 
other than the HMFG antigen-binding site; wherein at 40 
least one of the chains of the variable region is substi
tuted. 

30. The polynucleotide of claim 29. wherein the heavy 
chain variable region bas 1 to 46 substituted amino acids. 

31. The polynucleotide of claim 29. wherein the light 
chain variable region has 1 to 46 substituted amino acids. 45 

32. The polynucleotide of claim 29. wherein. in the 
encoded modified antibody 

41. The polynucleotide of claim 1. wherein the nucleic 
acid encodes a fragment selected from the group consisting 
of Fab. Fab'. (Fab'h fragments and sing!.e chains of the 
antibody expressed by the hybridoma cell ATCC No. HB 
11486. 

42. The polynucleotide of claim 1. wherein the nucleic 
acid encodes a fragment selected from the group consisting 
of Fab. Fab'. (Fab'h fragments and single chains of the 
antibody expressed by the hybridoma cell ATCC No. HB 
11487. 

43. The polynucleotide of claim 34. comprising the heavy 
chain variable region of the encoded modiiied antibody or a 
single chain !hereof. 

44. The polynucleotide of claim 33. comprising the heavy 
chain variable region of the encoded modified antibody or a 
single chain thereof. 

45. The polynucleotide of claim 34. comprising the light 
chain variable region of the encoded modified antibody or a 
single chain !hereof. 

46. The polynucleotide of claim 33. comprising the light 
chain variable region of the encoded modified antibody or a 
single chain thereof. 

47. A labeled polynucleo<ide. comprising the polynucle
otide of claim 1; and a label operatively linked thereto. 

48. Aradiolabeled polynucleotide. comprising the labeled 
polynucleotide of claim 47. wherein the label comprises a 
radiolabel. 

49. The polynucleotide of claim 1. which is a DNA. 
SO. The polyoucleotide of claim 1. which is an RNA. 
51. A vector. having the polyoucleotide of claim 1 opera

tively linked thereto. 
S2. The vector of claim 51. wherein the vector has the 

polynucleotide operatively linked in reading frame. 
S3. The vector of claim Sl. comprising an expression 

vector. 
54. A composition. comprising the vector of claim Sl. and 

a carrier. 
SS. A host cell. transfected with the polynucleotide of 

claim 1. 
the first species is human; and 
the second species is murine. 

56. The host cell of claim SS. wherein the polyoucleotide 

50 is operatively linked to a vector. 
S7. The lransfected host cell of claim 5S. which is the 

hybridoma cell ATCC HB 11200. 
33. The polynucleotide of claim 1. wherein the nucleic 

acid encodes the antibody expressed by the hybridoma cell 
ATCC No. HB 11486. oc a single chain thereof. 

34. The polynucleotide of claim 1. wherein the nucleic 
acid encodes the antibody expressed by the hybridoma cell 
ATCC No. HB 11487. oc a single chain thereof. 

35. The polynucleotide of claim 1. comprising the light 
chain variable region of the encoded modified antibody 
expressed by the hybridoma cell line ATCC No. HB 10028 
or a single chain thereof. 

58. The transfected host cell of claim 55. which is the 
hybridoma cell ATCC HB 11486. 

59. The 1ransfected host cell of claim 55. which is the 
ss hybridoma cell .ATCC HB 11487. 

60. A composition. comprising the transfected host cell of 
claim 55. and a medium or carrier. 

36. The polynucleotide of claim 1. comprising the heavy (iO 

chain variable region of the encoded modified antibody 
expressed by the hybridorna cell line ATCC No. HB 1002 or 

61. The polynucleotide of claim 28. comprising the heavy 
chain variable region of the encoded modi.fled antibody. 

62. The polynucleotide of claim 28. comprising the light 
chain variable region of the encoded modified antibody. 

63. The polynucleotide of claim 1. comprising a chain 
selected from the group consisting of the light and heavy 
chains of the variable region expressed by the hybridoma 

6s cell line ATCC No. HB 10028. 

a single chain thereof. 
37. A COlllpQSition of matter. comprising the polynucle

otide of claim 1. and a non-lytic carrier. 
38. The composition of claim 37. wherein the carrier is a 

phanuaceutically-acceptable carrier. * * * * * 
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