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ABSTRACT 

Disclosed herein are therapeutic treatment protocols 
designed for the treatment of B cell lymphoma. These 
protocols are based upon therapeutic Strategies which 
include the use of administration of immunologically active 
mouse/human chim eric anti-CD20 antibodies, radiolabeled 
anti-CD20 antibodies, and cooperative Strategies comprising 
the use of chimeric anti-CD20 antibodies and radiolabeled 
anti-CD20 antibodies. 
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LINKER #1. 15bp 
TAGG CACGTCCGG 

AGGCCGAGGC 
GGAGAATGGG 

ATGGTTGCTG 

GACTTTCCAC 

GGGGAGCCTG 
AGTTATTAAT 

GTTACATAAC 

ACGTCAATAA 

TGGGGGACT 

AGTACGCCCC 

ATGACCTTAT 

ATGGTGATGC 

TTTCCAAGTC 

GACTTTCCAA 

CGGTGGGAGG 
Bgl 

CCGC 

GGCCTCGGCC 

CGGAACTGGG 

ACTAATTGAG 

ACCTGGTTGC 

GGGACTTTCC 

AGTAATCAAT 

TTACGGTAAA 

TCACGTATGT 

ATTTACGGTA 

CTATTGACGT 

GGGACTTTCC 

GGTTTTGGCA 

TCCACCCCAT 

AATGTCGTAA 

TCTATATAAG 
I Écrash, CATCACAGAT 

1 01 02 107 1108 l 
CACGATGTgAugGlacgAAG GTGGAAATCA igg, GGCTGCACCA 

9 
CTCCCAGGTG 

TCTGTCTTCA 

978 9 
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SV40 ORIGIN=332bp 
CCTCCAAAAA AGCCTCCTCA 

TCTGCATAAA TAAAAAAAAT 

CGGAGTTAGG GGCGGGATGG 

ATGCATCCTT GCATACTTC 

TGACTAATTG. AGATGCATCC 

ACACCCTAAC TGACACACAT 

TACGGGGTCA TTAGTTCATA 
TGGCCCGCCT GGCTGACCGC 

CTACTTCTGG AATAGCTCA 

TAGTCAGCCA TGCATGGGGC 

GCGGAGTTAG GGGCGGGACT 

TGCCTGCTGG GGAGCCTGGG 
TTTGCATACT TCTGCCTGCT 

LINKER #2= 1.3 bp 
TCCACAGAA 

3478 
GCCCATATAT 

CCAA CGACCC 

CMV PROMOTER-ENHANCER=567 bp 
TCCCATAGTA ACGCCAA TAG 

AACTGCCCAC TTGGCAGTAC 

CAATGACGGT AAATGGCCC 

TACTTGGCAG TACATCTACG 

GTACATCAA T GGGCGTGGAT 

TGACGTCAA T GGGAGTTTGT 

CAACTCCGCC CCATTGACGC 
LINKER #3=76b 

CAGAGCTGGG ficies: 727 | 8 

GAGGGTCCCC GCTCAGCTCC 

Nea 

GG ACTTTCCA 

ATCAAGTGi A 

CCTGGCATTA 

TATTATCAT 

AGCGGTTTGA 

TTTGGCACCA 

AAATCGGCG 

GTCAGATCGC 
LEADER=60bp 
TGGGGCTCCT 

10623 Bisi WI 

TAATTCCCCT 
360' 

GGAGTTCCGC 

CCGCCCATTG 

TTGACGTCAA 

TCATATG 

TGCCCAGTAC 

CGCTATACC 

CTCACGGGGA 

AAATCA ACGG 

TAGGCGTGTA 

CTGGAGACGC 

GCTGCTCTGG 

TCTTCCCGCC ATCTGATGA, CATTGAAAT CTGGAACTGC CTCTGTTGTG 

TGCCGCTGA ATA ACTTCTA TCCCAGAGAG GCCAAAGTAC AGTGGAAGGT GGATAACGCC 
HUMAN KAPPA CONSTANT 324bp 107 AMINo ACID & STOP CODON 

CTCCAATCGGGTA ACTCCCA GGAGAGTGTC ACAGAGCAGG ACAGCAAGGA CAGCACCTAC 

AGCCT CAGCA GCACCCTGAC GCTGAGCAA A GCAGACTACG. AGAAACACAA AGTCTACGCC 

TGCGAAGTCA CCCA TCAGGG CCTGAGCTCG CCCGTCACAA AGAGCTTCAA CAGGGGAGAG 
STOP 
LIGHT 
CHAIN Eco RI 
TGTGATTC AGATCCGTTA ACGGTTACCA ACTACC TAGA CTGGATTCGT GACAACATGC 
13867 

GGCCGTGAA TCFACGTA TG ATCAGCC TCG 

LINKER #4=85bp 

1472 

FIC. 2A 

AGTCCCTT CTAGTTGCCA GCCA TCTGT 

US 2005/0186205 A1 

SO 

12O 

18O 

36O 

2O 

430 

540 

SOO 

SSO 

720 

78O 

340 

9CO 

140 

12OO 

1260 

52O 

1380 

1440 

15OO 



Patent Application 

GTTTGCCCCT 

TAATAAAATG 

GGGGTGGGGC 

GCGGTGGGCT 

ACGTCAATGA 

TTCCTACTTG 

GGCAGTACA 

CCATTGACGT 

GT AACA ACTC 
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CCCCCGTGCC TTCCTTGACC CTGGAAGGTG 
BGH poly A=231 bp 

AGGAAATTGC ATCGCATTGT CTGAGTAC GT 

AGGACAGCAA GGGGGAGGAT TGGGAAGACA 
LINKER #5=15bp 

CTATGGAACC ACCTGGGGCT COACAGCTAT 
17023 1778 

CGGTAAATGG CCCGCCTGGC ATTATGCCCA 

GCAGTACATC TAC GTATTAG TCATCGCTAT 

Of 21 

CCACTCCCAC 

GTCATTCTAT 

ATAGCACGCA 

GCCAAGTACG 

GTACATGACC 

TACCATGGG 
CMV PROMOTER-ENHANCER=334bp 

CAATGGGCGT GGATAGCGGT TTGACTCACG 

CAATGGGAGT TTGTTTTGGC ACCAAAATCA 

CGCCCCATTG ACGCAAATGG GCGGTAGGCG 
LINKER #6=7b 

TAAGCAGAGC 
20512 20589 

GTTGGA 
C CTCACATTCA GTGATCAGCA 

LEADER=51 bp 
GCCTCATCTT GCTCTTCCTT GTCGCTGTTG 

GGTACG 

START HEAVY CHAIN 

AAGGGCCCAT 

GCCCTGGGCT 

GGCGCCCTGA 

TCCCTCAGCA 

AACGGAATC 

GACAAAACTC 

TTCCTCTTCC 

TGCGTGGTGG 
GGCGTGGAGG 

CGTGTGGTCA 

TGCAAGGCT 

GGGCAGCCCC 

AACCAGGTCA 

TGGGAGAGCA 

CGGTCTTCCC CCTGGCACCC TCCTCCAAGA 

GCCTGGTCAA GGACTACTTC CCCGAACCGG 

CCAGCGGCGT GCACACCTTC CCGGCTGTCC 

GGGATTTCCA 

ACGGGACTT 

TGTACGGGG 

CTGAACACAG 

TGTCCTTTCC 

TCTCGGGT 

TGCTGGGGAT 

CCCCCTATT., 

TTATGGGACT 

ATGCGGTTTT 
AGTCTCCACC 

CCAAAATGTC 

GAGGCTATA 
Sal I 

ACCCGTCGAC 
Mu I 2151 2 Nhe I 

CTACgGg 
-5 - 4 

GCACC TCG 

TGACGGTGTC 

TACAGTCCTC 
HUMAN GAMMA 1 CONSTANT 

GCGTGGTGAC CGTGCCCTCC AGCAGCTTGG GCACCCAGAC 
993bp=330 AMINO ACID & STOP CODON 

ACAAGCCCAG CAA CACCAAG GTGGACA AGA 

ACACATGCCC ACCGTCCCCA GCAC CTGAAC 

CCCCAAAACC 

TGGACGTGAG 

TCATAATGC 

GCGTCCT CAC 

CCAACAAAGC 

GAGA ACCACA 

GCCTGACCTG 

A TGGGCAGCC 

CAAGGACACC 

CCACGAAGAC 
CAAGACAAAG 

CGTCC GCAC 

CCTCCCAGCC 

GGTGT ACACC 

CCTGGTCAAA 

GGAGA ACAAC 

FIG. 2B 

CTCATGATCT 
CCTGAGGTCA 

CCGCGGGAGG 

CAGGACTGGC 

CCCA TCGAGA 

CTGCCCCCA 

GGCTTCTATC 

TACA AGACCA 

AAGCAGAGCC 

TCCTGGGGGC 

CCCGGACCCC 

AGTTCAACTG 

AGCAGTACAA 

TGAATGGCAA 

AAACCATCTC 

CCCGGGATGA 

CCAGCCACAT 

CGCCTCCCGT 

CTAGCACC 
-3 114 15 

GGGCACAC, 

GTGGAACTCA 

AGGA CTCTAC 

CTACA TCGC 

CAAATCTTGT 

ACCGTCAGTC 
TGACGTCACA 

GTACGTGGAC 

CAGCACGTAC 

GGACTACAA 

CAAAGCCAAA 

GCTGACCAGG 

CGCCGGGAG 

GCTGGA CTCC 

US 2005/0186205 A1 

1560 

1 S2O 

168O 

1740 

1800 

88O 

1920 

1980 

2O40 

21 OO 

21 60 

222O 

2280 
254O 

24OO 

2.460 

2520 

25.30 

2540 

27OO 

2750 

2320 

288O 

2940 

3OOO 
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GACGGCTCCT. TCTTCCTCTA CAGCAAGCTC ACCGTGGACA AGAGCAGGTG GCAGCAGGGG 3060 

AACGTCTTCT CATGCTCCGT GATGCATGAG GCTCTGCACA ACCACTACAC GCAGAAGAGC 5120 
STOP HEAVY CHAIN Ban HI LINKER #7=81 bp 

CTCTCCCTGT CTCCGGGTAA Siti GTTAACGGTT ACCAACTACC TAGACTGGAT 
44 . 

5 8 O 

TCGTGACAAC ATGCGGCCGT GATATCTACG TATGATCAGC 3: GTG CCTTCTAGT i 

GCCAGCCA TC TGTTGTTTGC CCCTCCCCCG T GCCTTCCTT GACCCTGGAA GGTGCCACTC 
BOVINE GROWTH HORMONE POLYADENYLATION REGION=231 bp 

CCACTCTCCT TTCCTAATAA AATGAGGAAA TGCATCGCA TGTCTGAGT AGGTGTCAT 

3240 

33OO 

36O 

CTATTCTGGG GGGTGGGGTG GGGCAGGACA GCAAGGGGGA GGATTGGGAA GACAATAGCA 3420 
LINKER #8=34bp 

GGCATGCTGG GGATGCGGTG GGCTCTATGG aggy, GCTCGACAG CGCTGGATCT 348O 

CCCGATCCCC AGCTTTGCTT CT CAATTTCT 
3490 - 

AATTTTAACA CCAATTCAGT AGTTGATTGA 

TATTTGCATA ATGAGAAAAA AAGGAAAATT 

GCAAATGCGT TGCCAAAAAG GATGCTTTAG 
MOUSE BETA GLOBIN MAJOR PROMOTER=366bp 

AGACAGTGTT CTCTGCACAG ATAAGGACAA 
GACTCCTAAG 

GCCTGATTCC 

GCAGGAGCCA 

CTGACATAGT 

CAAACTTGAC 
GTTCGACCAT 

GACC TACCCT 

TCTTCAGTGG 

CCTGAGAAGA 
GAACCACCAC 

GAA CAACCGG 

TACCAGGAAG 

CAATTGAAA 

GAA ACCCAG 

CCAGTGAGTG, GCACAGCATT 

GT AGAGCCAC ACCTTCCTAA 

GGGCAGAGCA TATA AGGTGA 

LINKER #9= 1.9bp 
TGTGTGGGA GCTTGGATAG 
38567 

GGCAATCCTA GCGTGAAGGC 

TGAACTGCAT CGTCGCCGTG 

GGCCTCCGCT CAGGAA CGAG 

AAGGTAAACA GAATCTGGTG 
MOUSE DHFR=564bp=187 

A CATTATTCA GAGGGAGTAC CCAGAGCTGA 

CTAGGGAGAA ATATGCT(T CATCACCGAA 

GGGCCAATCT GCTCACACAG GATAGAGAGG 

GGTAGGATCA GTTGCTCCTC ACATTTGCTT 
5' UNTRANSLATED DHFR=82bp 

CTTGGACAGC 
3875 16 

TGGTAGGAT 

TCCCAA AATA 

TTCAAGTACT 

ATATGTA 

TCAGGGCTGC GATTTCGCC 
START DHFR 

TTATCCCCC TGCEg: 
39578 

TGGGGATTGG CAAGAACGGA 
TCCAAAGAAT GACCACAACC 
GGAAAACCTG GTTCTCCAT 

AMINO ACID & STOP CODON 
ATCGACCTTT 

GAGGAGCTCA 

AATTGGCAAG 

CCATGAACA 

GTGACACGTT 

GCGTCCTCTC 

AAAGGACAGA 

TTTTCTTGCC 

TAAAGTAGAC 

ACCAGGCCAC 

TTTCCCACAA 

TGACGTCCAG 

FIC. 

ATTAATATAG TCTCAGTAG AGAACT CAAA 

AAAAGTTTGG ATGATGCCTT AAG ACTTATT 

ATGGTTTGGA TAGTCGGAGG, CAGTTCTGTT 

CTTAGA CTCT TiGTGACAAG GATCATGCAC 

ATTGATTTGG GGAAA TATAA ACTTCTCCCA 

GACGAAAAAG GCATCAAGTA TAAGTTTGAA 

2C 

354O 

55OO 

556O 

3.720 

378O 

384O 

39 OO 

5960 

41 40 

42OO 

426 O 

432O 

480 

4 440 

45OO 







GAA GTTTTAA 

TAATCAGTGA 

TCCCCGTCGT 

GATACCGCG 

GAAGGGCCGA 

GTTGCCGGGA 

TTGCTACAGG 
CCCA ACGATC 

TCGGTCCTCC 

CAGC ACTGCA 

AGTACT CAAC 

CGTCAATACG 
AACGTTCTTC 

AACCCACTCG 

GAGC AAAAAC 

GGCACCTATC 

GT AGATAACT 

AGACCCACGC 

GCGCAGAAGT 
286 AMINO ACID 

AGCT AGAGTA 

CATCGTGGG 

AAGGCGAGTT 

GATCGTTGTC 

TAATTCTCTT 

CAAGTCATTC 

GGATAATACC 

GGGCCGAAAA 
TGCACCCAAC 

AGGAAGGCAA 
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STOP BETA LACTAMASE 
ATCAATCTAA AGTATATATG AGTAAACTTG GTCTGACA 

US 2005/0186205 A1 

CAATGCT 
7550 

TCAGCGATCT GTCTATTTCG TTCATCCATA GTTGCCTGAC 

ACGATACGGG AGGGCTTACC ATCTGGCCCC ACTGCTGCAA 

TCACCGGCTC CAGATTTATC AGCAATAAAC 
BETA LACTAMASE-86 lb 
GGTCCTGCAA 

AGTAGTTCGC 

TCACGCTCGT 

ACATGATCCC 

AGAAGTA AGT 

ACTGTCATGC 

TGAGAAT AGT 

GCGCCACATA 

CTCTCAAGGA 

TGATCTTCAG 

AATGCCGCAA 
START BETA LACTAMASE 

GAATAC ACTCTTCCTT TTTCAA TATT 
840 

TGAGCGGAA CATA TTTGAA TGTATTTAGA 

TTCCCCGAAA AGTGCCACCT 

FIC. 

CTTTATCC CTCCACCAG 

& STOP CODON 
CAGTTAATAG 

CGTTTCCTAT 

CCATGTTGTG 

TGGCCGCAGT 

CATCCGTAAG 

GTATGCGGCG 

GCAGAACTTT 

TCTTACCGCT 

CATCTTTTAC 

AAAAGGGAAT 

ATTGAAGCAT 

AAAATAAACA 

2F 

TTTGCGCAAC 

GGCTTCATTC 

CAAAAAAGCG 

GTTATCACTC 
ATGCTTTTCT 

ACCGAGTTGC 

AAAAGTGCTC 
GTTGAGATCC 

TTTCACCAGC 

AAGGGCGACA 

TTATCAGGGT 

AATAGGGGTT 

CAGCCAGCCS 

TCTATTAATT 

GTTGTTCCCA 

AGCTCCGGTT 

GTTAGCTCCT 

ATGGTTATGG 

GTGACTGGTG 
TCTTGCCCGG 

ATCATTGGAA 

AGTTCGATGT 

GTTTCTGGGT 

CGGAAATGTT 
TATTGTCTCA 

CCGCGCA CAT 

7560 

7520 
768O 

7740 

78OO 

786O 

7920 

798C 

8)40 

8 OO 

81 60 

822O 

828O 

8S 40 

84OO 

8460 



LINKER 
GACGTCGCGG 

AGGCCGAGGC 

GGAGAATGGG 

ATGGTTGCTG 

GACTTTCCAC 

GGGGAGCCTG 

AGTATTAAT 

GTTACATAAC 

ACGTCAATAA 

TGGGTGGACT 

AGTACGCCCC 

ATGACCTTAT 

ATGGTGATGC 

TTTCCAAGTC 

GAC TTTCCAA 

CGGTGGGAGG 

Bgi 2 

E8 TAGG CCTCCAAAAA AGCCTCCTCA 
15 6 

GGCCTCGGCC 

CGGAACTGGG 

ACTAATGAG 

ACCTGGTTGC 

GGGACTTTCC 

AGTAATCAAT 

TTACGGTAAA 

TGACGTATGT 

Patent Application Publication Aug. 25, 2005 Sheet 8 of 21 

TCTGCATAAA 

CTACTTCTGG AATAGCTCAG 

TAAAAAAAAT TAGTCAGCCA TGCATGGGGC 
SV40 ORIGIN=332bp 

CGGAGTTAGG 

ATGCATGCTT 

TGACTAATG 

ACACCCTAAC 

TACGGGGTCA 

TGGCCCGCC 

TCCCATAGTA 

GGCGGGATGG GCGGACTTAG GGGCGGGACT 

TCATACTTC GCCTGCTGG GCAGCCTC. 

TTTGCATAT TCTCCCTCC 
LINKER 213 bp TCCAAgi TAATTCCCCT 

347 8 

GCCCATATAT GGAGTTCCGC 

AGATGCATC 

TGACACACA 

TTAGTTCATA 

CCGCCCATTG GGCTGACCGC CCAACGACCC 
ACGCCAATAG GCACTTTCCA TTGACGTCAA 

CVM PROMOTER-ENHANCER=567 bp 
ATTTACGCTA AACTGCC CAC TTGGCAGTAC ATCAAGTGTA 

CTATGACGT CAATGACGGT AAATGGCCCG CCTGGCATTA 

GGGACTTTCC TACTTGGCAG TACATCTACG 

GGTTTTGGCA GTACACAAT GOGCGTGGA 

TCCACCCCAT TGACGTCAA T GGGAGTTTGT TTTGGCAC3A 

AATGTCGTAA CAACTCCGCC CCATTGACGC 

TCTAATAAG 

CATCACAGAT 

GCTTCACGTCA 

GCATCTCCAG 
CACTGGTTCC 

CTGGCTTCTG 

ACC ATCAGCA 

AACCCACCCA 

TCTGTCTTCA 

TGCCTGCTGA 

TAATGTCCAG 

GGGAGA AGGT 

AGCAGAAGCC 
LIGHT CHAIN WARIABLE 

GAGTCCCTGT 

GAGTGGAGGC 

CGTTCGGAGG 

TCT TCCCGCC 

ATAACT CA 

TCAATGCCA 

TGCCCAGTAC 

TATTAGTCAT CGCTATTACC 

AGCGGTTTGA CTCACGGGGA 
AAATCAAC 

AAATCGGCGG TAGGCGTGTA 
LINKER #3=7b 

CAGAGCTGGG 

START LIGHT CHAIN 
CTCTCAC ATTTTCAG 

978 9 
AGGACAAATT 
1044'5" 
CACAATGACT 

AGATCCTCC 

TCGCTTCAGT 

TGAAGAT GCT 

GGGGACCAAG 

ATCTGATGAG 

TCCCAGAGAG 

TACGTGAAC CTGGAGACGC GTCAGATCGC 
934' 5 

NATURAL LEADER=66 bp: 
GTGCAGATTA TCAGCTTCCT GCTAATAGT 

GTTCTCTCCC AGTCTCCAGC AATCCTGTCT 

TGCAGGGCCA GCGAAGTGT AAGTTACA TC 

CCCAAACCCT GGATTTATGC CACATCCAAC 
REGION 318bp 106 AMINO ACID 
GGCAGTGGGT CTGGGACTTC TTACTCTCTC 
GCCACTTAT ACTGCCAGCA GTGG ACTAGT 

BSiWI 
CTGGAAATCA aAE ACGT GGCTGCACC A 

1362 3 

CAGTTGAAAT CTGGAACTGC CTCTGTTGTG 

GCCAAAGTAC ACTGGAAGGT GGA TAACGCC 

FIC. 3A 

US 2005/0186205 A1 

SO 

18O 

240 

3OO 

360 

42O 

48O 

54.O 

96.O 

1 O2C) 

1140 

1200 

260 

32O 

138O 

1440 

1SOO 
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HUMAN KAPPA CONSTANT=324bp=107 AMINO ACID & STOP 
CTCCAATCGG GTAACTCCCA GGAGAGTGTC ACAGAGCAGG ACAGCAAGGA 

AGCCTCAGCA GCACCCTGAC GCTGAGCAAA GCAGACTACG AGAAACACAA 
TGCGAAGTCA CCCA TCAGGG CCTGAGCTCG CCCGTCACAA AGAGCTTCAA 
STOP 
LIGH 
CHAIN Eco RI LINKER #4=81 bp 
re, if: AGATCCGTTA ACGGTT ACCA ACT ACC TAGA 
16467 

GCCGTGATA CTACGTATG ATCAGCCTFs, GTGCCT 
GTTTGCCCCT CCCCCGTGcc TTCCTTGACC CTGGAAGGTG 

CTGGATTCGT 

CTAGTTGCCA 

CCACCCCAC 

TAATAAAA TG AGGAAATTGC ATCGCATTGT CTGAGTAGGT GTCATTCTAT 

US 2005/0186205 A1 

CODON 
CAGCACCTAC 

AGTCTACGCC 

CAGGGGAGAG 

GACA ACATGC 

GCCA TCTGT 

TGTCCTTTCC 

TCTGGGGGGT 
BoviNE GROWTH HORMONE POLYADENYLATION REGION=231 bp 

GGGGTGGGGC AGGACAGCAA GGGGGAGGAT TGGGAAGACA ATAGCAGGCA 
LINKER #5= 15bp 

GCGGTGGGCT CTATGGAACC AGCTGGGGCT CGACAGCTAT, GCCAAGTACG 
2002 3 2017 8 

ACGTCAATGA CGGTAAATGG CCCGCCTGGC AT TATGCCCA GTACATGACC 

TTCCTACTTG GCAGTACATC TACGTATTAG TCATCGCTAT TACCATGGTG 
CMV PROMOTER-ENHANCER=334bp 

GGCAGTACAT CAATGGGCGT GGATAGCGGT TTGACTCACG GGGATTTCCA 

CCATTGAC GT CAATGGGA GT TTGTTTGGC ACCAAAATCA ACGGGACTTT 

GT AACAACTC CGCCCCATTG ACGCAAATGG GCGGTAGGCG TGTACGGTG 
LINKER #6=7b 

TAAGCAGAGC TGGGTACGTC CTCACATTCA GTGATCAGCA CTGAACACAG 
START 23512 2358'9 
EAVY CHAIN SYNTHETIC & NATURAL LEADER Mlu I - 

ATGGGTTGGA, GCCTCACTT GCTCTTCCTT G TCGCTGTG CTACGCGT 
240 -5 - 4 

GTACAACTGC AGCAGCCTGG GGCTGAGCTG GTGAAGCCTG GGGCCTCAGT 

CTGGCTA CAC ATTTACCAGT TACAATA TGC ACTGGGTAAA 

HEAVY CHAIN VARIABLE=363 bp=121 AMINO ACID 
TGGAATGGAT TGGAGCTATT TATCCCGGAA ATGGTGATAC 

TGCAAGGCTT 

GGTCGGGGCC 

CAGAAGTTCA 

CAGCTCAGCA 

TACGGCGGG 
Nhe I 
GCTAGCACCA 

GGCACAGCGG 

TGGAACTCAG 

AAGGCAAGGC 

GCCTGACATC 

ACTGGTACTT 

AGGGCCC ATC 

CCCTGGGCTG 

CACATTGACT 

TGAGCACTCT 

CAA TGTCTGG 

GGTCTTCCCC 

CCTGGTCA AG 
HUMAN GAMMA 1 

GCGCCCT CAC CAGCGGCGTG 

GCAGACAAAT CCTCCAGCAC 

GCGGTCTATT ACTGTGCAAG 

GGCGCAGGGA CCACGGT CAC 

CTGGCACCCT CCTCCAAGAG 

GACTACTTCC CCGAACCGGT 
CONSTANT=993 bp 
CACAC CTTCC CGGCTGTCCT 

FIC. 3B 

TGCTGGGGAT 

CCCCCTATTG 

TATGGGACT 

ATGCGGTTTT 

AGTCTCCACC 

CCAAAATCTC 
GAGGTCTA A 

Sal I 
ACCCGTCGAC 

GAAGATGTCC 

ACAGACACCT 

TTCCTACAAT 

AGCC TACATG 

ATCGACTTAC 

CGTCTCTCC4 
CACCTCTCGC 

GACGGGTCG 

ACAGTCCCA 

156O 

1S2O 

168O 

1740 

18OO 

186O 

192O 

193O 

20.40 

2 OO 

21 6O 

2. 2 2. O 

228O 

2540 

24OO 

2460 

252O 

2580 

2640 

27OO 

2760 

282O 

288O 

2940 

  



GGACTCTACT 

TACA TCTGCA 

AAACTTGTG 

CCGTCAGTCT 

GAGGTCACAT 

TACGTGGACG 

AGCACGTACC 

GAGTACAAGT 

AAAGCCAAAG 

CTGACCAAGA 

GCCGGGAGT 

CTGGACTCCG 

CAGCAGGGGA 

CAGA AGAGCC 

AACTGGATT 

CTTCTAGTTG 

GTGCCACTCC 

330 AMINO ACID 
CCCTCAGCAG 

ACGTGAATCA 

ACAAAACTCA 

TCCTCTTCCC 

GCGTGGTGGT 

GCGTGGAGGT 

GTGGGTCAG 

GCAAGGTCTC 
GGCAGCCCCG 

ACCACGTCAG 

GGGAGAGCAA 

ACGGCTCCTT 

ACGTCTTCTC 

CGTGGTGACC GTGCCCTCCA 

CAACCCAGC 

CACATGCCCA 

CCCAAAACCC 

GGACGTGAGC 

GCATAATGCC 

CGTCCT CACC 

CAACAAAGCC 

AGAACCACAG 

CCTGACCTGC 

TGGGCAGCCG 

CTTCCTCTAC 

ATGCTCCGTG 

A ACACCAAGG 

CCGTCCCCAG 

AAGGACACCC 

CACGAAGACC 

AAGACAAAGC 

GTCCTGCACC 

CTCCCAGCCC 

GTGTACACCC 

CTGGT CAAAG 

GAGAACAACT 

AGCAAGCCA 

ATGCATGAGG 
STOP HEAVY CHAIN Ban HI 

TCTCCCTGTC TCCGGGT AAA E. GATCCG 
38134 

CGTGACA ACA 

CCAGCCATC 

CACTGTCCTT 
BOVINE GROWTH 

GGTGTCATTC 

ACAATAGCAG 

GCTGGATCTC 
AGGAAAATTA 

ATGCTTTAGA 

CAGAGCTGAG 

ATCACCGAAG 

ATAGAGAGGG 

TATTCTGGGG 

GCATGCTGGG 

CCGATCCCCA 
ATTTTAACAC 
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STOP CODON 
GCAGCTTGGG 

TGGACAAGAA 

CACCTGAACT 

TCATGATCTC 

CTCACGTCAA 

CGCGGGAGGA 

AGGACTGGCT 

CCATCGAGAA 
TGCCCCCATC 

GCTTCTATCC 
ACAAGACCAC 

CCGTGGACAA 

CTCTCCACAA 

US 2005/0186205 A1 

CACCCAGACC 

AGCAGAGCCC 

CCTGGGGGGA 

CCGGACCCCT 
GTTCAACGG 

GCAGTACAA 

GAAGGCA AG 

AACCATCTCC 

CCGGGATGAC 

CAGCGACATC 

GCCTCCCGTG 

GAGCAGGTGG 

CCACTACACG 

LINKER #7-8, b 
TTAACGGTTA Eacct 

TGCGGCCGTG ATATCTACGT 

GTTGTTTGCC CCTCCCCCGT 

TCCTAATAAA ATGAGGAAA 

ATGATCAGCC TCGACTGGC 
38945 

GCCTTCCTG ACCCTGGAA 

TGCATCGCAT TGTCTGAGTA 
HORMONE POLYADENYLATION REGION=231 bp 
GGTGGGGTGG GGCAGGACAG CAAGGGGGAG GATTGGGAAG 

GATGCGGTGG GCTCTATGGA 

GCTTTCCTTC TCAATTTCTT 

CAATTCAGTA GTTGATTGAG 

LINKER #8=34bp 
ACCAGCTGGG GCTCGACAGC 
4.256 

ATTTGCATAA TGAGAAAAAA 

CAAATGCGTT GCCAAAAAGG 
MOUSE BETA GLOBIN MAJOR PROMOTER=366bp 

GACAGTGGTC TCTGCACAGA TAAGGACAAA CATTATTCAG AGGGAGTACC 

ACTCCAAGC CAGTGAGTGG CACAGCATTC TAGGGAGAAA TATGCTTGTC 

CCTGATCCG TAGAGCCACA CCTTGGTAAG GGCCAATCTG 

CAGGAGCCAG GGCAGAGCAT ATAAGGTGAG GTAGGATCAG 

FIC. 3C 

CTCACACA3C 

TTGCTCCT Ca 

3060 
S2O 

3 8O 

3240 
3500 

5560 

S420 

3480 

5540 

36OO 

3SSO 

3.720 
378O 

3,840 

S900 

3960 

4O2O 

408O 

41 40 

4200 

4260 

4520 

458O 

44-40 

45OO 



CATTTGCTTC 

ATTTCGCGCC 
R GCCAIC, 7 4626 

AAGAACGGAG 

ACCACAAC CT 

TTCTCCATTC 

GAACTCAAAG 
AGACTTATTG 

AGTTCTGTTT 

ATCATGCAGG 

CTTCTCCCAG 

AAGTTTGAAG 

CTCCTAAAGC 
= 10 bp 
GACTGTGCCT 

CCTGGAAGGT 

TCTGAGAGG 

TTGGGAAGAC 
= 17bp 

TCGAGCTACT AGCTTTGCTT CT CAATTTCT TATTTGCATA 
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LINKER #9= 1.9bp 

TGACATAGTT G GGAG CTTGGATACC GAAGCT 
45.256 4544'5 

AAACTTGACG GCAATCCTAG CGTGAAGGCT GGTAGGATT 
T DHFR 
TTCGACCATT GAACTGCATC GTCGCCGTGT CCCAA AATAT 

ACC TACCCTG GCCTCCGCTC AGGAACGAGT TCAAGTACTT 

CTTCAGTGGA AGGTAAACAG AATCTGGTGA TTAGGGTAG 
DHFR-564bp = 187 AMINO ACID & STOP CODON 

CTGAGAAGAA CGACCTTTA AAGGACAGAA TTAATATAGT 

AACCACCACG AGGAGCTCAT TTTCTTGCCA AAAGTTTGGA 
AACAACCGGA ATTGGCAAGT TGGTTTGGAT 
ACCAGGAAGC 

AAAGTAGACA 
CATGAATCAA CCAGGCCACC 

TGACACGTTT 

CGTCCTCTCT GACGTCCAGG 
STOP DHFR 
GAAAGASA AGGAAGATG CTTCAAGTT 14 

TTAGACTCTT 
AATTTGAAAG TTCCCAGAAA TGATTGG 

AATACCCAGG AGGAAAAAG 

TCTACGAGAA 

TATGCATTTT TATAAGACCA TGGGACTTTT GCTGGCTTTA G 

US 2005/0186205 A1 

5' UNTRANSLATED DHFR=82b 
CAGGGCTGCC 

TATCCCCCCT 

GGGGATTGGC 

GAAAACCGG 

TCTCAGTAGA 

TGATGCCTTA 

AGTCGGAGGC 

TGTGACAAGG 

GAAA TATAAA 

CATCAAGTAT 
3' UNTRANSLATED DHFR=82bp 

CTCTGCTCCC 
LINKER #10 

CAGCCTC 
5272'3 

TCTAGTTGCC AGCCA TCTGT TGTTGCCCC TCCCCCGTCC 

BOVINE GROWTH HORMONE POLYADENYLATION=231 bp 
GCCACTCCCA CTGTCCTTTC CTAATAAAAT GAGGAAATT 

TGTCATTCTA TTCTGGGGGG TGGGGTGGGG CAGGACAGCA 

AATAGCAGGC ATGCTGGGGA TGCGGTGGGC TCTATGGAAC 

ATGAGAAAAA 
553 O' 

AATTTTAACA 
AGACAGTGTT 

GACTCCTA AG 

GCCTGATTCC 

GCAGGAGCCA 

CTGACATAGT 

CGCAGGTTCT 

CCAATTCAGT ACTTGATTGA GCAAATGCGT TGCCAAAAAG 

M9USE BETAGLOBIN MAJOR PROMOTER 366bp CTCTGCACAG ATAAGGACAA CTAGGGAGAA ATA TGCTTGT 

CCAGTGAGTG GCACAGCATT CTAGGGAGAA ATATGCTTGT 
GT AGAGCCAC ACCTTGGTA A GGGCCAATCT GCTCACACAG 

GGGCAGACCA TATAAGGTGA GGTAGGATCA GTTGCTCCTC 
LINKER # 12=21 bp START NEO 

TGTGTTGGGA GCTTGGA TCG ATCCTCTATG GTTGAACAAG 
5896 '7 5917 '8 

CCGGCCGC TT GGGGGAGAG GCTATTCGC TATGACTGGG 

FIG. 3D 

CTTCCTTCAC 

AGGGGGAGGA 
LINKER #11 AFEEE 5513 '4-li 

AAGGAAAATT 

GATGCTTTAG 
CAT CACCGAA 

CACACCGAA 

GAT AGAGAGC 

ACAT TGCT 

ATGGAfTCCA 

CACA ACACAC 

45 SO 

4S2O 

4 S30 

474.O 

43 OO 

488O 

4920 

498O 

5040 

5 OO 

5' 60 

522O 

SS 40 

54OO 

546 O 

552O 

558O 

5640 
57OO 

576O 

5820 
5830 

5940 





GACGCTCAAG TCAGAGGTGG CGAAACCCGA 

CTGGAAGCTC 

CCTTTCTCCC 

CGGTGTAGGT 
GCTGCGCCTT 

CACTGGCAGC 

AGTTCTTGAA 

CTCTGCTGAA 

CCACCGCTGG 

GATCTCAAGA 

CACGTTAAGG 

ATTAAAAATG 

CCTCGTGCGC 

TTCGGGAAGC 

CGTTCGCTCC 
ATCCGGTAAC 
AGCCACTGGT 

GTGGTGGCCT 

GCCAGTT ACC 

TAGCGGTGGT 

AGATCCTTTG 

GATTTTGGTC 

AAGTTTTAAA 
BETA LACTAMASE East CAATGCTT. AATCAGTGAG 

TTGCCTGACT CCCCGTCGTG 

GTOCTGCAAT GATACCGCGA 

TCTCCTGTTC 

GTGGCGCTTT 

AAGCTGGGCT 

TATCGTCTTG 

AACAGGATTA 

AACTACGGCT 

TTCGGAAAAA 
TTTTTTTTT 

ATCTTTTCTA 

ATGAGATTAT 

TCAATCT AAA 

GCACCTATCT 

TAGATAACTA 

GACCCA CGCT 
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CAGGACTATA AAGATACCAG GCGTTTCCCC 

CGACCCTGCC 

CTCAA TGCC 

GTGTGCACGA 

AGTCCAACCC 

GCAGAGCGAG 

ACACT AGAAG 

GAGTTGGTAG 

GCAAGCAGCA 

CGGGGTCTGA 

CAAAAAGGAT 

GTATATATGA 

CAGCGATCTG 
CGAACGGGA 

CACCGGCTCC 

BETA LACTAMASE=861 bp=286 AMINO ACID 
AGCCACCCCC 

CTATTAATTG 
TTGTTGCCAT 

GCTCCGGTTC 

TTAGCTCCTT 

TGGTTATGGC 

TGACTGGTGA 
CTTGCCCGGC 

TCATGGAAA 

GGTCGATGTA 

TTTCGGGTG 

GGAAATGTTG 

ATTCCTCAT 

CGCGCACATT 

AAGGGCCGAG 

TTGCCGGGAA 

TGCTACAGGC 

CCAA CGACA 

CGGTCCTCCG 

AGC ACTGCAT 

GT ACT CAACC 

GTCAA TACGG 

ACGTTCTTCG 

ACCCACTCGT 

AGC AAAAACA 

CGCAGAAGTG 

GCTAGAGTAA 

ATCGTGGTGT 

AGGCGAGTTA 

ATCGTTGTCA 

AATTCTCTTA 

AAGTCATTCT 

GATAATACCG 

GGGCGAAAAC 

GCACCCA ACT 

GGAAGGCAAA 

GTCCTGCAAC 

GTAGTTC:GCC 

CACGCTCGTC 

CATGACCCC 

GAAGTAAGTT 

CTGTCATGCC 

GAGAATAGTG 

CGCCACAAG 

TCT CAAGAT 

GATCTTCACC 
ATGCCGC AAA 

GCTTACCGGA 

ACGCTGTAGG 

ACCCCCCGTT 

GGTA AGACAC 

TATGTAGGC 

GACAGTATTT 

CTCTTGATCC 

GATTACGCGC 

CGCTCAGTCG 

CTTCACC TAG 

TAAACTTGG 

TCTATTTCGT 

GGGCTTACCA 

AGATT TATA 

TAC CTGTCCC, 

TATCTCAGTT 

CAGCCCGACC 

GACTTATCGC 

GGTGCTACAG 
GGTATCTGCG 

GGCAAACAAA 

AGAAAAAAAG 

AACGAAAACT 

ATCCTTTTAA 
STOP 

TCTGACAGUT 

TCATCCATAG 

TCTGGCCCCA 

GCAATAA. 
STOP CODON 

TTTATCCGCC TCCATCCAGT 

AGTTAATAGT TTGCGCAACG 

STARTBETALACTAMASE CTCTTCCTTT TTCAA TATA AATAC 

GAGCGGATAC AT ATTTGAAT GTATTTAGAA 

TCCCCGAAAA GTGCCACCT 

GTTTGGTATG 

CATGTTGTGC 

GGCCGCAGTG 
ATCCGTAAGA 

TATGCGGCGA 

CAGAACTTTA 

CTTACCGCTG 

ATCTTTTACT 

AAAGGGAATA 

TTGAAGCATT 

AAATAAACAA 

FIC. 3F 

GCTTCATTCA 

AAAAAAGCGG 
TTATCACTCA 

TGCTTTTCTG 

CCGAGTTGCT 

AAA GTGCTCA 

TTGAGATCCA 

TTCACCAGCC 

AGGGCGACAC 

TATCAGGGTT 

ATAGGGGTTC 

7560 

762O 

758O 

774O 

78OO 

7860 

7920 

798O 

3O4.O 

81 OO 

8, 60 

822O 

8460 

852O 

858O 

8S40 

87OO 

876O 

3820 

8330 

89.40 

9 OOO 

906O 



FRAME 

987 
w 
a 

Met Asp Phe Glin Wat 
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UEAOER 

-15 - O 
Glin Ile lite Ser Pte Leu Lleu. Ite Ser Ala Ser 

ATG GAT TTT CAG GTG CAG ATT ATC AGC TTC CTG CTA ATC AGT GCT TCA 
996 1005 1014 023 

FR O -5 
Ite Met Ser 

ATA ATG TCC AGAGGA ICAA ATT 
iO38 

Pro Gly Glu 
CCA GGG GAG 

O95 

35 FR2 
Trp Phe Gln 
TGG TTC CAG 

1152 

55 56 
eu Ala Ser 

CTG GCT TCT 
209 

75 
Leu Thr Ite 
CC ACC ATC 

1266 

CDR3 
Thr Ser Asn 
ACT AGT AAC 

1323 

l dy l 
. Gr Arg 

104.7 

20 
Lys Val Thr 
AAG GTC ACA 

104 

40 
Lys Pro 
AAG CCA 

16 

Gln 
CAG 

57 
Gly 
GA 

Val Pro 
GTC ccT 

128 

Ser 
AGC 

Arg Vol. 
AGA GTG 

1275 

97 
Pro a 
CCC ACG 

1332 

95 
Pro 
CCA 

Ile 

Met 
ATG 

Gly 
GGA 

60 
Vo 

GTT 

Glu 
GAG 

98 
Phe 
TTC 

Val Leu Ser Gun Ser Pro Alo 
GTT CTC TCC 

1OS6 

23 24 
Thr Cys Arg 
ACT TOCAGG 

1113 

Ser- Ser- Pro 
TCC TCC CCC 

170 

FR3 
Arg Phe Ser 
CGC TTC AGT 

1227 

80 
At a Glu Asp 
GC GAA GAT 

284 

100 FR4 
Gly Gly Gly 
GGA GGG GGG 

134 

FIC. 

le 
CAG TCT CCA GCA ATC 

O85 

CDR 
Alo Ser 
GCC AG 

22 

45 
Lys Prs 
AAA CCC 

17s. 

65 
Gly Ser 
GGC ACT 

23s 

Alo Ale 
GC GCC 

293 

Thr lys lieu Glu 

Ser 
TCA 

Trip 
GG 

Gly 
GGG 

85 
r 

ACT 

1074 

27/ 29 
Ser Vo 
AGT GTA 

131 

49 
Ite Tyr 
ATT TAT 

188 

Ser G!y 
TCT GGG 

1245 

Tyr Tyr 
TAT TAC 

302 

OS 
le 

eu Ser Ala 
CTG TCT, GCA 

OS3 

30 
Ser 
AG 

Tyr Ile 
AC ATC 

40 

CDR2 
Tir Ser 
ACA TCC 

197 

50 
Ald 
GCC 

70 
Ser Tyr 
TCT TAC 

254 

r 
ACT 

88 
Cys 
TGC 

89 90 
Gr Glin 
CAG CAG 

ls il 

O7 
lys 

ACC AA CTG GAA ATC AAA 
135 

4 

1359 
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Vot 
as a 
V : 

Ser 
TCT 

3A. 
HS 
CAC 

Asn 
AAC 



-19 
FRAME Met 

ATG 

leu Ser Gr 
CTG TCC CAG 

2460 

20 
Lys Met 
AAG ATG 

257 

Vo 
GTG 

Vol. 
GTA 

Lys Gln 
AAA CAG 

2574 

55 
Gly 
GGT 

Asp Thr 
GAT ACT 

2631. 

75 
Ser Ser 
TCC AGC 

2688 

Ser 
TCC 

90 
Tyr 
TAT 

Tyr Cys 
TAC TGT 

2745 

FR4 
Gty Thr 
G ACC 

2802 

105 
Ach 
CA 

Gly Trp Ser 
GT TGG ACC 

2409 

FR 
Val Glin Ueu 
GTA CAA CTG 

2469 

Ser Cys Lys 
TCC TGC AAG 

2525 

4D FR2 
Thr Pro Gly 
ACA CCT GGT 

2583 

CDR2 60 
Ser Tyr Asn 
CC TAC AA 

2640 

Thr Ala Tyr 
ACA GCC TAC 

2697 

949S 
Arg Ser 
AA TCC 

2754 

Ald 
GCA 

10 
Val Trr 
GTC ACC 

28 

Trr 

ACG 

Met 

-S 
lieu Ile Leu 
CTC ATC TTG 

248 

Gin Gin Pro 

CAG CAG CCT 
2478 

25 
Ato Ser Gly 
GCT. CT GGC 

2536 

45 
Gly leu 
GGC CG 

2592 

Arg 
CGG 

Gn 
CAG 

Lys Phe 
AAG TTC 

2649 

82 
Glin lieu 
CAG CTC 

27O6 
ATG 

CDR3 
Tyr Tyr 
TAC TAC 

2763 

Tara 
ACT 

113 
Ser Ach 
CT CA 

2820 

V 

GTC 

FIC. 
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LEAOER 

- O 
Leu Phe Ueu 
CTC rTC Crit 

2427 

O 
Gy Ala Glu 
GGG GCT AG 

24.87 

Trr Pre 
ACA T 

254. 

Tyr 
TAC 

Glu 
GAA 

Trp (le 
TGG AT 

260 

65 66 
Gly (ys 
GGC AAG 

2653 

32B 82 
Ser Le 
ACC C. G. 

275 

lys 
AAA 

S2A 
Ser 
AGC 

100 00A 
Gly Aso 
GCT GAC 

2772 

Gly 
GGC 

Thr 

GCC 

-5 

Val Ala 'val Ato Thr Arg val 
GTC GCT G T GCT ACG CGT GTC 

2436 2445 

5 
Val Lys(Alo) Gly Ala Ser 
GTG AAGCCTVGGG GCC TCA 

2496YGC 2505 

3. COR 35 s 
Ser yr Asn Met His Trp 
ACT AC AAT ATG CAC "G 

2553 2552 

52 52A 53 54 
Tyr Pro G' Asn 
TAT CCC (GA AAT 

26S 

-eu 
CTG 

ACC 

49 
Gly 
GGA 

50 
Alic Ite 
GCT ATT 

2610 

70 
Thr Ala Asp Lys 
ACT GCA AC AAA 

2676 

FR3 
Ad Thr Leu 

ACA TTG 
2667 

85 
Ser Glu Asp Ser Alo Voi 
TCT AG GAC TCT GCG TC 

2724. 2733 

83 
Tra 

ACA 

OOB OOC OOD 101 102 (3 
Trp Tyr Phe Asn s Tro 3 ty 
TGG TAC TTC AAT GTC TGG GGC 

279 2790 
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THERAPEUTIC APPLICATION OF CHIMERC 
AND RADIOLABELED ANTIBODIES TO HUMAN 

B LYMPHOCYTE RESTRICTED 
DIFFERENTIATION ANTIGEN FOR TREATMENT 

OF B. CELL LYMPHOMA 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 09/905,928, filed Jul. 17, 2001; which is a 
continuation of U.S. application Ser. No. 08/475,813, filed 
Jun. 7, 1995, now U.S. Pat. No. 6,672,813; which is a 
divisional of U.S. application Ser. No. 08/149,099, filed 
Nov. 3, 1983, now U.S. Pat. No. 5,736,137; which is a 
continuation-in-part of U.S. application Ser. No. 07/978, 
891, filed Nov. 13, 1992, now abandoned. Each of these 
prior applications is incorporated herein by reference in its 
entirety. 
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A. FIELD OF THE INVENTION 

0047 The references to be discussed throughout this 
document are set forth merely for the information described 
therein prior to the filing data of this document, and nothing 
herein is to be construed as an admission, either express or 
implied, that the references are “prior art” or that the 
inventors are not entitled to antedate Such descriptions by 
virtue of prior inventions or priority based on earlier filed 
applications. 

0048. The present invention is directed to the treatment of 
B cell lymphoma using chimeric and radiolabeled antibodies 
to the B cell surface antigen Bp35 (“CD20). 

B. BACKGROUND OF THE INVENTION 

0049. The immune system of vertebrates (for example, 
primates, which include humans, apes, monkeys, etc.) con 
Sists of a number of organs and cell types which have 
evolved to: accurately and Specifically recognize foreign 
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microorganisms ("antigen”) which invade the vertebrate 
host; Specifically bind to Such foreign microorganisms, and, 
eliminate/destroy Such foreign microorganisms. 
0050 Lymphocytes, amongst others, are critical to the 
immune System. Lymphocytes are produced in the thymus, 
spleen and bone marrow (adult) and represent about 30% of 
the total white blood cells present in the circulatory System 
of humans (adult). There are two major Sub-populations of 
lymphocytes: T cells and B cells. T cells are responsible for 
cell mediated immunity, while B cells are responsible for 
antibody production (humoral immunity). However, T cells 
and B cells can be considered as interdependent-in a 
typical immune response, T cells are activated when the T 
cell receptor binds to fragments of an antigen that are bound 
to major histocompatability complex (“MHC) glycopro 
teins on the Surface of an antigen presenting cell; Such 
activation causes release of biological mediators ("interleu 
kins”) which, in essence, stimulate B cells to differentiate 
and produce antibody (“immunoglobulins') against the anti 
gen. 

0051 Each B cell within the host expresses a different 
antibody on its Surface-thus, one B cell will express 
antibody Specific for one antigen, while another B cell will 
express antibody Specific for a different antigen. Accord 
ingly, B cells are quite diverse, and this diversity is critical 
to the immune System. In humans, each B cell can produce 
an enormous number of antibody molecules (ie about 10 to 
10). Such antibody production most typically ceases (or 
Substantially decreases) when the foreign antigen has been 
neutralized. Occasionally, however, proliferation of a par 
ticular B cell will continue unabated; Such proliferation can 
result in a cancer referred to as “B cell lymphoma.” 
0.052 T cells and B cells both comprise cell surface 
proteins which can be utilized as “markers” for differentia 
tion and identification. One Such human B cell marker is the 
human B lymphocyte-restricted differentiation antigen 
Bp35, referred to as “CD20.” CD20 is expressed during 
early pre-B cell development and remains until plasma cell 
differentiation. Specifically, the CD20 molecule may regu 
late a Step in the activation process which is required for cell 
cycle initiation and differentiation and is usually expressed 
at very high levels on neoplastic ("tumor) B cells. CD20, by 
definition, is present on both “normal” B cells as well as 
“malignant B cells, ie those B cells whose unabated pro 
liferation can lead to B cell lymphoma. Thus, the CD20 
Surface antigen has the potential of Serving as a candidate for 
“targeting of B cell lymphomas. 
0053. In essence, Such targeting can be generalized as 
follows: antibodies specific to the CD20 surface antigen of 
B cells are, eg injected into a patient. These anti-CD20 
antibodies specifically bind to the CD20 cell surface antigen 
of (ostensibly) both normal and malignant B cells; the 
anti-CD20 antibody bound to the CD20 surface antigen may 
lead to the destruction and depletion of neoplastic B cells. 
Additionally, chemical agents or radioactive labels having 
the potential to destroy the tumor can be conjugated to the 
anti-CD20 antibody such that the agent is specifically 
“delivered” to, eg, the neoplastic B cells. Irrespective of the 
approach, a primary goal is to destroy the tumor: the Specific 
approach can be determined by the particular anti-CD20 
antibody which is utilized and, thus, the available 
approaches to targeting the CD20 antigen can vary consid 
erably. 
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0054 For example, attempts at Such targeting of CD20 
Surface antigen have been reported. Murine (mouse) mono 
clonal antibody 1F5 (an anti-CD20 antibody) was reportedly 
administered by continuous intravenous infusion to B cell 
lymphoma patients. Extremely high levels (>2 grams) of 
1F5 were reportedly required to deplete circulating tumor 
cells, and the results were described as being “transient.” 
Press et al., “Monoclonal Antibody 1F5 (Anti-CD20) Sero 
therapy of Human B-Cell Lymphomas.'Blood 69/2: 584 
591 (1987). A potential problem with this approach is that 
non-human monoclonal antibodies (eg, murine monoclonal 
antibodies) typically lack human effector functionality, ie 
they are unable to, interalia, mediate complement dependent 
lysis or lyse human target cells through antibody dependent 
cellular toxicity or Fc-receptor mediated phagocytosis. Fur 
thermore, non-human monoclonal antibodies can be recog 
nized by the human host as a foreign protein; therefore, 
repeated injections of Such foreign antibodies can lead to the 
induction of immune responses leading to harmful hyper 
Sensitivity reactions. For murine-based monoclonal antibod 
ies, this is often referred to as a Human Anti-Mouse Anti 
body response, or “HAMA” response. Additionally, these 
“foreign' antibodies can be attacked by the immune System 
of the host such that they are, in effect, neutralized before 
they reach their target Site. 
0055 Lymphocytes and lymphoma cells are inherently 
Sensitive to radiotherapy for Several reasons: the local emis 
Sion of ionizing radiation of radiolabeled antibodies may kill 
cells with or without the target antigen (eg CD20) in close 
proximity to antibody bound to the antigen; penetrating 
radiation may obviate the problem of limited access to the 
antibody in bulky or poorly vascularized tumors, and, the 
total amount of antibody required may be reduced. The 
radionuclide emits radioactive particles which can damage 
cellular DNA to the point where the cellular repair mecha 
nisms are unable to allow the cell to continue living; 
therefore, if the target cells are tumors, the radioactive label 
beneficially kills the tumor cells. Radiolabeled antibodies, 
by definition, include the use of a radioactive Substance 
which may require the need for precautions for both the 
patient (ie possible bone marrow transplantation) as well as 
the health care provider (ie the need to exercise a high 
degree of caution when working with the radioactivity). 
0056. Therefore, an approach at improving the ability of 
murine monoclonal antibodies to be effective in the treat 
ment of B-cell disorderS has been to conjugate a radioactive 
label or toxin to the antibody such that the label or toxin is 
localized at the tumor Site. For example, the above-refer 
enced IFS antibody has been “labeled” with iodine-131 
(“I”) and was reportedly evaluated for biodistribution in 
two patients. See Eary, J. F. et al., “Imaging and Treatment 
of B-Cell Lymphoma'J. Nuc. Med. 31/8: 1257-1268 (1990); 
See also, Press, O. W. et al., “Treatment of Refractory 
Non-Hodgkin's Lymphoma with Radiolabeled MB-1 (Anti 
CD37) Antibody'J. Clin. Onc. 7/8: 1027-1038 (1989) (indi 
cation that one patient treated with I-labeled IF-5 
achieved a "partial response'); Goldenberg, D. M. et al., 
“Targeting, Dosimetry and Radioimmunotherapy of B-Cell 
Lymphomas with Iodine-131-Labeled LL2 Monoclonal 
Antibody'J. Clin. Onc. 9/4: 548-564 (1991) (three of eight 
patients receiving multiple injections reported to have devel 
oped a HAMA response); Appelbaum, F. R. “Radiolabeled 
Monoclonal Antibodies in the Treatment of Non-Hodgkin's 
Lymphoma'Hem./One. Clinics of N.A. 5/5: 1013-1025 
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(1991) (review article); Press, O. W. et all “Radiolabeled 
Antibody Therapy of B-Cell Lymphoma with Autologous 
Bone Marrow Support.'New England Journal of Medicine 
329/17: 1219-12223 (1993) (iodine-131 labeled anti-CD20 
antibody IF5 and B1); and Kaminski, M. G. et all “Radio 
immunotherapy of B-Cell Lymphoma with "I Anti-B1 
(Anti-CD20) Antibody”. NEJM 329/7 (1993) (iodine-131 
labeled anti-CD20 antibody B1; hereinafter “Kaminski'). 
0057 Toxins (ie chemotherapeutic agents such as doxo 
rubicin or mitomycin C) have also been conjugated to 
antibodies. See, for example, PCT published application 
WO92/07466 (published May 14, 1992). 

0.058 “Chimeric' antibodies, ie antibodies which com 
prise portions from two or more different species (e.g., mouse 
and human) have been developed as an alternative to “con 
jugated” antibodies. For example, Liu, A. Y. et al., “Produc 
tion of a Mouse-Human Chimeric Monoclonal Antibody to 
CD20 with Potent Fc-Dependent Biologic Activity'J. 
Immun. 139/10: 3521-3526 (1987), describes a mouse/hu 
man chimeric antibody directed against the CD20 antigen. 
See also, PCT Publication No. WO 88/04936. However, no 
information is provided as to the ability, efficacy or practi 
cality of using Such chimeric antibodies for the treatment of 
B cell disorders in the reference. It is noted that in vitro 
functional assays (eg complement dependent lysis (“CDC); 
antibody dependent cellular cytotoxicity (“ADCC), etc.) 
cannot inherently predict the in Vivo capability of a chimeric 
antibody to destroy or deplete target cells expressing the 
Specific antigen. See, for example, Robinson, R. D. et al., 
"Chimeric mouse-human anti-carcinoma antibodies that 
mediate different anti-tumor cell biological activities,'Hum. 
Antibod. Hybridomas 2: 84-93 (1991) (chimeric mouse 
human antibody having undetectable ADCC activity). 
Therefore, the potential therapeutic efficacy of chimeric 
antibody can only truly be assessed by in Vivo experimen 
tation. 

0059 What is needed, and what would be a great advance 
in the art, are therapeutic approaches targeting the CD20 
antigen for the treatment of B cell lymphomas in primates, 
including, but not limited to, humans. 

C. SUMMARY OF THE INVENTION 

0060 Disclosed herein are therapeutic methods designed 
for the treatment of B cell disorders, and in particular, B cell 
lymphomas. These protocols are based upon the adminis 
tration of immunologically active chimeric anti-CD20 anti 
bodies for the depletion of peripheral blood B cells, includ 
ing B cells associated with lymphoma; administration of 
radiolabeled anti-CD20 antibodies for targeting localized 
and peripheral B cell associated tumors, and administration 
of chimeric anti-CD20 antibodies and radiolabeled anti 
CD20 antibodies in a cooperative therapeutic Strategy. 

D. BRIEF DESCRIPTION OF THE DRAWINGS 

0061 FIG. 1 is a diagrammatic representation of a tan 
dem chimeric antibody expression vector useful in the 
production of immunologically active chimeric anti-CD20 
antibodies (“TCAE 8”); 
0062 FIGS. 2A through 2E are the nucleic acid 
sequence of the vector of FIG. 1; 
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0063 FIGS. 3A through 3F are the nucleic acid 
sequence of the vector of FIG. 1 further comprising murine 
light and heavy chain variable regions (“anti-CD20 in TCAE 
8”); 
0064 FIG. 4 is the nucleic acid and amino acid 
Sequences (including CDR and framework regions) of 
murine variable region light chain derived from murine 
anti-CD20 monoclonal antibody 2B8; 
0065 FIG. 5 is the nucleic acid and amino acid 
Sequences (including CDR and framework regions) of 
murine variable region heavy chain derived from murine 
anti-CD20 monoclonal antibody 2B8; 
0066 FIG. 6 are flow cytometry results evidencing bind 
ing of fluorescent-labeled human C1q to chimericanti-CD20 
antibody, including, as controls labeled C1q, labeled C1q. 
and murine anti-CD20 monoclonal antibody 2B8; and 
labeled C1q and human IgG1,k; 
0067 FIG. 7 represents the results of complement related 
lysis comparing chimeric anti-CD20 antibody and murine 
anti-CD20 monoclonal antibody 2B8; 
0068 FIG. 8 represents the results of antibody mediated 
cellular cytotoxicity with in vivo human effector cells com 
paring chimeric anti-CD20 antibody and 2B8; 
0069 FIGS. 9A, 9B and 9C provide the results of 
non-human primate peripheral blood B lymphocyte deple 
tion after infusion of 0.4 mg/kg (A); 1.6 mg/kg (B); and 6.4 
mg/kg (C) of immunologically active chimeric anti-CD20 
antibody; 

0070 FIG. 10 provides the results of, inter alia, non 
human primate peripheral blood B lymphocyte depletion 
after infusion of 0.01 mg/kg of immunologically active 
chimeric anti-CD20 antibody; 
0071 FIG. 11 provides results of the tumoricidal impact 
of Y2B8 in a mouse xenographic model utilizing a B cell 
lymphoblastic tumor; 
0072 FIG. 12 provides results of the tumoricidal impact 
of C2B8 in a mouse Xenographic model utilizing a B cell 
lymphoblastic tumor; 

0073 FIG. 13 provides results of the tumoricidal impact 
of a combination of Y2B8 and C2B8 in a mouse Xeno 
graphic model utilizing a B cell lymphoblastic tumor; and 
0074 FIGS. 14A and 14B provide results from a Phase 
I/II clinical analysis of C2B8 evidencing B-cell population 
depletion over time for patients evidencing a partial remis 
Sion of the disease (14A) and a minor remission of the 
disease (14B). 

E. DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0075 Generally, antibodies are composed of two light 
chains and two heavy chain molecules, these chains form a 
general “Y” shape, with both light and heavy chains forming 
the arms of the Y and the heavy chains forming the base of 
the Y. Light and heavy chains are divided into domains of 
Structural and functional homology. The variable domains of 
both the light (“V”) and the heavy (“V) chains determine 
recognition and Specificity. The constant region domains of 
light (“C”) and heavy (“C) chains confer important 
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biological properties, eg antibody chain association, Secre 
tion, transplacental mobility, Fc receptor binding comple 
ment binding, etc. The Series of events leading to immuno 
globulin gene expression in the antibody producing cells are 
complex. The variable domain region gene Sequences are 
located in Separate germ line gene Segments referred to as 
“V,”“D,” and “J” or “V” and “J” These gene segments 
are joined by DNA rearrangements to form the complete V 
regions expressed in heavy and light chains, respectively. 
The rearranged, joined V segments (V-J and V-D-J) 
then encode the complete variable regions or antigen bind 
ing domains of light and heavy chains, respectively. 
0.076 Serotherapy of human B cell lymphomas using an 
anti-CD20 murine monoclonal antibody (1F5) has been 
described by Press et al., (69 Blood 584, 1987, Supra); the 
reported therapeutic responses, unfortunately, were tran 
sient. Additionally, 25% of the tested patients reportedly 
developed a human anti-mouse antibody (HAMA) response 
to the Serotherapy. PreSS et al., Suggest that these antibodies, 
conjugated to toxins or radioisotopes, might afford a more 
lasting clinical benefit than the unconjugated antibody. 
0077. Owing to the debilitating effects of B cell lym 
phoma and the very real need to provide viable treatment 
approaches to this disease, we have embarked upon different 
approaches having a particular antibody, 2B8, as the com 
mon link between the approaches. One Such approach 
advantageously exploits the ability of mammalian Systems 
to readily and efficiently recover peripheral blood B cells; 
using this approach, We Seek to, in essence, purge or deplete 
B cells in peripheral blood and lymphatic tissue as a means 
of also removing B cell lymphomas. We accomplish this by 
utilization of, inter alia, immunologically active, chimeric 
anti-CD20 antibodies. In another approach, we seek to target 
tumor cells for destruction with radioactive labels. 

0078. As used herein, the term “anti-CD20 antibody” is 
an antibody which specifically recognizes a cell Surface 
non-glycosylated phosphoprotein of 35,000 Daltons, typi 
cally designated as the human B lymphocyte restricted 
differentiation antigen Bp35, commonly referred to as 
CD20. AS used herein, the term "chimeric' when used in 
reference to anti-CD20 antibodies, encompasses antibodies 
which are most preferably derived using recombinant deox 
yribonucleic acid techniques and which comprise both 
human (including immunologically "related” species, eg, 
chimpanzee) and non-human components: the constant 
region of the chimeric antibody is most preferably Substan 
tially identical to the constant region of a natural human 
antibody; the variable region of the chimeric antibody is 
most preferably derived from a non-human Source and has 
the desired antigenic and specificity to the CD20 cell surface 
antigen. The non-human Source can be any vertebrate Source 
which can be used to generate antibodies to a human CD20 
cell Surface antigen or material comprising a human CD20 
cell Surface antigen. Such non-human Source includes, but is 
not limited to, rodents (e.g., rabbit, rat, mouse, etc.) and 
non-human primates (e.g., Old World Monkey, Ape, etc.). 
Most preferably, the non-human component (variable 
region) is derived from a murine Source. As used herein, the 
phrase “immunologically active' when used in reference to 
chimeric anti-CD20 antibodies, means a chimeric antibody 
which binds human C1q, mediates complement dependent 
lysis (“CDC”) of human B lymphoid cell lines, and lyses 
human target cells through antibody dependent cellular 
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cytotoxicity (“ADCC). As used herein, the phrases “indi 
rect labeling” and “indirect labeling approach both mean 
that a chelating agent is covalently attached to an antibody 
and at least one radionuclide is inserted into the chelating 
agent. Preferred chelating agents and radionuclides are Set 
forth in Srivagtava, S. C. and Mease, R. C., “Progress in 
Research on Ligands, Nuclides and Techniques for Labeling 
Monoclonal Antibodies,'Nucl. Med. Bio. 18/6: 589-603 
(1991) ("Srivagtava") which is incorporated herein by ref 
erence. A particularly preferred chelating agent is 1-isothio 
cycmatobenzyl-3-methyldiothelene triaminepent acetic acid 
(“MX-DTPA"); particularly preferred radionuclides for 
indirect labeling include indium 111 and yttrium 90). As 
used herein, the phrases “direct labeling” and “direct label 
ing approach’ both mean that a radionuclide is covalently 
attached directly to an antibody (typically via an amino acid 
residue). Preferred radionuclides are provided in Srivagtava; 
a particularly preferred radionuclide for direct labeling is 
iodine 131 covalently attached via tyrosine residues. The 
indirect labeling approach is particularly preferred. 
0079 The therapeutic approaches disclosed herein are 
based upon the ability of the immune System of primates to 
rapidly recover, or rejuvenate, peripheral blood B cells. 
Additionally, because the principal immune response of 
primates is occasioned by T cells, when the immune System 
has a peripheral blood B cell deficiency, the need for 
“extraordinary precautions (ie patient isolation, etc.) is not 
necessary. As a result of these and other nuances of the 
immune systems of primates, our therapeutic approach to B 
cell disorders allows for the purging of peripheral blood B 
cells using immunologically active chimericanti-CD20 anti 
bodies. 

0080 Because peripheral blood B cell disorders, by defi 
nition, can indicate a necessity for access to the blood for 
treatment, the route of administration of the immunologi 
cally active chimeric anti-CD20 antibodies and radioala 
beled anti-CD20 antibodies is preferably parenteral; as used 
herein, the term "parenteral' includes intravenous, intramus 
cular, Subcutaneous, rectal, Vaginal or intraperitoneal admin 
istration. Of these, intravenous administration is most pre 
ferred. 

0081. The immunologically active chimeric anti-CD20 
antibodies and radiolabeled anti-CD20 antibodies will typi 
cally be provided by Standard technique within a pharma 
ceutically acceptable buffer, for example, Sterile Saline, 
Sterile buffered water, propylene glycol, combinations of the 
foregoing, etc. Methods for preparing parenterally adminis 
terable agents are described in Pharmaceutical Carriers & 
Formulations, Martin, Remington's Pharmaceutical Sci 
ences, 15th Ed. (Mack Pub.Co., Easton, Pa. 1975), which is 
incorporated herein by reference. 
0082 The specific, therapeutically effective amount of 
immunologically active chimeric anti-CD20 antibodies use 
ful to produce a unique therapeutic effect in any given 
patient can be determined by Standard techniques well 
known to those of ordinary skill in the art. 
0083) Effective dosages (ie therapeutically effective 
amounts) of the immunologically active chimericanti-CD20 
antibodies range from about 0.001 to about 30 mg/kg body 
weight, more preferably from about 0.01 to about 25 mg/kg 
body weight, and most preferably from about 0.4 to about 
20.0 mg/kg body weight. Other dosages are viable; factors 
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influencing dosage include, but are not limited to, the 
Severity of the disease; previous treatment approaches, over 
all health of the patient; other diseases present, etc. The 
skilled artisan is readily credited with assessing a particular 
patient and determining a Suitable dosage that falls within 
the ranges, or if necessary, outside of the ranges. 

0084 Introduction of the immunologically active chi 
meric anti-CD20 antibodies in these dose ranges can be 
carried out as a single treatment or over a Series of treat 
ments. With respect to chimeric antibodies, it is preferred 
that Such introduction be carried out over a Series of treat 
ments; this preferred approach is predicated upon the treat 
ment methodology associated with this disease. While not 
wishing to be bound by any particular theory, because the 
immunologically active chimeric anti-CD20 antibodies are 
both immunologically active and bind to CD20, upon initial 
introduction of the immunologically active chimeric anti 
CD-20 antibodies to the individual, peripheral blood B cell 
depletion will begin; we have observed a nearly complete 
depletion within about 24 hours post treatment infusion. 
Because of this, Subsequent introduction(s) of the immuno 
logically active chimeric anti-CD20 antibodies (or radiola 
beled anti-CD20 antibodies) to the patient is presumed to: a) 
clear remaining peripheral blood B cells; b) begin B cell 
depletion from lymph nodes; c) begin B cell depletion from 
other tissue Sources, eg, bone marrow, tumor, etc. Stated 
again, by using repeated introductions of the immunologi 
cally active chimeric anti-CD20 antibodies, a series of 
events take place, each event being viewed by us as impor 
tant to effective treatment of the disease. The first “event' 
then, can be viewed as principally directed to Substantially 
depleting the patient's peripheral blood B cells, the Subse 
quent “events' can be viewed as either principally directed 
to Simultaneously or Serially clearing remaining B cells from 
the System clearing lymph node B cells, or clearing other 
tissue B cells. 

0085. In effect, while a single dosage provides benefits 
and can be effectively utilized for disease treatment/man 
agement, a preferred treatment course can occur over Several 
stages; most preferably, between about 0.4 and about 20 
mg/kg body weight of the immunologically active chimeric 
anti-CD20 antibodies is introduced to the patient once a 
week for between about 2 to 10 weeks, most preferably for 
about 4 weeks. 

0086) With reference to the use of radiolabeled anti 
CD20 antibodies, a preference is that the antibody is non 
chimeric; this preference is predicted upon the significantly 
longer circulating half-life of chimeric antibodies vis-a-vis 
murine antibodies (ie with a longer circulating half-life, the 
radionuclide is present in the patient for extended periods). 
However, radiolabeled chimeric antibodies can be benefi 
cially utilized with lower milli-Curries (“mCi”) dosages 
used in conjunction with the chimeric antibody relative to 
the murine antibody. This Scenario allows for a decrease in 
bone marrow toxicity to an acceptable level, while main 
taining therapeutic utility. 

0087. A variety of radionuclides are applicable to the 
present invention and those skilled in the art are credited 
with the ability to readily determine which radionuclide is 
most appropriate under a variety of circumstances. For 
example, iodine 131 is a well known radionuclide used for 
targeted immunotherapy. However, the clinical usefulness of 
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iodine 131 can be limited by several factors including: 
eight-day physical half-life, dehalogenation of iodinated 
antibody both in the blood and at tumor sites; and emission 
characteristics (eg large gamma component) which can be 
suboptimal for localized dose deposition in tumor. With the 
advent of Superior chelating agents, the opportunity for 
attaching metal chelating groups to proteins has increased 
the opportunities to utilize other radionuclides Such as 
indium 131 and yttrium 90). Yttrium 90 provides several 
benefits for utilization in radioimmunotherapeutic applica 
tions: the 64 hour half-life of yttrium 90 is long enough to 
allow antibody accumulation by tumor and, unlike eg iodine 
131, yttrium 90 is a pure beta emitter of high energy with 
no accompanying gamma irradiation in its decay, with a 
range in tissue of 100 to 1000 cell diameters. Furthermore, 
the minimal amount of penetrating radiation allows for 
outpatient administration of yttrium 90-labeled antibodies. 
Furthermore, interalization of labeled antibody is not 
required for cell killing, and the local emission of ionizing 
radiation should be lethal for adjacent tumor cells lacking 
the target antigen. 
0088 One non-therapeutic limitation to yttrium 90 is 
based upon the absence of Significant gamma radiation 
making imaging therewith difficult. To avoid this problem, a 
diagnostic “imaging radionuclide, Such as indium 111, 
can be utilized for determining the location and relative size 
of a tumor prior to the administration of therapeutic does of 
yttrium 90-labeled anti-CD20. Indium 111 is particularly 
preferred as the diagnostic radionuclide because: between 
about 1 to about 10 mCi can be safely administered without 
detectable toxicity; and the imaging data is generally pre 
dictive of Subsequent yttrium 90-labeled antibody distri 
bution. Most imaging studies utilize 5 mCi indium 111 
labeled antibody because this dose is both safe and has 
increased imaging efficiency compared with lower doses, 
with optimal imaging occurring at three to Six days after 
antibody administration. See, for example, Murray J. L., 26 
J. Nuc. Med. 3328 (1985) and Carraguillo, J. A. et al., 26 J. 
Nuc. Med. 67 (1985). 
0089 Effective single treatment dosages (ie therapeuti 
cally effective amounts) of yttrium 90 labeled anti-CD20 
antibodies range from between about 5 and about 75 mCi, 
more preferably between about 10 and about 40 mCi. 
Effective single treatment non-marrow ablative dosages of 
iodine 131 labeled anti-CD20 antibodies range from 
between about 5 and about 70 mCi, more preferably between 
about 5 and about 40 mCi. Effective single treatment abla 
tive dosages (ie may require autologous bone marrow trans 
plantation) of iodine 131 labeled anti-CD20 antibodies 
range from between about 30 and about 600 mCi, more 
preferably between about 50 and less than about 500 mCi. 
In conjunction with a chimeric anti-CD20 antibody, owing 
to the longer circulating half life vis-a-vis murine antibodies, 
an effective single treatment non-marrow ablative dosages 
of iodine 131 labeled chimeric anti-CD20 antibodies range 
from between about 5 and about 40 mCi, more preferably 
less than about 30 mCi. Imaging criteria for, eg the indium 
111 label, are typically less than about 5 mCi. 
0090. With respect to radiolabeled anti-CD20 antibodies, 
therapy there with can also occur using a single therapy 
treatment or using multiple treatments. Because of the 
radionuclide component, it is preferred that prior to treat 
ment, peripheral stem cells (“PSC) or bone marrow (“BM”) 
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be "harvested' for patients experiencing potentially fatal 
bone marrow toxicity resulting from radiation. BM and/or 
PSC are harvested using Standard techniques, and then 
purged and frozen for possible reinfusion. Additionally, it is 
most preferred that prior to treatment a diagnostic dosimetry 
Study using a diagnostic labeled antibody (eg using indium 
111) be conducted on the patient, a purpose of which is to 
ensure that the therapeutically labeled antibody (eg using 
yttrium 90) will not become unnecessarily “concentrated” 
in any normal organ or tissue. 
0.091 Chimeric mouse/human antibodies have been 
described. See, for example, Morrison, S. L. et al., PNAS 11: 
6851-6854 (November 1984); European Patent Publication 
No. 173494; Boulianne. G. L. et al., Nature 312: 643 
(December 1984); Neubeiger, M. S. et al., Nature 314: 268 
(March 1985); European Patent Publication No. 125023; 
Tan et al., J. Immunol. 135: 8564 (November 1985); Sun, L. 
K et al., Hybridoma 5/1: 517 (1986); Sahagan et al., J. 
Immunol. 137: 1066-1074 (1986). See generally, Muron, 
Nature 312:597 (December 1984); Dickson, Genetic Engi 
neering News 5/3 (March 1985); Marx, Science 229 455 
(August 1985); and Morrison Science 229: 1202-1207 (Sep 
tember 1985). Robinson et al., in PCT Publication Number 
WO 88/04936 describe a chimeric antibody with human 
constant region and murine variable region, having Speci 
ficity to an epitope of CD20; the murine portion of the 
chimeric antibody of the Robinson references is derived 
from the 2H7 mouse monoclonal antibody (gamma 2b, 
kappa). While the reference notes that the described chi 
mericantibody is a “prime candidate” for the treatment of B 
cell disorders, this Statement can be viewed as no more than 
a Suggestion to those in the art to determine whether or not 
this Suggestion is accurate for this particular antibody, 
particularly because the reference lacks any data to Support 
an assertion of therapeutic effectiveness, and importantly, 
data using higher order mammals. Such as primates or 
humans. 

0092 Methodologies for generating chimeric antibodies 
are available to those in the art. For example, the light and 
heavy chains can be expressed separately, using, for 
example, immunoglobulin light chain and immunoglobulin 
heavy chains in Separate plasmids. These can then be 
purified and assembled in Vitro into complete antibodies, 
methodologies for accomplishing Such assembly have been 
described. See, for example, Scharff, M., Harvey Lectures 
69: 125 (1974). In vitro reaction parameters for the forma 
tion of IgG antibodies from reduced isolated light and heavy 
chains have also been described. See, for example, Beychok, 
S., Cells of Immunoglobulin Synthesis, Academic Press, 
New York, p. 69, 1979. Co-expression of light and heavy 
chains in the same cells to achieve intracellular association 
and linkage of heavy and light chains into complete HL 
IgG antibodies is also possible. Such co-expression can be 
accomplished using either the same or different plasmids in 
the same host cell. 

0093. Another approach, and one which is our most 
preferred approach for developing a chimeric non-human/ 
human anti-CD20 antibody, is based upon utilization of an 
expression vector which includes, ab initio, DNA encoding 
heavy and light chain constant regions from a human Source. 
Such a vector allows for inserting DNA encoding non 
human variable region Such that a variety of non-human 
anti-CD20 antibodies can be generated, Screened and ana 

Aug. 25, 2005 

lyzed for various characteristics (e.g. type of binding speci 
ficity, epitope binding regions, etc.); thereafter, cDNA 
encoding the light and heavy chain variable regions from a 
preferred or desired anti-CD20 antibody can be incorporated 
into the vector. We refer to these types of vectors as Tandem 
Chimeric Antibody Expression (“TCAE”) vectors. A most 
preferred TCAE vector which was used to generate immu 
nologically active chimeric anti-CD20 antibodies for thera 
peutic treatment of lymphomas is TCAE 8. TCAE 8 is a 
derivative of a vector owned by the assignee of this patent 
document, referred to as TCAE 5.2 the difference being that 
in TCAE 5.2, the translation initiation start site of the 
dominant Selectable marker (neomycin phosphoStransferase, 
“NEO”) is a consensus Kozak sequence, while for TCAE 8, 
this region is a partially impaired consensus Kozak 
Sequence. Details regarding the impact of the initiation Start 
site of the dominant selectable marker of the TCAE vectors 
(also referred to as “ANEX vector”) vis-a-vis protein 
expression are disclosed in detail in the co-pending appli 
cation filed herewith. 

0094 TCAE 8 comprises four (4) transcriptional cas 
Settes, and these are in tandem order, ie a human immuno 
globulin light chain absent a variable region; a human 
immunoglobulin heavy chain absent a variable region; 
DHFR, and NEO. Each transcriptional cassette contains its 
own eukaryotic promoter and polyadenylation region (ref 
erence is made to FIG. 1 which is a diagrammatic repre 
sentation of the TCAE 8 vector). Specifically: 

0095) 1) the CMV promoter/enhancer in front of the 
immunoglobulin heavy chain is a truncated version of 
the promoter/enhancer in front of the light chain, from 
the Nhe I site at -350 to the Sst I site at -16 (see, 41 
Cell 521, 1985). 

0096. 2) a human immunoglobulin light chain constant 
region was derived via amplification of cDNA by a 
PCR reaction. In TCAE 8, this was the human immu 
noglobulin light chain kappa constant region (Kabat 
numbering, amino acids 108-214, allotype Km 3, (see, 
Kabat, E. A “Sequences of proteins of immunological 
interest,” NIH Publication, Fifth Ed. No. 91-3242, 
1991)), and the human immunoglobulin heavy chain 
gamma 1 constant region (Kabat numbering amino 
acids 114-478, allotype Gmla, Gmlz). The light chain 
was isolated from normal human blood (IDEC Phar 
maceuticals Corporation, La Jolla, Calif.); RNA there 
from was used to synthesize cDNA which was then 
amplified using PCR techniques (primers were derived 
vis-a-vis the consensus from Kabat). The heavy chain 
was isolated (using PCR techniques) from cDNA pre 
pared from RNA which was in turn derived from cells 
transfected with a human IgG1 vector (see, 3 Prot. Eng. 
531, 1990; vector pN,62). Two amino acids were 
changed in the isolated human IgG1 to match the 
consensus amino acid Sequence from Kabat, to wit: 
amino acid 225 was changed from Valine to alanine 
(GTT to GCA), and amino acid 287 was changed from 
methionine to lysine (ATG to AAG); 

0097 3) The human immunoglobulin light and heavy 
chain cassettes contain Synthetic signal Sequences for 
Secretion of the immunoglobulin chains, 

0098. 4) The human immunoglobulin light and heavy 
chain cassettes contain specific DNA restriction sites 
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which allow for insertion of light and heavy immuno 
globulin variable regions which maintain the transi 
tional reading frame and do not alter the amino acids 
normally found in immunoglobulin chains, 

0099 5) The DHFR cassette contained its own eukary 
otic promoter (mouse beta globin major promoter, 
“BETA”) and polyadenylation region (bovine growth 
hormone polyadenylation, “BGH’); and 

0100 6) The NEO cassette contained its own eukary 
otic promoter (BETA) and polyadenylation region 
(SV40 early polyadenylation, “SV”). 

0101. With respect to the TCAE 8 vector and the NEO 
cassette, the Kozak region was a partially impaired consen 
SuS Kozak sequence (which included an upstream Cla I site): 

Cla -3 +1 
GGGAGCTTGG ATCGAT coTct ATG Gtt 

0102 (In the TCAE 5.2 vector, the change is between the 
Clal and ATG regions, to wit: ccAcc.) 
0103) The complete sequence listing of TCAE 8 (includ 
ing the Specific components of the four transcriptional 
cassettes) is set forth in FIG. 2 (SEQ. ID. NO. 1). 
0104. As will be appreciated by those in the art, the 
TCAE vectors beneficially allow for substantially reducing 
the time in generating the immunologically active chimeric 
anti-CD20 antibodies. Generation and isolation of non 
human light and heavy chain variable regions, followed by 
incorporation thereof within the human light chain constant 
transcriptional cassette and human heavy chain constant 
transcriptional cassette, allows for production of immuno 
logically active chimeric anti-CD20 antibodies. 
0105 We have derived a most preferred non-human 
variable region with Specificity to the CD20 antigen using a 
murine Source and hybridoma technology. Using poly 
merase chain reaction (“PCR”) techniques, the murine light 
and heavy variable regions were cloned directly into the 
TCAE 8 vector-this is the most preferred route for incor 
poration of the non-human variable region into the TCAE 
vector. This preference is principally predicated upon the 
efficiency of the PCR reaction and the accuracy of insertion. 
However, other equivalent procedures for accomplishing 
this task are available. For example, using TCAE 8 (or an 
equivalent vector), the sequence of the variable region of a 
non-human anti-CD20 antibody can be obtained, followed 
by oligonucleotide Synthesis of portions of the Sequence or, 
if appropriate, the entire Sequence; thereafter, the portions or 
the entire Synthetic Sequence can be inserted into the appro 
priate locations within the vector. Those skilled in the art are 
credited with the ability to accomplish this task. 
0106 Our most preferred immunologically active chi 
mericanti-CD20 antibodies were derived from utilization of 
TCAE 8 vector which included murine variable regions 
derived from monoclonal antibody to CD20; this antibody 
(to be discussed in detail, infra), is referred to as “2B8.” The 
complete Sequence of the variable regions obtained from 
2B8 in TCAE 8 (“anti-CD20 in TCAE 8”) is set forth in 
FIG. 3 (SEQ. ID, NO. 2). 
0107 The host cell line utilized for protein expression is 
most preferably of mammalian origin; those skilled in the art 
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are credited with ability to preferentially determine particu 
lar host cell lines which are best Suited for the desired gene 
product to be expressed therein. Exemplary host cell lines 
include, but are not limited to, DG44 and DUXBII (Chinese 
Hamster Ovary lines, DHFR minus), HELA(human cervical 
carcinoma), CVI (monkey kidney line), COS (a derivative of 
CVI with SV40 T antigen), R1610 (Chinese hamster fibro 
blast) BALBC/3T3 (mouse fibroblast), HAK (hamster kid 
ney line), SP2/O (mouse myeloma), P3x63-Ag3.653 (mouse 
myeloma), BFA-lclBPT (bovine endothelial cells), RAJI 
(human lymphocyte) and 293 (human kidney). Host cell 
lines are typically available from commercial Services, the 
American Tissue Culture Collection or from published lit 
erature. 

0108 Preferably the host cell line is either DG44 
(“CHO”) or SP2/O. See Urland, G. et al., “Effect of gamma 
rays and the dihydrofolate reductase locus: deletions and 
inversions.”Som. Cell & Mol. Gen. 12/6: 555-566 (1986), 
and Shulman, M. et al., “A better cell line for making 
hybridomas secreting specific antibodies.” Nature 276: 269 
(1978), respectively. Most preferably, the host cell line is 
DG44. Transfection of the plasmid into the host cell can be 
accomplished by any technique available to those in the art. 
These include, but are not limited to, transfection (including 
electrophoresis and electroporation), cell fusion with envel 
oped DNA, microinjection, and infection with intact virus. 
See, Ridgway, A. A. G. “Mammalian Expression Vectors.” 
Chapter 24.2, pp. 470-472 Vectors, Rodriguez and Denhardt, 
Eds. (Butterworths, Boston, Mass. 1988). Most preferably, 
plasmid introduction into the host is via electroporation. 

F. EXAMPLES 

0109 The following examples are not intended, nor are 
they to be construed, as limiting the invention. The examples 
are intended to evidence: dose-imaging using a radiolabeled 
anti-CD20 antibody (“I2B8”); radiolabeled anti-CD20 anti 
body (“Y2B8'); and immunologically active, chimeric anti 
CD20 antibody (“C2B8”) derived utilizing a specific vector 
(“TCAE 8”) and variable regions derived from murine 
anti-CD20 monoclonal antibody (“2B8”). 
0110 I. Radiolabeled ANTI-CD20 Antibody 2B8 
0111 A. Anti-CD20 Monoclonal Antibody (Murine) Pro 
duction (“2B8”) 
0112 BALB/C mice were repeatedly immunized with the 
human lymphoblastoid cell line SB (See, Adams, R. A. et al., 
"Direct implantation and Serial transplantation of human 
acute lymphoblastic leukemia in hamsters, SB-2.’Can Res 
28: 1121-1125 (1968); this cell line is available from the 
American Tissue Culture Collection, Rockville, Md., under 
ATCC accession number ATCC CCL 120), with weekly 
injections over a period of 3-4 months. Mice evidencing 
high serum titers of anti-CD20 antibodies, as determined by 
inhibition of known CD20-specific antibodies (anti-CD20 
antibodies utilized were Leu 16, Beckton Dickinson, San 
Jose, Calif., Cat. No. 7670; and B1, Coulter Corp., Hialeah, 
Fla., Cat. No. 6602201) were identified; the spleens of such 
mice were then removed. Spleen cells were fused with the 
mouse myeloma SP2/0 in accordance with the protocol 
described in Einfeld, D. A. et al., (1988) EMBO 7: 711 
(SP2/0 has ATCC accession no. ATCC CRL 8006). 
0113 Assays for CD20 specificity were accomplished by 
radioimmunoassay. Briefly, purified anti-CD20 B1 was 
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radiolabeled with I' by the iodobead method as described 
in Valentine, M. A. et al., (1989).J. Biol. Chem. 264: 11282. 
(I'Sodium Iodide, ICN, Irvine, Calif., Cat. No. 28665H). 
Hybridomas were screened by co-incubation of 0.05 ml of 
media from each of the fusion wells together with 0.05 ml 
of I's labeled anti-CD20 B1 (10 ng) in 1% BSA, PBS (pH 
7.4), and 0.5 ml of the same buffer containing 100,000 SB 
cells. After incubation for 1 hr at room temperature, the cells 
were harvested by transferring to 96 well titer plates (V&P 
Scientific, San Diego, Calif.), and washed thoroughly. 
Duplicate wells containing unlabeled anti-CD20 B1 and 
Wells containing no inhibiting antibody were used as posi 
tive and negative controls, respectively. Wells containing 
greater than 50% inhibition were expanded and cloned. The 
antibody demonstrating the highest inhibition was derived 
from the cloned cell line designated herein as “2B8.” 
0114 B. Preparation of 2B8-MX-DTPA Conjugate 
0115) i. MX-DTPA 
0116 Carbon-14-labeled 1-isothiocyanatobenzyl-3-me 
thyldiethylene triaminepentaacetic acid ("carbon-14 labeled 
MX-DTPA") was used as a chelating agent for conjugation 
of radiolabel to 2B8. Manipulations of MX-DTPA were 
conducted to maintain metal-free conditions, ie metal-free 
reagents were utilized and, when possible, polypropylene 
plastic containers (flasks, beakers, graduated cylinders, 
pipette tips) washed with Alconox and rinsed with Milli-Q 
water, were similarly utilized. MX-DTPA was obtained as a 
dry solid from Dr. Otto Gansow (National Institute of 
Health, Bethesda, Md.) and stored desiccated at 4 C. 
(protected from light), with Stock Solutions being prepared 
in Milli-Q water at a concentration of 2-5 mM, with storage 
at -70° C. MX-DTPA was also obtained from Coulter 
Immunology (Hialeah, Fla.) as the disodium salt in water 
and stored at -70° C. 

0117) 
0118 Purified 2B8 was prepared for conjugation with 
MX-DTPA by transferring the antibody into metal-free 50 
mM bicine-NaOff, pH 8.6, containing 150 mM NaCl, using 
repetitive buffer exchange with CENTRICON 30TM spin 
filters (30,000D, MWCO; Amicon). Generally, 50-200 ul of 
protein (10 mg/ml) was added to the filter unit, followed by 
2 mL of bicine buffer. The filter was centrifuged at 4 C. in 
a Sorval SS-34 rotor (6,000 rpm, 45 min.). Retentate volume 
was approximately 50-100 u, this proceSS was repeated 
twice using the Same filter. Retentate was transferred to a 
polypropylene 1.5 mL Screw cap tube, assayed for protein, 
diluted to 10.0 mg/mL and stored at 4 C. until utilized; 
protein was similarly transferred into 50 mM sodium citrate, 
pH 5.5, containing 150 mM NaCl and 0.05% sodium azide, 
using the foregoing protocol. 

0119) iii. Conjugation of 2B8 with MX-DTPA 
0120 Conjugation of 2B8 with MX-DTPA was per 
formed in polypropylene tubes at ambient temperature. 
Frozen MX-DTPA stock solutions were thawed immediately 
prior to use. 50-200 mL of protein at 10 mg/mL were reacted 
with MX-DTPA at a molar ratio of MX-DTPA-to-2B8 of 
4:1. Reactions were initiated by adding the MX-DTPA stock 
Solution and gently mixing; the conjugation was allowed to 
proceed overnight (14 to 20 hr), at ambient temperature. 
Unreacted MX-DTPA was removed from the conjugate by 
dialysis or repetitive ultrafiltration, as described above in 

ii. Preparation of 2B8 
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Example I.B.ii, into metal-free normal saline (0.9% w/v) 
containing 0.05% Sodium azide. The protein concentration 
was adjusted to 10 mg/mL and stored at 4 C. in a polypro 
pylene tube until radiolabeled. 

0121) 
0122) MX-DTPA incorporation was determined by scin 
tillation counting and comparing the value obtained with the 
purified conjugate to the specific activity of the carbon-14 
labeled MX-DTPA. For certain studies, in which non-radio 
active MX-DTPA (Coulter Immunology) was utilized, MX 
DTPA incorporation was assessed by incubating the 
conjugate with an excess of a radioactive carrier Solution of 
yttrium-90 of known concentration and specific activity. 

iv. Determination of MX-DTPA Incorporation 

0123. A stock solution of yttrium chloride of known 
concentration was prepared in metal-free 0.05 NHCl to 
which carrier-free yttrium-90 (chloride salt) was added. An 
aliquot of this Solution was analyzed by liquid Scintillation 
counting to determine an accurate Specific activity for this 
reagent. A Volume of the yttrium chloride reagent equal to 
3-times the number of mols of chelate expected to be 
attached to the antibody, (typically 2 mol/mol antibody), was 
added to a polypropylene tube, and the pH adjusted to 
4.0-4.5 with 2 M sodium acetate. Conjugated antibody was 
Subsequently added and the mixture incubated 15-30 min. at 
ambient temperature. The reaction was quenched by adding 
20 mM EDTA to a final concentration of 1 mM and the pH 
of the solution adjusted to approximately pH 6 with 2M 
Sodium acetate. 

0.124. After a 5 min. incubation, the entire volume was 
purified by high-performance, size-exclusion chromatogra 
phy (described infra). The eluted protein-containing frac 
tions were combined, the protein concentration determined, 
and an aliquot assayed for radioactivity. The chelate incor 
poration was calculated using the Specific activity of the 
yttrium-90 chloride preparation and the protein concentra 
tion. 

0125 V. Immunoreactivity of 2B8-MX-DTPA 
0.126 The immunoreactivity of conjugated 2B8 was 
assessed using whole-cell ELISA. Mid-log phase SB cells 
were harvested from culture by centrifugation and washed 
two times with 1xHBSS. Cells were diluted to 1-2x10 
cells/mL in HBSS and aliquoted into 96-well polystyrene 
microtiter plates at 50,000-100,000 cells/well. The plates 
were dried under vacuum for 2 h. at 40-45 C. to fix the cells 
to the plastic; plates were stored dry at -20°C. until utilized. 
For assay, the plates were warmed to ambient temperature 
immediately before use, then blocked with 1xPBS, pH 
7.2-7.4 containing 1% BSA (2 h). Samples for assay were 
diluted in 1xRBS/1% BSA, applied to plates and serially 
diluted (1:2) into the same buffer. After incubating plates for 
1 h. at ambient temperature, the plates were washed three 
times with 1xPBS. Secondary antibody (goat anti-mouse 
IgG1-specific HRP conjugate 50 uL) was added to wells 
(1:1500 dilution in 1xpBS/1% BSA) and incubated 1 h. at 
ambient temperature. Plates were washed four times with 
1xPBS followed by the addition of ABTS substrate solution 
(50 mM sodium citrate, pH 4.5 containing 0.01% ATBS and 
0.001% HO). Plates were read at 405 nm after 15-30 min. 
incubation. Antigen-negative HSB cells were included in 
assays to monitor non-specific binding. Immunoreactivity of 
the conjugate was calculated by plotting the absorbance 
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values VS. the respective dilution factor and comparing these 
to values obtained using native antibody (representing 100% 
immunoreactivity) tested on the same plate; several values 
on the linear portion of the titration profile were compared 
and a mean value determined (data not shown). 
0127 vi. Preparation of Indium-111-Labeled 2B8-M- 
DTPA (“I2B8”) 
0128 Conjugates were radiolabeled with carrier-free 
indium-111. An aliquot of isotope (0.1-2 mci/mg anti 
body) in 0.05 M HCL was transferred to a polypropylene 
tube and approximately one-tenth volume of metal-free 2 M 
HCl added. After incubation for 5 min., metal-free 2 M 
Sodium acetate was added to adjust the Solution to pH 
4.0–4.4. Approximately 0.5 mg of 2B8-MX-DTPA was 
added from a stock solution of 10.0 mg/mL DTPA in normal 
saline, or 50 mM sodium citrate/150 mM NaCl containing 
0.05% sodium azide, and the solution gently mixed imme 
diately. The pH solution was checked with pH paper to 
verify a value of 4.0-4.5 and the mixture incubated at 
ambient temperature for 15-30 min. Subsequently, the reac 
tion was quenched by adding 20 mM EDTA to a final 
concentration of 1 mM and the reaction mixture was 
adjusted to approximately pH 6.0 using 2 MSodium acetate. 

0129. After a 5-10 min. incubation, uncomplexed radio 
isotope was removed by Size-exclusion chromatography. 
The HPLC unit consisted of Waters Model 6000 or ToSO 
Haas Model TSK-6110 solvent delivery system fitted, 
respectively, with a Waters U6K or Rheodyne 700 injection 
Valve. Chromatographic Separations were performed using a 
gel permeation column (BioPad SEC-250; 7.5x300mm or 
comparable TosoHaas column) and a SEC-250 guard col 
umn (7.5x100 mm). The system was equipped with a 
fraction collector (Pharmacia Frac200) and a UV monitor 
fitted with a 280 nm filter (Pharmacia model UV-1). Samples 
were applied and eluted isocratically using 1xPBS, pH 7.4, 
at 1.0 mL/min flow rate. One-half milliliter fractions were 
collected in glass tubes and aliquots of these counted in a 
gamma counter. The lower and upper windows were Set to 
100 and 500 KeV respectively. 

0130. The radioincorporation was calculated by Summing 
the radioactivity associated with the eluted protein peak and 
dividing this number by the total radioactivity eluted from 
the column; this value was then expressed as a percentage 
(data not shown). In Some cases, the radioincorporation was 
determined using instant thin-layer chromatography 
(“ITLC"). Radiolabeled conjugate was diluted 1:10 or 1:20 
in 1xRBS containing or 1xPBS/1 mM DTPA, then 1 ul was 
spotted 1.5 cm from one end of a 1x5 cm strip of ITLCSG 
paper. The paper was developed by ascending chromatog 
raphy using 10% ammonium acetate in methanol:Water 
(1:1;V/v). The strip was dried, cut in half crosswise, and the 
radioactivity associated with each Section determined by 
gamma counting. The radioactivity associated with the bot 
tom half of the Strip (protein-associated radioactivity) was 
expressed as a percentage of the total radioactivity, deter 
mined by Summing the values for both top and bottom 
halves (data not shown). 
0131 Specific activities were determined by measuring 
the radioactivity of an appropriate aliquot of the radiolabeled 
conjugate. This value was corrected for the counter effi 
ciency (typically 75%) and related to the protein concentra 
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tion of the conjugate, previously determined by absorbance 
at 280 nm, and the resulting value expressed as mCi/mg 
protein. 

0132) For some experiments, 2B8-MX-DTPA was radio 
labeled with indium 111 following a protocol similar to the 
one described above but without purification by HPLC; this 
was referred to as the “mix-and-shoot” protocol. 
0133) vii. Preparation of Yttrium-90-Labeled 2B8-MX 
DTPA (“Y2B8) 
0134) The same protocol described for the preparation of 
I2B8 was followed for the preparation of the yttrium-90 
labeled 2B8-MX-DTPA (“Y2B8) conjugate except that 2 
ng HCl was not utilized; all preparations of yttrium-labeled 
conjugates were purified by size-exclusion chromatography 
as described above. 

0135 C. Non-Human Animal Studies. 
0136) i. Biodistribution of Radiolabeled 2B8-MX-DTPA 
0.137 I2B8 was evaluated for tissue biodistribution in 
six-to-eight week old BALB/c mice. The radiolabeled con 
jugate was prepared using clinical-grade 2B8-MX-DTPA 
following the “mix and shoot” protocol described above. 
The Specific activity of the conjugate was 2.3 mCi/mg and 
the conjugate was formulated in PBS, pH 7.4 containing 50 
mg/mL HSA. Mice were injected intravenously with 100 till 
of I2B8 (approximately 21 uCi) and groups of three mice 
were sacrificed by cervical dislocation at 0, 24, 48, and 72 
hours. After Sacrifice, the tail, heart, lungs, liver, kidney, 
Spleen, muscle, and femur were removed, washed and 
weighed; a Sample of blood was also removed for analysis. 
Radioactivity associated with each specimen was deter 
mined by gamma counting and the percent injected dose per 
gram tissue Subsequently determined. No attempt was made 
to discount the activity contribution represented by the blood 
asSociated with individual organs. 
0138. In a separate protocol, aliquots of 2B8-MX-DTPA 
incubated at 4 C. and 30° C. for 10 weeks were radiolabeled 
with indium-111 to a specific activity of 2.1 mCi/mg for 
both preparations. These conjugates were then used in 
biodistribution studies in mice as described above. 

0139 For dosimetry determinations, 2B8-MX-DTPA 
was radiolabeled with indium-111 to a specific activity of 
2.3 mCi/mg and approximately 1.1 uCi was injected into 
each of 20 BALB/c mice. Subsequently, groups of five mice 
each were sacrificed at 1, 24, 48 and 72 hours and their 
organs removed and prepared for analysis. In addition, 
portions of the skin, muscle and bone were removed and 
processed for analysis, the urine and feces were also col 
lected and analyzed for the 24-72 hour time points. 
0140. Using a similar approach, 2B8-MX-DTPA was also 
radiolabeled with yttrium-(90 and its biological distribution 
evaluated in BALB/c mice over a 72-hour time period. 
Following purification by HPLC size exclusion chromatog 
raphy, four groups of five mice each were injected intrave 
nously with approximately 1 uCi of clinically-formulated 
conjugate (specific activity: 12.2 mCi/mg); groups were 
Subsequently Sacrificed at 1, 24, 48 and 72 hours and their 
organs and tissues analyzed as described above. Radioac 
tivity associated with each tissue Specimen was determined 
by measuring bremstrahlung energy with a gamma Scintil 
lation counter. Activity values were Subsequently expressed 
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as percent injected dose per gram tissue or percent injected 
dose per organ. While organs and other tissues were rinsed 
repeatedly to remove Superficial blood, the organs were not 
perfused. Thus, organ activity values were not discounted 
for the activity contribution represented by internally asso 
ciated blood. 

0141) 
0142. The localization of radiolabeled 2B8-MX-DTPA 
was determined in athymic mice bearing Ramos B cell 
tumors. Six-to-eight week old athymic mice were injected 
subcutaneously (left-rear flank) with 0.1 mL of RPMI-1640 
containing 1.2x107 Ramos tumor cells which had been 
previously adapted for growth in athymic mice. Tumors 
arose within two weeks and ranged in weight from 0.07 to 
1.1 grams. Mice were injected intravenously with 100 till of 
indium-111-labeled 2B8-MX-DTPA (16.7 uCi) and groups 
of three mice were Sacrificed by cervical dislocation at 0, 24, 
48, and 72 hours. After Sacrifice the tail, heart, lungs, liver, 
kidney, Spleen, muscle, femur, and tumor were removed, 
washed, weighed; a Sample of blood was also removed for 
analysis. Radioactivity associated with each Specimen was 
determined by gamma counting and the percent injected 
dose per gram tissue determined. 
0143 iii. Biodistribution and Tumor Localization Studies 
with Radiolabeled 2B8-MX-DTPA 

ii. Tumor Localization of I2B8 

0144. Following the preliminary biodistribution experi 
ment described above (Example I.B.viii.a.), conjugated 2B8 
was radiolabeled with indium-111 to a specific activity of 
2.3 mCi/mg and roughly 1.1 uCi was injected into each of 
twenty BALB/c mice to determine biodistribution of the 
radiolabeled material. Subsequentially, groups of five mice 
each were sacrificed at 1, 24, 48 and 72 hours and their 
organs and a portion of the Skin, muscle and bone were 
removed and processed for analysis. In addition, the urine 
and feces were collected and analyzed for the 24-72 hour 
time-points. The level of radioactivity in the blood dropped 
from 40.3% of the injected dose per gram at 1 hour to 18.9% 
at 72 hours (data not shown). Values for the heart, kidney, 
muscle and spleen remained in the range of 0.7-9.8% 
throughout the experiment. Levels of radioactivity found in 
the lungs decreased from 14.2% at 1 hour to 7.6% at 72 
hours, Similarly the respective liver injected-dose per gram 
values were 10.3% and 9.9%. These data were used in 
determining radiation absorbed dose estimates I2B8 
described below. 

0145 The biodistribution of yttrium-90-labeled conju 
gate, having a specific activity of 12.2 mCi/mg antibody, 
was evaluated in BALB/c mice. Radioincorporations of 
>90% were obtained and the radiolabeled antibody was 
purified by HPLC. Tissue deposition of radioactivity was 
evaluated in the major organs, and the Skin, muscle, bone, 
and urine and feces over 72 hours and expressed as percent 
injected dose/g tissue. Results (not shown) evidenced that 
while the levels of radioactivity associated with the blood 
dropped from approximately 39.2% injected dose per gram 
at 1 hour to roughly 15.4% after 72 hours the levels of 
radioactivity associated with tail, heart, kidney, muscle and 
Spleen remained fairly constant at 10.2% or less throughout 
the course of the experiment. Importantly, the radioactivity 
associated with the bone ranged from 4.4% of the injected 
dose per gram bone at 1 hour to 3.2% at 72 hours. Taken 
together, these results Suggest that little free yttrium was 
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asSociated with the conjugate and that little free radiometal 
was released during the course of the Study. These data were 
used in determining radiation absorbed dose estimates for 
Y2B8 described below. 

0146 For tumor localization studies, 2B8-MX-DTPA 
was prepared and radiolabeled with 'Indium to a specific 
activity of 2.7 mCi/mg. One hundred microliters of labeled 
conjugate (approximately 24 uCi) were Subsequently 
injected into each of 12 athymic mice bearing Ramos B cell 
tumors. Tumors ranged in weight from 0.1 to 1.0 grams. At 
time points of 0, 24, 48, and 72 hours following injection, 50 
till of blood was removed by retro-orbital puncture, the mice 
Sacrificed by cervical dislocation, and the tail, heart, lungs, 
liver, kidney, Spleen, muscle, femur, and tumor removed. 
After processing and weighing the tissues, the radioactivity 
asSociated with each tissue specimen was determined using 
a gamma counter and the values expressed as percent 
injected dose per gram. 

0147 The results (not shown) evidenced that the tumor 
concentrations of the '''In-2B8-MX-DTPA increased 
Steadily throughout the course of the experiment. Thirteen 
percent of the injected dose was accumulated in the tumor 
after 72 hours. The blood levels, by contrast, dropped during 
the experiment from over 30% at time Zero to 13% at 72 
hours. All other tissues (except muscle) contained between 
1.3 and 6.0% of the injected dose per gram tissue by the end 
of the experiment, muscle tissue contained approximately 
13% of the injected dose per gram. 
014.8 D. Human Studies 
0149) i. 2B8 and 2B8-MX-DTPA: Immunohistology 
Studies with Human Tissues 

0150. The tissue reactivity of murine monoclonal anti 
body 2B8 was evaluated using a panel of 32 different human 
tissues fixed with acetone. Antibody 2B8 reacts with the 
anti-CD20 antigen which had a very restricted pattern of 
tissue distribution, being observed only in a Subset of cells 
in lymphoid tissues including those of hematopoietic origin. 

0151. In the lymph node, immunoreactivity was observed 
in a population of mature cortical B-lymphocytes as well as 
proliferating cells in the germinal centers. Positive reactivity 
was also observed in the peripheral blood, B-cell areas of the 
tonsils, white pulp of the spleen, and with 40-70% of the 
medullary lymphocytes found in the thymus. Positive reac 
tivity was also seen in the follicles of the lamina propria 
(Peyer's Patches) of the large intestines. Finally, aggregates 
or Scattered lymphoid cells in the Stroma of various organs, 
including the bladder, breast, cervix, esophagus, lung, 
parotid, prostate, Small intestine, and Stomach, were also 
positive with antibody 2B8 (data not shown). 
0152 All simple epithelial cells, as well as the stratified 
epithelia and epithelia of different organs, were found to be 
unreactive. Similarly, no reactivity was seen with neuroec 
todermal cells, including those in the brain, Spinal cord and 
peripheral nerves. Mesenchymal elements, Such as Skeletal 
and Smooth muscle cells, fibroblasts, endothelial cells, and 
polymorphonuclear inflammatory cells were also found to 
be negative (data not shown). 
0153. The tissue reactivity of the 2B8-MX-DTPA conju 
gate was evaluated using a panel of Sixteen human tissues 
which had been fixed with acetone. AS previously demon 
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strated with the native antibody (data not shown), the 
2B8-MX-DTPA conjugate recognized the CD20 antigen 
which exhibited a highly restricted pattern of distribution, 
being found only on a Subset of cells of lymphoid origin. In 
the lymph node, immunoreactivity was observed in the B 
cell population. Strong reactivity was seen in the white pulp 
of the Spleen and in the medullary lymphocytes of the 
thymus. Immunoreactivity was also observed in Scattered 
lymphocytes in the bladder, heart, large intestines, liver, 
lung, and uterus, and was attributed to the presence of 
inflammatory cells present in these tissues. AS with the 
native antibody, no reactivity was observed with neuroec 
todermal cells or with mesenchymal elements (data not 
shown). 
0154) ii. Clinical Analysis of I2B8 (Imaging) and Y2B8 
(Therapy) 

0155 a. Phase I/II Clinical Trial Single Dose 
Therapy Study 

0156 A Phase I/II clinical analysis of I2B8 (imaging) 
followed by treatment with a single therapeutic dose of 
Y2B8 is currently being conducted. For the single-dose 
Study, the following Schema is being followed: 

. Peripheral Stem Ce O SOC TWOW 0157) 1. Peripheral S Ce11 (PSC B M 
(BM) Harvest with Purging; 

0158 2. I2B8 Imaging; 
0159) 3. Y2B8 Therapy (three Dose Levels); and 
0160 4. PSC or Autologous BM Transplantation (if 
necessary based upon absolute neutrophil count below 
500/mm for three consecutive days or platelets below 
20,000/mm with no evidence of marrow recovery on 
bone marrow examination). 

0161 The Dose Levels of Y2B8 are as follows: 

Dose Level Dose (mCi) 

1. 2O 
2. 3O 
3. 40 

0162 Three patients are to be treated at each of the dose 
levels for determination of a Maximum Tolerated Dose 
(“MTD). 
0163 Imaging (Dosimetry) Studies are conducted as fol 
lows: each patient is involved in two in vivo biodistribution 
studies using I2B8. In the first study, 2 mg of I2B8 (5 mCi), 
is administered as an intravenous (i.v.) infusion over one 
hour; one week later 2B8 (ie unconjugated antibody) is 
administered by i.v. at a rate not to exceed 250 mg/hr 
followed immediately by 2 mg of I2B8 (5 mCi) adminis 
tered by i.v. over one hour. In both studies, immediately 
following the I2B8 infusion, each patient is imaged and 
imaging is repeated at time t=14-18 hr (if indicated), t=24 hr, 
t=72 hr; and t=96 hr (if indicated). Whole body average 
retention times for the indium 111 label are determined; 
Such determinations are also made for recognizable organs 
or tumor lesions (“regions of interest'). 
0164. The regions of interest are compared to the whole 
body concentrations of the label, based upon this compari 
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Son, an estimate of the localization and concentration of 
Y2B8 can be determined using standard protocols. If the 
estimated cumulative dose of Y2B8 is greater than eight (8) 
times the estimated whole body dose, or if the estimated 
cumulative dose for the liver exceeds 1500 cGy, no treat 
ment with Y2B8 should occur. 

0.165 If the imaging studies are acceptible, either 0.0 or 
1.0 mg/kg patient body weight of 2B8 is administered by i.v. 
infusion at a rate not to exceed 250 mg/h. This is followed 
by administration of Y2B8 (10, 20 or 40 mCi) at an i.v. 
infusion rate of 20 mCi/hr. 

0166 b. Phase I/II Clinical Trial: Multiple Dose Therapy 
Study 

0167 A Phase I/II clinical analysis of of Y2B8 is cur 
rently being conducted. For the multiple-dose Study, the 
following Schema is being followed: 

0168 1. PSC or BM Harvest; 
0169 2. I2B8 Imaging, 

0170 3. Y2B8 Therapy (three Dose Levels) for four 
doses or a total cumulative dose of 80 mCi; and 

0171 4. PSC or Autologous BM Transplantation 
(based upon decision of medical practitioner). 

0172. The Dose Levels of Y2B8 are as follows: 

Dose Level Dose (mCi) 

1. 1O 
2. 15 
3. 2O 

0173 Three patients are to be treated at each of the dose 
levels for determination of an MTD. 

0174 Imaging (Dosimetry) Studies are conducted as fol 
lows: A preferred imaging dose for the unlabeled antibody 
(ie 2B8) will be determined with the first two patients. The 
first two patients will receive 100 mg of unlabeled 2B8 in 
250 cc of normal saline over 4 hrs followed by 0.5 mCi of 
I2B8-blood will be sampled for biodistribution data at 
times t=0, t=10 min., t=120 min., t=24 hr, and t=48 hr. 
Patients will be Scanned with multiple regional gamma 
camera images at times t=2 hr, t-24 hr and t=48 hr. After 
scanning at t=48 hr, the patients will receive 250 mg of 2B8 
as described, followed by 4.5 mCi of I2B8-blood and 
scanning will then follow as described. If 100 mg of 2B8 
produces Superior imaging, then the next two patients will 
receive 50 mg of 2B8 as described, followed by 0.5 mCi of 
I2B8 followed 48 hrs later by 100 mg 2B8 and then with 4.5 
mCi of I2B8. If 250 mg of 2B8 produces Superior imaging, 
then the next two patients will receive 250 mg of 2B8 as 
described, followed by 0.5 mCiof I2B8 followed 48 hrs later 
with 500 mg 2B8 and then with 4.5 mCi of I2B8. Subse 
quent patients will be treated with the lowest amount of 2B8 
that provides optimal imaging. Optimal imaging will be 
defined by: (1) best effective imaging with the slowest 
disappearance of antibody; (2) best distribution minimizing 
compartmentalization in a single organ; and (3) best Sub 
jective resolution of the lesion (tumor/background compari 
Son). 
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0175 For the first four patients, the first therapeutic dose 
of Y2B8 will begin 14 days after the last dose of I2B8; for 
Subsequent patients, the first therapeutic dose of Y2B8 will 
begin between two to seven days after the I2B8. 

0176) Prior to treatment with Y2B8, for the patients other 
than the first four, 2B8 will be administered as described, 
followed by i.v. infusion of Y2B8 over 5-10 min. Blood will 
be sampled for biodistribution at times t=0, t=10 min., t=120 
min., t=24 hr and t=48 hr. Patients will receive repetitive 
doses of Y2B8 (the same dose administered as with the first 
dose) approximately every six to eight weeks for a maxi 
mum of four doses, or total cumulative dose of 80 mCi. It is 
most preferred that patients not receive a Subsequent dose of 
Y2B8 until the patients' WBC is greater than/equal to 3,000 
and AGC is greater than/equal to 100,000. 

0177. Following completion of the three-dose level study, 
an MTD will be defined. Additional patients will then be 
enrolled in the study and these will receive the MTD. 

0178 II. Chimeric ANTI-CD20 Antibody Production 
(“C2B8) 
0179 A. Construction of Chimeric Anti-CD20 Immuno 
globulin DNA Expression Vector 

0180 RNA was isolated from the 2B8 mouse hybridoma 
cell (as described in Chomczynki, P. et al., “Single Step 
method of RNA isolation by acid guanidinium thiocyanate 
phenol-chloroform extraction.’Anal. Biochem. 162: 156 
159 (1987)), and cDNA was prepared therefrom. The mouse 
immunoglobulin light chain variable region DNA was iso 
lated from the cDNA by polymerase chain reaction using a 
set of DNA primers with homology to mouse light chain 
Signal Sequences at the 5' end and mouse light chain J region 
at the 3' end. Primer sequences were as follows: 

1. W. Sense (SEQ. ID. NO. 3) 

5' ATC AC AGATCT CTC ACC ATG GAT TTT CAG GTG 

CAG ATT AC AGC TTC 3' 

(The underlined portion is a Bgl II site; the 
above-lined portion is the start codon.) 

2. V. Antisense (SEQ. ID. NO. 4) 

5' GC AGC ATC CGTACG TTT GAT TTC CAG CTT, 3' 

(The underlined portion is a Bisi WI site.) 

0181 See, FIGS. 1 and 2 for the corresponding Bgl II 
and Bsi WI sites in TCAE8, and FIG.3 for the correspond 
ing sites in anti-CD20 in TCAE 8. 

0182. These resulting DNA fragment was cloned directly 
into the TCAE 8 vector in front of the human kappa light 
chain constant domain and Sequenced. The determined DNA 
Sequence for the murine variable region light chain is Set 
forth in FIG. 4 (SEQ. ID. NO. 5); see also FIG. 3, 
nucleotides 978 through 1362. FIG. 4 further provides the 
amino acid Sequence from this murine variable region, and 
the CDR and framework regions. The mouse light chain 
variable region from 2B8 is in the mouse kappa VI family. 
See, Kabat, Supra. 
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0183 The mouse heavy chain variable region was simi 
larly isolated and cloned in front of the human IgG1 constant 
domains. Primers were as follows: 

1. W. Sense (SEQ. ID. NO. 6) 

5' GCG GCT CCC. ACGCGT GTC CTG TCC CAG 3' 

(The underlined portion is an Milu I site.) 

2. W. Antisense (SEQ. ID. NO. 7) 

5' GG (G/C) TGT TGT GCTAGC TG (A/C) (A/G) GA GAC 

(G/A) GT GA 3' 

(The underlined portion is an Nhe I site.) 

0184 See, FIGS. 1 and 2 for corresponding Milu I and 
Nhe I sites in TCAE 8, and FIG. 3 for corresponding sites 
in anti-CD20 in TCAE 8. 

0185. The sequence for this mouse heavy chain is set 
forth in FIG. 5 (SEQ. ID. NO. 8); see also FIG. 3, 
nucleotide 2401 through 2820. FIG. 5 also provides the 
amino acid Sequence from this murine variable region, and 
the CDR and framework regions. The mouse heavy chain 
variable region from 2B8 is in the mouse VH2B family. See, 
Kabat, Supra. 
0186 B. Creation of Chimeric Anti-CD20 Producing 
CHO and SP2/0 Transfectomas 

0187 Chinese hamster ovary (“CHO”) cells DG44 were 
grown in SSFM II minus hypoxanthine and thymidine media 
(Gibco, Grand Island, N.Y., Form No. 91-0456PK); SP2/0 
mouse myeloma cells were grown in Dulbecco's Modified 
Eagles Medium media (“DMEM”) (Irvine Scientific, Santa 
Ana, Calif., Cat. No. 9024) with 5% fetal bovine serum and 
20 ml/L glutamine added. Four million cells were electropo 
rated with either 25ug CHO or 50 lug SP2/0 plasmid DNA 
that had been restricted with Not I using a BTX 600 
electroporation system (BTX, San Diego, Calif.) in 0.4 ml 
disposable cuvettes. Conditions were either 210 volts for 
CHO or 180 volts for SP2/0, 400 microfaradays, 13 ohms. 
Each electroporation was plated into six 96 well dishes 
(about 7,000 cells/well). Dishes were fed with media con 
taining G418 (GENETICIN, Gibco, Cat. No. 860-1811) at 
400 tug/ml active compound for CHO (media further 
included 50 uM hypoxanthine and 8 uM thymidine) or 800 
lug/ml for SP2/0, two days following electroporation and 
thereafter 2 or 3 days until colonies arose. Supernatant from 
colonies was assayed for the presence of chimeric immu 
noglobulin via an ELISA specific for human antibody. 
Colonies producing the highest amount of immunoglobulin 
were expanded and plated into 96 well plates containing 
media plus methotrexate (25 nM for SP2/0 and 5 nM for 
CHO) and fed every two or three days. Supernatants were 
assayed as above and colonies producing the highest amount 
of immunoglobulin were examined. Chimeric anti-CD20 
antibody was purified from Supernatant using protein A 
affinity chromatography. 

0188 Purified chimeric anti-CD20 was analyzed by elec 
trophoresis in polyacrylamide gels and estimated to be 
greater than about 95% pure. Affinity and specificity of the 
chimeric antibody was determined based upon 2B8. Chi 
meric anti-CD20 antibody tested in direct and competitive 
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binding assays, when compared to murine anti-CD20 mono 
clonal antibody 2B8, evidenced comparable affinity and 
specificity on a number of CD20 positive B cells lines (data 
not presented). The apparent affinity constant (“Kap”) of the 
chimeric antibody was determined by direct binding of I' 
radiolabeled chimeric anti-CD20 and compared to radiola 
beled 2B8 by Scatchard plot; estimated Kap for CHO 
produced chimeric anti-CD20 was 5.2x10 M and for 
SP2/0 produced antibody, 7.4x10M. The estimated Kap 
for 2B8 was 3.5x10 M. Direct competition by radioim 
munoassay was utilized to confirm both the Specificity and 
retention of immunoreactivity of the chimeric antibody by 
comparing its ability to effectively compete with 2B8. 
Substantially equivalent amounts of chimericanti-CD20 and 
2B8 antibodies were required to produce 50% inhibition of 
binding to CD20 antigens on B cells (data not presented), ie 
there was a minimal loss of inhibiting activity of the 
anti-CD20 antibodies, presumably due to chimerization. 
0189 The results of Example II.B indicate, inter alia, that 
chimeric anti-CD20 antibodies were generated from CHO 
and SP2/0 transfectomas using the TCAE 8 vectors, and 
these chimeric antibodies had Substantially the same Speci 
ficity and binding capability as murine anti-CD20 mono 
clonal antibody 2B8. 
0190. C. Determination of Immunological Activity of 
Chimeric Anti-CD20 Antibodies 

0191) 
0192 Chimeric anti-CD20 antibodies produced by both 
CHO and SP2/0 cell lines were evaluated for human C1q. 
binding in a flow cytometry assay using fluorescein labeled 
C1q (C1q was obtained from Quidel, Mira Mesa, Calif., 
Prod. No. A400 and FITC label from Sigma, St. Louis Mo., 
Prod. No. F-7250; FITC. Labeling of C1q was accomplished 
in accordance with the protocol described in Selected Meth 
Ods. In Cellular Immunology, Michell & Shigi, Ed. (W.H. 
Freeman & Co., San Francisco, Calif., 1980, p. 292). Ana 
lytical results were derived using a Becton Dickinson FAC 
ScanTM flow cytometer (fluorescein measured over a range 
of 515-545 nm). Equivalent amounts of chimeric anti-CD20 
antibody, human IgG1,K myeloma protein (Binding Site, 
San Diego, Calif., Prod. No. BP078), and 2B8 were incu 
bated with an equivalent number of CD20-positive SB cells, 
followed by a wash step with FACS buffer (0.2% BSA in 
PBS, pH 7.4, 0.02% sodium azide) to remove unattached 
antibody, followed by incubation with FITC labeled C1q. 
Following a 30-60 min. incubation, cells were again washed. 
The three conditions, including FITC-labeled C1q as a 
control, were analyzed on the FACScanTM following manu 
facturing instructions. Results are presented in FIG. 6. 
0193 As the results of FIG. 6 evidence, a significant 
increase in fluorescence was observed only for the chimeric 
anti-CD20 antibody condition; ie only SB cells with adher 
ent chimeric anti-CD20 antibody were C1q positive, while 
the other conditions produced the same pattern as the 
control. 

0194) 
0195 Chimeric anti-CD20 antibodies were analyzed for 
their ability to lyse lymphoma cell lines in the presence of 
human serum (complement source). CD20 positive SB cells 
were labeled with Cr by admixing 1001 uCi of Cr with 
1x10 SB cells for 1 hr at 37° C.; labeled SB cells were then 

i. Human C1q Analysis 

ii. Complement Dependent Cell Lyses 
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incubated in the presence of equivalent amounts of human 
complement and equivalent amounts (0-50 ug/ml) of either 
chimeric anti-CD20 antibodies or 2B8 for 4 hrsat 37 C. 
(see, Brunner. K. T. at al., “Quantitative assay of the lytic 
action of immune lymphoid cells on 'Cr-labeled allogeneic 
target cells in vitro.” Immunology 14: 181-189 (1968). 
Results are presented in FIG. 7. 
0196) The results of FIG. 7 indicate, inter alia, that 
chimeric anti-CD20 antibodies produced Significant lysis 
(49%) under these conditions. 
0197) iii. Antibody Dependent Cellular Cytotoxicity 
Effector Assay 
0198 For this study, CD20 positive cells (SB) and CD20 
negative cells (T cell leukemia line HSB; See, Adams, 
Richard, “Formal Discussion,” Can. Res. 27: 2479-2482 
(1967); ATCC deposit no. ATCC CCL 120.1) were utilized; 
both were labeled with Cr. Analysis was conducted fol 
lowing the protocol described in Brunner, K. T. et al., 
"Quantitative assay of the lytic action of immune lymphoid 
cells on Cr-labeled allogeneic target cells in vitro; inhibi 
tion by isoantibody and drugs.’ Immunology 14: 181-189 
(1968); a substantial chimeric anti-CD20 antibody depen 
dent cell mediated lysis of CD20 positive SB target cells 
(Cr-labeled) at the end of a 4 hr, 37° C. incubation, was 
observed and this effect was observed for both CHO and 
SP2/0 produced antibody (effector cells were human periph 
eral lymphocytes; ratio of effector cells: target was 100:1). 
Efficient lysis of target cells was obtained at 3.9 tug/ml. In 
contrast, under the same conditions, the murine anti-CD20 
monoclonal antibody 2B8 had a Statistically insignificant 
effect, and CD20 negative HSB cells were not lysed. Results 
are presented in FIG. 8. 
0199 The results of Example II indicate, inter alia, that 
the chimericanti-CD20 antibodies of Example I were immu 
nologically active. 
0200 III. Depletion of B Cells In Vivo using Chimeric 
ANTI-CD2O 

0201 A. Non-Human Primate Study 
0202 Three separate non-human primate studies were 
conducted. For convenience, these are referred to herein as 
“Chimeric Anti-CD20: CHO & SP2/0;”“Chimeric Anti 
CD20: CHO;” and “High Dosage Chimeric Anti-CD20.” 
Conditions were as follows: 

0203 Chimeric Anti-CD20: CHO & SP2/0 
0204 Six cynomolgus monkeys ranging in weight from 
4.5 to 7 kilograms (White Sands Research Center, Alamog 
ordo, N. Mex.) were divided into three groups of two 
monkeys each. Both animals of each group received the 
Same dose of immunologically active chimeric anti-CD20 
antibody. One animal in each group received purified anti 
body produced by the CHO transfectoma; the other received 
antibody produced by the SP2/0 transfectoma. The three 
groups received antibody dosages corresponding to 0.1 
mg/kg, 0.4 mg/kg, and 1.6 mg/kg each day for four (4) 
consecutive days. The chimeric immunologically active 
anti-CD20 antibody, which was admixed with sterile saline, 
was administered by intravenous infusion; blood Samples 
were drawn prior to each infusion. 
0205 Additional blood samples were drawn beginning 
24 hrs after the last injection (T=O) and thereafter on days 
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1, 3, 7, 14 and 28; blood samples were also taken thereafter 
at biweekly intervals until completion of the study at day 90. 
0206. Approximately 5 ml of whole blood from each 
animal was centrifuged at 2000 RPM for 5 min. Plasma was 
removed for assay of soluble chimeric anti-CD20 antibody 
levels. The pellet (containing peripheral blood leukocytes 
and red blood cells) was resuspended in fetal calf serum for 
fluorescent-labeled antibody analysis (See, “Fluorescent 
Antibody Labeling of Lymphoid Cell Population,” infra.). 
0207 Chimeric Anti-CD20: CHO 
0208 Six cynomolgus monkeys ranging in weight from 4 
to 6 kilograms (White Sands) were divided into three groups 
of two monkeys each. All animals were injected with 
immunologically active chimeric anti-CD20 antibodies pro 
duced from the CHO transfectoma (in sterile saline). The 
three groups were separated as follows: Subgroup 1 received 
daily intravenous injections of 0.01 mg/kg of the antibody 
over a four (4) day period; Subgroup 2 received daily 
intravenous injections of 0.4 mg/kg of the antibody over a 
four (4) day period; Subgroup 3 received a single intrave 
nous injection of 6.4 mg/kg of the antibody. For all three 
Subgroups, a blood Sample was obtained prior to initiation of 
treatment; additionally, blood Samples were also drawn at 
T=0, 1, 3, 7, 14 and 28 days following the last injection, as 
described above, and these Samples were processed for 
fluorescent labeled antibody analysis (see, “Fluorescent 
Antibody Labeling,” infra.). In addition to peripheral blood 
B cell quantitation, lymph node biopsies were taken at days 
7, 14 and 28 following the last injection, and a single cell 
preparation Stained for quantitation of lymphocyte popula 
tions by flow cytometry. 
0209 High Dosage Chimeric Anti-CD20 
0210. Two cynomolgus monkeys (White Sands) were 
infused with 16.8 mg/kg of the immunologically active 
chimericanti-CD20 antibodies from the CHO transfectomas 
(in Sterile Saline) weekly over a period of four consecutive 
weeks. At the conclusion of the treatment, both animals were 
anesthetized for removal of bone marrow, lymph node 
biopsies were also taken. Both Sets of tissue were Stained for 
the presence of B lymphocytes using Leu 16 by flow 
cytometry following the protocol described in Ling, N. R. et 
al., "B-cell and plasma cell antigens.'Leucocyte Typing III 
White Cell Differentiations Antigens, A. J. McMichael, Ed. 
(Oxford University Press, Oxford UK, 1987), p. 302. 
0211 Fluorescent Antibody Labeling of Lymphoid Cell 
Population 

0212. After removal of plasma, leukocytes were washed 
twice with Hanks Balanced Salt Solution (“HBSS”) and 
resuspended in a plasma equivalent Volume of fetal bovine 
serum (heat inactivated at 56° C. for 30 min.). A 0.1 ml 
Volume of the cell preparation was distributed to each of Six 
(6), 15 ml conical centrifuge tubes Fluorescein labeled 
monoclonal antibodies with Specificity for the human lym 
phocyte surface markers CD2 (AMAC, Westbrook, Me.), 
CD20 (Becton Dickinson) and human IgM (Binding Site, 
San Diego, Calif.) were added to 3 of the tubes for identi 
fying T and B lymphocyte populations. All reagents had 
previously tested positive to the corresponding monkey 
lymphocyte antigens. Chimeric anti-CD20 antibody bound 
to monkey B cell surface CD20 was measured in the fourth 
tube using polyclonal goat anti-human IgG coupled with 
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phycoerythrin (AMAC). This reagent was pre-adsorbed on a 
monkey Ig-Sepharose column to prevent croSS-reactivity to 
monkey Ig, thus allowing Specific detection and quantitation 
of chimeric anti-CD20 antibody bound to cells. A fifth tube 
included both anti-IgM and anti-human IgG reagents for 
double Stained B cell population. A Sixth Sample was 
included with no reagents for determination of autofluores 
cence. Cells were incubated with fluorescent antibodies for 
30 min., washed and fixed with 0.5 ml of fixation buffer 
(0.15 M NaCl, 1% paraformaldehyde, pH7.4) and analyzed 
on a Becton Dickinson FACScanTM instrument. Lymphocyte 
populations were initially identified by forward versus right 
angle light Scatter in a dot-plot bitmap with unlabeled 
leucocytes. The total lymphocyte population was then iso 
lated by gating out all other events. Subsequent fluorescence 
measurements reflected only gated lymphocyte specific 
eVentS. 

0213 Depletion of Peripheral Blood B Lymphocytes 

0214) No observable difference could be ascertained 
between the efficacy of CHO and SP2/0 produced antibodies 
in depleting B cells in Vivo, although a slight increase in B 
cell recovery beginning after day 7 for monkeys injected 
with chimeric anti-CD20 antibodies derived from CHO 
transfectomas at dosage levels 1.6 mg/kg and 6.4 mg/kg was 
observed and for the monkey injected with SP2/0 producing 
antibody at the 0.4 mg/kg dose level. FIGS. 9A, B and C 
provide the results derived from the chimeric anti 
CD20:CHO & SP2/0 study, with FIG.9A directed to the 0.4 
mg/kg dose level; FIG. 9B directed to the 1.6 mg/kg dose 
level; and FIG. 9C directed to the 6.4 mg/kg dose level. 

0215 AS is evident from FIG. 9, there was a dramatic 
decrease (>95%) in peripheral B cell levels after the thera 
peutic treatment acroSS all tested dose ranges, and these 
levels were maintained up to Seven (7) days post infusion; 
after this period, B cell recovery began, and, the time of 
recovery initiation was independent of dosage levels. 

0216) In the Chimeric Anti-CD20:CHO study, a 10-fold 
lower antibody dosage concentration (0.01 mg/kg) over a 
period of four daily injections (0.04 mg/kg total) was 
utilized. FIG. 10 provides the results of this study. This 
dosage depleted the peripheral blood B cell population to 
approximately 50% of normal levels estimated with either 
the anti-surface IgM or the Leu16 antibody. The results also 
indicate that saturation of the CD20 antigen on the B 
lymphocyte population was not achieved with immunologi 
cally active chimeric anti-CD20 antibody at this dose con 
centration over this period of time for non-human primates, 
B lymphocytes coated with the antibody were detected in the 
blood Samples during the initial three days following thera 
peutic treatment. However, by day 7, antibody coated cells 
were undetectable. 

0217 Table I Summarizes the results of single and mul 
tiple doses of immunologically active chimeric anti-CD20 
antibody on the peripheral blood populations, Single dose 
condition was 6.4 mg/kg, multiple dose condition was 0.4 
mg/kg over four (4) consecutive days (these results were 
derived from the monkeys described above). 
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TABLE I 

PERIPHERAL, BLOOD POPULATION FROM C2B8 
PRIMATE STUDY 

Monkey Dose Day CD2 Anti-Hu IgG 

A. 0.4 mg/kg Prebleed 81.5 
(4 doses) O 86.5 O.2 

7 85.5 O.O 
2 93.3 
28 85.5 

B 0.4 mg/kg Prebleed 81.7 
(4 doses) O 94.6 O.1 

7 92.2 O.1 
2 84.9 
28 84.1 

C 6.4 mg/kg Prebleed 77.7 O.O 
(1 dose) 7 85.7 O.1 

2 86.7 
28 76.7 

D 6.4 mg/kg Prebleed 85.7 O.1 
(1 dose) 7 94.7 O.1 

2 85.2 
28 85.9 

Anti-Hu IgG + 
Monkey Anti-Hu IgM Leu-16 % B Cell Depletion 

A. 9.4 O 
O.3 O.O 97 
O1 1.2 99 

2.1 78 
4.1 66 

B 14.8 O 
O.2 O1 99 
O1 O1 99 

6.9 53 
8.7 41 

C O.2 17.0 O 
O1 O.O 99 

14.7 15 
8.1 62 

D O1 14.4 O 
O.2 O.O 99 

9.2 46 
6.7 53 

*Double staining population which indicates extent of chimeric anti-CD20 
coated B cells. 

0218. The data summarized in Table I indicates that 
depletion of B cells in peripheral blood under conditions of 
antibody exceSS occurred rapidly and effectively, regardless 
of single or multiple dosage levels text missing or 
illegible when filed observed for at least seven (7) days 
following the last injection, with partial B cell recovery 
observed by day 21. 
0219 Table II Summarizes the effect of immunologically 
active, chimeric anti-CD20 antibodies on cell populations of 
lymph nodes using the treatment regimen of Table I (4 daily 
doses of 0.4 mg/kg, 1 dose of 6.4 mg/kg), comparative 
values for normal lymph nodes (control monkey, axillary 
and inguinal) and normal bone marrow (two monkeys) are 
also provided. 

TABLE II 

CELL POPULATIONS OF LYMPH NODES 

Monkey Dose Day CD2 Anti-Hu IgM 

A. 0.4 mg/kg 7 66.9 
(4 doses) 14 76.9 19.6 

28 61.6 19.7 

15 
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TABLE II-continued 

CELL POPULATIONS OF LYMPH NODES 

B 0.4 mg/kg 7 59.4 
(4 doses) 14 83.2 9.9 

28 84.1 15.7 
C 6.4 mg/kg 7 75.5 

(1 dose) 14 74.1 17.9 
28 66.9 23.1 

D 6.4 mg/kg 7 83.8 
(1 dose) 14 74.1 17.9 

28 84.1 12.8 

Anti-Hu IgG + 
Monkey Anti-Hu IgM Leu-16 % B Lymphocyte Depletion 

A. 7.4 40.1 1. 
O.8 22.6 44 

26.0 36 
B 29.9 52.2 O 

O.7 14.5 64 
14.6 64 

C 22.3 35.2 13 
1.1 23.9 41 

21.4 47 
D 12.5 19.7 51 

O.2 8.7 78 
12.9 68 

Anti-Hu IgG + Anti-Hu % B Lymphocyte 
CD2 Anti-Hu IgM IgM Leu-16 Depletion 

Normal 
Lymph 
Nodes 

Control 1 
Axillary 55.4 25.0 41.4 NA 
Inguinal 52.1 31.2 39.5 NA 
Normal 
Bone 
Marrow 

Control 2 65.3 19.0 11.4 NA 
Control 3 29.8 28.0 16.6 NA 

0220) The results of Table II evidence effective depletion 
of B lymphocytes for both treatment regimens. Table II 
further indicates that for the non-human primates, complete 
saturation of the B cells in the lymphatic tissue with immu 
nologically active, chimeric anti-CD20 antibody was not 
achieved; additionally, antibody coated cells were observed 
seven (7) days after treatment, followed by a marked deple 
tion of lymph node B cells, observed on day 14. 

0221 Based upon this data, the single High Dosage 
Chimeric Anti-CD20 study referenced above was con 
ducted, principally with an eye toward pharmacology/toxi 
cology determination. Ie this study was conducted to evalu 
ate any toxicity associated with the administration of the 
chimeric antibody, as well as the efficacy of B cell depletion 
from peripheral blood lymph nodes and bone marrow. 
Additionally, because the data of Table II indicates that for 
that study, the majority of lymph node B cells were depleted 
between 7 and 14 days following treatment, a weekly dosing 
regimen might evidence more efficacious results. Table III 
Summarizes the results of the High Dosage Chimeric Anti 
CD20 study. 
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TABLE III 

CELL POPULATIONS OF LYMPH NODES 
AND BONE MARROW 

Lymphocyte Populations (% 

mIgM + 
Monkey CD2 CD2Oa anti-C2B8 C2B8 Dayd 

Inguinal Lymph Node 

E 90.0 5.3 4.8 6.5 22 
F 91.O 6.3 5.6 6.3 22 
G 89.9 5.0 3.7 5.8 36 
H 85.4 12.3 1.7 18 36 

Bone Marrow 

E 46.7 4.3 2.6 2.8 22 
F 4.1.8 3.0 2.1 2.2 22 
G 35.3 O.8 1.4 1.4 36 
H 25.6 4.4 4.3 4.4 36 

Indicates population stained with Leu 16. 
Indicates double staining population, positive for surface IgM cells and 
chimeric antibody coated cells. 
Indicates total population staining for chimeric antibody including double 
staining surface IgM positive cells and single staining (surface IgM nega 
tive) cells. Days after injection of final 16.8 mg/kg dose. 

0222 Both animals evaluated at 22 days post treatment 
cessation contained less than 5% B-cells, as compared to 
40% in control lymph nodes (see, Table II, Supra). Similarly, 
in the bone marrow of animals treated with chimeric anti 
CD20 antibody, the levels of CD20 positive cells were less 
than 3% as compared to 11-15% in the normal animals (see, 
Table II, supra). In the animals evaluated at 36 days post 
treatment cessation, one of the animals (H) had approxi 
mately 12% B cells in the lymph node and 4.4% B cells in 
bone marrow, while the other (G) had approximately 5% B 
cells in the lymph node and 0.8% in the bone marrow-the 
data is indicative of Significant B cell depletion. 

0223) The results of Example III.A indicate, inter alia, 
that low doses of immunologically active, chimeric anti 
CD20 leads to long-term peripheral blood B cell depletion in 
primates. The data also indicates that Significant depletion of 
B cell populations was achieved in peripheral lymph nodes 
and bone marrow when repetitive high doses of the antibody 
were administered. Continued follow-up on the test animals 
has indicated that even with Such severe depletion of periph 
eral B lymphocytes during the first week of treatment, no 
adverse health effects have been observed. Furthermore, as 
recovery of B cell population was observed, a conclusion to 
be drawn is that the pluripotent Stem cells of these primates 
were not adversely affected by the treatment. 
0224 B. Clinical Analysis of C2B8 
0225 i. Phase I/II Clinical Trial of C2B8: Single Dose 
Therapy Study 

0226 Fifteen patients having histologically documented 
relapsed B cell lymphoma have been treated with C2B8 in 
a Phase I/II Clinical Trial. Each patient received a single 
dose of C2B8 in a dose-escalating Study; there were three 
patients per dose: 10 mg/m’; 50 mg/m’; 100 mg/m’; 250 
mg/m and 500 mg/m. Treatment was by i.v. infusion 
through an 0.22 micron in-line filter with C2B8 being 
diluted in a final volume of 250 cc or a maximal concen 
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tration of 1 mg/ml of normal saline. Initial rate was 50 cc/hr 
for the first hour; if no toxicity was seen, dose rate was able 
to be escalated to a maximum of 200 cc/hr. 

0227 Toxicity (as indicated by the clinician) ranged from 
“none', to “fever” to “moderate” (two patients) to “severe” 
(one patient); all patients completed the therapy treatment. 
Peripheral Blood Lymphocytes were analyzed to determine, 
inter alia, the impact of C2B8 on T-cells and B-cells. 
Consistently for all patients, Peripheral Blood B Lympho 
cytes were depleted after infusion with C2B8 and such 
depletion was maintained for in excess of two weeks. 
0228. One patient (receiving 100 mg of C2B8) evi 
denced a Partial Response to the C2B8 treatment (reduction 
of greater than 50% in the sum of the products of the 
perpendicular diameters of all measurable indicator lesions 
lasting greater than four weeks, during which no new lesions 
may appear and no existing lesions may enlarge); at least 
one other patient (receiving 500 mg/m) evidenced a Minor 
Response to the C2B8 treatment (reduction of less than 50% 
but at least 25% in the sum of the products of the two longest 
perpendicular diameters of all measurable indicator lesions). 
For presentational efficiency, results of the PBLS are set 
forth in FIG. 14; data for the patient evidencing a PR is set 
forth in FIG. 14A, for the patient evidencing an MR, data is 
set forth in FIG. 14B. In FIG. 14, the following are 
applicable: H=Lymphocytes; E=CD3+ cells (T cells); 
7 =CD20+cells; -O-=CD19+cells, -e-=Kappa; ar= 
lambda; and -0-=C2B8. As evidenced, the B cell markers 
CD20 and CD19, Kappa and Lambda, were depleted for a 
period in excess of two weeks, while there was a slight, 
initial reduction in T-cell counts, these returned to an 
approximate base-line level in a relatively rapid time-frame. 
0229 U. Phase I/II Clinical Trial of C2B8: Multiple Dose 
Therapy Study 

0230 Patients having histologically confirmed B cell 
lymphoma with measurable progressive disease are eligible 
for this study which is separated into two parts: in Phase I, 
consisting of a dose escalation to characterize dose limiting 
toxicities and determination of biologically active tolerated 
dose level, groups of three patients will receive weekly i.V. 
infusions of C2B8 for a total of four (4) separate infusions. 
Cumulative dose at each of the three levels will be as 
follows: 500 mg/m (125 mg/mf/infusion); 1000 mg/m’ 
(250 mg/m/infusion); 1500 mg/m (375 mg/m/infusion. A 
biologically active tolerated dose is defined, and will be 
determined, as the lowest dose with both tolerable toxicity 
and adequate activity); in Phase II, additional patients will 
receive the biologically active tolerated dose with an empha 
sis on determining the activity of the four doses of C2B8. 
0231. IV. Combination Therapy: C2B8 and Y2B8 
0232 A combination therapeutic approach using C2B8 
and Y2B8 was investigated in a mouse Xenographic model 
(nu/nu mice, female, approximately 10 weeks old) utilizing 
a B cell lymphoblastic tumor (Ramos tumor cells). For 
comparative purposes, additional mice were also treated 
with C2B8 and Y2B8. 

0233 Ramos tumor cells (ATCC, CRL 1596) were main 
tained in culture using RPMI-1640 Supplemented with 10% 
fetal calf serum and glutamine at 37 C. and 5% CO. 
Tumors were initiated in nine female nude mice approxi 
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mately 7-10 weeks old by subcutaneous injection of 1.7x10' 
Ramos cells in a volume of 0.10 ml (HBSS) using a 1 cc 
Syringe fitted with 25 g needle. All animals were manipu 
lated in a laminar flow hood and all cages, bedding, food and 
water were autoclaved. Tumor cells were passaged by excis 
ing tumors and passing these through a 40 mesh Screen; cells 
were washed twice with 1xHBSS (50 ml) by centrifugation 
(1300 RPM), resuspended in 1xEIBSS to 10x10 cells/ml, 
and frozen at -70° C. until used. 

0234 For the experimental conditions, cells from several 
frozen lots were thawed, pelleted by centrifugation (1300 
RPM) and washed twice with 1xHBSS. Cells were then 
resuspended to approximately 2.0x10 cells/ml. Approxi 
mately 9 to 12 mice were injected with 0.10 ml of the cell 
Suspension (s.c.) using a 1 cc Syringe fitted with a 25 g 
needle; injections were made on the animal's left Side, 
approximately mid-region. Tumors developed in approxi 
mately two weeks. Tumors were excised and processed as 
described above. Study mice were injected as described 
above with 1.67x10 cells in 0.10 ml HBSS. 

0235 Based on preliminary dosing experiments, it was 
determined that 200 mg of C2B8 and 100 uCi of Y2B8 
would be utilized for the study. Ninety female nu/nu mice 
(approximately 10 weeks old) were injected with the tumor 
cells. 

0236. Approximately ten days later, 24 mice were 
assigned to four study groups (six mice/group) while 
attempting to maintain a comparable tumor size distribution 
in each group (average tumor size, expressed as a product of 
lengthxwidth of the tumor, was approximately 80 mm). The 
following groups were treated as indicated via tail-Vain 
injections using a 100 ul Hamilton syringe fitted with a 25 
g needle: 

0237) 
0238) 

A. Normal Saline 

B. Y2B8 (100 uCi) 
0239) C. C2B8 (200 ug); and 
0240) D. Y2B8 (100 uCi)+C2B8 (200 ug). 

0241 Groups tested with C2B8 were given a second 
C2B8 injection (200 tug/mouse) seven days after the initial 
injection. Tumor measurements were made every two or 
three days using a caliper. 
0242 Preparation of treatment materials were in accor 
dance with the following protocols: 
0243 A. Preparation of Y2B8 
0244 Yttrium-90 chloride (6 moi) was transformed to 
a polypropylene tube and adjusted to pH 4.1-4.4 using metal 
free 2M sodium acetate. 2B8-MX-DTPA (0.3 mg in normal 
saline; see above for preparation of 2B8-MX-DTPA) was 
added and gently mixed by Vortexing. After 15 min. incu 
bation, the reaction was quenched by adding 0.05x Volume 
20 mM EDTA and 0.05x volume 2M Sodium acetate. 
Radioactivity concentration was determined by diluting 5.0 
All of the reaction mixture in 2.5 ml 1xPBS containing 76 
m/ml HSA and 1 nM DTPA (“formulation buffer”); counting 
was accomplished by adding 10.0 ul to 20 ml of Ecolume TM 
Scintillation cocktail. The remainder of the reactive mixture 
was added to 3.0 ml formulation buffer, sterile filtered and 
stored at 2-8 C. until used. Specific activity (14 mCi/mg at 
time of injection) was calculated using the radioactivity 
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concentration and the calculated protein concentration based 
upon the amount of antibody added to the reaction mixture. 
Protein-associated radioactivity was determined using 
instant thin-layer chromatography. Radioincorporation was 
95%. Y2B8 was diluted in formulation buffer immediately 
before use and sterile-filtered (final radioactivity concentra 
tion was 1.0 mCi/ml). 
0245 B. Preparation of C2B8 

0246 C2B8 was prepared as described above. C2B8 was 
provided as a Sterile reagent in normal Saline at 5.0 mg/ml. 
Prior to injection, the C2B8 was diluted in normal saline to 
2.0 mg/ml and sterile filtered. 

0247 C. Results 
0248 Following treatment, tumor size was expressed as 
a product of length and width, and measurements were taken 
on the days indicated in FIG. 11 (Y2B8 vs. Saline); FIG. 12 
(C2B8 vs. Saline); and FIG. 13 (Y2B8+C2B8 vs. Saline). 
Standard error was also determined. 

0249. As indicated in FIG. 13, the combination of Y2B8 
and C2B8 exhibited tumoricidal effects comparable to the 
effects evidenced by either Y2B8 or C2B8. 
0250 V. Alternative Therapy Strategies 
0251 Alternative therapeutic strategies recognized in 
View of the foregoing examples are evident. One Such 
strategy employs the use of a therapeutic dose of C2B8 
followed within about one week with a combination of 
either 2B8 and radioabeled 2B8 (eg Y2B8); or 2B8, C2B8 
and, eg Y2B8; or C2B8 and, eg Y2B8. An additional strategy 
is utilization of radiolabeled C2B8-such a strategy allows 
for utilization of the benefits of the immunologically active 
portion of C2B8 plus those benefits associated with a 
radiolabel. Preferred radiolabels include yttrium-90 given 
the larger circulating half-life of C2B8 versus the murine 
antibody 2B8. Because of the ability of C2B8 to deplete 
B-cells, and the benefits to be derived from the use of a 
radiolabel, a preferred alternative Strategy is to treat the 
patient with C2B8 (either with a single dose or multiple 
doses) Such that most, if not all, peripheral B cells have been 
depleted. This would then be followed with the use of 
radiolabeled 2B8; because of the depletion of peripheral B 
cells, the radiolabeled 2B8 Stands an increased chance of 
targeting tumor cells. Iodine 131 labeled 2B8 is preferably 
utilized, given the types of results reported in the literature 
with this label (see Kaminski). An alternative preference 
involves the use of a radiolabeled 2B8 (or C2B8) first in an 
effort to increase the permeability of a tumor, followed by 
single or multiple treatments with C2B8; the intent of this 
Strategy is to increase the chances of the C2B8 in getting 
both outside and inside the tumor mass. A further Strategy 
involved the use of chemotherapeutic agenst in combination 
with C2B8. These strategies include so-called “staggered” 
treatments, ie, treatment with chemotherapeutic agent, fol 
lowed by treatment with C2B8, followed by a repetition of 
this protocol. Alternatively, initial treatment with a single or 
multiple doses of C2B8, thereafter followed with chemo 
therapeutic treatement, is viable. Preferred chemotherapeu 
tic agents include, but are not limited to: cyclophlsphamide; 
doxorubicin; Vincristine, and prednisone, See Armitage, J. 
O. et al., Cancer 50: 1695 (1982), incorporated herein by 
reference. 
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0252) The foregoing alternative therapy strategies are not 
intended to be limiting, but rather are presented as being 
representative. 

0253) VI. Deposit Information 
0254 Anti-CD20 in TCAE 8 (transformed in E. coli for 
purposes of deposit) was deposited with the American Type 
Culture Collection (ATCC), 12301 Parklawn Drive, Rock 
ville, Md., 20852, under the provisions of the Budapest 
Treaty for the International Recognition of the Deposit of 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 11 

<210> SEQ ID NO 1 
&2 11s LENGTH 85 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
&223> OTHER INFORMATION vector 

<400 SEQUENCE: 1 
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Microorganisms for the Purpose of Patent Procedure 
(“Budapest Treaty”). The microorganism was tested by the 
ATCC on Nov. 9, 1992, and determined to be viable on that 
date. The ATCC has assigned this microorganism for the 
following ATCC deposit number: ATCC 69119 (anti-CD20 
in TCAE 8). Hybridoma 2B8 was deposited with the ATCC 
on Jun. 22, 1993 under the provisions of the Budapest 
Treaty. The viability of the culture was determined on Jun. 
25, 1993 and the ATCC has assigned this hybridoma the 
following ATCC deposit number: HB 11388. 

gacgtc.gcgg cc.gctictagg cctocaaaaa agccitcc to a citacttctgg aatagotcag 60 

aggcc gaggc ggccitcqgcc totgcataaa taaaaaaaat tagt cago.ca to catggggc 120 

ggagaatggg cqgaactggg cqgagittagg gg.cgggatgg gC ggagittag ggg.cgggact 18O 

atggttgct g actaattgag atgcatgctt to catacttic toccitgctogg ggagcctggg 240 

gacttitccac acct g gttgc toactaattig agatgcatgc tittgcatact tctgcctgct 3OO 

ggggagcct g g g g acttitcc acaccctaac togacacacat to cacagaat taattic coct 360 

agittattaat agtaatcaat tacgggg to a ttagttcata goccatatat ggagttcc.gc 420 

gttacataac ttacggtaaa togc.ccgcct ggct gaccgc ccaacg acco cogcc.cattg 480 

acgto: aataa toacg tatgt toccatagta acgc.caatag ggacttitcca ttgacgtoaa 540 

tgggtgg act atttacggta aactg.cccac ttgg cagtac atcaagtgta toatatgc.ca 600 

agtacgc.ccc ctattgacgt caatgacggit aaatggc.ccg cctogcatta tocc cagtac 660 

atgacctitat gggactittcc tacttgg cag tacatctacg tattagtcat cqctattacc 720 

atggtgatgc ggttittggca gtacatcaat ggg.cgtggat agcggtttga citcacgggga 78O 

titt.ccaagtic to cacco cat tdacgtocaat gg gagtttgt tittggcacca aaatcaacgg 840 

gacttitccala aatgtcgtaa caacticcgcc cc attgacgc aaatggg.cgg tagg.cgtgta 9 OO 

cggtgg gagg totatataag cagagctggg tacgtgalacc gtcagatc.gc citggagacgc 96.O 

catcacagat citcto accat gagggtoccc gcto agctoc toggggctocit gctgctctgg O20 

citcc.caggtg cacgatgtga togtaccalag gtggaaatca aacgtacggt ggctgcacca O8O 

totgtc.ttca tottc.ccgcc atctgatgag cagttgaaat citggaactgc citctgttgttg 1 4 0 

tgcct gctda ataacttcta toccagagag go caaagtac agtggalaggt ggataacgcc 200 

citccaatcgg gtaactc.cca ggaga.gtgtc. acagagcagg acagdaagga cago accitac 260 

agccticago a gcaccctgac gotgagcaaa goagacitacg agaalacacaa agtctacgcc 320 

tgc galag to a cocatcaggg cotgagctcg ccc.gtoacaa agagcttcaa caggggagag 38O 

tgttgaattic agatc.cgitta acggittacca actacctaga citggattogt gacaac atgc 4 40 
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26 

-continued 

ttgttgcc at tdctacaggc atcgtggtgt cacgctogto gtttgg tatg gcttcattca 858O 

gctocq gttc ccaacgatca aggcgagitta catgatc.ccc catgttgtgc aaaaaag.cgg 864. O 

ttagct cott cqgtoctocq atcgttgtca gaagtaagtt goccgcagtg ttatcactca 87 OO 

tggittatggc agcactgcat aattctotta citgtcatgcc atc.cgtaaga tigcttittctg 876O 

tgactogtga gtactcaa.cc aagttcattct gagaatagtg tatgcgg.cga cc.gagttgct 882O 

cittgc.ccggc gtcaatacgg gataataccg cqccacatag cagaactitta aaagtgcto a 888O 

to attggaaa acgttcttic g g g g c gaaaac totcaaggat cittaccgct g ttgagat.cca 894 O 

gttctgatgta accoactcgt gcacccaact gatctitcago atcttttact titcaccagog 9 OOO 

tittctgggtg agcaaaaa.ca ggaaggcaaa atgcc.gcaaa aaagg gaata agggcgacac 9 O60 

ggaaatgttgaatact cata citctitccttt ttcaatatta ttgaag catt tatcagg gtt 912 O 

attgtc.tcat gag.cggatac atatttgaat gtatttagaa aaataaacaa ataggggttc 918O 

cgc.gcacatt toccc.gaaaa gtgccacct 92.09 

<210> SEQ ID NO 3 
&2 11s LENGTH 384 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 3 

atggattittc aggtogcag at tatcagottc Ctgctaatca gtgcttcagt cataatgtcC 60 

agagggcaaa ttgttctoto coagt citcca gcaatcc tot citgcatctoc aggggagaag 120 

gtoacaatga cittgcagggc cagoctotcit gcatcto cag gggagaaggt cacaatgact 18O 

tgcagg gcca gcc.ccaaacc citggattitat gcc acatcca acctggcttic toggagtc.cct 240 

gttcgctt.ca gtggcagtgg gtctgggact tcttact citc. tca caatcag cagagtggag 3OO 

gctgaagatg citgccactta ttact gccag cagtggacta gta acco acc cacgttcgga 360 

ggggggacca agctggaaat Caaa 384 

<210> SEQ ID NO 4 
&2 11s LENGTH 128 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 4 

Met Asp Phe Glin Val Glin Ile Ile Ser Phe Leu Leu Ile Ser Ala Ser 
1 5 10 15 

Val Ile Met Ser Arg Gly Glin Ile Val Leu Ser Glin Ser Pro Ala Ile 
2O 25 30 

Leu Ser Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Arg Ala Ser 
35 40 45 

Ser Ser Val Ser Tyr Ile His Trp Phe Glin Gln Lys Pro Gly Ser Ser 
50 55 60 

Pro Llys Pro Trp Ile Tyr Ala Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 8O 

Val Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thir Ile 
85 90 95 

Ser Arg Val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Glin Glin Trp 
100 105 110 

Thr Ser Asn Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys 
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115 

&212> TYPE 

<400 

atgggttgga 

gtacaactgc 

tgcaaggott 

ggtogggg CC 

cagaagttca 

cagotcagoa 

tacggcggtg 

&212> TYPE 

<400 

SEQ ID NO 5 
LENGTH 420 

DNA 

SEQUENCE: 5 

gccitcatctt 

agCagcctgg 

citggctacac 

tggaatggat 

aaggcaaggc 

gcc toga catc 

actggtactt 

SEQ ID NO 6 
LENGTH 140 

PRT 

SEQUENCE: 6 

Met Gly Trp Ser Leu Il 
1 

Wall 

Ala 

Thr 

Glu 
65 

Glin 

Thr 

Wall 

Teu Ser 

Gly Ala 
35 

Ser Tyr 
50 

Trp Ile 

Lys Phe 

Ala Tyr 

Tyr Cys 
115 

Trp Gly 
130 

&212> TYPE 

<400 

site 

5 

Glin Wall Gl 
2O 

120 

ORGANISM: Mus musculus 

gctctitccitt 

ggctgagctg 

atttaccagt 

tggagctatt 

cacattgact 

tgagg actict 

caatgtctgg 

ORGANISM: Mus musculus 

e Lleu Lleu. 

in Leu Glin 

Ser Val Lys Met Ser 
40 

Asn Met His Trp Val 

Gly Ala Il 
70 

55 

e Tyr Pro 

Lys Gly Lys Ala Thr 
85 

Met Glin Leu Ser Ser 
100 

Ala Arg Ser Thr Tyr 
120 

Ala Gly. Thir Thr Val 

SEQ ID NO 7 
LENGTH 27 

DNA 

SEQUENCE: 7 

135 

gggagcttgg atc gatcc to tatggitt 

<210 SEQ ID NO 8 
&2 11s LENGTH 47 
&212> TYPE DNA 

gtogctgttg 

gtgaa.gc.ctg 

tacaatatgc 

tat cocq gaa 

gcagacaaat 

gc ggtotatt 

ggC gCaggga 

Phe Leu Wall 
10 

Gln Pro Gly 
25 

Cys Lys Ala 

Lys Glin Thr 

Gly Asn Gly 
75 

Leu. Thir Ala 
90 

Leu. Thir Ser 
105 

Tyr Gly Gly 

Thr Wal Ser 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: impaired Kozak sequence and restriction enzyme 

27 

-contin 

125 

citacgc.gtgt 

gggcc to agt 

actgggtaaa 

atggtgatac 

cctccagdac 

actgtgcaag 

ccacggtoac 

Ala Wall Ala 

Ala Glu Lieu 
30 

Ser Gly Tyr 
45 

Pro Gly Arg 
60 

Asp Thr Ser 

Asp Lys Ser 

Glu Asp Ser 
110 

Asp Trp Tyr 
125 

Ala 
1 4 0 

ued 

cctgtcc cag 

gaagatgtc.c 

acagacacct 

titcc tacaat 

agcctacatg 

atcg acttac 

cgtctotgca 

Thr Arg 
15 

Wall Lys 

Thr Phe 

Gly Lieu 

Ser Ser 
95 

Ala Wall 

Phe Asn 

60 

120 

18O 

240 

360 

420 

27 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 8 

atcacagatc. tcticac catg gattittcagg to cagattat cagottc 

<210 SEQ ID NO 9 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 9 

tgcagdatcc gitacgtttga tittccagott 

<210> SEQ ID NO 10 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 10 

gc ggcticcca C gogtgtc.ct gtc.ccag 

<210> SEQ ID NO 11 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (29) 
<223> OTHER INFORMATION: s is g or c 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (29) 
<223> OTHER INFORMATION: m is a or c 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (29) 
<223> OTHER INFORMATION: r is g or a 

<400 SEQUENCE: 11 

ggstgttgtg ctagot gmrg agacrgtga 

What is claimed is: 
1. A method of lymphoma therapy in a patient in need of 

Such therapy which comprises: 
(a) performing a first treatment wherein an unlabelled 

anti-CD20 antibody that binds to the CD20 antigen 
present on lymphoma cells is administered to the 
patient; and 

(b) performing a second treatment which comprises 
administration of at least one chemotherapeutic agent; 

wherein Said first and Second treatments are effected in 
any order or concurrently. 

2. The method of claim 1 wherein said second treatment 
comprises administration of more than one chemotherapeu 
tic agent. 

47 

30 

27 

29 

3. The method of claim 1 wherein said first and second 
StepS are effected concurrently. 

4. The method of claim 1 wherein said anti-CD20 anti 
body is administered prior to Said administration of chemo 
therapeutic agent. 

5. The method of claim 1 wherein said anti-CD20 anti 
body is administered after administration of Said chemo 
therapeutic agent. 

6. A method for lymphoma therapy which comprises: 
(a) performing a first treatment wherein an unlabelled 

anti-CD20 antibody that binds to the CD20 antigen 
present on lymphoma cells is administered to the 
patient; and 

(b) performing a second treatment which comprises 
administration of at least one chemotherapeutic agent 
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Selected from the group consisting of cyclophospha 
mide, doxorubicin, Vincristine and prednisone; 

wherein Said first and Second treatments are effected in 
any order or concurrently. 

7. The method of claim 4 wherein said chemotherapeutic 
agent is Selected from the group consisting of cyclophos 
phamide, Vincristine, prednisone and doxorubicin. 

8. The method of claim 6 wherein said chemotherapeutic 
agent is doxorubicin. 

9. The method of claim 6 wherein said chemotherapeutic 
agent is Vincristine. 

10. The method of claim 6 wherein said chemotherapeutic 
agent is cyclophosphamide. 
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11. The method of claim 6 wherein said chemotherapeutic 
agent is prednisone. 

12. The method of claim 1 wherein said unlabelled 
anti-CD20 antibody is a chimeric anti-CD20 antibody. 

13. The method of claim 2 wherein said unlabelled 
anti-CD20 antibody is a chimeric anti-CD20 antibody. 

14. The method of claim 3 wherein said unlabelled 
anti-CD20 antibody is a chimeric anti-CD20 antibody. 

15. The method of claim 4 wherein said anti-CD20 
antibody is a chimeric anti-CD20 antibody. 


