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Figure 3 — SEQ ID. NO. 1

ttttctgecc ttetttgett tggtggctte cttgtggtte cteagtggte cetgeaacce 60
ctggttcacc tecttccagg ttetggcetee ttccagecat ggetetcaga gtecttetgt 120
taacagcctt gaccttatgt catgggttca acttggacac tgaaaacgca atgaccttce 180
aagagaacgc aaggggcttc gggcagageg tggtecaget tcagggatee agggtggtgg 240
ttggagecce ccaggagata gtggctgeca accaaagggg cagectetac cagtgegact 300
acagcacagg ctcatgcgag cccatccgec tgcaggtece cgtggaggece gtgaacatgt 360
cectgggect gtecetggea gecaccacca geccccctea getgetggec tgtggtccca 420
ccgtgeacca gacttgcagt gagaacacgt atgtgaaagg getetgette ctgtttggat 480
ccaacctacg geagcagecc cagaagttce cagaggecct ccgagggtgt cctcaagagg 540
atagtgacat tgccttcttg attgatggct ctggtageat catcccacat gactttcgge 600
ggatgaagga gtttotctca actgtgatgg agcaattaaa aaagtccaaa accttgttct 660
ctttgatgca gtactctgaa gaattccgga ttcactttac cttcaaagag ttccagaaca 720
accctaaccc aagatcactg gtgaagccaa taacgcaget gettgggegg acacacacgg 780
ccacgggceat ccgeaaagtg gtacgagage tgtttaacat caccaacgga geccgaaaga 840
atgcctttaa gatcctagtt gtcatcacgg atggagaaaa gtttggegat cecttgggat 900
atgaggatgt catccctgag gecagacagag agggagtcat tegetacgte attgggetge 960
gagatgectt ccgeagtgag aaatcccgece aagagettaa taccategea tecaagecge 1020
ctcgtgatca cgtgttccag gtgaataact ttgaggctct gaagaccatt cagaaccage 1080
ttcgggagaa gatctttgeg atcgagggta ctcagacagg aagtageage tectttgage 1140
atgagatgtc tcaggaaggce ttcagegetg ccatcaccte taatggeccc ttgetgagea 1200
ctgtggggag ctatgactgg getggtggag tetttctata tacatcaaag gagaaaageca 1260
ccttcatcaa catgaccaga gtggattcag acatgaatga tgcttacttg ggttatgetg 1320
ccgccatcat cttacggaac cgggtgcaaa gectggttet gggggeacct cgatatcage 1380
acatcggect ggtagegatg ttcaggcaga acactggceat gtgggagtee aacgctaatg 1440
tcaagggcac ccagatcgge gectacttcg gggecteect ctgeteegtg gacgtggaca 1500
gcaacggeag caccgacctg gtectcateg gggecccccea ttactacgag cagaccegag 1560
ggggccaggt gtecgtgtge cecttgecca gggggaggge teggtggcag tgtgatgetg 1620
ttctctacgg ggageaggge caaccetggg gecgetttgg ggeageccta acagtgetgg 1680
gggacgtaaa tggggacaag ctgacggacg tggecattgg ggecccagga gaggaggaca 1740
accggggtgc tgtttacctg tttcacggaa cctcaggate tggeatcage cecteccata 1800
gccageggat agcaggcetee aagetetete ccaggeteca gtattttggt cagtcactga 1860
gtggggocca ggacctcaca atggatggac tggtagacct gactgtagga geccagggge 1920
acgtgcetgcet getcaggtee cagecagtac tgagagtcaa ggcaateatg gagttcaatc 1980
ccagggaagt ggcaaggaat gtatttgagt gtaatgatca ggtggtgaaa ggecaaggaag 2040
ccggagaggt cagagtctge ctecatgtee agaagageac acgggategg ctaagagaag 2100
gacagatcca gagtgttgtg acttatgacc tggctctgga cteccggecge ccacattcece 2160
gcgecegtett caatgagaca aagaacagcea cacgcagaca gacacaggte ttggggctga 2220
cccagacttg tgagaccctg aaactacagt tgccgaattg catcgaggac ccagtgagee 2280
ccattgtget gegectgaac ttetetetgg tgggaacgece attgtetget ttcgggaace 2340
tccggecagt getggeggag gatgetcaga gactcttcac agecttgttt cectttgaga 2400
agaattgtgg caatgacaac atctgccagg atgacctcag catcaccttc agtttcatga 2460
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geetggactg cetegtggtg ggtggeccee gggagttcaa cgtgacagtg actgtgagaa 2520
atgatggtga ggactcctac aggacacagg tecaccttett cttcecgett gacetgtect 2580
accggaaggt gtecacgete cagaaccage getcacageg atcetggege ctggeetgtg 2640
agtctgecte cteccaccgaa gtgtetgggg cettgaagag caccagetge ageataaace 2700
accccatctt cccggaaaac tcagaggtea cctttaatat cacgtttgat gtagactcta 2760
aggcttcect tggaaacaaa ctgetectca aggecaatgt gaccagtgag aacaacatge 2820
ccagaaccaa caaaaccgaa ttccaactgg agetgecggt gaaatatget gtetacatgg 2880
tggtcaccag ccatggggte tccactaaat atctcaactt cacggectca gagaatacca 2940
gtcgggtcat gcageatcaa tatcaggtca geaacctggg gecagaggage ctecccatca 3000
gectggtgtt cttggtgcce gtecggetga accagactgt catatgggac cgeccccagg 3060
tcaccttctc cgagaaccte tcgagtacgt geccacaccaa ggagegettg cectetcact 3120
ccgactttct ggetgagett cggaaggecce cegtggtgaa ctgetecate getgtetgee 3180
agagaatcca gtgtgacatce cegttetttg geatccagga agaattcaat getaccctca 3240
aaggcaacct ctegtttgac tggtacatca agacctecgea taaccaccte ctgatcgtga 3300
gcacagetga gatcttgttt aacgattccg tgttcaccct getgeeggga cagggggegt 3360
ttgtgaggtc ccagacggag accaaagtgg agecgttega ggtecccaac cecetgeege 3420
tcatcgtggg cagetetgte gggggactge tgctectgge ceteatcace geegegetgt 3480
acaagctcgg cttcttcaag cggeaataca aggacatgat gagtgaaggg gotccececegg 3540
gggccgaace ccagtagegg ctecttceeg acagagetge cteteggtgg ccageaggac 3600
tetgeccaga ccacacgtag cceccaggcet getggacacg teggacageg aagtatcecee 3660
gacaggacgg gettgggcett ccatttgtgt gtgtgcaagt gtgtatgtge gtgtgtgcaa 3720
gtgtctgtgt gecaagtgtgt geacatgtgt gegtgtgegt geatgtgeac ttgecacgeee 3780
atgtgtgagt gtgtgcaagt atgtgagtet gtccaagtgt gtgtgegtgt gtecatgtgt 3840
gtgcaagtgt gtecatgtgt gegagtgtgt geatgtgtgt getcagggge gtgtggetca 3900
cgtgtgtgac tcagatgtct ctggegtgtg ggtaggtgac ggeagegtag cetetcegge 3960
agaagggaac tgeetggget cecttgtgeg tgggtgaage cgetgetggg ttttectecg 4020
ggagagggea cggtcaatee tgtgggtogaa gacagaggga aacacagceag cttetctcca 4080
ctgaaagaag tgggacttce cgtegectge gageetgegg cetgetggag cetgegeage 4140
ttggatggag actccatgag aageegtggg tggaaccagg aacctectee acaccagege 4200
tgatgcccaa taaagatgec cactgaggaa tgatgaagct tectttetgg attcatttat 4260
tatttcaatg tgactttaat tttttggatg gataagcettg tctatggtac aaaaatcaca 4320
aggcattcaa gtgtacagtg aaaagtctce ctttccagat attcaagtca cctecttaaa 4380
ggtagtcaag attgtgtttt gaggtttect tcagacagat tccaggegat gtgcaagtgt 4440
atgcacgtgt gcacacacac cacacataca cacacacaag cttttttaca caaatggtag 4500
catactttat attggtctgt atcttgcttt ttttcaccaa tatttctcag acatcggtte 4560
atattaagac ataaattact ttttcattct tttataccgc tgcatagtat tccattgtgt 4620
gagtgtacca taatgtattt aaccagtctt cttttgatat actattttca ttctettgtt 4680
attgcatcaa tgctgagtta ataaatcaaa tatatgtcat ttttgcatat atgtaaggat 4740

aa 4742
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Figure 4 - SEQ ID. NO. 2

Met Ala Leu Arg Val Leu Leu Leu Thr Ala Leu Thr Leu Cys His Gly
1 5 10 15
Phe Asn Leu Asp Thr Glu Asn Ala Met Thr Phe Gln Glu Asn Ala Arg
20 25 30
Gly Phe Gly Gln Ser Val Val Gln Leu Gln Gly Ser Arg Val Val Val
35 40 45
Gly Ala Pro Gln Glu Ile Val Ala Ala Asn Gln Arg Gly Ser Leu Tyr
50 55 60
Gln Cys Asp Tyr Ser Thr Gly Ser Cys Glu Pro Ile Arg Leu Gln Val
65 70 75 80
Pro Val Glu Ala Val Asn Met Ser Leu Gly Leu Ser Leu Ala Ala Thr
85 90 95
Thr Ser Pro Pro Gln Leu Leu Ala Cys Gly Pro Thr Val His GIn Thr
100 105 110
Cys Ser Glu Asn Thr Tyr Val Lys Gly Leu Cys Phe Leu Phe Gly Ser
115 120 125
Asn Leu Arg Gln Gln Pro Gln Lys Phe Pro Glu Ala Leu Arg Gly Cys
130 135 140
Pro Gln Glu Asp Ser Asp Ile Ala Phe Leu lle Asp Gly Ser Gly Ser
145 150 155 160
Ile Ile Pro His Asp Phe Arg Arg Met Lys Glu Phe Val Ser Thr Val
165 170 175
Met Glu Gln Leu Lys Lys Ser Lys Thr Leu Phe Ser Leu Met Gln Tyr
180 185 190
Ser Glu Glu Phe Arg Ile His Phe Thr Phe Lys Glu Phe Gln Asn Asn
195 200 205
Pro Asn Pro Arg Ser Leu Val Lys Pro Ile Thr Gln Leu Leu Gly Arg
210 215 220
Thr His Thr Ala Thr Gly Ile Arg Lys Val Val Arg Glu Leu Phe Asn
225 230 235 240
Ile Thr Asn Gly Ala Arg Lys Asn Ala Phe Lys Ile Leu Val Val Ile
245 250 255
Thr Asp Gly Glu Lys Phe Gly Asp Pro Leu Gly Tyr Glu Asp Val lle
260 265 270
Pro Glu Ala Asp Arg Glu Gly Val Ile Arg Tyr Val lle Gly Val Gly
275 280 285
Asp Ala Phe Arg Ser Glu Lys Ser Arg Gln Glu Leu Asn Thr Ile Ala
290 295 300
Ser Lys Pro Pro Arg Asp His Val Phe Gln Val Asn Asn Phe Glu Ala
305 310 315 320
Leu Lys Thr Ile Gln Asn Gln Leu Arg Glu Lys Ile Phe Ala Ile Glu
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325 330 335
Gly Thr Gln Thr Gly Ser Ser Ser Ser Phe Glu His Glu Met Ser Gln
340 345 350

Glu Gly Phe Ser Ala AlaIle Thr Ser Asn Gly Pro Leu Leu Ser Thr
355 360 365
Val Gly Ser Tyr Asp Trp Ala Gly Gly Val Phe Leu Tyr Thr Ser Lys
370 375 380
Glu Lys Ser Thr Phe Ile Asn Met Thr Arg Val Asp Ser Asp Met Asn
385 390 395 400
Asp Ala Tyr Leu Gly Tyr Ala Ala Ala Ile Ile Leu Arg Asn Arg Val
405 410 415
Gln Ser Leu Val Leu Gly Ala Pro Arg Tyr Gln His Ile Gly Leu Val
420 425 430
Ala Met Phe Arg Gln Asn Thr Gly Met Trp Glu Ser Asn Ala Asn Val
435 440 445
Lys Gly Thr Gln Ile Gly Ala Tyr Phe Gly Ala Ser Leu Cys Ser Val
450 455 460
Asp Val Asp Ser Asn Gly Ser Thr Asp Leu Val Leu Ile Gly Ala Pro
465 470 475 480
His Tyr Tyr Glu Gln Thr Arg Gly Gly Gln Val Ser Val Cys Pro Leu
485 490 495
Pro Arg Gly Arg Ala Arg Trp Gln Cys Asp Ala Val Leu Tyr Gly Glu
500 505 510
Gln Gly Gln Pro Trp Gly Arg Phe Gly Ala Ala Leu Thr Val Leu Gly
515 520 525
Asp Val Asn Gly Asp Lys Leu Thr Asp Val Ala Ile Gly Ala Pro Gly
530 535 540
Glu Glu Asp Asn Arg Gly Ala Val Tyr Leu Phe His Gly Thr Ser Gly
545 550 555 560
Ser Gly Ile Ser Pro Ser His Ser Gln Arg Ile Ala Gly Ser Lys Leu
565 570 575
Ser Pro Arg Leu Gln Tyr Phe Gly Gln Ser Leu Ser Gly Gly Gln Asp
580 585 590
Leu Thr Met Asp Gly Leu Val Asp Leu Thr Val Gly Ala Gln Gly His
595 600 605
Val Leu Leu Leu Arg Ser Gln Pro Val Leu Arg Val Lys Ala Ile Met
610 615 620
Glu Phe Asn Pro Arg Glu Val Ala Arg Asn Val Phe Glu Cys Asn Asp
625 630 635 640
Gln Val Val Lys Gly Lys Glu Ala Gly Glu Val Arg Val Cys Leu His
645 650 655
Val Gln Lys Ser Thr Arg Asp Arg Leu Arg Glu Gly Gln Ile Gln Ser
660 665 670
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Val Val Thr Tyr Asp Leu Ala Leu Asp Ser Gly Arg Pro His Ser Arg
675 680 685
Ala Val Phe Asn Glu Thr Lys Asn Ser Thr Arg Arg Gln Thr GIn Val
690 695 700
Leu Gly Leu Thr Gln Thr Cys Glu Thr Leu Lys Leu GIn Leu Pro Asn
705 710 715 720
Cys Ile Glu Asp Pro Val Ser Pro Ile Val Leu Arg Leu Asn Phe Ser
725 730 735
Leu Val Gly Thr Pro Leu Ser Ala Phe Gly Asn Leu Arg Pro Val Leu
740 745 750
Ala Glu Asp Ala Gln Arg Leu Phe Thr Ala Leu Phe Pro Phe Glu Lys
755 760 765
Asn Cys Gly Asn Asp Asn Ile Cys Gln Asp Asp Leu Ser Ile Thr Phe
770 775 780
Ser Phe Met Ser Leu Asp Cys Leu Val Val Gly Gly Pro Arg Glu Phe
785 790 795 800
Asn Val Thr Val Thr Val Arg Asn Asp Gly Glu Asp Ser Tyr Arg Thr
805 810 815
Gln Val Thr Phe Phe Phe Pro Leu Asp Leu Ser Tyr Arg Lys Val Ser
820 825 830
Thr Leu Gln Asn Gln Arg Ser Gln Arg Ser Trp Arg Leu Ala Cys Glu
835 840 845
Ser Ala Ser Ser Thr Glu Val Ser Gly Ala Leu Lys Ser Thr Ser Cys
850 855 860
Ser Ile Asn His Pro Ile Phe Pro Glu Asn Ser Glu Val Thr Phe Asn
865 870 875 880
Ile Thr Phe Asp Val Asp Ser Lys Ala Ser Leu Gly Asn Lys Leu Leu
885 890 895
Leu Lys Ala Asn Val Thr Ser Glu Asn Asn Met Pro Arg Thr Asn Lys
900 905 910
Thr Glu Phe Gln Leu Glu Leu Pro Val Lys Tyr Ala Val Tyr Met Val
915 920 925
Val Thr Ser His Gly Val Ser Thr Lys Tyr Leu Asn Phe Thr Ala Ser
930 935 940
Glu Asn Thr Ser Arg Val Met Gln His Gln Tyr Gln Val Ser Asn Leu
945 950 955 960
Gly GlIn Arg Ser Leu Pro Ile Ser Leu Val Phe Leu Val Pro Val Arg
965 970 975
Leu Asn Gln Thr Val Ile Trp Asp Arg Pro Gln Val Thr Phe Ser Glu
980 985 990
Asn Leu Ser Ser Thr Cys His Thr Lys Glu Arg Leu Pro Ser His Ser
995 1000 1005
Asp Phe Leu Ala Glu Leu Arg Lys Ala Pro Val Val Asn Cys Ser
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1010 1015 1020

Ile Ala Val Cys Gln Arg Ile Gln Cys Asp Ile Pro Phe Phe Gly
1025 1030 1035

Ile Gln Glu Glu Phe Asn Ala Thr Leu Lys Gly Asn Leu Ser Phe
1040 1045 1050

Asp Trp Tyr Ile Lys Thr Ser His Asn His Leu Leu Ile Val Ser
1055 1060 1065

Thr Ala Glu Ile Leu Phe Asn Asp Ser Val Phe Thr Leu Leu Pro
1070 1075 1080

Gly GIn Gly Ala Phe Val Arg Ser Gln Thr Glu Thr Lys Val Glu
1085 1090 1095

Pro Phe Glu Val Pro Asn Pro Leu Pro Leu Ile Val Gly Ser Ser
1100 1105 1110

Val Gly Gly Leu Leu Leu Leu Ala Leu Ile Thr Ala Ala Leu Tyr
1115 1120 1125

Lys Leu Gly Phe Phe Lys Arg Gln Tyr Lys Asp Met Met Ser Glu
1130 1135 1140

Gly Gly Pro Pro Gly Ala Glu Pro Gln
1145 1150
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Figure 5 : SEQ ID. NO. 3

cactcctecee catectetee ctetgteect ctgtecctet gaceetgeac tgteccagea 60
ccatgggacc cacctcaggt cccagectge tgeteetget actaacccac cteceeetgg 120
ctctggggag tcecatgtac tetatcatca ceeccaacat cttgeggetg gagagegagg 180
agaccatggt gctggaggcc cacgacgege aaggggatgt tecagteact gttactgtce 240
acgacttccc aggcaaaaaa ctagtgetgt ccagtgagaa gactgtgetg accectgeca 300
ccaaccacat gggcaacgtc accttcacga tcccagecaa cagggagttc aagtcagaaa 360
aggggcgeaa caagttcgtg accgtgeagg ccaccttcgg gacccaagtg gtggagaagg 420
tggtgctggt cagectgeag agegggtace tettcatcca gacagacaag accatctaca 480
ccectggete cacagttcte tatcggatet tcaccgtcaa ccacaagetg ctaccegtgg 540
geeggacggt catggtcaac attgagaacc cggaaggeat cceggtcaag caggacteet 600
tgtcttctca gaaccagett ggegtettge cettgtettg ggacattecg gaactegtca 660
acatgggcca gtggaagatc cgagectact atgaaaactc accacageag gtettctcca 720
ctgagtttga ggtgaaggag tacgtgetge ccagtttcga ggtcatagtg gagectacag 780
agaaattcta ctacatctat aacgagaagg gectggaggt caccatcace gecaggttee 840
tctacgggaa gaaagtggag ggaactgect ttgtcatett cgggatecag gatggegaac 900
agaggatttc cctgectgaa teccctcaage geatteegat tgaggatggce tegggegage 960
ttgtgctgag ccggaaggta ctgetggacg gggtgcagaa ceceecgagea gaagacctgg 1020
tggggaagtc tttgtacgtg tetgecaccg teatcttgea ctcaggeagt gacatggtge 1080
aggcagagcg cagegggate cccatcgtga ceteteccta ccagatecac ttcaccaaga 1140
cacccaagta cttcaaacca ggaatgccct ttgacctcat ggtgttcgtg acgaaccctg 1200
atggctctce agectaccga gtececgtgg cagtccaggg cgaggacact gtgecagtcte 1260
taacccaggg agatggcgtg gecaaactca geatcaacac acaccccage cagaagecct 1320
tgagcatcac ggtgcgeacg aagaageagg agetctcgga ggecagageag getaccagga 1380
ccatgcagge tetgeectac ageacegtgg geaactccaa caattacctg catctetcag 1440
tgctacgtac agagcetcaga cceggggaga cectcaacgt caacttecte ctgegaatgg 1500
accgegecca cgaggecaag atcegetact acacctacct gatcatgaac aagggeagge 1560
tgttgaagge gggacgecag gtgcgagage ceggecagga cetggtggtg ctgecectgt 1620
ccatcaccac cgacttcatc ccttecttee geetggtgge gtactacacg ctgateggtg 1680
ccagcggceca gagggaggte gtgoccgact cegtgtgggt ggacgtcaag gactectgeg 1740
tgggctecget ggtggtaaaa ageggecagt cagaagacceg geagectgta cetgggeage 1800
agatgaccct gaagatagag ggtgaccacg gggcccgggt ggtactggte gecgtggaca 1860
agggcgtgtt cgtgetgaat aagaagaaca aactgacgcea gagtaagate tgggacgtgg 1920
tggagaaggc agacatcgge tgeacceegg geagtgggaa ggattacgee ggtgtettet 1980
ccgacgceagg getgaccttc acgageagcea gtggecagea gaccgeccag agggeagaac 2040
ttcagtgcce geagecagece geeegecgac geegtteegt geagetcacg gagaagegaa 2100
tggacaaagt cggcaagtac cccaaggagce tgegeaagtg ctgegaggac ggeatgeggg 2160
agaaccccat gaggttctcg tgecagegece ggacccgttt catcteeetg ggegaggegt 2220
gcaagaaggt cttcetggac tgetgeaact acatcacaga getgeggegg cageacgege 2280
gggecageca cetgggeetg gecaggagta acctggatga ggacatcatt gcagaagaga 2340
acatcgtttc ccgaagtgag ttcccagaga getggetgtg gaacgttgag gacttgaaag 2400
agccaccgaa aaatggaatc tctacgaage tcatgaatat atttttgaaa gactccatca 2460
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ccacgtggga gattctgget gtgageatgt cggacaagaa agggatetgt gtggcagace 2520
ccttcgaggt cacagtaatg caggacttct tcatcgacct geggetacce tactctgttg 2580
ttcgaaacga geaggtggaa atccgagecg ttctctacaa ttaccggeag aaccaagage 2640
tcaaggtgag getggaacta ctccacaate cagecttetg cagectggee accaccaaga 2700
ggegtcacca gecagaccgta accatcccce ccaagtecte gttgtecgtt ccatatgtca 2760
tegtgecget aaagaccgge ctgcaggaag tggaagtcaa ggetgetgte taccatcatt 2820
tcatcagtga cggtgtcagg aagtccctga aggtegtgee ggaaggaate agaatgaaca 2880
aaactgtggc tgttcgeacc ctggatccag aacgectggg cegtgaagga gtgecagaaag 2940
aggacatccc acctgecagac ctcagtgacc aagtcccgga caccgagtct gagaccagaa 3000
ttctcctgea agggaccceca gtggeccaga tgacagagga tgeecgtegac geggaacgge 3060
tgaagcacct cattgtgacc cceteggget geggggaaca gaacatgate ggeatgacge 3120
ccacggtcat cgetgtgceat tacctggatg aaacggagea gtgggagaag ttcggectag 3180
agaagcggca gggggecttg gagetcatca agaaggggta cacccageag ctggecttca 3240
gacaacccag ctetgecttt geggectteg tgaaacggge acccageacc tggetgaceg 3300
cctacgtggt caaggtctte tetetggetg tcaaccteat cgecategac teccaagtee 3360
tetgeggggc tgttaaatgg ctgatcctgg agaageagaa geeegacggg gtettccagg 3420
aggatgcgcec cgtgatacac caagaaatga ttggtggatt acggaacaac aacgagaaag 3480
acatggccct cacggecttt gttcteatet cgetgecagga ggetaaagat atttgegagg 3540
agcaggtcaa cagcctgeca ggeagcatca ctaaagcagg agacttectt gaagecaact 3600
acatgaacct acagagatcc tacactgtgg ccattgetgg ctatgetetg geccagatgg 3660
gcaggctgaa ggggcctctt cttaacaaat ttctgaccac ageccaaagat aagaaccget 3720
gggaggaccce tggtaageag ctetacaacg tggaggecac atcctatgec ctettggece 3780
tactgcagct aaaagacttt gactttgtge ctccegtegt gegttggete aatgaacaga 3840
gatactacgg tggtggctat ggetetacce aggecacctt catggtgtte caagecttgg 3900
ctcaatacca aaaggacgcc cctgaccace aggaactgaa ccttgatgtg tccctccaac 3960
tgceccagecg cagetecaag atcacccacce gtatccactg ggaatetgee agectectge 4020
gatcagaaga gaccaaggaa aatgagggtt tcacagtcac agetgaagga aaaggecaag 4080
geaccttgtc ggtggtgaca atgtaccatg ctaaggccaa agatcaactc acctgtaata 4140
aattcgacct caaggtcacc ataaaaccag caccggaaac agaaaagagg cctcaggatg 4200
ccaagaacac tatgatcctt gagatctgta ccaggtaccg gggagaccag gatgecacta 4260
tgtctatatt ggacatatce atgatgactg getttgetee agacacagat gacctgaage 4320
agctggccaa tggtgttgac agatacatct ccaagtatga getggacaaa gecttetceg 4380
ataggaacac cctcatcate tacctggaca aggtctcaca ctetgaggat gactgtctag 4440
ctttcaaagt tcaccaatac tttaatgtag agcttatcca gectggagea gtcaaggtct 4500
acgcctatta caacctggag gaaagetgta cccggtteta ccatccggaa aaggaggatg 4560
gaaagctgaa caagctctge cgtgatgaac tgtgecgcetg tgctgaggag aattgettca 4620
tacaaaagtc ggatgacaag gtcaccctgg aagaacggcet ggacaaggcec tgtgagecag 4680
gagtggacta tgtgtacaag acccgactgg tcaaggttca getgtecaat gactttgacg 4740
agtacatcat ggccattgag cagaccatca agtcaggctc ggatgaggte caggttggac 4800
agcagcgcac gttcatcage cccatcaagt gecagagaage cetgaagetg gaggagaaga 4860
aacactacct catgtggggt ctctecteeg atttetggge agagaagecce aacctcaget 4920
acatcatcgg gaaggacact tgggtggage actggeccga ggaggacgaa tgccaagacg 4980
aagagaacca gaaacaatgc caggacctcg gegecttcac cgagageatg gttgtetttg 5040
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ggtgccccaa ctgaccacac ceccattecce ccactccaga taaagettea gttatatcte 5100
a 5101
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Figure 6 : SEQ ID. NO. 4

Met Gly Pro Thr Ser Gly Pro Ser Leu Leu Leu Leu Leu Leu Thr His
1 5 10 15
Leu Pro Leu Ala Leu Gly Ser Pro Met Tyr Ser Ile Ile Thr Pro Asn
20 25 30
Ile Leu Arg Leu Glu Ser Glu Glu Thr Met Val Leu Glu Ala His Asp
35 40 45
Ala Gln Gly Asp Val Pro Val Thr Val Thr Val His Asp Phe Pro Gly
50 55 60
Lys Lys Leu Val Leu Ser Ser Glu Lys Thr Val Leu Thr Pro Ala Thr
65 70 75 80
Asn His Met Gly Asn Val Thr Phe Thr Ile Pro Ala Asn Arg Glu Phe
85 90 95
Lys Ser Glu Lys Gly Arg Asn Lys Phe Val Thr Val Gln Ala Thr Phe
100 105 110
Gly Thr Gln Val Val Glu Lys Val Val Leu Val Ser Leu Gln Ser Gly
115 120 125
Tyr Leu Phe Ile Gln Thr Asp Lys Thr Ile Tyr Thr Pro Gly Ser Thr
130 135 140
Val Leu Tyr Arg Ile Phe Thr Val Asn His Lys Leu Leu Pro Val Gly
145 150 155 160
Arg Thr Val Met Val Asn Ile Glu Asn Pro Glu Gly Ile Pro Val Lys
165 170 175
Gln Asp Ser Leu Ser Ser Gln Asn Gln Leu Gly Val Leu Pro Leu Ser
180 185 190
Trp Asp Ile Pro Glu Leu Val Asn Met Gly Gln Trp Lys Ile Arg Ala
195 200 205
Tyr Tyr Glu Asn Ser Pro Gln Gln Val Phe Ser Thr Glu Phe Glu Val
210 215 220
Lys Glu Tyr Val Leu Pro Ser Phe Glu Val Ile Val Glu Pro Thr Glu
225 230 235 240
Lys Phe Tyr Tyr Ile Tyr Asn Glu Lys Gly Leu Glu Val Thr Ile Thr
245 250 255
Ala Arg Phe Leu Tyr Gly Lys Lys Val Glu Gly Thr Ala Phe Val Ile
260 265 270
Phe Gly Ile Gln Asp Gly Glu Gln Arg Ile Ser Leu Pro Glu Ser Leu
275 280 285
Lys Arg Ile Pro Ile Glu Asp Gly Ser Gly Glu Val Val Leu Ser Arg
290 295 300
Lys Val Leu Leu Asp Gly Val Gln Asn Pro Arg Ala Glu Asp Leu Val
305 310 315 320
Gly Lys Ser Leu Tyr Val Ser Ala Thr Val Ile Leu His Ser Gly Ser
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325 330 335
Asp Met Val Gln Ala Glu Arg Ser Gly Ile Pro Ile Val Thr Ser Pro
340 345 350

Tyr Gln Ile His Phe Thr Lys Thr Pro Lys Tyr Phe Lys Pro Gly Met
355 360 365
Pro Phe Asp Leu Met Val Phe Val Thr Asn Pro Asp Gly Ser Pro Ala
370 375 380
Tyr Arg Val Pro Val Ala Val Gln Gly Glu Asp Thr Val Gln Ser Leu
385 390 395 400
Thr Gln Gly Asp Gly Val Ala Lys Leu Ser Ile Asn Thr His Pro Ser
405 410 415
Gln Lys Pro Leu Ser Ile Thr Val Arg Thr Lys Lys Gln Glu Leu Ser
420 425 430
Glu Ala Glu GIn Ala Thr Arg Thr Met Gln Ala Leu Pro Tyr Ser Thr
435 440 445
Val Gly Asn Ser Asn Asn Tyr Leu His Leu Ser Val Leu Arg Thr Glu
450 455 460
Leu Arg Pro Gly Glu Thr Leu Asn Val Asn Phe Leu Leu Arg Met Asp
465 470 475 480
Arg Ala His Glu Ala Lys Ile Arg Tyr Tyr Thr Tyr Leu Ile Met Asn
485 490 495
Lys Gly Arg Leu Leu Lys Ala Gly Arg Gln Val Arg Glu Pro Gly Gln
500 505 510
Asp Leu Val Val Leu Pro Leu Ser Ile Thr Thr Asp Phe Ile Pro Ser
515 520 525
Phe Arg Leu Val Ala Tyr Tyr Thr Leu Ile Gly Ala Ser Gly Gln Arg
530 535 540
Glu Val Val Ala Asp Ser Val Trp Val Asp Val Lys Asp Ser Cys Val
545 550 555 560
Gly Ser Leu Val Val Lys Ser Gly Gln Ser Glu Asp Arg Gln Pro Val
565 570 575
Pro Gly Gln Gln Met Thr Leu Lys Ile Glu Gly Asp His Gly Ala Arg
580 585 590
Val Val Leu Val Ala Val Asp Lys Gly Val Phe Val Leu Asn Lys Lys
595 600 605
Asn Lys Leu Thr Gln Ser Lys Ile Trp Asp Val Val Glu Lys Ala Asp
610 615 620
Ile Gly Cys Thr Pro Gly Ser Gly Lys Asp Tyr Ala Gly Val Phe Ser
625 630 635 640
Asp Ala Gly Leu Thr Phe Thr Ser Ser Ser Gly Gln Gln Thr Ala Gln
645 650 655
Arg Ala Glu Leu Gln Cys Pro Gln Pro Ala Ala Arg Arg Arg Arg Ser
660 665 670
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Val Gln Leu Thr Glu Lys Arg Met Asp Lys Val Gly Lys Tyr Pro Lys
675 680 685
Glu Leu Arg Lys Cys Cys Glu Asp Gly Met Arg Glu Asn Pro Met Arg
690 695 700
Phe Ser Cys GIn Arg Arg Thr Arg Phe Ile Ser Leu Gly Glu Ala Cys
705 710 715 720
Lys Lys Val Phe Leu Asp Cys Cys Asn Tyr Ile Thr Glu Leu Arg Arg
725 730 735
Gln His Ala Arg Ala Ser His Leu Gly Leu Ala Arg Ser Asn Leu Asp
740 745 750
Glu Asp Ile Ile Ala Glu Glu Asn Ile Val Ser Arg Ser Glu Phe Pro
755 760 765
Glu Ser Trp Leu Trp Asn Val Glu Asp Leu Lys Glu Pro Pro Lys Asn
770 775 780
Gly Ile Ser Thr Lys Leu Met Asn Ile Phe Leu Lys Asp Ser Ile Thr
785 790 795 800
Thr Trp Glu Ile Leu Ala Val Ser Met Ser Asp Lys Lys Gly Ile Cys
805 810 815
Val Ala Asp Pro Phe Glu Val Thr Val Met Gln Asp Phe Phe Ile Asp
820 825 830
Leu Arg Leu Pro Tyr Ser Val Val Arg Asn Glu Gln Val Glu Ile Arg
835 840 845
Ala Val Leu Tyr Asn Tyr Arg Gln Asn Gln Glu Leu Lys Val Arg Val
850 855 860
Glu Leu Leu His Asn Pro Ala Phe Cys Ser Leu Ala Thr Thr Lys Arg
865 870 875 880
Arg His Gln Gln Thr Val Thr Ile Pro Pro Lys Ser Ser Leu Ser Val
885 890 895
Pro Tyr Val Ile Val Pro Leu Lys Thr Gly Leu GIn Glu Val Glu Val
900 905 910
Lys Ala Ala Val Tyr His His Phe Ile Ser Asp Gly Val Arg Lys Ser
915 920 925
Leu Lys Val Val Pro Glu Gly Ile Arg Met Asn Lys Thr Val Ala Val
930 935 940
Arg Thr Leu Asp Pro Glu Arg Leu Gly Arg Glu Gly Val Gln Lys Glu
945 950 955 960
Asp Ile Pro Pro Ala Asp Leu Ser Asp Gln Val Pro Asp Thr Glu Ser
965 970 975
Glu Thr Arg Ile Leu Leu Gln Gly Thr Pro Val Ala Gln Met Thr Glu
980 985 990
Asp Ala Val Asp Ala Glu Arg Leu Lys His Leu Ile Val Thr Pro Ser
995 1000 1005
Gly Cys Gly Glu GIn Asn Met Ile Gly Met Thr Pro Thr Val Ile
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1010 1015 1020

Ala Val His Tyr Leu Asp Glu Thr Glu Gln Trp Glu Lys Phe Gly
1025 1030 1035

Leu Glu Lys Arg Gln Gly Ala Leu Glu Leu Ile Lys Lys Gly Tyr
1040 1045 1050

Thr Gln Gln Leu Ala Phe Arg Gln Pro Ser Ser Ala Phe Ala Ala
1055 1060 1065

Phe Val Lys Arg Ala Pro Ser Thr Trp Leu Thr Ala Tyr Val Val
1070 1075 1080

Lys Val Phe Ser Leu Ala Val Asn Leu Ile Ala Ile Asp Ser Gln
1085 1090 1095

Val Leu Cys Gly Ala Val Lys Trp Leu Ile Leu Glu Lys Gln Lys
1100 1105 1110

Pro Asp Gly Val Phe Gln Glu Asp Ala Pro Val Ile His Gln Glu
1115 1120 1125

Met Ile Gly Gly Leu Arg Asn Asn Asn Glu Lys Asp Met Ala Leu
1130 1135 1140

Thr Ala Phe Val Leu Ile Ser Leu Gln Glu Ala Lys Asp Ile Cys
1145 1150 1155

Glu Glu Gln Val Asn Ser Leu Pro Gly Ser Ile Thr Lys Ala Gly
1160 1165 1170

Asp Phe Leu Glu Ala Asn Tyr Met Asn Leu Gln Arg Ser Tyr Thr
1175 1180 1185

Val Ala Ile Ala Gly Tyr Ala Leu Ala Gln Met Gly Arg Leu Lys
1190 1195 1200

Gly Pro Leu Leu Asn Lys Phe Leu Thr Thr AlaLys Asp Lys Asn
1205 1210 1215

Arg Trp Glu Asp Pro Gly Lys Gln Leu Tyr Asn Val Glu Ala Thr
1220 1225 1230

Ser Tyr AlaLeuLeu AlaLeu Leu Gln Leu Lys Asp Phe Asp Phe
1235 1240 1245

Val Pro Pro Val Val Arg Trp Leu Asn Glu Gln Arg Tyr Tyr Gly
1250 1255 1260

Gly Gly Tyr Gly Ser Thr Gln Ala Thr Phe Met Val Phe Gln Ala
1265 1270 1275

Leu Ala Gln Tyr Gln Lys Asp Ala Pro Asp His Gln Glu Leu Asn
1280 1285 1290

Leu Asp Val Ser Leu Gln Leu Pro Ser Arg Ser Ser Lys Ile Thr
1295 1300 1305

His Arg Ile His Trp Glu Ser Ala Ser Leu Leu Arg Ser Glu Glu
1310 1315 1320

Thr Lys Glu Asn Glu Gly Phe Thr Val Thr Ala Glu Gly Lys Gly
1325 1330 1335
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Gln Gly Thr Leu Ser Val Val Thr Met Tyr His Ala Lys Ala Lys

1340 1345 1350

Asp GIn Leu Thr Cys Asn Lys Phe Asp Leu Lys Val Thr Ile Lys
1355 1360 1365

Pro Ala Pro Glu Thr Glu Lys Arg Pro Gln Asp Ala Lys Asn Thr
1370 1375 1380

Met Ile Leu Glulle Cys Thr Arg Tyr Arg Gly Asp Gln Asp Ala
1385 1390 1395

Thr Met Ser Ile Leu Asp Ile Ser Met Met Thr Gly Phe Ala Pro
1400 1405 1410

Asp Thr Asp Asp Leu Lys Gln Leu Ala Asn Gly Val Asp Arg Tyr
1415 1420 1425

Ile Ser Lys Tyr Glu Leu Asp Lys Ala Phe Ser Asp Arg Asn Thr
1430 1435 1440

Leu Ile Tle Tyr Leu Asp Lys Val Ser His Ser Glu Asp Asp Cys
1445 1450 1455

Leu Ala Phe Lys Val His GIln Tyr Phe Asn Val Glu Leu Ile Gln
1460 1465 1470

Pro Gly Ala Val Lys Val Tyr Ala Tyr Tyr Asn Leu Glu Glu Ser
1475 1480 1485

Cys Thr Arg Phe Tyr His Pro Glu Lys Glu Asp Gly Lys Leu Asn
1490 1495 1500

Lys Leu Cys Arg Asp Glu Leu Cys Arg Cys Ala Glu Glu Asn Cys
1505 1510 1515

Phe Ile Gln Lys Ser Asp Asp Lys Val Thr Leu Glu Glu Arg Leu
1520 1525 1530

Asp Lys Ala Cys Glu Pro Gly Val Asp Tyr Val Tyr Lys Thr Arg
1535 1540 1545

Leu Val Lys Val Gln Leu Ser Asn Asp Phe Asp Glu Tyr Ile Met
1550 1555 1560

Alalle Glu Gln Thrlle Lys Ser Gly Ser Asp Glu Val Gln Val
1565 1570 1575

Gly GIln Gln Arg Thr Phe Ile Ser Pro Ile Lys Cys Arg Glu Ala
1580 1585 1590

Leu Lys Leu Glu Glu Lys Lys His Tyr Leu Met Trp Gly Leu Ser
1595 1600 1605

Ser Asp Phe Trp Gly Glu Lys Pro Asn Leu Ser Tyr Ile Ile Gly
1610 1615 1620

Lys Asp Thr Trp Val Glu His Trp Pro Glu Glu Asp Glu Cys Gln
1625 1630 1635

Asp Glu Glu Asn Gln Lys Gln Cys Gln Asp Leu Gly Ala Phe Thr
1640 1645 1650

Glu Ser Met Val Val Phe Gly Cys Pro Asn
1655 1660
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METHODS AND COMPOSITIONS FOR CANCER PROGNOSIS

The present invention relates to methods and compositions to evaluate or assess cancer prognosis
for a subject. More particularly, the invention provides methods to determine the cancer prognosis
of subjects, or to adapt the treatment protocol of subjects having or susceptible to cancer. The
invention can be used in particular for patients treated with therapeutic antibodies that target and

deplete cancer cells.

INTRODUCTION

Cancer remains to be one of the most deadly threats to human health. In the U.S., cancer affects
nearly 1.3 million new patients each year, accounting for approximately 1 in 4 deaths. It is also
predicted that cancer may surpass cardiovascular diseases as the number one cause of death in the
coming years. Although there have been significant advances in the medical treatment of certain
cancers, the overall 5-year survival rate for all cancers has improved only by about 10% in the past

20 years.

Cancer treatment, such as chemotherapy, radiation and/or surgery, has associated risks, and it would
be useful to be able to optimally select patients most likely to benefit. Prognostic testing is useful to,
for example, identify patients with poor prognoses such that a more aggressive, higher risk
treatment approach is identified, and to identify patients with good prognoses for whom risky
therapy would not provide enough benefit to warrant the risks. Thus, despite the existence of
treatments have efficacy, many patients relapse, and moreover experience different outcomes
following a treatment, including duration of survival or disease stabilization, degree of tumor
regression for example. Such responses are often expressed as duration of progression free survival
(PFS) or duration of overall survival (OS), or whether an objective response (OR) or complete
response (CR) is obtained. There is an urgent need for new cancer prognostic factors that could
identify patients likely to have poor prognostics, including when treated with e.g. lower risk

treatments, so that these patients could be treated using more potent regimens.

For example, the treatment of B lymphoproliferative malignancies, particularly non-Hodgkin’s
lymphomas (NHL) including mostly follicular lymphoma (FL) and diffuse large B-cell lymphoma
(DLBCL), has been modified by use of rituximab (Mabthera®, Rituxan®), which is a chimeric anti-
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CD20 IgG1 monoclonal antibody made with human y1 and x constant regions linked to murine
variable domains. However, patients typically relapse following treatment with rituximab as single
agent. Patients are therefore often treated with chemotherapy in addition to rituximab as their first-
line of therapy. However, chemotherapy has adverse side-effects. In the case of B
lymphoproliferative malignancies, prognostic markers would be useful to identify patients with
poor prognostics such that these patients could be treated with a more potent treatment, e.g.
chemotherapy and rituximab. Patents with good prognostics could be treated with rituximab
regimens adapted to their genotype. As reviewed in Cartron G, Watier H, Golay J, Solal-Celigny P.
From the bench to the bedside: ways to improve rituximab efficacy. Blood. 2004;104:2635-2642,
even with the effective cancer therapies such as rituximab, there remains a need for means to

improve cancer prognosis and treatment,

SUMMARY OF THE INVENTION

The invention is based on the finding of a correlation between polymorphisms affecting the C3-
ITGAM axis and a subject’s cancer prognosis. [ITGAM, also referred to as CD11b, is the o chain of
the complement receptor 3 (CR3, o f,, Mac-1, CD11b/CD18), an integrin expressed on effector
cells such as granulocytes, macrophages or NK cells, and CDI11b is encoded by ITGAM (for
"Integrin alpha M") gene. More specifically, the invention shows that the genotype of CD11Db (the o
chain of CR3) and its ligand C3 is predictive or indicative with the subject’s cancer prognosis,
including when a subject having cancer has been treated with an anti-cancer therapy, e.g. anti-CD20

antibody.

In one aspect the invention involves detecting, in a subject or biological sample, a polymorphism or
a locus closely linked thereto, the polymorphism being in an ITGAM or C3 gene, wherein the
polymorphism is associated with cancer prognosis. The methods may further include correlating an
allele of the ITGAM or C3 polymorphism to cancer prognosis, optionally correlating said allele to
response to a therapy, e.g. a therapeutic antibody. Preferably, the ITGAM polymorphism is in the
domain of ITGAM that influences interaction with C3b. Preferably, the C3 polymorphism is in the
domain of C3 that influences the binding of C3 to a cell membrane. Preferably, the ITGAM
polymorphism is in the domain of ITGAM containing residues Asp®® to Thr*’'. Preferably the
polymorphism is in amino acid position 425 for ITGAM and in position 80 for C3.
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Accordingly, in one aspect the invention provides methods for evaluation of a subject having or
suspected of having cancer, the method comprising (a) determining the subject’s ITGAM or C3
genotype, and (b) making a cancer prognosis of the subject based on the ITGAM or C3 genotype.

Determining the subject’s ITGAM or C3 genotype can be carried out for example by obtaining a
biological sample from the subject and detecting the presence of a nucleotide or amino acid at a
particular polymorphic site in a ITGAM or C3 gene or protein, respectively. Determining the
subject’s ITGAM or C3 genotype can also be carried out by accessing a database containing the
subject’s genotype information. The method may also comprise comparing a subject’s ITGAM or
C3 genotype with control or reference genotype(s), and making a cancer prognosis of the subject
based on the comparison in, wherein the subject’s ITGAM or C3 genotype relative to the control or

reference is prognostic for cancer progression in the subject.

In some embodiments, a cancer prognosis, a prognostic for cancer or cancer progression comprises
providing the forecast or prediction of (prognostic for) any one or more of the following: duration
of survival of a subject susceptible to or diagnosed with a cancer, duration of recurrence-free
survival, duration of progression free survival of a subject susceptible to or diagnosed with a cancer,
response rate to treatment in a subject or group of subjects susceptible to or diagnosed with a
cancer, and/or duration of response, degree of response, or survival following treatment in a subject
or a group of subjects susceptible to or diagnosed with a cancer. Preferably the treatment comprises
administering a therapeutic antibody. In some embodiments, the presence of a favorable allele
indicates that the duration of survival is forecast or predicted to be increased. In some embodiments,
the presence of an unfavorable allele indicates that the duration of survival is forecast or predicted
to be decreased. In some embodiments, the presence of a favorable allele indicates that the duration
of recurrence-free survival is forecast or predicted to be increased. In some embodiment, the
presence of an unfavorable allele indicates that the duration of recurrence-free survival is forecast or
predicted to be decreased. In some embodiments, the presence of a favorable allele indicates that the
response rate is forecast or predicted to be increased. In some embodiments, the presence of an
unfavorable allele indicates that the response rate is forecast or predicted to be decreased. In some
embodiments, the presence of a favorable allele indicates that the duration of response is predicted
or forecast to be increased. In some embodiments, duration of response is predicted or forecast to be

decreased.
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In another aspect, the invention also provides methods to select or identify patients having
favourable or unfavorable cancer prognostics, and optionally further treating these patients
according to their cancer prognostics. In one aspect the invention provides methods for selection of
treatment for a subject having or suspected of having cancer, the methods comprising (a)
determining the subject’s ITGAM or C3 genotype, (b) making a cancer prognosis of the subject
based on the ITGAM or C3 genotype; and (c) subsequent to steps (a)-(b), selecting an anti-cancer
treatment for the subject, wherein the selection of treatment is based on the prognosis determined in
step (b). Optionally, the method further comprises step (d), treating the subject with the anti-cancer
treatment selected in step (c).

In some aspects of any of the embodiments herein, the cancer prognostic is response rate to
treatment in a subject or group of subjects susceptible to or diagnosed with cancer, optionally
duration of response, degree of response, or survival following treatment. Optionally, said treatment
(e.g. anti-cancer treatment) comprises administration of a therapeutic antibody, optionally wherein
the antibody comprises an Fc portion, optionally wherein the antibody is of the G1 or G3 subtypes,
optionally wherein the antibody is specific for CD20 (an anti-CD20 antibody), optionally wherein
the antibody is rituximab, or the antibody is directed against (specific for) an antigen selected from
the group consisting of CD3, CD4, CDS, CD6, CDS8, CD14, CD15, CD16, CD19, CD20, CD21,
CD22, CD23, CD25, CD32B, CD30, CD33, CD37, CD38, CD40, CD40L (CD154), CD44 and its
splice variant CD44v6, CD46, CD52, CD54, CD56, CD59, CD70, CD74, CD79, CD80, CD122,
CD126, CD133, CD138, CD137, CD152 (CTLA-4), CD200, CD317 (HM1.24), human leukocyte
antigen (HLA)-DR, FIt3, CCR4, BR3/Blys3R, EpCAM, MUC1, MCAM/MUCI8, podoplanin,
CEA (carcinoembryonic antigen), PDGFR, GD2, GD3, GM2 and GM3 gangliosides, LeY, PSMA
(prostate specific membrane antigen), PSCA (prostate stem cell antigen), A33, CAIX/MN, TRAIL-
R1 and TRAIL-R2, HMW-MMA (human high molecular weight melanoma associated antigen),
BCMA (B-cell maturation antigen), FRA (folate receptor o.)/gp38, tenascin, phosphatidylserine,
GFAP (glial fibrillary acidic protein), AMVBI1, Tn-antigen, ICAM1, IL6-R, HGFR, EGFR, IGF-
IR, a member of the human EGF-like receptor family such as HER-2/neu, HER-3, HER-4 or a
heterodimeric receptor comprised of at least one HER subunit, CRIPTO antigens (e.g. CRIPTO-1,
CRIPTO-3), a member of FGF receptor family including FGFR1 and FGFR3. Optionally, the
cancer is a B-cell lymphocytic leukemia, or optionally any other subtype of B-cell disorder, a non-

Hodgkins lymphoma (NHL), a multiple myeloma, a lung cancer, breast cancer, or a colon cancer.
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Accordingly, in another aspect, the invention provides a method of assessing the response of a
subject to a therapeutic antibody treatment, or for selecting a subject for therapeutic antibody
treatment, the method comprising determining in vitro the polymorphism in position 425 for

ITGAM or the polymorphism in position 80 for C3 of said subject.

In some embodiments, a favourable ITGAM or C3 genotype indicates that a subject is suited for
treatment with a reduced intensity treatment compared to a subject with an unfavourable cancer
prognostic. The reduced intensity treatment may comprise for example treatment with the standard
therapeutic approach that does not distinguish between ITGAM and C3 genotypes, treatment with a
sole therapeutic agent or therapeutic approach, treatment with a therapeutic antibody, treatment with
a therapeutic antibody in the absence of one or more selected adjuvants (¢.g. an adjuvant having
toxicity), or treatment with a therapeutic antibody as sole anti-cancer agent. In some embodiments,
an unfavourable ITGAM or C3 genotype indicates that a subject is suited for treatment with an
increased intensity treatment compared to a subject with a favourable cancer prognostic, e.g.
treatment with a multiple therapeutic agents or therapeutic approaches, treatment with an
chemotherapy, for example chemotherapy in addition to or instead of a therapeutic antibody,
treatment with a therapeutic antibody and an adjuvant. The methods of the invention optionally
further comprise administering to the subject the selected cancer treatment, e.g. a reduced or

increased intensity treatment.

The invention also relates to compositions and kits suitable to perform the invention. The invention
may as well be used in clinical trials or experimental settings, to assess or monitor a subject’s
response to a treatment. The invention also relates to use of any of pharmaceutical compositions
comprising the therapeutic agents described herein (e.g. therapeutic antibodies, therapeutic
antibodies having increased potency, optionally with or without an adjuvant, chemotherapy) for use
in treating subjects with favourable or unfavourable prognostics based on their ITGAM or C3

genotype, optionally as determined or assessed using any of the embodiments described herein.

In preferred embodiments, determining in vitro the ITGAM genotype and/or the presence of a
polymorphism in an ITGAM polypeptide comprises determining in vitro the presence of a
polymorphism at amino acid position 425 of ITGAM. More specifically, determining in vitro the
ITGAM genotype of a subject at amino acid position 425 of ITGAM comprises determining the
amino acid residue at position 425 of ITGAM (or corresponding codon in the ITGAM gene), a
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methionine (M) at position 425 being indicative of a favorable cancer prognostic and a threonine
(T) at position 425 being indicative of an unfavorable cancer prognostic. Preferably, heterozygosity
or homozygosity for a threonine (T) at position 425 is indicative of an unfavorable cancer

prognostic, and homozygosity for a methionine is indicative of a favorable cancer prognostic

In preferred embodiments, determining in vitro the C3 genotype and/or the presence of a
polymorphism in a C3 polypeptide comprises determining in vitro the presence of a polymorphism
at amino acid position 80 of C3. More specifically, determining in vitro the C3 genotype of a
subject at amino acid position 80 of C3 comprises determining the amino acid residue at position 80
of C3 (or corresponding codon in the C3 gene), an arginine (R) at position 80 being indicative of a
favourable cancer prognostic and a glycine (G) at position 80 being indicative of an unfavourable
cancer prognostic. Preferably, homozygosity for a glycine at position 80 is indicative of an
unfavourable cancer prognostic, and heterozygosity or homozygosity for an arginine is indicative of

a favourable cancer prognostic.

Another object of this invention is a method of treating a subject having or suspected of having
cancer, comprising: determining a subject's ITGAM or C3 genotype, and administering to the
subject a treatment regimen based upon the subject's genotype, wherein i) if the subject is
homozygous for the M allele at the amino acid at position 425 of the mature ITGAM protein, or has
an R allele at the amino acid at position 80 of the mature C3 protein, then selecting or administering
a first treatment regimen, and ii) if the subject has a T allele at the amino acid at position 425 of the
mature [TGAM protein, or homozygous for G allele at the amino acid at position 80 of the mature
C3 protein, then selecting or administering a second treatment regimen which is different from the
first treatment regimen, to thereby treat the cancer. Optionally the first treatment regimen is a
standard treatment regimen or a reduced intensity treatment regimen. Optionally the second
treatment regimen is a standard treatment regimen or an increased intensity treatment regimen. In
certain examples, when the first treatment regimen is a reduced intensity treatment regimen, the
second treatment regimen is a standard or increased intensity treatment regimen; when the second
treatment regimen is an increased intensity treatment regimen, the first treatment regimen may be a

standard or reduced intensity treatment regimen.

In another aspect, the method of treating a subject includes selecting a subject based upon the

subject being homozygous for the M allele at the amino acid at position 425 of the mature ITGAM



10

15

20

25

30

protein, or has an R allele at the amino acid at position 80 of the mature C3 protein, or a nucleotide,
allele or combination of alleles at loci in linkage disequilibrium with the amino acid at position 425
of the mature ITGAM protein or the amino acid at position 80 of the mature C3 protein, and
administering to the subject an anti-cancer treatment. Optionally the treatment is a standard or

decreased intensity treatment.

Also encompassed is the use of any of the preceding treatment regimens, for the treatment of a
subject homozygous for the M allele at the amino acid at position 425 of the mature /7GAM protein,
or having an R allele at the amino acid at position 80 of the mature C3 protein, or a nucleotide,
allele or combination of alleles at loci in linkage disequilibrium with the amino acid at position 425

of the mature ITGAM protein or the amino acid at position 80 of the mature C3 protein.

In another aspect, the method of treating a subject includes selecting a subject based upon the
subject having a T allele at the amino acid at position 425 of the mature ITGAM protein, or being
homozygous for G allele at the amino acid at position 80 of the mature C3 protein, or a nucleotide,
allele or combination of alleles at loci in linkage disequilibrium with the amino acid at position 425
of the mature ITGAM protein or the amino acid at position 80 of the mature C3 protein, and
administering to the subject an anti-cancer treatment. Optionally the treatment is a standard or

increased intensity treatment.

Also encompassed is the use of any of the preceding treatment regimens, for the treatment of a
subject having a T allele at the amino acid at position 425 of the mature ITGAM protein, or being
homozygous for G allele at the amino acid at position 80 of the mature C3 protein, or a nucleotide,
allele or combination of alleles at loci in linkage disequilibrium with the amino acid at position 425

of the mature ITGAM protein or the amino acid at position 80 of the mature C3 protein.

In another embodiment, the invention provides a method for optimizing clinical trial design for a
treatment regimen, wherein the method comprises determining in vitro the ITGAM or C3 genotype
and/or the presence of a polymorphism in an ITGAM or C3 polypeptide of said subject; and
allowing classification of the subjects in at least two subsets, wherein a first subset may be treated
with a first anti-cancer treatment and a second subject is treated with a second anti-cancer treatment,
wherein the first and second anti-cancer treatment differ, e.g. in the nature of the treatment, the

composition administered, or the dose and/or administration schedule used for a composition.
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The polymorphisms can be detected by any available method, including amplification,
hybridization to a probe or array, or the like. In one specific embodiment, detection includes
amplifying the polymorphism, linked locus or a sequence associated therewith (e.g., flanking
sequences, transcribed sequences or the like) and detecting the resulting amplicon. For example, in
one embodiment, amplifying includes a) admixing an amplification primer or amplification primer
pair with a nucleic acid template isolated from the organism or biological sample. The primer or
primer pair can be complementary or partially complementary to a region proximal to or including
the polymorphism or linked locus, and are capable of initiating nucleic acid polymerization by a
polymerase on the nucleic acid template. The primer or primer pair is extended in a DNA
polymerization reaction comprising a polymerase and the template nucleic acid to generate the
amplicon. In certain aspects, the amplicon is optionally detected by a process that includes
hybridizing the amplicon to an array, digesting the amplicon with a restriction enzyme, or real-time
PCR analysis. Optionally, the amplicon can be fully or partially sequenced, e.g., by hybridization.
Typically, amplification can include performing a polymerase chain reaction (PCR), reverse
transcriptase PCR (RT-PCR), or ligase chain reaction (LCR) using nucleic acid isolated from the
organism or biological sample as a template in the PCR, RT-PCR, or LCR. Other technologies can
be substituted for amplification, e.g., use of branched DNA probes.

DETAILED DESCRIPTION OF THE FIGURES

Figure 1 shows median time of PFS (median follow-up: 84 months) was 30 months (CI 95%: 16-51
months) for homozygous ITGAM-425M and 16 months (CI 95%: 6-23 months) for heterozygous
patients (P=0.038) whereas PFS was not influenced by C3-80RG, ITGAM-1130PS and C1QA-70¢4
polymorphisms (data not shown). The Cox regression analysis confirmed the previously described
influence of BCL2-JH rearrangement disappearance in bone marrow at day 50 (Colombat P, et al.
Blood. 2001;97:101-106) (P=0.01; HR 0.1, CI95%: 0.02-0.65] and showed that ITGAM-425MT
polymorphism predicted significantly the PFS (P=0.001; HR: 9.1, CI 95%: 2.4 - 33.9).

Figure 2 shows median time of OS was 72 months (CI 95%: 52-72) for heterozygous ITGAM-
425MT patients and was not reached for homozygous ITGAM-425M patients (P=0.07).

Figure 3 shows the cDNA sequence of a wild type ITGAM gene (SEQ ID. NO. 1).
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Figure 4 shows the amino acid sequence of human ITGAM (SEQ ID NO. 2).

Figure 5 shows the consensus sequence of a wild type C3 gene (SEQ ID. NO. 3).

Figure 6 shows the amino acid sequence of human C3 (SEQ ID. NO. 4).

DETAILED DESCRIPTION OF THE INVENTION

The inventor’s group has previously demonstrated that follicular lymphoma (FL) patients
homozygous for the FCGR3A4-158V allele (encoding the FcyRIIla allotype of highest affinity for
IgG1) have a better response to rituximab (Cartron G, et al. Blood. 2002;98:754-758. Because of
FeyRlIlIa is expressed by monocytes and NK cells, these results strongly suggested an involvement
of antibody-dependant cell-mediated cytotoxicity (ADCC) in rituximab activity in human.
Complement-dependant cytotoxicity (CDC) is also induced by rituximab on B lymphoma cell lines
(Flieger D, et al. Cell Immunol. 2000;204:55-63; Harjunpaa A, et al. Scand J Immunol.
2000;51:634-641; Reff ME, et al. Blood 1994;83:435-445) and fresh B lymphoma cells. (Golay et
al. Blood 2001;98:3383-3389; Golay J, et al.. Blood. 2000;95:3900-3908; Bellosillo B et al. Blood
2001;98:2771-2777; Weng WK and Levy R. Blood 2001;98:1352-1357). The demonstration that
rituximab is unable to cure Clqg-deficient mice inoculated with syngenic lymphoma cells (EL4)
transduced with human CD20 provides the first in vivo argument showing that complement
activation is required (Di Gaetano N, et al. J Immunol. 2003;171:4251-4257) It has been thought
that interaction between C3b and CR3 enhance FcyR-mediated effector-cell binding and
cytotoxicity.( Zhou MJ, et al. J Cell Biol. 1994;125:1407-1416; Perlmann H, J Exp Med.
1981;153:1592-1603; Ehlenberger AG and Nussenzweig V. J Exp Med. 1977;145:357-371).

The complement system consists of classical, lectin and alternative pathways which converge and
ultimately generate a large amount of C3b, the main effector molecule of the complement system.
C3b molecules are generated by the cleavage of C3 protein generating C3a anaphylatoxin and the
major fragment C3b. C3b binds to the C3 convertase to form C5 convertase, leading to the
generation of the membrane attack complex which kills target cells by disrupting of the cell
membrane. C3b also acts as opsonin and interact with different complement receptors (CRs)

expressed by immune cells, including CR3. ITGAM (for "Integrin alpha M"), also referred to as
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CD11b, is the o chain of the integrin CR3 (oB2, Mac-1, CD11b/CD18) expressed on effector cells

such as granulocytes, macrophages or NK cells.

Two allotypic forms of C3 have been described on the basis of electrophoretic motility. (Alper CA
et al. J Clin Invest. 1968;47:2181-2191) At molecular level, there is a single-nucleotide
polymorphism (SNP ; C to G) at nucleotide 364 leading to either an arginine (R) or a glycine (G) at
amino-acid position 80 (Botto M, et al. ] Exp Med. 1990;172:1011-1017). Functional consequences
of such polymorphism on its ability to bind CRs remains controversial (Arvilommi H. Nature.
1974;251:740-741; Bartok I, and Walport MJ. J Immunol. 1995;154:5367-5375) but an association
between C3-80-RG polymorphism (called also C3-S/F to refer to the slow or fast electrophoretic
motility) and IgA nephropathy, (Rambausek MC, et al. Nephrol Dial Translant. 1987;2:208-211)
systemic vasculitis, (Finn JE, et al. Nephrol Dial Translant. 1994;9:1564-1567) mesangiocapillary
glomerulonephritis (Finn JE, et al. Clin Exp Immunol. 1993;91:410-414; McLean RH and
Winkelstein JA. J Pediatr. 1984;105:179-188) and more recently late-renal transplantation outcome
(Brown KM, et al. N Engl J Med. 2006;354:2014-2023) suggest that the two alleles might have
functional differences. Interaction between ITGAM and C3b involves two separate domains located

in the apjI-domain and the apB-propeller domain repeats of the ITGAM (Yalamanchili P, et al. J
Biol Chem. 2000;275:21877-21882; Diamond MS, et al. J Cell Biol. 1993;120:1031-1043). Recent

study has however pointed out the critical role of residues Asp®*® to Thr*' located within the oif-
propeller in this interaction (Li Y and Zhang L. J Biol Chem. 2003; 278:34395-34402). This domain
contains a gene dimorphism, which encodes ITGAM with either a threonine (T) or a methionine
(M) at amino acid position 425 (Frenzel H, et al. Immunogenetics. 2002;53:835-842). The
functional consequences of this SNP remains unknown but could modify the C3/ITGAM
interaction. We have formulated the hypothesis that C3-80-RG and/or ITGAM-425-MT
dimorphisms may influence cancer progression, including in subjects undergoing therapy, in this
case with rituximab. Genotyping of C3-80-RG and ITGAM-425-MT were therefore performed on
patients with previously untreated FL. who had received rituximab alone. C1qA-704c (Racila DM, et
al. Lupus. 2003;12:124-132) and ITGAM-1130-PS (Frenzel H, et al. 2002) were also determined as
controls since C1qA-7046 polymorphism has been reported to be associated with progression free
survival after rituximab treatment (Racila DM, et al. Blood. 2005;106) and [TGAM-1130-PS
polymorphism is localized outside of the interaction site between ITGAM and C3.
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In the present disclosure, the inventors have genotyped C3 and ITGAM in a population of untreated
FL patients receiving rituximab alone. This well-defined population has been extensively described
and long-term outcome has been recently reported (Colombat P, et al. Blood 2001;97:101-106;
Colombat P, et al. Blood 2006;108:486a). In the present disclosure, the inventors demonstrate that
homozygous C3-80G patients have a lower probability to respond to rituximab compared to C3-
80R carriers and that homozygous ITGAM-425M patients have a significant better progression free
survival (PFS) compared to heterozygous ITGAM-MT patients. There is also a trend for a better
overall survival (OS) for homozygous ITGAM-425M patients. In multivariate analysis, C3-80RG
and ITGAM-245MT polymorphisms were the only factors influencing significantly response to
rituximab and PFS, respectively, compared to Clq-70AG and ITGAM-1130PS control

polymorphisms.

The present finding can be reconciled with observations that C3-/- and ITGAM-/- mice had partially
abrogated antibody effects in a model of ADCC, whereby the CR3-ADCC mechanism consequently
would have a direct effect on a subject’s response to therapeutic antibody treatment (Imai M, et al.
Cancer Res. 2005;65:10562-10568; Van Spriel AB, et al. Blood. 2003;101:253-258). The
polymorphisms affecting the C3-ITGAM axis are therefore believed to affect a cooperative
interaction with Fcy receptors, in turn affecting for example activation of immune effector cells, and

ADCC.

Typically, therapeutic antibodies will be directed to deplete (lead to the elimination of) target cells
bearing a target antigen recognized by the therapeutic antibody (e.g. tumor cells), and preferably
these antibodies will have the ability to induce ADCC of target cells. Typically, these antibodies
will have constant regions of the G1 or G3 subtype, which bind Fc receptors and direct effector
cells to lyse target, e.g. tumor, cells, although other subtypes (e.g. [gG2, [gG4) may retain effector
function or Fc receptor binding ability, or may be modified (e.g. amino acid insertions, deletions or
substitution, modifications to glycosylation such as hypofusocylation) to increase effector function
Fc receptor binding ability. It will be appreciated that in any of the embodiments herein, an
antigen-binding protein can be used in the same way as a therapeutic antibody in the context of the
invention, particularly where such antigen-binding protein is directed to deplete target cells bearing
a target antigen recognized by the therapeutic, and preferably the antigen-binding protein has the
ability to induce ADCC of target cells, and/or where the antigen-binding protein comprise an Fc

portion.
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Accordingly, the present disclosure demonstrates an association between the [TGAM and C3
genotypes and cancer progression, including clinical and molecular responses to therapy. The
invention thus provides markers that can be used to monitor, evaluate or select a subject’s cancer
progression. This invention thus introduces new pharmacogenetical approaches in the management

of subjects with malignancies, particularly B-cell hyperproliferative disorders.

Definitions

A "genotype" is the genetic constitution of an individual (or group of individuals) at one or more
genetic loci. Genotype is defined by the allele(s) of one or more known loci of the individual,

typically, the compilation of alleles inherited from its parents.

A "polymorphism" is a locus that is variable; that is, within a population, the nucleotide sequence at
a polymorphism has more than one version or allele. The term "allele" refers to one of two or more
different nucleotide sequences that occur or are encoded at a specific locus, or two or more different
polypeptide sequences encoded by such a locus. For example, a first allele can occur on one
chromosome, while a second allele occurs on a second homologous chromosome, €.g., as occurs for
different chromosomes of a heterozygous individual, or between different homozygous or

heterozygous individuals in a population.

An allele "positively" correlates with a trait when it is linked to it and when presence of the allele is
an indictor that the trait or trait form will occur in an individual comprising the allele. An allele
negatively correlates with a trait when it is linked to it and when presence of the allele is an

indicator that a trait or trait form will not occur in an individual comprising the allele.

A marker polymorphism or allele is "correlated” or "associated”" with a specified phenotype (e.g.,
increased response to a therapeutic antibody, etc.) when it can be statistically linked (positively or
negatively) to the phenotype. That is, the specified polymorphism occurs more commonly in a case
population (e.g., subjects having a greater antitumor response to treatment) than in a control

population (e.g., subjects having a lower antitumor response to treatment).
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A "favorable allele" is an allele at a particular locus that positively correlates with a desirable

phenotype, e.g., greater survival, greater antitumor response

An "unfavorable allele” is an allele at a particular locus that negatively correlates with a desirable
phenotype, or that correlates positively with an undesirable phenotype, e.g., lower survival, lower

antitumor response.

An individual is "homozygous" if the individual has only one type of allele at a given locus (e.g., a
diploid individual has a copy of the same allele at a locus for each of two homologous
chromosomes). An individual is "heterozygous" if more than one allele type is present at a given

locus (e.g., a diploid individual with one copy each of two different alleles).

"Treatment regimen" as used herein, refers to treatment with a molecule alone, or in combination
with another molecule. A treatment regimen also refers to dose amount, the frequency of dosing and

the number of times a molecule, or combination of molecules, is administered

The term “biological sample” as used herein includes but is not limited to a biological fluid (for
example serum, lymph, blood), cell sample or tissue sample (for example bone marrow).

The terms "polypeptide,” "peptide” and "protein" are used interchangeably herein to refer to a
polymer of amino acid residues. The terms apply to amino acid polymers in which one or more
amino acid residue is an artificial chemical mimetic of a corresponding naturally occurring amino

acid, as well as to naturally occurring amino acid polymers and non-naturally occurring amino acid

polymer.

The term "antibody," as used herein, refers to polyclonal and monoclonal antibodies. Depending on
the type of constant domain in the heavy chains, antibodies are assigned to one of five major
classes: IgA, IgD, IgE, IgG, and IgM. Several of these are further divided into subclasses or
isotypes, such as IgG1, IgG2, IgG3, 1gG4, and the like. An exemplary immunoglobulin (antibody)
structural unit comprises a tetramer. Each tetramer is composed of two identical pairs of
polypeptide chains, each pair having one "light" (about 25 kDa) and one "heavy" chain (about 50-70
kDa).Heavy and light chains each contain a C-terminal constant region, common to all antibodies of

a particular isotype, and an N-terminal variable region that confers binding specificity to the
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antibody. The term "antibody," as used herein, refers to monoclonal antibodies regardless of their
source or method of production, including, e.g., monospecific, polyspecific (e.g., bispecific),
humanized, fully human, chimeric, recombinant, hybrid, mutated, and CDR grafted antibodies. It
also includes portions of antibody molecules, such as scFv's, so long as such molecules are linked to
an Fc region of an immunoglobulin. The term "polyclonal antibody," as used herein, refers to
recombinantly produced polyclonal antibodies. Polycolonal antibodies may be used in the methods
and compositions of the invention similarly to other antibodies as described herein. Methods of
making antibodies of these various types are well known and are described in, e.g., Antibody
Engineering by Borrebaeck (editor), Oxford University Press, 2nd ed., 1995; Antibody Engineering:
Methods and Protocols (Methods in Molecular Biology) by Lo (ed.), Humana Press, 2003; and
Antibody Engineering (Springer Lab Manuals) by Kontermann et al. (eds.), Springer; 1st ed., 2001.

The terms "Fc domain," "Fc portion," and "Fc region” refer to a C-terminal fragment of an antibody
heavy chain, e.g., from about amino acid (aa) 230 to about aa 450 of human vy (gamma) heavy chain
or its counterpart sequence in other types of antibody heavy chains (e.g., o, 6, ¢ and p for human
antibodies), or a naturally occurring allotype thereof. Unless otherwise specified, the commonly
accepted Kabat amino acid numbering for immunoglobulins is used throughout this disclosure (see
Kabat et al. (1991 ) Sequences of Protein of Immunological Interest, 5th ed., United States Public
Health Service, National Institute of Health, Bethesda, MD).

The term "antibody-dependent cell-mediated cytotoxicity" or "ADCC" is a term well understood in
the art, and refers to a cell-mediated reaction in which non- specific cytotoxic cells that express Fc
receptors (FcRs) recognize bound antibody on a target cell and subsequently cause lysis of the
target cell. Non-specific cytotoxic cells that mediate ADCC include natural killer (NK) cells,

macrophages, monocytes, neutrophils, and ¢osinophils.

According to the invention, the ITGAM gene and C3 genes respectively refer to any nucleic acid
molecule encoding an ITGAM or C3 polypeptide in a subject. This term includes, in particular,
genomic DNA, cDNA, RNA (pre-mRNA, messenger RNA, etc.), etc. or any synthetic nucleic acid
comprising all or part of the sequence thereof. Synthetic nucleic acid includes cDNA, prepared from
RNAs, and containing at least a portion of a sequence of the ITGAM or C3 genomic DNA as for
example one or more introns or a portion containing one or more mutations. Most preferably, the

term ITGAM or C3 gene refers to genomic DNA, cDNA or mRNA, typically genomic DNA or
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mRNA. The ITGAM or C3 genes are preferably a human ITGAM or C3 gene or nucleic acid, i.e.,
comprises the sequence of a nucleic acid encoding all or part of an ITGAM or C3 polypeptide
having the sequence of a human ITGAM or C3 polypeptide. Such nucleic acids can be isolated or
prepared according to known techniques. For instance, they may be isolated from gene libraries or
banks, by hybridization techniques. They can also be genetically or chemically synthesized. Within
the context of this invention when referring to a gene or nucleic acid, a portion or part means at
least 3 nucleotides (e.g., a codon), preferably at least 9 nucleotides, even more preferably at least 15
nucleotides, and can contain as much as 1000 nucleotides. Such a portion can be obtained by any
technique well known in the art, e.g., enzymatic and/or chemical cleavage, chemical synthesis or a

combination thereof.

Corbi et al. (1998) J. Biol. Chem. 263:12403-11 reported the complete amino acid sequence of
ITGAM as deduced from cDNA for the human alpha subunit. The protein consists of 1,136 amino
acids with a long amino-terminal extracytoplasmic domain, a 26-amino acid hydrophobic
transmembrane segment, and a 19-carboxyl-terminal cytoplasmic domain. The sequence of a wild
type ITGAM gene (cDNA) is represented in SEQ ID NO 1 (see also Genbank accession Number
NM_000632 for cDNA sequence). The amino acid sequence of human ITGAM is represented SEQ
ID NO 2, having 1,152 amino acids and including a 16 amino acid signal peptide, as described in
UniProtKB/Swiss-Prot accession number P11215 and Genbank accession number NP _000623.
Amino acid position 425 of ITGAM is numbered from residue 1 of the mature protein. It

corresponds to residue 441 of the pre-protein having a signal peptide.

De Bruijn et al. (1985) P.N.A.S. USA 82 (3), 708-712 (1985) reported the amino acid sequence of
human C3. The consensus sequence of a wild type C3 gene is represented in SEQ ID NO 3 (see also
Genbank accession Number NM_ 000064 for cDNA sequence). The amino acid sequence of human
C3 is represented in SEQ ID NO 4, having a 1,663 amino acids including a 22 amino acid signal
peptide. The mature C3 protein corresponds to amino acids 23 to 1663 in SEQ ID NO 4. Human C3
protein is also described in UniProtKB/Swiss-Prot accession number P01024 and Genbank
accession number NP_000055. Amino acid position 80 is numbered from residue 1 of the mature

protein. It corresponds to residue 102 of the pre-protein having a signal peptide.

Determining ITGAM and C3 genotypes
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Determining ITGAM or C3 genotype of a subject will generally involve obtaining from the subject
a biological sample which comprises nucleic acids or proteins. The sample obtained from the host is
assayed in vitro to determine the genotype of the host or subject from which the sample was
obtained with respect to the ITGAM or C3 polymorphism. Optionally, the genotype of a subject
with respect to both ITGAM and C3 polymorphisms can be assayed. Optionally, as further
described below, the genotype of a subject with respect to at least one or more further non-ITGAM,

non-C3 polymorphism(s) is assayed.

Preferably, determining the ITGAM genotype will involve determining the ITGAM-425 genotype
of a subject comprises, where the amino acid residue at position 425 of ITGAM (or corresponding
codon in the ITGAM gene) is determined. The method will comprise determining whether a
methionine (M) or a threonine (T) is present at position 425, and preferably, whether a subject is
heterozygous or homozygous for a threonine or methionine at position 425. The sequence of a
portion of an ITGAM gene encoding amino acid position 425 is represented below, for sake of
clarity. Nucleotide position 1419 to 1421 in the cDNA sequence of SEQ ID NO 1 corresponds to

amino acid 425.

cDNA 1401 1411 1421 1431 1440
425M allele ttcaggcaga acactggcat gtgggagtcc aacgctaatgtc SEQ ID 5
F R Q N T G E W E S N A N V SEQ ID 6

425T allele ttcaggcaga acactggcac gtgggagtcc aacgctaatgtc SEQ ID 7
F R QO N T G E W E S N A N V SEQ ID 8

Preferably, determining the C3 genotype will involve determining the C3-80 genotype of a subject
comprises, where the amino acid residue at position 80 of C3 (or corresponding codon in the C3
gene) is determined. The method will comprise determining whether an arginine (R) or a glycine
(G) is present at position 80, and preferably, whether a subject is heterozygous or homozygous for
an arginine or a glycine at position 80.The sequence of a portion of a C3 gene encoding amino acid
position 80 is represented below, for sake of clarity. Nucleotide position 364 to 366 in the cDNA
sequence of SEQ ID NO 3 corresponds to amino acid 80.

cDNA 351 361 371 381
80R allele ttcaagtcagaaaaggggeg caacaagttcgtgaccgtgcag SEQ ID 9
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F K S E K GR N K F V T V Q SEQ ID 10
80G allele ttcaagtcagaaaagggggg caacaagttcgtgaccgtgcag SEQ ID 11
F K S E K GG N K F V T V Q SEQ ID 12

As indicated above, the invention comprises a method of determining in vitro the [TGAM-425 or
C3-80 genotype of said subject. This more particularly comprises determining the nature of amino
acid residue present (or encoded) at position 425 of the ITGAM polypeptide or position 80 of the
C3 polypeptide.

Any convenient protocol for assaying a sample for the above ITGAM or C3 polymorphisms may be
employed in the subject methods. In certain embodiments, the polymorphism will be detected at the
protein level, e.g., by assaying for a polymorphic protein). Thus, determining the ITGAM or C3
genotype of said subject encompasses determining the nature of amino acid residue present (or
encoded) at position 425 of the ITGAM polypeptide or position 80 of the C3 polypeptide. In other
embodiments, the polymorphism will be detected at the nucleic acid level (e.g., by assaying for the
presence of nucleic acid polymorphism, e.g., a nucleotide polymorphism that cause expression of

the polymorphic protein.

For example, polynucleotide samples derived from (e.g., obtained from) a subject may be
employed. Any biological sample that comprises a polynucleotide from the subject is suitable for
use in the methods herein. The biological sample may be processed so as to isolate the
polynucleotide. Alternatively, whole cells or other biological samples may be used without isolation
of the polynucleotides contained therein. Detection of a target polymorphism in a polynucleotide
sample derived from a subject can be accomplished by any means known in the art, including, but
not limited to, amplification of a sequence with specific primers; determination of the nucleotide
sequence of the polynucleotide sample; hybridization analysis; single strand conformational
polymorphism analysis; restriction fragment length polymorphism analysis; denaturing gradient gel
electrophoresis; mismatch cleavage detection; and the like. Detection of a target polymorphism can
also be accomplished by detecting an alteration in the level of a mRNA transcript of the gene;
aberrant modification of the corresponding gene, €.g., an aberrant methylation pattern; the presence
of a non-wild-type splicing pattern of the corresponding mRNA; an alteration in the level of the

corresponding polypeptide; and/or an alteration in corresponding polypeptide activity.
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In an exemplary embodiment, the step of determining the amino acid residue at position 425 of
ITGAM comprises a step of sequencing the [TGAM gene or RNA or a portion thereof comprising
the nucleotides encoding amino acid residue 425 of the ITGAM gene. Determining amino acid
residue at position 80 of C3 comprises a step of sequencing the C3 gene or RNA or a portion

thereof comprising the nucleotides encoding amino acid residue 80 of the C3 gene.

In another exemplary embodiment, the step of determining the amino acid residue at position 425 of
ITGAM comprises a step of amplifying the ITGAM gene or RNA or a portion thereof comprising
the nucleotides encoding amino acid residue 425. Determining the amino acid residue at position 80
of C3 comprises a step of amplifying the C3 gene or RNA or a portion thereof comprising the
nucleotides encoding amino acid residue 80. Amplification may be performed by polymerase chain
reaction (PCR), such as simple PCR, RT-PCR or nested PCR, for instance, using conventional

methods and primers.

In this regard, amplification primers for use in this invention more preferably contain less than
about 50 nucleotides even more preferably less than 30 nucleotides, typically less than about 25 or
20 nucleotides. Also, preferred primers usually contain at least 5, preferably at least 8 nucleotides,
to ensure specificity. The sequence of the primer can be prepared based on the sequence of the
ITGAM or C3 genes, for example to allow full complementarity therewith. The probe may be
labeled using any known techniques such as radioactivity, fluorescence, enzymatic, chemical, etc.
This labeling can use for example Phosphorus32, biotin (16-dUTP), digoxygenin (11-dUTP). It
should be understood that the present invention shall not be bound or limited by particular detection
or labeling techniques. The primers may further comprise restriction sites to introduce allele-

specific restriction sites in the amplified nucleic acids, as disclosed below.

Specific examples of such amplification primers are, for instance, SEQ ID NO: 13-16.

It will be appreciated that other primers can be designed, for example based on any fragment of the
ITGAM or C3 gene, for use in the amplification step and especially a pair of primers comprising a
forward sequence and a reverse sequence wherein said primers of said pair hybridize with a region
of an ITGAM or C3 gene and allow amplification of at least a portion of the [TGAM or C3 gene

containing codons encoding amino acid residue 425 or 80, respectively. In a preferred embodiment,
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each pair of primers comprises at least one primer that is complementary, and overlaps with codons
encoding amino acid residue 425 or 80, respectively, permitting the discrimination between 425M
and 425T alleles or 80R and 80G alleles. The amplification conditions may also be adjusted by the
skilled person, based on common general knowledge and the guidance contained in the

specification.

In a particular embodiment, the method of the present invention thus comprises a PCR
amplification of a portion of the ITGAM or C3 mRNA or gDNA with specific oligonucleotide
primers, in the cell or in the biological sample, said portion comprising the codon corresponding to
amino acid position 425 of the ITGAM protein or position 80 of the C3 protein, and a direct or
indirect analysis of PCR products, e.g., by electrophoresis, particularly Denaturing Gel Gradient
Electrophoresis (DGGE).

In another embodiment, determining amino acid residue at position 425 of ITGAM or position 80 of
C3 comprises a step of allele-specific restriction enzyme digestion. This can be done by using
restriction enzymes that cleave the coding sequence of a particular allele (e.g., the 425M allele for
ITGAM) and that do not cleave the other allele (e.g., the 425T allele, or vice versa). Where such
allele-specific restriction enzyme sites are not present naturally in the sequence, they may be
introduced therein artificially, by amplifying the nucleic acid with allele-specific amplification
primers containing such a site in their sequence. Upon amplification, determining the presence of an
allele may be carried out by analyzing the digestion products, for instance by electrophoresis. This
technique also permits the identification of subjects that are homozygous or heterozygous for the
selected allele. Examples of allele-specific amplification primers are disclosed in SEQ ID NOS 13-
16.

In a further particular embodiment, determining amino acid residue at position 425 of ITGAM or
position 80 of C3 comprises a step of hybridization of the ITGAM or C3 gene or RNA or a portion
thereof comprising the nucleotides encoding amino acid residue 425 for ITGAM or amino acid
residue 80 for C3, with a nucleic acid probe specific for the genotype methionine or threonine for

ITGAM, or arginine or glycine for C3, and determining the presence or absence of hybrids.

It should be understood that the above methods can be used either alone or in various combinations.

Furthermore, other techniques known to the skilled person may be used as well to determine the
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ITGAM-425 or C3-80 genotype, such as any method employing amplification (e.g. PCR), specific
primers, specific probes, migration, etc., typically quantitative RT-PCR, LCR (Ligase Chain
Reaction), TMA (Transcription Mediated Amplification), PCE (an enzyme amplified
immunoassay) and bDNA (branched DNA signal amplification) assays.

In a preferred embodiment of this invention, determining amino acid residue at position 425 of
ITGAM comprises:
- obtaining genomic DNA from a biological sample,
- amplifying the ITGAM gene or a portion thereof comprising the nucleotides
encoding amino acid residue 425, and

- determining amino acid residue at position 425 of said ITGAM gene.

Amplification can be accomplished with any specific technique such as PCR, including nested
PCR, using specific primers as described above. In a most preferred embodiment, determining
amino acid residue at position 425 is performed by allele-specific restriction enzyme digestion. In
that case, the method comprises:

- obtaining genomic DNA from a biological sample,

- amplifying the ITGAM gene or a portion thereof comprising the nucleotides

encoding amino acid residue 425,

- introducing an allele-specific restriction site,

- digesting the nucleic acids with the enzyme specific for said restriction site and,

- analysing the digestion products, i.e., by electrophoresis, the presence of digestion

products being indicative of the presence of the allele.

The methods can be carried out in the same way determine the amino acid residue at position 80 of
C3.

In an other particular embodiment, the genotype is determined by a method involving extracting
total (or messenger) RNA from cell or biological sample or biological fluid in vitro or ex vivo,
optionally c¢DNA synthesis, (PCR) amplification with ITGAM-specific or C3-specific

oligonucleotide primers, and analysis of PCR products.
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The method of this invention may also comprise determining amino acid residue at position 425 of
ITGAM directly by sequencing the ITGAM polypeptide or a portion thereof comprising amino acid
residue 425 or by using reagents specific for an allele of interest of the ITGAM polypeptide.
Determining amino acid residue at position 80 of C3 may comprise directly sequencing the C3
polypeptide or a portion thereof comprising amino acid residue 80 or by using reagents specific for
each of the allele of interest of the C3 polypeptide. A variety of methods for detecting polypeptides
can be employed and include, for example, any protein sequencing method following extraction of
proteins from a sample (e.g. Edman type), immunohistochemical analysis, immunoprecipitation,
Western blot analysis, molecular binding assays, ELISA, EIA, RIA, ELIFA, fluorescence activated
cell sorting (FACS), mass spectroscopy, protein microarray, and the like. In some embodiments, an
ITGAM or C3 polypeptide in a biological sample is detected by (a) contacting the sample with an
ITGAM or C3 binding agent, such as an antibody, a fragment thereof, or a protein (such as a
recombinant protein) containing an ITGAM or C3 binding region; and (b) detecting the ITGAM or
C3 binding agent- ITGAM or C3 polypeptide complex in the sample. Several methods will use an
affinity reagent specific for an ITGAM-425 or C3-80 polypeptide, more preferably any antibody or
fragment or derivative thereof. In a particular embodiment, the ITGAM-425 or C3-80 polypeptide
is detected with an anti-ITGAM-425 or anti-C3-80 antibody (e.g. a monoclonal antibody or a
fragment thereof) that discriminates between ITGAM-425M and ITGAM-425-T or between C3-80-
G and or C3-80-R, respectively. The antibody (or affinity reagent) may be labelled by any suitable
method (radioactivity, fluorescence, enzymatic, chemical, etc.). Alternatively, ITGAM-425M
antibody immune complexes may be revealed (and/or quantified) using a second reagent (e.g.,
antibody), labelled, that binds to the anti- ITGAM-425-M antibody, for instance. ITGAM or C3
polypeptides also can be detected by mass spectrometry assays for example coupled to
immunaffinity assays, the use of matrix-assisted laser desorption/ionization time-of-flight (MALDI-
TOF) mass mapping and liquid chromatography/quadrupole time-of-flight electrospray ionization
tandem mass spectrometry (LC/Q-TOF-ESI-MS/MS) sequence tag of extracted proteins separated
by two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) (Kiernan et al., Anal.
Biochem., 301 : 49-56, 2002; Poutanen et al., Mass Spectrom., 15: 1685-1692, 2001).

The above methods are based on the genotyping of ITGAM-425 or C3-80 in a biological sample of
the subject. The biological sample may be any sample containing an ITGAM or C3 gene or
corresponding polypeptide, particularly blood, bone marrow, lymph node, epithelial cells or more

generally any somatic cell from a subject. Furthermore, because the ITGAM and C3 genes are
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generally present on or within the cells, tissues or fluids mentioned above, the method of this
invention usually uses a sample treated to render the gene or polypeptide available for detection or
analysis. Treatment may comprise any conventional fixation techniques, cell lysis (mechanical or
chemical or physical), or any other conventional method used in immunohistology or biology, for

instance.

Correlating genotype to cancer prognosis

Generally, so long as information about a subject’s ITGAM and C3 genotype (¢.g. ITGAM-425 or
C3-80 genotype) is available (e.g. retrieved from a database, in a patient record), the subject’s
genotype can be correlated to a prediction or indication concerning a subject’s cancer prognosis. As
discussed, the method may include detecting, in the organism or biological sample, the allele
present at a polymorphism or a locus closely linked thereto, the polymorphism being in an ITGAM
or C3 gene, wherein the polymorphism is associated with cancer prognosis, including cancer
prognosis in a patient undergoing treatment with an anti-cancer therapy. Thus, in any of the
embodiments herein, the methods further include correlating said polymorphism, genotype or locus

to a cancer prognosis.

With respect to ITGAM, a subject having a methionine at amino acid residue position 425 of
ITGAM will be designated hercin as having a “favourable allele” or a “favorable cancer
prognostic”, as this subject will have an improved cancer prognosis compared to another subject
(e.g. a subject having an unfavorable allele). A subject having a threonine at amino acid residue
position 425 of ITGAM will be designated herein as having an “unfavourable allele” or an
“unfavorable cancer prognostic”, as this subject will have a less favourable cancer prognosis
compared to a subject having a favorable allele. Preferably, heterozygosity or homozygosity for a
threonine (T) at position 425 is indicative of an unfavorable cancer prognostic, and homozygosity

for a methionine is indicative of a favorable cancer prognostic.

With respect to C3, a subject having a arginine (R) at amino acid residue position 80 of C3 will be
designated herein as having a “favourable allele” or a “favorable cancer prognostic”, as this subject
will have an improved cancer prognosis compared to another subject (e.g. a subject having an
unfavorable allele). A subject having a guanine (G) at amino acid residue position 80 of C3 will be

designated herein as having an “unfavourable allele” or an “unfavorable cancer prognostic”, as this
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subject will have a less favourable cancer prognosis compared to a subject having a favorable allele.
Preferably, homozygosity for a glycine at position 80 is indicative of an unfavourable cancer
prognostic, and heterozygosity or homozygosity for an arginine is indicative of a favourable cancer

prognostic.

"Cancer prognosis" generally refers to a forecast or prediction of the probable course or outcome of
the cancer. As used herein, cancer prognosis includes but is not limited to the forecast or prediction
of any one or more of the following: duration of survival of a subject susceptible to or diagnosed
with a cancer, duration of recurrence-free survival, duration of progression free survival of a subject
susceptible to or diagnosed with a cancer, response rate in a subject or in a group of subjects
susceptible to or diagnosed with a cancer, duration of response in a subject or a group of subjects
susceptible to or diagnosed with a cancer. As used herein, "prognostic for cancer" means providing
a forecast or prediction of the probable course or outcome of the cancer. In some embodiments,
"prognostic for cancer" comprises providing the forecast or prediction of (prognostic for) any one or
more of the following: duration of survival of a subject susceptible to or diagnosed with a cancer,
duration of recurrence-free survival, duration of progression free survival of a subject susceptible to
or diagnosed with a cancer, response rate in a subject or group of subjects susceptible to or
diagnosed with a cancer, duration of response in a subject or a group of subjects susceptible to or

diagnosed with a cancer.

In one example, the prognosis defines outcome in the absence of anti-cancer therapy, or
independently of anti-cancer therapy. Such outcome information, as further discussed below can be
useful in selecting a treatment regimen for a subject. In most cases, however, the prognosis will be
used to define outcome upon treatment of the cancer. Preferably the treatment comprises
administration of a therapeutic antibody. Response rate is defined as the percentage of treated
subjects who responded to a treatment. Duration of response is defined as the time from the initial
response to treatment to disease progression. Time to disease progression is defined as the time
from administration of treatment until disease progression. For example, the prognosis may be that
a subject has a greater or lower likelihood to experience a particular duration of progression free
survival (PFS) or duration overall survival (OS), or an objective response (OR) or complete
response (CR). In some embodiments, in a subject receiving a treatment, duration of survival and

duration of progression free survival are predicted.
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In some embodiments, the prognosis defines outcome with a particular anti-cancer treatment
regimen; for example, the prognosis may define outcome following treatment with a particular
treatment regimen which is known to have at least some degree of efficacy as an anti-cancer
therapy. The treatment regimen may comprise the administration of a sole anti-cancer therapy (i.e.
monotherapy) or combination therapy. In some embodiments, the therapy comprises administration
of a therapeutic antibody. The therapy may be for example in the presence of a particular type of
adjuvant therapy, or in the absence of a particular type of adjuvant therapy (e.g. a therapy known to

have toxicity, a chemotherapy, etc.).

For example, the prognosis may define outcome following treatment of a subject having a B-cell
malignancy treated with an anti-CD20 antibody (e.g. rituximab), in the presence or absence of an
adjuvant therapy, optionally wherein the adjuvant increases the efficacy of the antibody (e.g. has a
synergistic effect), or wherein the adjuvant is a non-antibody anti-cancer agent having an additive
effect or toxicity (e.g. chemotherapy). In another example, prognosis defines outcome following
treatment a subject having a colon, breast, lung or other solid tumor with an antibody specific to a
human EGF-like receptor family, an anti-HER-2 or HER-2/neu antibody, an anti-EGFR antibody,
or an anti-IGR1R antibody. In another example, prognosis defines outcome following treatment a

subject having a leukemia with an anti-CD20 (e.g. CLL), anti-CD52 or anti-CD33 antibody.

For example, correlating a subject’s genotype to a cancer prognosis for a subject treated with a
therapeutic antibody in the presence or absence of a particular adjuvant therapy will be useful for
selecting the optimal therapeutic regimen for the subject. For example, the adjuvant therapy may be
chemotherapy, where it would be advantageous to identify subjects with a favorable cancer
prognostic who will have an increased response to the therapeutic antibody (e.g. a monotherapy or a
combination of agents), and subjects with an unfavorable cancer prognostic who would have a
decreased response to therapy (e.g. a monotherapy or a combination of agents), and would therefore

benefit from an adjuvant therapy, e.g. chemotherapy.

Thus, a subject who is determined to have a favorable allele or genotype based on its ITGAM or C3
genotype will be expected to have a favourable cancer prognosis, e.g. greater duration of survival,
greater duration of recurrence-free survival, greater duration of progression free survival of a
subject susceptible to or diagnosed with a cancer, greater response rate. A subject who is

determined to have an unfavorable allele or genotype based on its [TGAM or C3 genotype will be
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expected to have a less favourable cancer prognosis, e.g. lower duration of survival, lower duration
of recurrence-free survival, lower duration of progression free survival of a subject susceptible to or

diagnosed with a cancer, lower response rate.

In one aspect, the ITGAM genotype is used to assess a subject’s survival, e.g. is likelihood to
experience progressive disease, a particular duration of progression free survival (PFS) or overall
survival (OS). In one aspect, the C3 genotype is used to assess a subject’s short term response to
therapy, e.g. objective response, objective response at least 1, 2, 3, 4, 5 or 6 months following

treatment.

In certain embodiments, the genotype information is employed to give a refined probability
determination as to whether a subject will or will not respond to a particular therapy. For example,
an identification of the ITGAM-425M genotype and/or the C3-80R genotype may be employed to
determine that the subject has at least a 70% chance, such as at least a 75% chance, including at
least an 80% chance of responding to treatment, e.g., with rituximab. Likewise, an identification of
the ITGAM-425T genotype and/or the C3-80G genotype may be employed to determine that the
subject has less than 50% chance, such as a less than 45% chance, including a less than 40% chance
of responding to treatment, e.g., with rituximab. In a preferred embodiment, the prognosis may be
defined with respect to a particular treatment regimen and disease, where in the case of rituximab
for the treatment of B cell lymphomas, rituximab is provided as weekly infusions of at a dose of

375 mg/m’.

Correlating a subject’s genotype to a cancer prognosis will take into account the nature of the
cancer, the individual subject. When the prognosis defines outcome to a therapy, the nature of the
particularly therapy and treatment regimen will be taken into account as well. As discussed herein,
C3 and ITGAM are expressed on immune effector cells such as granulocytes, macrophages or NK
cells. As such, the C3-ITGAM axis is believed to be indicative of a mechanism contributing to an

individual’s ability to mount an anti-cancer response.

More specifically, the methods of the present invention are utilized in the prognosis and treatment
of a variety of cancers including, but not limited to, carcinoma, including that of the bladder, breast,
colon, kidney, liver, lung, ovary, prostate, pancreas, stomach, cervix, thyroid and skin, including

squamous cell carcinoma; hematopoietic tumors of lymphoid lineage, including leukemia, acute B
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or T lymphoblastic leukemia, chronic lymphocytic leukaemia, B-cell lymphoma (including FL,
DLBCL, waldenstrom macroglobulinemia, lymphocytic, lymphoplasmocytoid, mantle cell and
marginal zone lymphoma) T-cell lymphoma (including nodal and extra-nodal lymphoma),
Hodgkin’s lymphoma, hairy cell leukaemia, multiple myeloma ; hematopoietic tumors of myeloid
lineage, including acute leukaemia, chronic myeloproliferative disorders (including chronic
myelogenous leukaemia, polycythemia vera, essential thrombocytemia, primaru melofibrosis,
hypereosinophilic syndrome) and myelodysplasia; other tumors, including melanoma, seminoma,
teratocarcinoma, neuroblastoma, PNET and glioma; tumors of the central and peripheral nervous
system, including astrocytoma, neuroblastoma, glioma, schwannomas; tumors of mesenchymal
origin, including fibrosarcoma, rhabdomyoscaroma, and osteosarcoma; and other tumors, including
melanoma, xeroderma pigmentosum, keratoacanthoma, seminoma, thyroid follicular cancer and

teratocarcinoma.

The term “therapeutic antibody” as used herein generally includes any antibody that has a
mechanism of action that is directed to the depletion or elimination, of a target cell, e.g. a cell
expressing the antigen toward which the antibody has specificity. A therapeutic antibody will
typically comprise an Fc portion and will mediate a cytotoxic effect or cell lysis, particularly by
antibody-dependant cell-mediated cytotoxicity (ADCC) toward a cell expressing the antigen for
which the antibody binds via its antigen-binding domain (e.g. variable region, CDR regions). Such
antibodies include antibodies that bind to Fcy receptors present on cytotoxic effector cells (e.g. via
their Fc portion), since CR3 and FcyRIIIA are believed to have a cooperative function. Binding of
the antibody to a target cell results in killing of the target cell via ADCC, and where killing of the
target cell(s) provides for a therapeutic effect in an individual. The therapeutic antibody may recruit
monocytes, NK cells and granulocytes; the antibody may induce effector cell activity mediated via
FcyR present on effector cells (e.g. FcyRIITA on NK cells). Therapeutic antibodies may be designed
to lead to elimination of target cells in a subject by immune effector cells, particularly effectors
cells bearing FcyR and ITGAM proteins (e.g. NK cells). It will be appreciated that any polypeptide
which comprises an antigen binding portion can be used in the same way as a therapeutic antibody
in the methods of the invention, particularly an Fc fusion protein comprising an Fc portion and an

antigen binding portion.

In the methods of the invention, the therapeutic antibodies are fully human, or otherwise contain the

Fc domain of human antibodies, e.g., humanized or chimeric antibodies and Fc¢ fusion molecules
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with a human Fc domain or a functional derivative thereof (e.g., a derivative that binds to one or
more Fc receptors, e.g., FCyRIIIA). The derivatives include, for example, native sequences in which

conservative substitutions were made and/or amino acids were deleted or inserted.

In preferred embodiments, the Fc portion of the therapeutic antibody is derived from human IgG1
or [gG3 since such antibodies typically are potent activators of ADCC. However, the invention can
also be practiced with other classes of antibodies, including IgG, IgA, IgD, IgE and IgM, and
isotypes, such as, e.g., [gG1 , IgG2, 1gG3, IgG4, IgAl , and IgA2. For example, human IgG4 has
limited capacity to activate effector functions, but it still known to show some binding to FcyRIIIA
and may therefore retain ability to induce ADCC or production of cytokines by Fcy receptor-
expressing cells; IgAs are potent activators of ADCC. Likewise, Fc portions of various subtype can

be engineered to augment or reduce their complement or Fcy receptor-binding properties.

The therapeutic antibody may be produced by a hybridoma or by recombinant cells engineered to
express the desired variable and constant domains. The antibodies may be single chain antibodies or
other antibody derivatives retaining the antigen specificity and the lower hinge region or a variant
thereof. These may be polyfunctional antibodies, recombinant antibodies, ScFv, humanized
antibodies, or variants thereof. Therapeutic antibodies are specific for surface antigens, e.g.,
membrane antigens. Examples of surface antigens and exemplary diseases contemplated herein
include CD3 (e.g., non-Hodgkin's Lymphoma), CD4, CDS5, CD6, CD8, CD14, CD15, CD16, CD19
(e.g., non-Hodgkin's Lymphoma), CD20, CD21, CD22, CD23, CD25, CD32B, CD30 (e.g.,
Hodgkin's Disease), CD33, CD37, CD38, CD40, CD40L, CD44 and its splice variant
CD44v6CD46, CDS2, CD54, CD56, CD59, CD70, CD74, CD79, CD80, CD122, CD126, CD133,
CD138, CD137 and CD152. In some embodiments the antibodies can be directed to an oncogene,
an oncogene product, a necrosis antigen, IL-2 receptor, TAC, TRAIL-R1, GD3 ganglioside or
TRAIL-R2. Other targets include: (CTLA-4), CD200, CD317 (HM1.24), human leukocyte antigen
(HLA)-DR, Flt3, CCR4, BR3/Blys3R, EpCAM, MUC1, MCAM/MUCIS, podoplanin, CEA
(carcinoembryonic antigen), PDGFR, GD2, GD3, GM2 and GM3 gangliosides, LeY, PSMA
(prostate specific membrane antigen), PSCA (prostate stem cell antigen), A33, CAIX/MN, TRAIL-
R1 and TRAIL-R2, HMW-MMA (human high molecular weight melanoma associated antigen),
BCMA (B-cell maturation antigen), FRA (folate receptor )/gp38, tenascin, phosphatidylserine,
GFAP (glial fibrillary acidic protein), AMVBI1, Tn-antigen, ICAMI1, IL6-R, HGFR, CRIPTO
antigens (e.g. CRIPTO-1, CRIPTO-3), a member of FGF receptor family including FGFR1 and
FGFR3.
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Therapeutic antibodies may be specific for any tumor antigens including for example MAGE,
MART-1/Melan-A, gp100, dipeptidyl peptidase IV (DPPIV), adenosine deaminase-binding protein
(ADADp), cyclophilin b, carcinoembryonic antigen (CEA) and its immunogenic epitopes CAP-1
and CAP-2, etv6, amll, prostate specific antigen (PSA) and its immunogenic epitopes PSA-1, PSA-
2, and PSA-3, prostate-specific membrane antigen (PSMA), T-cell receptor/CD3-zeta chain,
MAGE-family of tumor antigens (e.g., MAGE-A1l, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-
A5, MAGE-A6, MAGE-A7, MAGE-A8, MAGE-A9, MAGE-A10, MAGE-Al, MAGE-A12,
MAGE-Xp2 (MAGE-B2), MAGE-Xp3 (MAGE-B3), MAGE-Xp4 (MAGE-B4), MAGE-CI,
MAGE-C2, MAGE-C3, MAGE-C4, MAGE-C5), GAGE-family of tumor antigens (e.g., GAGE-1,
GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE-7, GAGE-8, GAGE-9), BAGE, RAGE,
LAGE-1, NAG, GnT-V, MUM-1, CDK4, tyrosinase, p53, MUC family, VEGF, VEGF receptors,
A-Raf, B-Raf, C-Raf, Raf-1, HSP70, HSP90, PDGF, TGF-alpha, EGF, EGF receptor (e.g.
antibodies IMC-11F8 or Cetuximab (ERBITUX®) Imclone Systems Inc.), IGF-1 receptor, a
member of the human EGF-like receptor family such as HER-2/neu (e.g. antibody trastuzumab
(Herceptin® ),Genentech), HER-3, HER-4 or a heterodimeric receptor comprised of at least one
HER subunit, gastrin releasing peptide receptor antigen, Muc-1, CA125, integrins (e.g. ovi33
integrins, a.5B1 integrins, allbB3-integrins), PDGF beta receptor, Src, VE-cadherin, IL-8, hCG, IL-
6, IL-6 receptor, p2lras, RCASI1, a-fetoprotein, E-cadherin, a-catenin, B-catenin and y-catenin,
p120ctn, PRAME, NY-ESO-1, cdc27, adenomatous polyposis coli protein (APC), fodrin, Connexin
37, Ig-idiotype, pl5, gp75, p97, GM2 and GD2 gangliosides, viral products such as human
papillomavirus proteins, Smad family of tumor antigens, imp-1, P1A, EBV-encoded nuclear antigen
(EBNA)-1, brain glycogen phosphorylase, SSX-1, SSX-2 (HOM-MEL-40), SSX-1, SSX-4, SSX-5,
SCP-1 and CT-7, and c-erbB-2, or any additional protein target set forth in
http://oncologyknowledgebase.com/oksite/Targeted Therapeutics/TTOExhibit2.pdf and

http://oncologvknowledgebase.com/oksite/Targeted Therapeutics/TTOExhibit3.pdf, the disclosures

of which are herein incorporated by reference. This list is not meant to be limiting,

Treatment

Once a subject is identified as having a favourable or unfavorable cancer prognostic, e.g. the subject
has a favourable or unfavorable allele for ITGAM or C3, steps can be taken to determine an
appropriate therapeutic regimen for the subject, or for example whether to include the subject in a

study (e.g. selecting a subject or biological sample from a subject for analysis, selecting a subject
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for inclusion in a clinical trial). Based on a subject’s ITGAM or C3 genotype it will be possible to
select from therapeutic regimens involving monotherapy, combination therapies (e.g. treatment with
an agent with or without an adjuvant), the intensity and nature of the therapeutic regimen (e.g.
dosage, administration schedule), or to select between particular agents, e.g. to select a
chemotherapeutic agent or an antibody agent having increased potency over another

chemotherapeutic or antibody agent.

Adjuvant therapy can generally comprise adding, to a treatment with a first therapy or agent, any
one or more treatments that have the potential to be additive or synergistic with a treatment. For
example, when a therapeutic antibody is selected to treat a subject, an adjuvant therapy may
comprise an agent other than the particular therapeutic antibody; for example, the agent may be any
agent that has a mechanism of action different from the therapeutic antibody, including for example
a second therapeutic antibody that is specific for a different antigen that the therapeutic antibody, an
non-antibody immunotherapeutic agent, a small molecule compound that acts on a different
biological target, a chemotherapeutic agent, an agent that enhances the efficacy of the therapeutic
antibody, etc. In one embodiment, the adjuvant is an agent that is known to have an anti-cancer
activity when administered without a therapeutic antibody, or on its own; in another embodiment,
the adjuvant is an agent is a compound that can modulate a subject’s immune system and that has
synergistic activity with a therapeutic antibody. Such immune modulating compounds may include
include for example, cytokines, interleukins, PAMPs (for "pathogen-associated molecular
patterns"), CpG-containing oligonucleotides, selected chemotherapeutic agents, beta-glucan
compositions report that interleukin-15 (IL-15) and CpG oligodeoxynucleotides A-Class enhance
rituximab-mediated ADCC against B-cell lymphoma (Moga et al. Exp Hematol. (2008) 36(1):69-
77). Van Ojik et al. Cancer Res. (2003) 63(17):5595-600 report that other classes of CpG ODN
increase the potency of rituximab; Cheung NK and Modak S, (2002) Clin. Cancer Res. 8:1217-1223
report that beta-glucan (polymers of glucose, ¢.g. beta-1,3 glucans, beta-1,3/1,6-glucan, glucan from
yeast, oats, barley, seaweed, mushrooms) synergize with antiganglioside antibodies; Zitvogel L et
al., (2008) Nat. Rev. Immunol. 8: 59-73 reviews immunological aspects of conventional cancer

treatments, all of which treatments are incoroporated herein by reference.).

Selecting among therapies can involve selecting a chemotherapeutic agent or an antibody agent
having increased potency over another chemotherapeutic or antibody agent. For example, an

antibody agent having increased potency can be an antibody comprising an Fc portion that,



10

15

20

25

30

30

compared to a naturally occurring human Fc¢ portion, is modified to have increased binding to Fey
receptor(s) (e.g. FcyRIlla on effector (e.g. NK) cells). Typical modifications include modified
human IgG1l constant regions comprising at least one amino acid modification (e.g. substitution,
deletions, insertions), and/or altered types of glycosylation, e.g., hypofucosylation. Certain altered
glycosylation patterns in constant regions have been demonstrated to increase the ADCC ability of

antibodies.

Such carbohydrate modifications can be accomplished by, for example, expressing the antibody in a
host cell with altered glycosylation machinery. Cells with altered glycosylation machinery have
been described in the art and can be used as host cells in which to express recombinant antibodies of
the invention to thereby produce an antibody with altered glycosylation. See, for example, Shields,
R.L. et al. (2002) J. Biol. Chem. 277:26733-26740; Umana et al. (1999) Nat. Biotech. 17:176-1, as
well as, European Patent No: EP 1,176,195; PCT Publications WO 06/133148; WO 03/035835;
WO 99/54342 80, each of which is incorporated herein by reference in its entirety. Generally, such
antibodies with altered glycosylation have a particular N-glycan structure that produces certain
desirable properties, including but not limited to, enhanced ADCC and effector cell receptor
binding activity when compared to non-modified antibodies or antibodies having a naturally
occurring constant region and produced by murine myeloma NSO and Chinese Hamster Ovary
(CHO) cells (Chu and Robinson, Current Opinion Biotechnol. 2001, 12: 180-7) or other mammalian
host cell lines commonly used to produce recombinant therapeutic antibodies. Monoclonal
antibodies produced in mammalian host cells contain an N- linked glycosylation site at Asn297 of
each heavy chain. Glycans on antibodies are typically complex biatennary structures with very low
or no bisecting N-acetylglucosamine (bisecting GIcNAc) and high levels of core fucosylation.
Glycan temini contain very low or no terminal sialic acid and variable amounts of galactose. For a
review of glycosylation on antibody function, see, e.g., Wright & Morrison, Trend Biotechnol.
15:226- 31(1997). The important carbohydrate structures contributing to antibody activity are
believed to be the fucose residues attached via alpha-1,6 linkage to the innermost N-
acetylglucosamine (GlacNAc) residues of the Fc region N-linked oligosaccharides (Shields et al.,
2002). FeyR binding requires the presence of oligosaccharides covalently attached at the conserved
Asn297 in the Fc region. Non-fucosylated structures have recently been associated with
dramatically increased in vitro ADCC activity. Historically, antibodies produced in CHO cells
contain about 2 to 6% in the population that are nonfucosylated. YB2/0 (rat myeloma) and Lecl3

cell line (a lectin mutant of CHO line which has a deficient GDP- mannose 4,6-dehydratase leading
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to the deficiency of GDP-fucose or GDP sugar intermediates that are the substrate of alpha6-
fucosyltransferase have been reported to produce antibodies with 78 to 98% non-fucosylated
species. In other examples, RNA interference (RNA1) or knock-out techniques can be employed to
engineer cells to either decrease the FUT8 mRNA transcript levels or knock out gene expression
entirely, and such antibodies have been reported to contain up to 70% non-fucosylated glycan. In
other examples, a cell line producing an antibody can be treated with a glycosylation inhibitor;
Zhou et al. Biotech. and Bioengin. 99: 652-665 (2008) described treatment of CHO cells with the
alpha-mannosidase I inhibitor, kifunensine, resulting in the production of antibodies with non-
fucosylated oligomannose-type N-glucans. Thus, in one embodiment of the invention, a therapeutic
antibody having increased potency will comprise a constant region comprising at least one amino
acid alteration in the Fc region that improves antibody binding to FcyRIlla and/or ADCC. In
another aspect, a therapeutic antibody having increased potency is hypofucosylated, e.g. wherein at
least 20, 30, 40, 50, 60, 75, 85 or 95 % of the antibodies in the composition have a constant region

comprising a core carbohydrate structure which lacks fucose.

Favorable cancer prognostics

Subjects having a favorable cancer prognostic are expected to have a better response to a therapy. It
will be therefore be advantageous to adapt the treatment regimen for these subjects by either
administering a standard anti-cancer agent or therapeutic regimen, or by decreasing the intensity of

the therapeutic regimen so as to decrease side effects, cost, etc.

Particularly where a therapy (e.g. administered according to a standard treatment regimen) has been
tested in a population without distinguishing for ITGAM or C3 genotypes, it may be advantageous
to treat a subject having a favorable cancer prognostic with said therapy and/or standard regimen,
e.g. the regulatory agency-approved or commonly used regimen. Such regimen may involve a
monotherapy or a combination therapy (e.g. maintenance therapy). For example, rituximab has been
approved as a monotherapy for treatment of relapsed or refractory low-grade follicular NHL in a
population without distinguishing for ITGAM or C3 genotypes as shown herein, that as such is
expected to include a majority of high responders for C3 and a majority of high responders for
ITGAM, since approximately 91% (63% + 28%) of subjects genotyped herein were C3 high
responders and 67% of subjects were ITGAM high responders. Optionally, such a treatment will
exclude treatment with a particular adjuvant therapy. For example, high doses chemotherapy having

toxic side effects may be avoided.
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For example, the methods may comprise predicting a cancer prognosis for a subject based on C3 or
ITGAM genotype, where the prognosis predicts response to a therapeutic antibody, and if the
subject has a favourable cancer prognostic, selecting a therapeutic antibody and optionally treating
the subject with the therapeutic antibody. Optionally, the therapeutic antibody is administered in the
absence of a particular adjuvant therapy, optionally wherein the adjuvant therapy has toxicity, or
wherein the adjuvant is a chemotherapy. Optionally, the therapeutic antibody is administered as a
monotherapy. Optionally, the therapeutic antibody is administered at lower dosage, frequency or for
a lower duration that for subject having an unfavourable cancer prognostic or compared to a

standard treatment regimen involving the therapeutic antibody.

More generally, the subject having a favorable allele can be treated with an adapted treatment
regimen. For example, the subject can be treated with a treatment regimen that involves a lower
dosage (e.g. lower than used in a subject having an unfavorable allele, or lower than a treatment
regimen which does not distinguish between genotypes), less frequent administration, or shorter
duration. In some aspects, a treatment regimen adapted to high responder may comprise removing,
substituting or adapting an adjuvant therapy used in combination with the therapeutic antibody. For
example, a subject having a favorable allele having cancer (e.g. a B cell lymphoma) can be treated
with a therapy (e.g. an anti-CD20 antibody) but without one or more additional chemotherapeutic
agent typically used to treat subjects, optionally as monotherapy (e.g. with a therapeutic antibody as
monotherapy), or with an additional chemotherapeutic agent but in an adapted regimen (e.g. lower

dosage).

Adapted treatment regimens for subjects having a favourable cancer prognosis may include for

example any of the following:

1) a treatment regimen comprising a therapeutic agent administered at a standard dose and/or
administration schedule recommended for subjects having the cancer;

1) a treatment regimen comprising a therapeutic agent administered at a dose and/or
administration schedule lower than for subjects having an unfavourable cancer prognostic
or lower than that of the standard dose and/or administration schedule; and/or

1i1) a treatment regimen comprising a therapeutic agent administered in the absence of a
particular adjuvant, optionally wherein the adjuvant is a chemotherapeutic agent or an

immune system modulating agent, optionally wherein the therapeutic agent is administered
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as sole anti-cancer agent, optionally wherein the therapeutic agent is administered at a
standard or decreased dose and/or administration schedule recommended for subjects
having the cancer, optionally wherein the therapeutic agent is an anti-cancer agent other
than a chemotherapeutic agent, optionally wherein the therapeutic agent is an anti-CD20

antibody.

Unfavorable cancer prognostics

In subjects having an unfavorable allele, the treatment regimen, e.g. a standard treatment regimen
tested without distinguishing between ITGAM or C3 genotypes, may be adapted by modifying,
optionally increasing the intensity of, a treatment regimen indicated for a particular cancer.
Increasing the intensity of a therapeutic regimen that comprises a therapeutic antibody can involve
for example administering a therapeutic agent at a higher dose or higher frequency of administration
or for a longer duration, e.g. compared to a reference therapeutic regimen, or treating the subject in
combination with an adjuvant therapy, administering the antibody with an adjuvant, or

administering a therapeutic antibody having increased potency.

For example, the methods may comprise predicting a cancer prognosis for a subject based on C3 or
ITGAM genotype, where the prognosis predicts response to a therapeutic antibody, and if the
subject has an unfavourable cancer prognostic, selecting a therapeutic antibody and optionally
treating the subject with the therapeutic antibody. Optionally the therapeutic antibody is an antibody
having increased potency (e.g. hypofucosylated). Optionally, the therapeutic antibody is
administered in the combination with a particular adjuvant therapy, optionally wherein the adjuvant
therapy has toxicity (e.g. a chemotherapy), or wherein the adjuvant therapy increases the efficacy of
the anti-cancer treatment (e.g. CpG oligonucleotides, cytokines, beta-glucans, immunomodulatory
chemotherapeutic agents, etc.). The adjuvant therapy will typically have additive or preferably
synergistic effects with the therapeutic antibody. Optionally, the therapeutic antibody is
administered at higher dosage, frequency or for a longer duration that for subject having a
favourable cancer prognostic or compared to a standard treatment regimen involving the therapeutic
antibody. In another aspect, if a subject has unfavourable cancer prognostic with respect to response
to a therapeutic antibody, the method may comprise selecting a therapeutic regimen that does not
comprise said therapeutic antibody (e.g. a therapeutic regimen comprising an alternative therapeutic
antibody, comprising chemotherapy, etc.), and optionally treating the subject with the therapeutic

regimen.
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In other aspects, where a particular therapy has been determined to be effective in the treatment of
cancer in a population of subjects having an unfavourable cancer prognostic, such therapy can be
used advantageously to treat such subjects. For example, the methods may comprise treating a
subject having an unfavourable cancer prognostic with a therapy (e.g. a therapeutic regimen
comprising a therapeutic antibody, optionally in combination with an adjuvant) effective in subjects
having an unfavourable cancer prognostic based on C3 or ITGAM genotype. Optionally said
therapy can be specially adapted to subjects having an unfavourable cancer prognostic based on C3

or ITGAM genotype

Adapted treatment regimens for unfavourable cancer prognostic may include for example any of the

following:

1) a treatment regimen comprising a therapeutic agent administered at a standard dose and/or
administration schedule recommended for subjects having the cancer;

i) a treatment regimen comprising a therapeutic agent administered at a dose and/or
administration schedule higher than for subjects having a favourable cancer prognostic or
higher than that of the standard dose and/or administration schedule;

1i1) a treatment regimen comprising a therapeutic agent administered in combination with an
adjuvant, optionally wherein the adjuvant is a chemotherapeutic agent or immune system
modulating agent, optionally wherein the therapeutic agent is administered at a standard or
higher dose and administration schedule recommended for subjects having the cancer,
optionally wherein the therapeutic agent is an anti-CD20 antibody; and/or

v) a treatment regimen comprising a therapeutic antibody having increased potency, e.g. an
antibody designed to have greater potency than an antibody containing a standard Fc
portion, for example an antibody having an Fc portion that, compared to a naturally
occurring human Fc portion, has increased binding to Fcy receptor(s), is glycosylation

modified, hypofucosylated or comprising an amino acid insertion, substitution or deletion.

In some embodiments, the prognostic methods are used to select and treat subjects having a B-cell
hyperproliferative disorders, optionally a CD20-expressing disorder, and optionally further where
the subjects are treated with a therapeutic antibody, optionally an anti-CD20 antibody. B-cell
hyperproliferative disorders are those disorders that derive from cells in the B cell lineage, typically
including hematopoietic progenitor cells expressing B lineage markers, pro-B cells, pre-B cells, B-

cells and memory B cells; and that express markers typically found on such B lineage cells. Of
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particular interest are non-Hodgkin's lymphomas (NHLs), which are a heterogeneous group of
lymphoproliferative malignancies with different patterns of behavior and responses to treatment.
NHLs can be divided into 2 prognostic groups: the indolent lymphomas and the aggressive
lymphomas. Indolent NHL types have a relatively good prognosis, with median survival as long as
10 years, but they usually are not curable in advanced clinical stages. The aggressive type of NHL
has a shorter natural history. A number of these patients can be cured with intensive combination
chemotherapy regimens, but there is a significant number of relapses, particularly in the first 2 years
after therapy. Among the NHL are a variety of B-cell neoplasms, including precursor B-
lymphoblastic leukemia/lymphoma; peripheral B-cell neoplasms, ¢.g. B-cell chronic lymphocytic
leukemia; prolymphocytic leukemia; small lymphocytic lymphoma; mantle cell lymphoma; follicle
center cell lymphoma; marginal zone B-cell lymphoma; splenic marginal zone lymphoma; hairy
cell leukemia; diffuse large B-cell lymphoma; T-cell rich B-cell lymphoma, Burkitt's lymphoma;
high-grade B-cell lymphoma, (Burkitt-like); etc. Follicular lymphoma comprises 70% of the
indolent lymphomas reported in American and European clinical trials. Most patients with follicular
lymphoma are over age 50 and present with widespread disease at diagnosis. Nodal involvement is
most common, often accompanied by splenic and bone marrow discase. The vast majority of
patients are diagnosed with advanced stage follicular lymphoma and are not cured with current
therapeutic options, and the rate of relapse is fairly consistent over time, even in patients who have
achieved complete responses to treatment. Subtypes include follicular small cleaved cell (grade 1)
and follicular mixed small cleaved and large cell (grade 2). Another subtype of interest is follicular
large cell (grade 3 or FLC) lymphoma which can be divided into grades 3a and 3b. Any of these
disorders, subtypes, therapeutic settings or patients characteristics can be specified in any of the

embodiments of the mvention.

CD20 is a human B cell marker that is expressed during early pre-B cell development and remains
until plasma cell differentiation. The CD20 molecule may regulate a step in the activation process
that is required for cell cycle initiation and differentiation, and is usually expressed at very high
levels on neoplastic B cells. Thus, the CD20 surface antigen can be targeted for treating B cell
lymphomas. U.S. Pat. No. 5,736,137, herein incorporated by reference, describes the chimeric
antibody "C2B8" that binds the CD20 antigen and its use to treat B-cell lymphoma (antibody is also
known as Rituxan®, rituximab, Mabthera®). Rituximab is often used in combination with CHOP

stands for Cyclophosphamide, Hydroxydaunorubicin (Adriamycin), Oncovin (Vincristine),
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Prednisone/Prednisolone.

Thus, in one embodiment, a subject suffering from a B-cell hyperproliferative disorder and having a
favorable allele is treated with a therapeutic antibody (e.g. an anti-CD20 antibody, an anti-CD19
antibody, an anti-CD52 antibody, an anti-CD22 antibody) in the absence of a particular adjuvant
therapy, optionally wherein the adjuvant therapy comprises chemotherapy (e.g. CHOP in NHL,
fludarabine in CLL). In another embodiment, a subject having a favorable allele is treated with an
anti-CD20 antibody (e.g. rituximab) as monotherapy, at a standard dose, duration and/or frequency
of administration (e.g. using a reference therapeutic regimen), or at a lower dose, duration and/or

frequency of administration compared to a reference therapeutic regimen.

In another embodiment, a subject suffering from a B-cell hyperproliferative disorder or other CD20-
expressing disorder and having an unfavorable allele is treated with an anti-CD20 antibody (e.g.
rituximab) in combination with an adjuvant therapy, optionally wherein the adjuvant therapy
comprises chemotherapy (e.g. CHOP in NHL, fludarabine in CLL). In another embodiment, a
subject having an unfavorable allele is treated with an anti-CD20 antibody (e.g. rituximab) as
monotherapy, at a higher dose and/or higher frequency of administration or for a longer duration
compared to a reference therapeutic regimen. In another embodiment, a subject having an
unfavorable allele is treated with an antibody (e.g. anti-CD20 antibody) having increased potency,
for example with ofatumumab (HuMax-CD20, Genmab A/S), or with an antibody having modified
glycosylation such as antibody GA-101 (Roche, Switzerland).

Preparation and dosing schedules for therapeutic agents and chemotherapeutic agents may be used
according to manufacturers' instructions or as determined empirically by the skilled practitioner.
Preparation and dosing schedules for chemotherapy are also described in, e.g., Chemotherapy
Service Ed., M. C. Peny, Williams & Wilkins, Baltimore, MD (1992) and Lippincott's Cancer
Chemotherapy handbook, Baquiran et al, eds.Lippincott, Williams and Wilkins (2002). The
chemotherapeutic agent may precede, or follow administration of the antibody or may be given
simultaneously therewith. For the prevention or treatment of disease, the appropriate dosage of
antibody will depend on the type of disease to be treated, as defined above, the severity and course
of the disease, previous therapy, the subject's clinical history and response to the antibody, and the

discretion of the attending physician.
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Within the context of the present invention, a subject includes any mammalian subject or patient,

more preferably a human subject or patient.

Further aspects and advantages of this invention are disclosed in the following experimental section,

which should be regarded as illustrative and not limiting the scope of this application.

EXAMPLES

Materials and methods

Patients and treatment

Clinical trial design, eligibility criteria and end-point assessment have been previously reported
(Colombat P, et al. Blood. 2001;97:101-106). Patients were eligible if they had previously untreated
CD20 positive FL with stage I to IV disease and low tumor burden (Brice P, et al. J Clin Oncol.
1997;15:1110-1117). A total of four 375 mg/m* doses of rituximab (Roche, Neuilly, France) were
administered by intravenous infusion (days 1, 8, 15, 22). Clinical response was evaluated at two
months (M2) and progression each year until 7 years. Molecular analysis of BCL2-JH gene
rearrangement was performed by PCR (Colombat P, et al. 2001), on both peripheral blood (PB) and
bone marrow (BM) at diagnosis, M2 and each year. The study protocol was approved by an ethics

committee, and all patients gave their informed consent

Genotyping

Out of the 49 patients included in the clinical trial, two patients refused to be followed and one
patient died at 1 year. Forty-six patients were therefore available for genotype analysis. All samples
were analysed in the same laboratory and the DNA was extracted using standard procedures.

All SNP analyzed generated restriction site (Table 1) and genotyping were therefore performed
using a PCR followed by allele-specific restriction enzyme digestion. The primers pairs used for
C3, ITGAM-425MT, ITGAM-1130PS and C1QA-70sa were respectively:
5’-CCAAAACGGCCACCTCGGAA-3'(SEQID NO: 13) (C3),
5'-CCGTCCGGCCCACGGGTAGC-3” (SEQ ID NO: 14) (C3);
5'-GAATGCACTTCACCTCTCAGACC-3' (SEQ ID NO: 15) ITGAM-425MT),
5'-GGGCGCCTCTGTTTGCACATTC-3' (SEQ ID NO: 16) (ITGAM-425MT);
5'-GCTCTCACTGCCCTCCTCTGC-3' (SEQID NO: 17) ITGAM-1130PS),
5-GGATACTTCGCTGTCCGAC-3’ (SEQ ID NO: 18) ITGAM-1130PS); and
5’-GCCTTAAAGGAGACCAGGGGGAAC-3” (SEQ ID NO: 19) (C1QA-70s,),
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5’-CCCTTGAGGAGGAGACGATGGAC-3’ (SEQ ID NO: 20) (C1QA-70g4).

PCR assays were performed with 10 ng of genomic DNA, 1uM of each primer, 200 uM of each
dNTP (MBI Fermentas, Vilnius, Lithuania) and 1 U of Taq DNA polymerase (Eurobio,
Courtaboeuf, France) as recommended by the manufacturer. PCR conditions consisted in 5 min at
94°C followed by 30 cycles (each consisting in 3 steps at 94°C for 1 min, 69°C for 0.5 min, 72°C
for 0.5 min), 40 cycles (each consisting in 3 steps at 94°C for 1 min, 72°C for 1 min, 72°C for 18
sec), 30 cycles (each consisting in 3 steps at 94°C for 1 min, 71°C for 0.5 min, 72°C for 0.5 min) or
30 cycles (each consisting in 3 steps at 94°C for 1 min, 71°C for 0.5 min, 72°C for 0.5 min) for C3-
80-RG, ITGAM-425-MT, ITGAM-1130-PS or ClQA-70ca genotyping, respectively. PCR
complete extension was achieve for 5 min at 72°C. The amplified DNA (2 mL) was then digested at
37°C for 2 h with 1 U of Hhal (New England Biolabs, Hitchin, England) , Nlalll (New England
Biolabs), Avall (Promega, Charbonniére, France) or Apal (New England Biolabs) for C3-80-RG,
ITGAM-425-MT, ITGAM-1130-PS and C1QA-70ga genotyping, respectively. Digested DNA were
resolved using standard electrophoresis and visualized under UV light after staining with ethidium
bromide. For homozygous C3-80-G, [ITGAM-425-T, ITGAM-1130-S and C1QA-70¢ patients, only
one undigested band (430 bp, 198 bp, 200 bp and 281 bp, respectively) was visible. Three bands
were seen in heterozygous C3-80-RG (160 bp, 270 bp and 430 bp), ITGAM-425-MT (56 bp, 142
bp and 198 bp), [ITGAM-1130-PS (75 bp, 125 bp and 200 bp) and C1QA-70s4 (19 bp, 281 bp and
262 bp) patients whereas for homozygous C3-80-R, ITGAM-425-M, ITGAM-1130-P and C1QA-
704 patients only two digested bands were obtained (160 bp and 270 bp, 56 bp and 142 bp, 75 bp
and 125 bp, 19 bp and 281 bp, respectively).

Statistical analysis

Departure of genotype frequencies from Hardy-Weinberg equilibrium was tested by an exact test
with the GENOPOP® software (Raymond M, et al. J Heredity. 1995;86:248-249). Clinical
characteristics and clinical responses were compared according to the different genotypes using a
Fisher’s exact test. A logistic regression analysis including: sex, stage, bone marrow involvement,
number of extra-nodal sites, BCL2-JH rearrangement status at diagnosis and genotypes was used to
identify independent prognostic variables influencing the clinical response. Progression-free
survival (PFS) and overall survival (OS) were calculated using the method of Kaplan and Meier and
comparisons by genotype were performed using the log-rank test. A Cox regression including sex,

stage, bone marrow involvement, number of extra-nodal sites BCL2-JH rearrangement status at
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diagnosis and genotypes was performed to identify independent factors influencing PFS and OS.

The significance level was P<0.05.

Results

Out of the 46 patients tested, allele frequencies were: C3-80R: 0.77, C3-80G: 0.33, ITGAM-425-M:
0.84, ITGAM-425-T: 0.16, ITGAM-1130-P: 0.75, ITGAM-1130-S: 0.25, C1QA-704 0.67, C1QA-
70q: 0.33. Genotype frequencies (Table 2) were similar to those reported elsewhere (Brown KM, et
al. N Engl J Med. 2006;354:2014-2023; Frenzel H, et al. 2002; Racila DM, et al. 2003) and do not
depart from those expected from Hardy-Weinberg equilibrium. There was not significant difference
in terms of sex, disease stage, bone marrow involvement, number of extra-nodal sites involved or
presence of BCL2-JH rearrangement in peripheral blood and bone marrow at diagnosis according to
genotypes (Table 3 and data not shown). The OR rate and survival analyses for the entire cohort
with an extended follow-up of 7 years has been already described (Colombat P, et al. 2001;
Colombat P, et al. 2006).

According to genotypes, OR rates at M2 was 25% (CR + Cru = 25%) and 78% (CR + Cru
(complete response, unconfirmed) = 28%) for C3-80G homozygous and C3-80R carrier patients,
respectively (P=0.042, Table 4). Clinical response was not significantly influenced by other
genotypes with OR of 77% and 67% for [TGAM-425M homozygous and heterozygous patients,
respectively; 75%, 100% and 72% for ITGAM-1130P homozygous, ITGAM-1130S homozygous
and heterozygous patients, respectively; 100%, 72% and 74% for C1QA-70g homozygous, C1QA-
70, homozygous and heterozygous patients, respectively. To evaluate the predictive value of
polymorphisms we next performed logistic regression. Because we have previously described the
influence of FCGR3A-158VF polymorphism on clinical response in this cohort (Cartron G. et al.
Blood. 2002;98:754-758), this parameter was also included in the analysis. The logistic regression
analysis showed that C3-80RG polymorphism was the only significant predictive factor for clinical
response to rituximab (P=0.042, OR: 0.08, CI1 95%: 0.01 - 0.92).

Median time of PFS (median follow-up: 84 months) was 30 months (CI 95%: 16-51 months) for
homozygous ITGAM-425M and 16 months (CI 95%: 6-23 months) for heterozygous patients
(P=0.038) whereas PFS was not influenced by C3-80RG, ITGAM-1130PS and CIQA-70Ga
polymorphisms (data not shown). The Cox regression analysis confirmed the previously described

influence of BCL2-JH rearrangement disappearance in BM at D50 (Colombat P, et al. 2001)
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(P=0.01; HR 0.1, CI95%: 0.02-0.65] and showed that ITGAM-425MT polymorphism predicted
significantly the PFS (P=0.001; HR: 9.1, CI 95%: 2.4 - 33.9 ; Figure 1). Median time of OS was 72
months (CI 95%: 52-72) for heterozygous ITGAM-425MT patients and was not reached for
homozygous ITGAM-425M patients (P=0.07, Figure 2). BCL2-JH rearrangement status, C3-80RG,
ITGAM-1130PS or C1QA-70,g polymorphisms did not influence OS.

All publications and patent applications cited in this specification are herein incorporated by
reference in their entireties as if each individual publication or patent application were specifically

and individually indicated to be incorporated by reference.

Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it will be readily apparent to one of ordinary skill
in the art in light of the teachings of this invention that certain changes and modifications may be

made thereto without departing from the spirit or scope of the appended claims.
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Single nucleotide polymorphisms (SNP) analyzed in this study

Gene Location SNP Nucleotide | Amino- Amino- Restriction
position substitution | acid acid enzyme
residue position
C3 19p13.3- 364 C Arg 80 Hha 1
pl3.2 (exon 3)
G Gly
ITGAM 16pl1.2
1420 T Met 425 Nla 111
(exon 12)
C Thr
3534 C Pro 1130 Ava 1l
(exon 30)
T Ser
C1QA4 1p36.3- 276 G Gly 70 Apal
p34.1 (exon 2)
A Gly
Table 2
Genotype frequencies of the population
Gene Genotype Frequency
3
C3-80-RR 28 (60%)
C3-80-RG 9 (20%)
C3-80-GG 9 (20%)
ITGAM ITGAM-425-MM 31 (67%)
ITGAM-425-MT 15 (33%)
ITGAM-425-TT -
ITGAM-1130-PP 24 (52%)
ITGAM-1130-PS 21 (46%)
ITGAM-1130-SS 1 (2%)
C1QA
C10Q4-70AA 18 (41%)
C1Q4-70AG 23 (52%)
C104-70GG 3(7%)
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Table 3
Characteristics of patients by C3-80RG and ITGAM-425MT polymorphisms
C3- C3- ITGAM- ITGAM-
80GG 80RX 425MM 425MT
N (%) 9 (20%) 37 (80%) 31 (67%) 15 (33%)
Sex
M 4 (45%) 20 (54%) 14 (45%) 10 (67%)
F 5 (55%) 17 (46%) 17 (55%) 5(33%)
Disease stage
II-111 3 (33%) 11 (30%) 7 (23%) 7 (47%)
v 6 (67%) 26 (70%) 24 (77%) 8 (53%)
Bone marrow
involvement
yes 4 (45%) 12 (32%) 8 (26%) 8 (53%)
no 5 (55%) 25 (68%) 23 (74%) 7 (47%)
Extra-nodal
sites involved
<2 9(100%) 34 (92%) 29 (93%) 14 (93%)
>2 - 3 (8%) 2 (7%) 1 (7%)
BCL2-JHinPB | 5(55%) 27 (75%) 22 (713%) 10 (67%)
BCL2-JH in BM | 4 (50%) 25 (71%) 19 (68%) 10 (67%)

No patients were homozygous /TGAM-425T

Table 4
Clinical response by C3-80R/G polymorphism
C3-80GG C3-80RG C3-80RR P
Objective 3(33%) 8 (89%) 23 (82%)
response
complete 3(33%) 2 (22%) 5(18%)
remission
complete 0 1(11%) 2 (7%)
remission
unconfirmed
partial response 0 5 (56%) 16 (57%) 0.004
No response 6 (67%) 1(11%) 5 (18%)
no change 5 (56%) 0 5(18%)
progressive 1(11%) 1(11%) 0

disease
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CLAIMS

1. A cancer prognostic method, the method comprising determining in vitro the genotype of said
subject at a polymorphism in the C3-ITGAM axis and making a cancer prognosis of the subject

based on said genotype.

2. A method for selection of treatment for a subject having or suspected of having cancer, the
methods comprising:

(a) determining the genotype of said subject at a polymorphism in the C3-ITGAM axis,

(b) making a cancer prognosis of the subject based on said genotype; and

(c) subsequent to steps (a)-(b), selecting an anti-cancer treatment for the subject, wherein

the selection of treatment is based on the prognosis determined in step (b).

3. The method of claim 2, the method further comprises step (d) treating the subject with the anti-

cancer treatment selected in step ().

4. The method of any of claims 1-3, wherein the method comprises determining in vitro the

polymorphism in amino acid position 425 for ITGAM.

5. The method of any one of claim 4, comprising determining amino acid residue at position 425 of
ITGAM, a methionine (M) at amino acid position 425 being indicative of a favourable cancer
prognostic and a threonine (T) at amino acid position 425 being indicative of an unfavourable

cancer prognostic.

6. The method of any of claims 1-3, the method comprising determining in vitro the polymorphism

in amino acid position 80 for C3.

7. The method of any one of claim 6, comprising determining amino acid residue at position 80 of
C3, an arginine (R) at amino acid position 80 being indicative of a favourable cancer prognostic and

a glycine (G) at amino acid position 80 being indicative of an unfavourable cancer prognostic.

8. The method of any of claims 1-7, wherein the prognostic provides a forecast of response to an

anti-cancer treatment.
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9. The method of claim 8, wherein the anti-cancer treatment comprises administration of a

therapeutic antibody.

10. The method of claim 9, wherein the therapeutic antibody comprises an Fc portion of the G1 or

G3 subtype.

11. The method of any of claims 1-5 and 8-10, wherein determining amino acid residue at position
425 of ITGAM comprises a step selected from the group consisting of:

(a) a step of sequencing the ITGAM gene or RNA or a portion thereof comprising the
nucleotides encoding amino acid residue 425;

(b) a step of hybridization of the ITGAM receptor gene or RNA or a portion thereof
comprising the nucleotides encoding amino acid residue 425, with a nucleic acid probe specific for
the genotype methionine (M) or threonine (T) at amino acid position 425; and

(c) a step of amplifying the ITGAM gene or RNA or a portion thereof comprising the

nucleotides encoding amino acid residue 425

12. The method of any of claims 1-3 and 6-10, wherein determining amino acid residue at position
80 of C3 comprises a step selected from the group consisting of:

(a) a step of sequencing the C3 gene or RNA or a portion thereof comprising the
nucleotides encoding amino acid residue 80;

(b) a step of hybridization of the C3 receptor gene or RNA or a portion thereof comprising
the nucleotides encoding amino acid residue 80, with a nucleic acid probe specific for the genotype
arginine (R) or glycine (G) at amino acid position 80; and

(c) a step of amplifying the C3 gene or RNA or a portion thereof comprising the nucleotides

encoding amino acid residue 80.

13. The method of any of claims 1 to 10, wherein determining amino acid residue at position 425 of
ITGAM or position 80 of C3 comprises a step of sequencing the ITGAM or C3 protein or a portion

thereof comprising the amino acid at residue 425 of ITGAM or residue 80 of C3, respectively.

14. The method of any of claim 1-3 and 6-10, wherein determining amino acid residue at position

80 of C3 comprises (a) contacting a sample from a subject with an affinity reagent specific for an
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ITGAM polypeptide having an M or T at amino acid position 425, or a C3 polypeptide having an R
or G at amino acid position 80; and (b) detecting the ITGAM or C3 affinity reagent -ITGAM or -C3
polypeptide complex in the sample.

15. The method of claims 11 or 12, wherein amplification is performed by polymerase chain
reaction (PCR), such as PCR, RT-PCR and nested PCR.

16. The method of any one of claims 11 or 12, wherein determining amino acid residue at position
425 of ITGAM or the amino acid at position 80 of C3 comprises a step of allele-specific restriction

enzyme digestion.

17. The method of any one of claims 1-5 and 8-10, wherein determining amino acid residue at
position 425 of ITGAM comprises:
- obtaining genomic DNA from a biological sample,
- amplifying the ITGAM gene or a portion thereof comprising the nucleotides
encoding amino acid residue 425, and

- determining the amino acid residue at position 425 of said ITGAM .

18. The method of any one of claims 1-5 and 8-10, wherein determining amino acid residue at

position 425 of ITGAM comprises:

obtaining genomic DNA from a biological sample,

- amplifying the ITGAM gene or a portion thereof comprising the nucleotides
encoding amino acid residue 425,

- introducing an allele-specific restriction site,

- digesting the nucleic acids with the enzyme specific for said restriction site
and,

- analysing the digestion products, e.g., by electrophoresis, the presence of

digestion products being indicative of the presence of the allele.

19. The method of any one of claims 1-3 and 6-10, wherein determining amino acid residue at
position 80 of C3 comprises:

- obtaining genomic DNA from a biological sample,
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- amplifying the C3 gene or a portion thereof comprising the nucleotides
encoding amino acid residue 80, and

- determining the amino acid residue at position 80 of said C3 gene.

20. The method of any one of claims 1-3 and 6-10, wherein determining amino acid residue at

position 80 of C3 comprises:

obtaining genomic DNA from a biological sample,

- amplifying the C3 gene or a portion thereof comprising the nucleotides
encoding amino acid residue 80,

- introducing an allele-specific restriction site,

- digesting the nucleic acids with the enzyme specific for said restriction site
and,

- analysing the digestion products, e.g., by electrophoresis, the presence of

digestion products being indicative of the presence of the allele.

21. The method of any one of the above claims, wherein the subject has a B-cell

lymphoproliferative disorder.

22. The method of claim 21, wherein the disorder is a NHL.

23. The method of any preceding claim, wherein the anti-cancer treatment comprises treatment with

a therapeutic antibody.

24. The method of claim 23, wherein said therapeutic antibody is an anti-CD20 antibody.

25. method of claim 24, wherein said anti-CD20 antibody is rituximab.

26. A method for treatment for a subject having or suspected of having cancer, the methods
comprising:

(a) determining the genotype of said subject at a polymorphism at amino acid position 425
in ITGAM,
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(b) predicting a response of the subject to treatment with a therapeutic antibody based on
said genotype, wherein an M at amino acid position 425 is indicative of a favourable cancer
prognostic and a T at amino acid position 425 is indicative of an unfavourable cancer prognostic;

(c) subsequent to steps (a)-(b), selecting an anti-cancer treatment for the subject, wherein
the selection of treatment is based on the prognosis determined in step (b); and

(d) treating the subject with the anti-cancer treatment selected in step (c).

27. A method for treatment for a subject having or suspected of having cancer, the methods
comprising:

(a) determining the genotype of said subject at a polymorphism at amino acid position 80 in
3,

(b) predicting a response of the subject to treatment with a therapeutic antibody based on
said genotype, wherein an arginine (R) at amino acid position 80 being indicative of a favourable
cancer prognostic and a glycine (G) at amino acid position 80 being indicative of an unfavourable
cancer prognostic;

(c) subsequent to steps (a)-(b), selecting an anti-cancer treatment for the subject, wherein
the selection of treatment is based on the prognosis determined in step (b); and

(d) treating the subject with the anti-cancer treatment selected in step (c).

28. The method of claims 26 or 27, wherein step (d) comprises treating the subject determined to
have an unfavourable cancer prognostic with a therapeutic antibody in combination with an

adjuvant.

29. The method of claims 26 or 27, wherein step (d) comprises treating the subject determined to
have an unfavourable cancer prognostic with a therapeutic antibody having increased potency,

optionally wherein the therapeutic antibody comprises a hypofucosylated Fc portion.

30. The method of claims 26 or 27, wherein step (d) comprises treating the subject determined to

have a favourable cancer prognostic with a therapeutic antibody in the absence of an adjuvant.

31. Use of a therapeutic antibody for the treatment of a subject having or suspected of having
cancer, the subject having a genotype at a polymorphism in ITGAM or C3 indicative of a

favourable cancer prognostic, wherein the therapeutic antibody is administered in a therapeutic
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regimen specially adapted to a subject having a genotype at a polymorphism in ITGAM or C3

indicative of a favourable cancer prognostic.

32. The use of claim 31, wherein therapeutic regimen comprises treatment with a therapeutic

antibody in the absence of an adjuvant.

33. Use of a therapeutic antibody for the treatment of a subject having or suspected of having
cancer, the subject having a genotype at a polymorphism in ITGAM or C3 indicative of an
unfavourable cancer prognostic, wherein the therapeutic antibody is administered in a therapeutic
regimen specially adapted to a subject having a genotype at a polymorphism in ITGAM or C3

indicative of an unfavourable cancer prognostic.

34. The use of claim 33, wherein therapeutic regimen comprises treatment with a therapeutic

antibody in the presence of an adjuvant.

35. The use of claim 33, wherein therapeutic regimen comprises treatment with a therapeutic
antibody having increased potency, optionally wherein the therapeutic antibody comprises a

hypofucosylated Fc portion.
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