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2M12AN 2AN46O3D1P 

TP53 L?B-EB@EAISD?AAED HE<?@I<>DBPH F?AEH 53kD (tumor supressor protein 53KDa) 
NOTCH1 L?B, :AAEJ==DEF:BBPK A ;D:BA<E@:J=?K NOTCH LEHE<EL 1 

(TRANSLOCATION-ASSOCIATED NOTCH HOMOLOG 1) 
BIRC3 L?B, N:@I<EF=DIABPK IAP SEF;ED-AEC?DT:V=K N?<E@ 3 (baculoviral IAP repeat-

containing 3) 
SF3B1  
IWCLL 

L?B AINX?C=B=JP B1 AS<:KA=BL R:@;ED: 3 (subunit 1 of the splicing factor 3b) 
International Workshop on Chronic Lymphocytic Leukemia 

FCR M=H=E;?D:S?F;=Q?A@=K D?T=H, AEC?DT:V=K R<IC:D:N=B, J=@<EREAR:B = 
D=;I@A=H:N 

FCR-Lite M=H=E;?D:S?F;=Q?A@=K D?T=H, AEC?DT:V=K R<IC:D:N=B, J=@<EREAR:B = 
D=;I@A=H:N A D?CI@J=?K CEG 

FASAY RIB@J=EB:<OBPK H?;EC D:GC?<?BBPM :<<?<?K F CDETT:M (Functional Analysis 
of Separated Allele in Yeast) 

.-Y&& .-MDEB=Q?A@=K <=HRE<?K@EG 
Z8$ ZE<=H?D:GB:> J?SB:> D?:@J=> 
CD5 @<:A;?D C=RR?D?BJ=DEF@= (cluster of differentiation) 
Ig M =HHIBEL<ENI<=B @<:AA: 4 
Ig D =HHIBEL<ENI<=B @<:AA: D 
ZAP-70 SDE;?=B@=B:G:, :AAEJ==DEF:BB:> A zeta-J?SOU --@<?;EQBELE D?J?S;ED: (zeta-

associated protein 70) 
aCNA SD=END?;?BBP? :N?DD:J== Q=A<: MDEHEAEH (acquired genomic copy number 

aberrations) 
del13q14 C?<?J=> C<=BBELE S<?Q: 13 MDEHEAEHP 
del17D C?<?J=> @EDE;@ELE S<?Q: 17 MDEHEAEHP 
miR15a/16-1 H=@DE$(5 15a/16-1 
DLEU7 
MBL 

L?B C?<?J== SD= <=HREH? 7 (deleted in lymphocytic leukemia, 7) 
HEBE@<EB:<OBPK .-@<?;EQBPK <=HREJ=;EG 

BCL-2 EB@EL?B B @<?;EQBEK <=HREHP (2 B-cell leukemia)  
SNP ECBEBI@<?E;=CBPK SE<=HEDR=GH (single nucleotide polymorphism) 
MBL HEBE@<EB:<OBPK .-@<?;EQBPK <=HREJ=;EG (monoclonal B-cell lymphocytosis) 
RB1 L?B D?;=BEN<:A;EHP 1 (retinoblastoma-associated 1) 
FISH R<IED?AJ?B;B:> in situ L=ND=C=G:J=> (fluorescent in situ hybridization) 
del11q C?<?J=> C<=BBELE S<?Q: 11 MDEHEAEHP 
NPAT L?B BI@<?ESDE;?=B :;:@A==-;?<?:BL=W@;:G=> (Nuclear protein, ataxia 

telangiectasia) 
CUL5 L?B D?J?S;ED: %#* ;=S: V2 (vasopressin-activated calcium-mobilizing receptor 1) 
PPP2R1B L?B REAR:;:GP 2 D?LI<>;EDB:> AINX?C=B=J: 2(protein phosphatase 2, regulatory 

subunit A) 
AT4 L?B :;:@A==-;?<?:BL=W@;:G== (ataxia telangiectasia mutated locus) 
INSR D?J?S;ED =BAI<=B:  (insulin receptor) 
IgVH L?BP F:D=:N?<OBELE D?L=EB: =HHIBEL<ENI<=BEF 
tris 12 ;D=AEH=> 12 MDEHEAEHP 



! J!J!

BCL-7  L?B D?LI<>;ED :SES;EG: 7( :poptosis regulator Bcl-7) 
MDM-2 L?B, :HS<=R=J=DEF:BBPK B: MDEHEAEH? ;=S: «double minute» HP[=BPK 

(mouse double minute chromosome amplified oncogene) 
P53 SDECI@; L?B: -$53 
#(5 C?GE@A=D=NEBI@<?=BEF:> @=A<E;: 
@#(5 (cDNA) – @EHS<?H?B;:DB:> #(5 
$(5 D=NEBI@<?=BEF:> @=A<E;: 
H$(5 H:;D=QB:> $(5; 
ERIC ?FDES?KA@:> =AA<?CEF:;?<OA@:> =B=J=:;=F: SE Y&& (European Research 

Initiative on CLL) 
T-ALL - @<?;EQBPK EA;DPK <?K@EG (T-lineage acute lymphoblastic leukemia) 
&#* R?DH?B; <:@;:; C?L=CDEL?B:G: 
4#+  H=?<EC=AS<:A;=Q?A@=K A=BCDEH 
H>$(Z H:<PK >C?DBPK D=NEBI@<?ESDE;?=C 
U-CLL SECLDISS: S:J=?B;EF A B?HI;=DEF:BBPH= VH-L?B:H= (unmutated CLL) 
M-CLL 
+%$ 

M-CLL - SECLDISS: S:J=?B;EF A HI;=DEF:BBPH= VH-L?B:H= (mutated CLL) 
A;?D?E;=SBP? :B;=L?BBP? D?J?S;EDP 

.2-M N?;:2-H=@DEL<ENI<=B 
HLA @EHS<?@A L=A;EAEFH?A;=HEA;= (human leucocyte antigens) 
)&8 E;BE[?B=? <?L@=M J?S?K  
NGS A?@F?B=DEF:B=? BEFELE SE@E<?B=> (Next Generation Sequencing) 
SSCP :B:<=G ECBEJ?SEQ?QBELE @EBREDH:J=EBBELE SE<=HEDR=GH: (single-strand 

conformation polymorphism analysis) 
MLSG08 B:GF:B=? SDE;E@E<: <?Q?B=> NE<OBPM Y&& (Moscow Lymphoma Study Group) 
Arg :H=BE@=A<E;: :DL=B=B (arginine) 
Pro :H=BE@=A<E;: SDE<=B (Proline) 
Ki-67 :B;=L?B 5i-67 (antigen identified by monoclonal antibody Ki-67) 
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1. 6/%:$'L.&9%L +,&?'"#J 
 

YDEB=Q?A@=K <=HRE<?K@EG EC=B =G A:HPM D:ASDEA;D:B\BBPM F=CEF <?K@EG: 

AD?C= FGDEA<ELE B:A?<?B=>, SEA<? 60 <?; Q=A<E G:NE<?F[=M FEGD:A;:?; 

W@ASEB?BJ=:<OBE. 5<=B=Q?A@E? ;?Q?B=? .-Y&& GB:Q=;?<OBE D:G<=Q:?;A>, 

FD?H> T=GB= S:J=?B;EF HET?; F:DO=DEF:;O E; 1-2 <?; CE 15 = NE<??. 

(?AHE;D> B: ;E, Q;E @<:AA=R=@:J== SE Rai = Binet [6, 103] EA;:U;A> 

CEA;:;EQBE ;EQBPH= C<> =C?B;=R=@:J== S:J=?B;EF A ;>T?<PH= A;:C=>H= 

G:NE<?F:B=>, EB= B? HELI; SD?CA@:G:;O IAS?[BEA;O ;?D:S==. ZE=A@ H:D@?DEF 

;>T?A;= ;?Q?B=> = SDELBEG: G:NE<?F:B=> CE B:A;E>V?LE HEH?B;: EA;:?;A> 

:@;I:<OBEK G:C:Q?K, B?AHE;D> B: AIV?A;FEF:B=? ;:@=M A=<OBPM 

SDELBEA;=Q?A@=M R:@;EDEF @:@ HI;:J=EBBPK A;:;IA L?BEF 

=HHIBEL<ENI<=BEF (EJ?B@: IDEFB> GD?<EA;= <?K@EGBEK @<?;@=-

SD?C[?A;F?BB=JP)[35], J=;EL?B?;=Q?A@=? M:D:@;?D=A;=@= [56], IDEF?BO 

N?;:2-H=@DEL<ENI<=B: [48] = CD. 9: SEA<?CB?? FD?H> NP<E =C?B;=R=J=DEF:BE 

B?A@E<O@E L?BEF-@:BC=C:;EF, @E;EDP? HELI; A<IT=;O F @:Q?A;F? BEFPM 

SDELBEA;=Q?A@=M H:D@?DEF F CESE<B?B=? @ B:DI[?B=U ,-53 – W;E L?BP 

SF3B1, NOTCH1 = BIRC3[101]. 4P D:ASE<:L:?H IB=@:<OBPH H:;?D=:<EH – 

L?B?;=Q?A@=H H:;?D=:<EH SE<IQ?BBPH I NE<OBPM .-Y&& CE B:Q:<: ;?D:S==, 

@DEH? ;ELE FA? NE<OBP? SE<IQ=<= ECBE = ;E T? <?Q?B=? F D?T=H? FCR. -:@=H 

END:GEH, HP =H??H EQ?BO ECBEDECBIU LDISSI S:J=?B;EF, SD= =AA<?CEF:B== 

@E;EDEK HETBE SE<IQ=;O EJ?B@I F<=>B=> HI;:J=K F L?B:M TP53, NOTCH1, 

SF3B1 * BIRC3 = AEE;B?A;= =M A WRR?@;:H= ;?D:S==.  
 

!

 
!



! 7!7!

2. 7"'L )99'">&-$.)* 
 

! 3GIQ?B=? AF>G= HI;:J=K F L?B:M TP53, NOTCH1, SF3B1 * BIRC3 R-)!SM

@<?;EQBEH MDEB=Q?A@EH <=HRE<?K@EG? = =M F<=>B=> B: SDELBEG = ;?Q?B=? 

G:NE<?F:B=>.  

 

3. F$>$;) )99'">&-$.)* 
 

1. 3AA<?CEF:B=? L?BEF TP53, NOTCH1, SF3B1 * BIR.3 B: B:<=Q=? 

HI;:J=K I NE<OBPM .-Y&& CE SE<IQ?B=> =H= H?C=@:H?B;EGBEK ;?D:S== 

D?T=H: FCR. 

2. 3GIQ?B=? RIB@J=EB:<OBEK :@;=FBEA;= L?B: ,-53 A SEHEVOU 

A@D=B=BLEFELE H?;EC: FASAY C<> SEC;F?DTC?B=> =B:@;=F=DIUV?LE 

F<=>B=> HI;:J=K F L?B? ,-53 = ESD?C?<?B=> Q:A;E;P HI;:B;BELE :<<?<>. 

3. %B:<=G FG:=HEAF>G= HI;:J=K F FP[?I@:G:BBPM L?B:M A 

SDELBEGEH = ;?Q?B=?H G:NE<?F:B=>, : ;:@T? c CDIL=H= SDELBEA;=Q?A@=H= 

H:D@?D:H= SD= .-Y&&. 

4. )SD?C?<?B=? SDELBEA;=Q?A@EK GB:Q=HEA;= HI;:J=K L?BEF TP53, 

NOTCH1, SF3B1 = BIR.3 SD= .-Y&&.  
 

4. D$:;.$* .&-)K.$ )99'">&-$.)* 
 

.S?DFP? F $EAA== SDEF?C?BE D:BCEH=G=DEF:BBE? =AA<?CEF:B=? HI;:J=K 

F L?B:M TP53, NOTCH1, SF3B1 = BIRC3 C<> S?DF=QBPM NE<OBPM MDEB=Q?A@=H 

.-@<?;EQBPH <=HRE<?K@EGEH.  

5. D$:;.&-+,$/%);"9/$* Q"..&9%L 
 

! $:BB>> C=:LBEA;=@: B?N<:LESD=>;BELE ;?Q?B=> SD= .-Y&& B: 

EABEF:B== B:<=Q=> HI;:J=K F L?B:M ,-53 = NOTCH1 SEGFE<=; FPC?<=;O 

LDISSI NE<OBPM «SEFP[?BBELE D=A@:» CE B:Q:<: <?Q?B=>. %B:<=G HI;:J=K F 



! 2!2!

L?B:M TP53, NOTCH1, SF3B1 = BIRC3 SEHET?; FP>F=;O NE<OBPM A 

L?B?;=Q?A@=H= :BEH:<=>H= AD?C= NE<OBPM A BEDH:<OBPH @:D=E;=SEH, 

C=:LBEA;=DEF:BBPH H?;ECEH FISH. 

 

C.">,".)" - +,$/%)/: 

.A? =ASE<OGEF:BBP? H?;EC=@= FB?CD?BP F @<=B=Q?A@IU SD:@;=@I !*/, 

*(8 49 $! = =ASE<OGEF:BP F C=:LBEA;=@?.  

4:;?D=:<P C=AA?D;:J== NP<= B?ECBE@D:;BE CE<ET?BP:  

1.5EBLD?AA L?H:;E<ELEF $EAA==, 2-4 =U<> 2012 L., 4EA@F:;  

2.IX $EAA=KA@:> @EBR?D?BJ=> A H?TCIB:DECBPH IQ:A;=?H, «9<E@:Q?A;F?BBP? 

<=HREHP», 18-19 E@;>ND> 2012 L., 4EA@F:;  

3..A?DEAA=KA@:> B:IQBE-SD:@;=Q?A@:> @EBR?D?BJ=> «4E<?@I<>DBE-

L?B?;=Q?A@=? = =HHIBEL?B?;=Q?A@=? H?;ECP C=:LBEA;=@= F SD:@;=@? FD:Q: 

L?H:;E<EL:», 25-26 :SD?<> 2013 L., +:B@;-Z?;?DNIDL. 

6. M&'&R".)*, -J.&9)#J" .$ K$S)%: 
 

ZDEF?C?BE S?DFE? F $EAA== D:BCEH=G=DEF:BBE? =AA<?CEF:B=? 

FG:=HEAF>G= HI;:J=K F L?B:M TP53, NOTCH1, SF3B1 = BIRC3 A 

B?N<:LESD=>;BPH A SDELBEGEH = E;F?;EH B: ;?D:S=U I S?DF=QBPM NE<OBPM 

.-Y&&. 4I;:J=> SE @D:KB?K H?D? ECBELE =G =AA<?CI?HPM L?BEF FP>F<?B: F 

45% A<IQ:?F (I 68 =G 155), CFIM L?BEF ECBEFD?H?BBE F 3% A<IQ:?F (I 5 =G 

155). 2:A;E;: HI;:J=K L?B: ,-53 - 10% (16 =G 155). .P>F<?B: A;:;=A;=Q?A@= 

GB:Q=H:> AF>GO B:<=Q=> HI;:J== F L?B? TP53 A C?<?J=?K MDEHEAEHP 17D 

(D=0,001) = IgVH N?G HI;:J=K (D=0,01). 2:A;E;: HI;:J== c.7541_7542delCT 

L?B: NOTCH1 I NE<OBPM .-Y&& 17% (26 =G 155), :AAEJ==DEF:B: A ;D=AEH=?K 

12 (D=0,006), IgVH N?G HI;:J=K (p=0,025), E;AI;A;F=?H HI;:J=K F L?B? SF3B1 

(D=0,04). 2:A;E;: HI;:J=K L?B: SF3B1 - 16% (25 =G 155), :AAEJ==DEF:B: A 

E;AI;A;F=?H C?<?J== 17 MDEHEAEHP (D=0,001). 2:A;E;: HI;:J=K L?B: BIRC3 – 

5% (4 =G 81). +;:;=A;=Q?A@= GB:Q=HEK :AAEJ=:J== A CDIL=H= 

N=E<EL=Q?A@=H= = SDELBEA;=Q?A@=H= S:D:H?;D:H= B? FP>F<?BE. 



! _!_!

7. A?T"# ) 9%,:/%:,$ >)99",%$Q)) 
 

#=AA?D;:J=> =G<ET?B: B: 98 A;D:B=J:M. +EC?DT=; 4 D=AIB@:, 6 LD:R=@EF, 21 

;:N<=JI. 

!B6C6 1. AEFA4 B153465G4H 

1.1 C-">".)" 
YDEB=Q?A@=K B-@<?;EQBPK <=HRE<?K@EG (.-Y&&) – A:HPK Q:A;PK F=C 

<?K@EGEF I FGDEA<PM. 2:A;E;: ?LE F "FDES?KA@=M A;D:B:M AEA;:F<>?; 4:100000 

F LEC = B?SEAD?CA;F?BBE AF>G:B: A FEGD:A;EH. , <=J A;:D[? 80 <?; EB: 

AEA;:F<>?; >30:100000 F LEC [142]. 4?C=:B: FEGD:A;: B: HEH?B; IA;:BEF<?B=> 

C=:LBEG: F "FDES?KA@=M A;D:B:M AEA;:F<>?; 69 <?;. . $EAA== .-Y&& 

FP>F<>?;A> D?T? = H?C=:B: FEGD:A;: B: HEH?B; IA;:BEF<?B=> C=:LBEG: 

H?BO[?, AED:GH?DBE H?BO[?K SDECE<T=;?<OBEA;= T=GB= DEAA=>B [146]. (? 

=A@<UQ?BP = W;B=Q?A@=? D:G<=Q=>, ESD?C?<>UV=? D:ASDEA;D:B?BBEA;O .-

Y&& F $EAA==. 3AA<?CEF:B=? .-Y&& = ES;=H=G:J== ;?D:S== SD=END?;:?; 

EAENIU F:TBEA;O A IF?<=Q?B=?H ENV?K SDECE<T=;?<OBEA;= T=GB= <UC?K = 

AEMD:B?B== =H= ;DICEASEAENBEA;=. . AEE;F?;A;F== A CE@<:CEH FA?H=DBEK 

:AA:HN<?= SE A;:D?B=U 2002 LEC:, ;?HSP SDEJ?AA: A;:D?B=> B:A?<?B=> 

>F<>U;A> N?ASD?J?C?B;BPH=, B? =H?UV=H= :B:<ELEF F =A;ED== 

Q?<EF?Q?A;F:. #E<> SET=<PM <UC?K ?T?LECBE IF?<=Q=F:?;A> B: 2%. 5 2050 

LECI Q=A<E SET=<PM <UC?K F H=D? FS?DFP? F =A;ED== SD?FPA=; ENVIU 

Q=A<?BBEA;O HE<EC?T=. . D:GF=;PM A;D:B:M ;:@E? @:DC=B:<OBE? =GH?B?B=? 

SDE=GE[<E ?V? F 1998 LECI [143]. +EE;F?;A;F?BBE W;EHI SDEJ?AAI H?B>?;A> = 

E;BE[?B=? H?C=J=BA@ELE AEENV?A;F: @ SET=<EHI S:J=?B;I A 

EB@E<EL=Q?A@=H G:NE<?F:B=?H. 4BEL=? IA;E>F[=?A> @:BEBP SDE[<ELE 

S?D?AH:;D=F:U;A>. 

. B:A;E>V?? FD?H> A;:BC:D;EH F <?Q?B== AEH:;=Q?A@= AEMD:BBPM NE<OBPM 

MDEB=Q?A@=H <=HRE<?K@EGEH >F<>?;A> D?T=H FCR (R<IC:D:N=B, 

J=@<EREAR:B, D=;I@A=H:N). ]RR?@;=FBEA;O = MEDE[:> S?D?BEA=HEA;O W;ELE 



! #4!#4!

D?T=H: SDEC?HEBA;D=DEF:B: F B?A@E<O@=M @<=B=Q?A@=M =ASP;:B=>M, @:@ 

SD:F=<E ;D?NI?;A> SDEF?C?B=? 6 @IDAEF [8, 66].  

]RR?@;=FBEA;O FCR B:A;E<O@E FPAE@:, Q;E I D>C: S:J=?B;EF SE<BPK E;F?; 

CEA;=L:?;A> IT? SEA<? S?DFPM 2 – 3 J=@<EF. )CB:@E =H??;A> B?A@E<O@E 

SDEN<?H SD= SDEF?C?B== @IDA: ;?D:S==. .E-S?DFPM, FCR B? N?GES:A?B. 

*<:FBPH= EA<ETB?B=>H= W;ELE D?T=H: >F<>U;A> =HHIBEC?R=J=; = 

H=?<E;E@A=QBEA;O. .E-F;EDPM, B?AHE;D> B: FPAE@IU WRR?@;=FBEA;O D?T=H:, 

AIV?A;FI?; @:;?LED=> NE<OBPM, I @E;EDPM W;E <?Q?B=? B? WRR?@;=FBE = 

SDELBEG @D:KB? B?N<:LESD=>;?B. 3H B?ENMEC=HP :<O;?DB:;=FBP? F:D=:B;P 

;?D:S==, B:GB:Q:?HP? F S?DFEK <=B==. 

-:@=H END:GEH, FPT=F:?HEA;O NE<OBPM .-Y&& HET?; F:DO=DEF:;OA> F 

[=DE@=M SD?C?<:M (E; 2 <?; CE SDECE<T=;?<OBEA;= T=GB=, AESEA;:F=HEK A 

ENV?SESI<>J=EBBEK). -:@E? D:G<=Q=? F ;?Q?B== NE<?GB=, F ;EH Q=A<? = I 

HE<ECPM NE<OBPM C?HEBA;D=DI?; NE<O[IU L?;?DEL?BBEA;O S:;EL?B?G: .-

Y&&. $?QO =C?; E AIV?A;FEF:B== B?A@E<O@=M NE<?GB?K F SD?C?<:M LDISSP, 

@E;ED:> A?LECB> B:GPF:?;A> «MDEB=Q?A@=K <=HRE<?K@EG». 4BET?A;FE 

S:;EL?B?;=Q?A@=M SI;?K SD=FEC>; @ ECBEHI SEA<?CA;F=U – B:@ES<?B=U 

<=HREJ=;EF A M:D:@;?DBPH, SEF;ED>UV=HA> R?BE;=SEH [63, 100, 101]. 

(?AHE;D> B: ;E, Q;E S:;EL?B?;=Q?A@=? SI;= B? >ABP, B?ENMEC=HP H:D@?DP, 

@E;EDP? SEGFE<><= NP A;D:;=R=J=DEF:;O S:J=?B;EF B: LDISSP D=A@:. 

4BEL=? SDELBEA;=Q?A@=? H:D@?DP, @E;EDP? NP<= =C?B;=R=J=DEF:BP CE 

SE>F<?B=> R<IC:D:N=B: I;?D><= AFE? GB:Q?B=? F B:A;E>V?? FD?H>. 

];= H:D@?DP B? CE<TBP NP;O AF>G:BP A H:AAEK ESIME<=, FEGD:A;EH S:J=?B;: 

= CDIL=H= F;EDEA;?S?BBPH= R:@;ED:H=. )B= CE<TBP E;D:T:;O =A;=BBIU 

N=E<EL=Q?A@IU L?;?DEL?BBEA;O MDEB=Q?A@ELE <=HRE<?K@EG:. 

.P>F<?B=? R:@;EDEF, =H?UV=M GB:Q?B=? SD= ;?D:S== FCR, SECD:GC?<?B=? 

NE<OBPM B: N=E<EL=Q?A@= L?;?DEL?BBP? LDISSP D=A@: = AEGC:B=? BEFEK 

SDELBEA;=Q?A@EK [@:<P >F<>?;A> F:TB?K[?K G:C:Q?K =AA<?CEF:B=> .-Y&&. 

+EL<:ABE C:BBPH SEA<?CB=M H?TCIB:DECBPM =AA<?CEF:B=K SD= SDEF?C?B== 

SE<BEL?BEHBELE A?@F?B=DEF:B=> I NE<OBPM .-Y&& ENB:DIT?BP 



! ##!##!

SEF;ED>UV=?A> HI;:J== B?A@E<O@=M L?BEF, ECB=H= =G A:HPM Q:A;E 

FP>F<>?HPM >F<>U;A> HI;:J== L?BEF TP53, NOTCH1, SF3B1 = BIR.3 [6, 13]. 

.:TBE EJ?B=;O >F<>U;A> <= HI;:J== F W;=M L?B:M F?CIV=H AENP;=?H, 

SD=FEC>V=H @ FEGB=@BEF?B=U =/=<= D:GF=;=U .-Y&&, SDE:B:<=G=DEF:;O 

AF>GO HI;:J=K W;=M L?BEF A CDIL=H= HE<?@I<>DBPH= H:D@?D:H=, 

FP>F<>?HPH= SD= .-Y&&. ,A;:BEF=;O GB:Q=HEA;O FP>F<?B=> HI;:J=K C<> 

EJ?B@= SDELBEG: ;?Q?B=> G:NE<?F:B=>, FPNED: ;?D:S== = B?ENMEC=HEA;O 

SDEF?C?B=> C:BBPM =AA<?CEF:B=K F DI;=BBEK SD:@;=@? FD:Q:-L?H:;E<EL:; 

EJ?B=;O EN<:A;O SD=H?B?B=> A@D=BB=BLEFPM = SEC;F?DTC:UV=M H?;ECEF 

=AA<?CEF:B=> L?BEF TP53, NOTCH1, SF3B1 = BIR.3. 

(:A;E>V?? =AA<?CEF:B=? SEAF>V?BE :B:<=GI HI;:J=K L?BEF TP53, NOTCH1, 

SF3B1 = BIR.3 = EJ?B@? =BREDH:;=FBEA;= = IA<EF=K SD=H?B=HEA;= C:BBPM 

=M HI;:J=EBBELE A;:;IA: SD= .-Y&&. . D?GI<O;:;? NICI; ESD?C?<?BP 

B:=NE<?? F:TBP? HE<?@I<>DBP? H:D@?DP, @E;EDP? HELI; F<=>;O B: FPNED 

D?T=H: ;?D:S== = A;D:;=R=J=DEF:;O S:J=?B;EF B: LDISSP D=A@:. 

1.1.1 C-UBB, V%)&'&()*, >)$(.&9%);"9/)" /,)%",)) 
!
.-Y&& - NE<?GBO, =H?UV:> @<=B=Q?A@=? SDE>F<?B=> SEA<? 50-60 <?;, FA?LE 

10% G:NE<?F:U; CE 40 <?; [146]. 4ITQ=BP NE<?U; Q:V?, Q?H T?BV=BP 

SD=N<=G=;?<OBE F 2 D:G: C<> ?FDES?KA@EK Q:A;= B:A?<?B=>, AD?C= <UC?K 

:G=:;A@ELE SDE=AMETC?B=> M:D:@;?DBE =BE? AEE;BE[?B=?, B:SD=H?D F 5=;:? 

EBE AEA;:F<>?; 3.2/1 [13, 102]. , 40—60% S:J=?B;EF G:NE<?F:B=? 

C=:LBEA;=DI?;A> F :A=HS;EHBEK R:G? (<=HREJ=;EG SD= DI;=BBEH :B:<=G? 

@DEF=) [13], = W;E CE<TBE IQ=;PF:;OA> SD= ENIA<EF<?BBEH D:G<=QBPH= 

SD=Q=B:H= H:AAEFEH L?H:;E<EL=Q?A@EH ENA<?CEF:B== B:A?<?B=>. 2?H 

NE<O[? FEGD:A; NE<OBELE .-Y&&, ;?H B?N<:LESD=>;B?? ?LE SDELBEG [14, 65, 

77, 98]. )CB:@E, I HE<ECPM S:J=?B;EF SDELBEG B?<OG> AQ=;:;O 

ICEF<?;FED=;?<OBPH [25]. . ENGED?, AC?<:BBEH IWCLL (International 

Workshop on Chronic Lymphocytic Leukemia) SE 454 NE<OBPH .-Y&& HE<ET? 

50 <?;, 25% =H?<= A;:C=U 0 SE @<:AA=R=@:J== Rai, 21,5% A;:C=U I, 40% - II, 



! #"!#"!

5,5% - III, = 8% - A;:C=U IV. 4?C=:B: ENV?K FPT=F:?HEA;= AEA;:F=<: 12 <?;, 

;ELC: @:@ ET=C:?H:> H?C=:B: FPT=F:?HEA;= (SE<IQ?B: SE @EB;DE<OBEK 

LDISS? GCEDEFPM <=J, ;ETC?A;F?BBPM SE SE<I, FEGD:A;I = CDIL=H 

SE@:G:;?<>H) - 31,2 L. 10-<?;B>> ENV:> FPT=F:?HEA;O AEA;:F=<: F A;:C== 0 - 

76%, F A;:C=>M I - II  45% = F A;:C=>M III - IV - 24% [44].  

    , HITQ=B SDELBEG H?B?? N<:LESD=>;?B, Q?H I T?BV=B, C:T? ?A<= FPNED@: 

;ETC?A;F?BB: SE CDIL=H R:@;ED:H SDELBEG: [14, 77]. ZD=Q=BP W;ELE 

R?BEH?B: B: C:BBPK HEH?B; B? >ABP. 

"T?LECBE F $EAA== .-Y&& G:NE<?F:?; 3-3,5 Q?<EF?@: B: 100 000 T=;?<?K, A 

FEGD:A;EH Q=A<E G:NE<?F[=M IF?<=Q=F:?;A> = SEA<? 65 <?; AEA;:F<>?; 20 B: 

100 000. [144] .  

];=E<EL=Q?A@=? SD=Q=BP FEGB=@BEF?B=> .-Y&& B? =GF?A;BP, B? FP>F<?B: 

AF>GO H?TCI FEGC?KA;F=?H D:G<=QBPM @:BJ?DEL?BBPM, R=G=Q?A@=M, 

M=H=Q?A@=M R:@;EDEF = D:GF=;=?H .-Y&& [7, 105, 125, 144]. +IV?A;FI?; 

SD?CSE<ET?B=? E F<=>B== B?@E;EDPM R:@;EDEF, F ;EH Q=A<? D:C=:J== B? 

Q?D?G HI;:L?BBPK WRR?@;, : SEAD?CA;FEH B:DI[?B=> H?T@<?;EQBPM 

FG:=HEC?KA;F=K H?TCI E;C?<OBPH= AINSESI<>J=>H= <=HRE=CBPM @<?;E@ F 

SE<=@<EB:<OBEK SESI<>J== <=HRE=CBPM @<?;E@ F EDL:B=GH?, Q;E 

D:AAH:;D=F:?;A> @:@ M:D:@;?DBPK @EHSEB?B; SD?C<?K@EGBELE AEA;E>B=> SD= 

.-Y&& [7, 105, 125, 144].  

. D>C? =AA<?CEF:B=K SDEC?HEBA;D=DEF:BE IF?<=Q?B=? Q:A;E;P EA;DPM 

H=?<E=CBPM <?K@EGEF AD?C= @ID=<OV=@EF, ECB:@E NE<O[=? @ELED;BP? 

=AA<?CEF:B=> B? SE@:G:<= F<=>B=> @ID?B=> B: Q:A;E;I D:GF=;=> .-Y&& [20]. 

.A?LE B?A@E<O@E =AA<?CEF:B=K I@:GPF:U; B: FEGHETBEA;O D:GF=;=> .-Y&& 

SEA<? FEGC?KA;F=> S?A;=J=CEF [2]. YDEB=Q?A@=K .-@<?;EQBPK <=HRE<?K@EG 

D:ASDEA;D:B?B AD?C= DECA;F?BB=@EF SE LED=GEB;:<OBEK = F?D;=@:<OBEK 

<=B==, SD=Q?H F SEA<?CIUV?H SE@E<?B== FEGD:A; C?NU;: .-Y&& D:BO[?, 

Q?H F SD?CPCIV?H [36, 52, 137]. )CB:@E =AMECBPK L?B?;=Q?A@=K C?R?@;, 

S?D?C:UV=KA> SE B:A<?CA;FI = ENIA<:F<=F:UV=K END:GEF:B=? @<?;E@ .-

Y&&, B? ENB:DIT?B.  



! #+!#+!

4EDRE<EL=Q?A@=H AINA;D:;EH ESIME<?FPM @<?;E@ >F<>?;A>  @<EB 

<=HREJ=;EF, =H?UV=M D:GH?DP = HEDRE<EL=U BEDH:<OBELE GD?<ELE 

<=HREJ=;: = =HHIBER?BE;=S, AEE;F?;A;FIUV=K =HHIBER?BE;=SI .-

<=HREJ=;EF SEGCB=M A;:C=K C=RR?D?BJ=DEF@= SE ESD?C?<?B=U 4. %. 

.E<@EFEK [144]. 

&=HRESDE<=R?D:J=> M:D:@;?D=GI?;A> B:@ES<?B=?H <=HREJ=;EF F @DEF=, 

@EA;BEH HEGL?, <=HR:;=Q?A@=M IG<:M =<= CDIL=M <=HRE=CBPM ;@:B>M. 

#=:LBEG A;:F=;OA> SD= ENB:DIT?B=? <=HREJ=;EG: AFP[? 5*109 F 

S?D=R?D=Q?A@EK @DEF=, Q:A;E W;E SDE=AMEC=; B: D:BB=M A;:C=>M A<IQ:KBE. 

5<=B=Q?A@=? C:BBP? CE<TBP NP;O SEC;F?DTC?BP <:NED:;EDBPH= 

SE@:G:;?<>H=: ENB:DIT?B=? :NAE<U;BELE <=HREJ=;EG: AFP[? 5*109 F 

S?D=R?D=Q?A@EK @DEF=, SDE<=HREJ=;P 10%, <=HREJ=;EG F @EA;BEH HEGL? 

30%. 5<EBP =H?U; =HHIBER?BE;=S: CD19+, CD20± (A<:N:>), CD22+ 

(IH?D?BB:>),  CD79a+, CD23+, CD43+, CD5+, E;H?Q:?;A> A<:N:> W@ASD?AA=> 

SEF?DMBEA;BPM =HHIBEL<ENI<=BEF @<:AA:  IgM =<= IgM+IgD (F D>C? A<IQ:?F 

B? ENB:DIT=F:?;A>), D?A;D=@J=> <?L@=M J?S?K (^ =<= _), F:D=:N?<OBE 

SD?CA;:F<?BP :@;=F:J=EBBP? :B;=L?BP  CD38, CD25, CD71. . D?C@=M 

A<IQ:>M .-Y&& ESIME<?FP? @<?;@= =H?U; R?BE;=S  CD19+, CD5-, C.23+, 

<=NE B: B=M E;AI;A;FI?; W@ASD?AA=> <?L@=M J?S?K =HHIBEL<ENI<=BEF. 

]@ASD?AA=> CD38 (H:D@?D: @<?;@=-SD?C[?A;F?BB=JP) NE<?? Q?H B: 20% F 

CD19+CD5+ @<?;@:M :AAEJ==DI?;A> A S<EM=H SDELBEGEH. ]@ASD?AA=> 

AIDDEL:;BELE H:D@?D: HI;:J=EBBELE A;:;IA: F:D=:N?<OBPM IQ:A;@EF L?BEF 

=HHIBEL<ENI<=BEF – N?<@: ZAP-70 (70kD zeta-associated protein) F AEQ?;:B== 

A HI;=DEF:BBPH F:D=:B;EH L?BEF =HHIBEL<ENI<=BEF :AAEJ==DI?;A> A 

S<EM=H SDELBEGEH [145]. 

1.1.2 N'$99)W)/$Q)* 
!
 . 1970M LL Rai = Binet AEGC:<= @<:AA=R=@:J=EBBP? A=A;?HP .-Y&& [6, 103],  

AEGC:B: @<:AA=R=@:J=> . -Y&&  F HEC=R=@:J== %. 3. .EDENO?F: (2007) 

[148]  ;:N<. 1. ];= @<:AA=R=@:J== SEGFE<>U; EJ?B=;O ;>T?A;O ;?Q?B=> .-



! #6!#6!

Y&&. +;D:;=R=@:J=> NE<OBPM B: LDISSP SDE=GFEC=;A> SEA<? EJ?B@= 

EABEFBPM  SE@:G:;?<?K - H:AAP ESIME<=, ?\ D:ASDEA;D:B?B=> = A;?S?B= 

ILB?;?B=> EA;:<OBPM DEA;@EF @DEF?;FED?B=>. ZEA<?CB=K SE@:G:;?<O 

E@:GPF:?; NE<O[?? F<=>B=? B: SDECE<T=;?<OBEA;O T=GB= NE<OBPM, Q?H 

ENX?H ESIME<?FEK H:AAP. #<> @:TCEK LDISSP SECAQ=;:B: SD=H?DB:> 

SDECE<T=;?<OBEA;= T=GB=.  (:=MIC[=K SDELBEG B:N<UC:?;A> F A<IQ:>M A 

ILB?;?B=?H BEDH:<OBELE @DEF?;FED?B=> (H?C=:B: FPT=F:?HEA;= H?B?? 2 

<?;).  

+;:C== MDEB=Q?A@ELE <=HRE<?K@EG: 
SE Rai (1975) 

+;:C== MDEB=Q?A@ELE <=HRE<?K@EG: SE 
Binet (1981) 

+;:C=> 0 

 

 

 

+;:C=> I 

 

 

 

+;:C=> II 

 

 

+;:C=> III 

-E<O@E <=HREJ=;EG F @DEF= 
NE<?? 15,0x109`/`<, F @EA;BEH 
HEGL? — NE<?? 40`%; SDELBEG 
— MEDE[=K, 
SDECE<T=;?<OBEA;O T=GB= 
AEE;F?;A;FI?; SESI<>J=EBBEK 

 

&=HREJ=;EG AEQ?;:?;A> A 
IF?<=Q?B=?H <=HREIG<EF; 
SDELBEG — 
SDEH?TI;EQBPK, H?C=:B: 
FPT=F:?HEA;= — 9 <?; 

&=HREJ=;EG + AS<?BEH?L:<=> 
= (=<=) IF?<=Q?B=? S?Q?B=, 
B?G:F=A=HE E; D:GH?DEF 
<=HREIG<EF; SDELBEG — 
SDEH?TI;EQBPK, H?C=:B: 
FPT=F:?HEA;= — 6 <?; 

&=HREJ=;EG = AB=T?B=? 
IDEFB> L?HEL<EN=B: H?B?? 
110 L`/`<, B?G:F=A=HE E; 
IF?<=Q?B=> <=HREIG<EF, 
A?<?G?B@=, S?Q?B=; SDELBEG — 
S<EMEK, H?C=:B: 
FPT=F:?HEA;= — H?B?? ;D?M 
<?; 

+;:C=> % 

 

 
 

 

+;:C=> . 

 

 

 

  

 

 

 

+;:C=> + 

 

 

 

 

 

 

 

 

 

 

 

+EC?DT:B=? L?HEL<EN=B: 
NE<?? 100 L`/`<, ;DEHNEJ=;EF 
NE<?? 100M109`/`<, IF?<=Q?B=? 
<=HR:;=Q?A@=M IG<EF F 1–2 
EN<:A;>M; H?C=:B: 
FPT=F:?HEA;= — @:@ F 
SESI<>J== 

+EC?DT:B=? L?HEL<EN=B: = 
;DEHNEJ=;EF FP[? ;?M T? 
SE@:G:;?<?K, BE <=HREIG<P 
IF?<=Q?BP F ;D?M = NE<?? 
EN<:A;>M; H?C=:B: 
FPT=F:?HEA;= — 7 <?; 

 
 
 
 
 

+EC?DT:B=? L?HEL<EN=B: 
H?B?? 100 L`/`<, ;DEHNEJ=;EF — 
H?B?? 100M109`/`< SD= <UNEH 

@E<=Q?A;F? GEB A 
IF?<=Q?BBPH= IG<:H= = 
B?G:F=A=HE E; IF?<=Q?B=> 
A?<?G?B@= = S?Q?B=; H?C=:B: 
FPT=F:?HEA;= — 2 LEC: 

+;:C=> IV &=HREJ=;EG S<UA 
;DEHNEJ=;ES?B=> B=T? 

 

100 M109`/`<, B?G:F=A=HE E; 
:B?H== = D:GH?DEF 



! #J!#J!

<=HREIG<EF, A?<?G?B@= = 
S?Q?B=; SDELBEG — S<EMEK, 
H?C=:B: FPT=F:?HEA;= — 1,5 
LEC: 

 

5$?')Q$.1 N'$99)W)/$Q)* UBB +& 6.1. C&,&?L"-: (2007), 

&?T">).*XS$* /'$99)W)/$Q)) +& Rai ) Binet 

$:NE;: Binet N<=T? @ EB@E<EL==: F Q:A;BEA;=, EB: IQ=;PF:?; 

D:ASDEA;D:B?BBEA;O SED:T?B=> <=HREIG<EF (IF?<=Q?B=? H?B?? 3 LDISS, 

B:SD=H?D, SECHP[?QBPM = [?KBPM – %; IF?<=Q?B=? FA?M LDISS, 

(SECHP[?QBPM, [?KBPM = S:MEFPM) – . = <UNP? @<=B=Q?A@=? SE@:G:;?<= + 

J=;ES?B=> – A;:C=> +)). 5<:AA=R=@:J=> Binet B? D:AAH:;D=F:?; A<IQ:= .-

Y&& A HBELE<?;B=H A;:N=<OBPH <=HREJ=;EGEH, B? AESDEFETC:UV=?A> 

IF?<=Q?B=?H <=HREIG<EF. 5<:AA=R=@:J=> Rai LED:GCE [=D?. . B?K 

FPC?<>?;A> 5 A;:C=K, @E;EDP? SD:@;=Q?A@= IQ=;PF:U; EDL:BBPK M:D:@;?D 

SED:T?B=>. 5<:AA=R=@:J=> Rai – S?DFE? =AA<?CEF:B=?, SEGFE<=F[?? 

EM:D:@;?D=GEF:;O ;D= SDELBEA;=Q?A@=?  LDISSP .-Y&&, SD=BJ=S=:<OBE 

D:G<=Q:UV=?A> SE FPT=F:?HEA;= (NE<?? 10 <?;, 7 <?; = 1,5 LEC:). )CB:@E 

AIV?A;F?BB:> L?;?DEL?BBEA;O C:T? F SD?C?<:M @<=B=Q?A@=M A;:C=K ;D?NI?; 

AEFD?H?BBPM <:NED:;EDBPM = @<=B=Q?A@=M R:@;EDEF SDELBEG:.  

1.1.3 !)+&%"KJ -')*.)* ("."%);"9/)@ .$,:Y".)= .$ +$%&("."K C-UBB 
!
5:TCPK L?B?;=Q?A@=K C?R?@; =H??; AFEU S:;EL?B?;=Q?A@IU, @<=B=Q?A@IU = 

SDELBEA;=Q?A@IU GB:Q=HEA;O. +IV?A;FI?; B?A@E<O@E ;?ED=K, ES=APF:UV=M 

FEGHETBPK H?M:B=GH D:GF=;=> .-Y&& F D?GI<O;:;? MDEHEAEHBPM = L?BBPM 

HI;:J=K. 

YDEHEAEHBP? HI;:J== HELI; SD=FEC=;O @ C?D?LI<=DEF:B=U HBET?A;F: 

L?BEF-H=[?B?K, =<= B:ENEDE;, FA<?CA;F=? B:<=Q=> «driver» (F?CIV?K) 

HI;:J== F ECBEH =G L?BEF, SDE=AMEC=; B:DI[?B=? D?LI<>;EDBPM = G:V=;BPM 

SI;?K F @<?;@?, FA<?CA;F=? Q?LE FEGB=@:U; :N?DD:J=> MDEHEAEH. aF<?B=? 



! #D!#D!

SEFP[?B=> L?BEHBEK A<ETBEA;= (MDEHEAEHBP? :N?DD:J=> F @<?;@? .-Y&&) 

SD=FEC=; :CC=;=FBEHI WRR?@;I = SDE>F<>U;A> F NE<?? :LD?AA=FBEH ;?Q?B== 

.-Y&& = AB=T?B== SDECE<T=;?<OBEA;= T=GB= [30].   

.EGHETBP? H?M:B=GHP, SD=FEC>V=? @ D:GF=;=U .-Y&& F MEC? C?<?J== 

MDEHEAEH = L?BBPM HI;:J=K: 

1. EC=B :<<?<O ;?D>?;A> F MEC? C?<?J== MDEHEAEHP, : F;EDEK B?A?; 

HI;:B;BPK L?B. -:@ Q:V? FA?LE SDE=AMEC=; SD= C?<?J== 17D, @ELC: B: 

EA;:F[=MA> :<<?<>M AEC?DT=;A> HI;:B;BPK L?B ,-53.  

2. ZE F;EDEHI H?M:B=GHI :<<?<O A «@D=;=Q?A@=H=» L?B:H= SECF?DL:?;A> 

C?<?J==, EA;:F[?LEA> L?B?;=Q?A@ELE H:;?D=:<: B?CEA;:;EQBE C<> 

EN?AS?Q?B=> SE<BEK RIB@J=EB:<OBEA;= (L:S<E-B?CEA;:;EQBEA;O). 

#:BB:> ;?ED=> C:?; ENX>AB?B=? D:GF=;=> .-Y&& SD= C?<?J== 11q.  

3. . ;D?;O?H A<IQ:? ;?D>?;A> EC=B :<<?<O, : EA;:F[=KA> WS=L?B?;=Q?A@= 

SEC:F<>?;A>. ];: ;?ED=> ?V? B? CE@:G:B:. 

+IV?A;FIU; @EDD?<>J=EBBP? AF>G= H?TCI B?@E;EDPH= MDEHEAEHBPH= = 

L?BBPH= HI;:J=>H=: B:SD=H?D, HI;:J=> NOTCH1 Q:A;E FA;D?Q:?;A> SD= 

;D=AEH== 12 MDEHEAEHP, : HI;:J=> MYD88 SD= C?<?J== 13q14. 3, B:@EB?J, 

MDEHEAEHBP? :N?DD:J=> HELI; G:;D:L=F:;O = HBEL=? CDIL=? @D=;=Q?A@=? 

L?BP =, A<?CEF:;?<OBE, SI;= A=LB:<OBP? D?LI<>J== A =M IQ:A;=?H, Q;E 

EA<ETB>?; SEB=H:B=? S:;EN=E<EL=Q?A@=M H?M:B=GHEF D:GF=;=> .-Y&& 

[76,92]. 

aABE, Q;E Q:A;O L?B?;=Q?A@=M B:DI[?B=K >F<>?;A> ASED:C=Q?A@=H= 

>F<?B=>H=, CDIL:> – >F<>?;A> G:@EBEH?DBPH SDEJ?AAEH, F?CIV=H @ D:GF=;=U 

.-Y&&. +@ED?? FA?LE, Q:A;E FA;D?Q:UV=?A> SD= .-Y&& L?B?;=Q?A@=? 

B:DI[?B=> CE<TBP =LD:;O @:@IU-;E DE<O F S:;EL?B?G? G:NE<?F:B=>. )CB:@E, 

DE<O F?CIV?LE L?B?;=Q?A@ELE B:DI[?B=> SD= .-Y&& ;:@ = B? ESD?C?<?B:. 

 

1.1.3 7)%&("."%);"9/)" ) #&'"/:'*,.&-?)&'&();"9/)" #$,/",J, /$/ 
W$/%&,J +,&(.&K$ 

!



! #7!#7!

    .-Y&& >F<>?;A> L?B?;=Q?A@= L?;?DEL?BBPH G:NE<?F:B=?H = F@<UQ:?; 

B?A@E<O@E D:G<=QBPM L?B?;=Q?A@=M B:DI[?B=K @<=B=Q?A@= SDE>F<>UV=MA> 

ENV=H= A=HS;EH:H= .-Y&& [16, 17]. (?ECBEDECBEA;O N=E<EL== .-Y&& 

FPD:T:?;A> F AIV?A;F?BBPM F:D=:J=>M @<=B=Q?A@=M SDE>F<?B=K E; S:J=?B;: 

@ S:J=?B;I, A@EDEA;= SDELD?AA=DEF:B=> G:NE<?F:B=>, E;F?;: B: ;?D:S=U, =, F 

@EB?QBEH =;EL?, FPT=F:?HEA;= A HEH?B;: SEA;:BEF@= C=:LBEG: [75], Q;E 

ENIA<:F<=F:?; B?ENMEC=HEA;O =GIQ?B=> = SECNED: :B:<=;=Q?A@=M H:D@?DEF 

SDELBEG: .-Y&& C<> FPNED: ES;=H:<OBEK ;?D:S?F;=Q?A@EK A;D:;?L==. 

.P>F<?BE, Q;E Y&& AESDEFETC:?;A> J?<PH AS?@;DEH J=;EL?B?;=Q?A@=M = 

L?B?;=Q?A@=M B:DI[?B=K. ZD=H?DBE F 80% A<IQ:?F SD= Y&& =H?U;A> 

AEH:;=Q?A@=? SD=END?;?BBP? L?BEHBP? :N?DD:J== (aCNAs). 5 B=H E;BEA>; 

SE>F<?B=? CESE<B=;?<OBEK @ES== 12 MDEHEAEHP (ENB:DIT=F:?;A> F 15-18% 

A<IQ:?F) =<= C?<?J== MDEHEAEH: C?<?J== D:G<=QBEK C<=BP 13q14 

MDEHEAEHP, (FA;D?Q:?;A> F 50% A<IQ:?F), C?<?J== 11q = 17p MDEHEAEH 

FA;D?Q:U;A> D?T? I 10-15% = 7-10% NE<OBPM Y&& AEE;F?;A;F?BBE (;:N<=J: 

2) [76, 92]. /P<E IA;:BEF<?BE, Q;E @<EB:<OBP? MDEHEAEHBP? :N?DD:J== 

FP>F<>U;A> SD=H?DBE F SE<EF=B? A<IQ:?F MDEB=Q?A@ELE .-@<?;EQBELE 

<=HRE<?K@EG:, A B?NE<O[=H= @E<?N:B=>H= F G:F=A=HEA;= E; A;:C== NE<?GB=. 

(: D:BB=M A;:C=>M J=;EL?B?;=Q?A@=? B:DI[?B=> FA;D?Q:U;A> D?T? (20%), B: 

NE<?? SEGCB=M A;:C=>M Q:V?, CE 70%. 3G 50% NE<OBPM Y&& A @<EB:<OBPH= 

MDEHEAEHBPH= :N?DD:J=>H= SE<EF=B: =H??; ECBI :BEH:<=U, EA;:<OBP? CF? 

=<= NE<??. , NE<OBPM A BEDH:<OBPH @:D=E;=SEH SDELBEG <IQ[?, Q?H I 

NE<OBPM A J=;EL?B?;=Q?A@=H= :BEH:<=>H=. )CB: MDEHEAEHB:> :N?DD:J=> 

SDELBEA;=Q?A@= N<:LESD=>;B?? @EHS<?@ABPM B:DI[?B=K @:D=E;=S:. (E B= 

ECB: =G B:=NE<?? D:ASDEA;D:B?BBPM SD= .-Y&& MDEHEAEHBPM :N?DD:J=K, SE-

F=C=HEHI, B? >F<>?;A> S?DF=QBPH AENP;=?H F D:GF=;== ESIME<=. 
 

! 5<:AA=Q?A@:> 
J=;EL?B?;=@: 

IWCLL/ CDIL=? D:NE;P 

 
FISH 

;D=AEH=> 12 19% (17 - 40%) 11,5%  - 55% 
C?<?J=> 13q 10% (7 - 20%) 13q14 > 50% 



! #2!#2!

C?<?J=> 11q 8% (7 - 17%) 20% 
C?<?J=> 6q 6% (3 - 20%) 9% 
C?<?J=> 17p 4% 10 - 17% 

 
p.6/<H.& :'!n.3,2,.& 1.<62/77& 5.34523,5.17119X& X528232819X& .6755.H<Z& 45<&

C-QRRq&+/.33<C73+.?&H<,2T717,<+.&<&_ras&tDDK&PMu&

5DEH? ;ELE, SD= SDEF?C?B== SE<BEL?BEHBELE A?@F?B=DEF:B=> I NE<OBPM .-

Y&& FP>F<?BP SEF;ED>UV=?A> HI;:J== F L?B:M TP53, NOTCH1, SF3B1, 

BIRC3, @E;EDP? SD?CSE<ET=;?<OBE AF>G:BP A S:;EL?B?GEH = F<=>U; B: 

@<=B=Q?A@E? ;?Q?B=? G:NE<?F:B=> [100]. 

1.2 U,&#&9&#.J" #:%$Q)) +,) C-UBB 

!"#"!$%&'&()*$!+$,-./.0./1$
(:=NE<?? Q:A;E FA;D?Q:UV=KA> MDEHEAEHBEK :BEH:<=?K SD= .-Y&&, 

FP>F<>UV?KA> F 50% A<IQ:?F,  >F<>?;A> C?<?J=> MDEHEAEHP 13 (del13q14) 

[11, 57-59, 70, 73, 80], AQ=;:?;A> @<=B=Q?A@= N<:LESD=>;BPH SD=GB:@EH F 

E;AI;A;F=? CDIL=M HI;:J=K. #<=B: C?<?J== HET?; F:DO=DEF:;O E; 1 CE 40 4N 

= NE<??, = HET?; NP;O D:ASDEA;D:B?B: F B:SD:F<?B== J?B;DEH?DP =<= 

;?<EH?DP. ZD=H?DBE F 15-20% A<IQ:>M del13q14 SDE=AMEC=; B: EN?=M 

MDEHEAEH:M. ];E HELI; NP;O EC=B:@EFP? SE <E@:<=G:J== = SDE;>T?BBEA;= 

C?<?J== =<= HEG:=QB:> C?<?J=> D:G<=QBEK C<=BP = <E@:<=G:J== [93]. (: 

D=A.1 SD?CA;:F<?B: @:D;: C?<?J=K del13q14, AEA;:F<?BB:> B: EABEF:B== 

C:BBPM ENA<?CEF:B=> 255 NE<OBPM .-Y&& [76, 91]. (?AHE;D> B: 

B?ECBEDECBEA;O del13q14 AQ=;:?;A>, Q;E C?<?J=> G:;D:L=F:?; D:GBP?, BE 

S?D?@DPF:UV=?A> IQ:A;@=. /P<E FP>F<?BE, Q;E E@E<E 60% del13q14 SD= .- 

Y&& =H?U; E;BEA=;?<OBE ECBEDECBIU C<=BI 0,8-1,0 4N, ;:@ B:GPF:?HPK 

;=S I. 98% FA?M del13q14 G:;D:L=F:?; <E@IA, LC? D:ASE<:L:U;A> miR15a/16-1 = 

DLEU7, = ;:@ T? FA? SDEH?TI;EQBP? L?BP [82, 91, 96]. -?H B? H?B??, I <UC?K 

B: MDEHEAEH? 3 D:ASE<ET?B <E@IA, @E;EDPK @EC=DI?; FPAE@E LEHE<EL=QBP? 

miR15b- = 16,2 $(5 (http://www.mirbase.org/index.shtml), @E;EDP? 

SE;?BJ=:<OBE HELI; @EHS?BA=DEF:;O SE;?D= miR15a/16-1 SD= del13q14. + 

IQ?;EH W;ELE, CDIL=? R:@;P SEC;F?DTC:U; :B;=EB@EL?BBIU DE<O miR15a/16-



! #_!#_!

1[51-53]. (:@EB?J, WS=L?B?;=Q?A@E? SEC:F<?B=? miR15a/16-1 =BELC: 

ENB:DIT=F:?;A> SD= .-Y&& N?G del13q1 [80]. -:@ T? SD?CSE<:L:?;A>, Q;E 

miR15a/16-1 =H??; :CC=;=FBPK WRR?@; SD= C?<?J== EN<:A;= 13 MDEHEAEHP. 

4P[=, @E;EDP? =H?<= C?<?J=U ;E<O@E miR15a/16-1 D:GF=F:<= .-Y&& D?T?, 

Q?H HP[= =H?F[=? SDE;>T?BBIU C?<?J=U, SECENBE ;EHI @:@ W;E 

SDE=AMEC=; F EDL:B=GH? Q?<EF?@: [91].  

+ B?C:FB=M SED ENX?@;EH SD=A;:<OBELE =GIQ?B=> >F<>?;A> L?B DLEU7, 

C?<?J=> @E;EDELE B:N<UC:?;A> SEQ;= FE FA?M A<IQ:>M del13q [47]. . 

L?;?DE<EL=QBPM @<?;EQBPM A=A;?H:M SDE>F<>?; A?N> @:@ SDEEB@EL?B, >F<>>AO 

AEA;:FBEK Q:A;OU A=LB:<OBPM SI;?K @<?;@=. . A?HO>M A B:A<?CA;F?BBEK 

REDHEK .-Y&& =H??;A> SNP, @E;EDPK D:ASE<ET?B F L?B? DLEU7 [10, 94] . 

-:@=H END:GEH, HETBE SD?CSE<ET=;O, Q;E C?<?J=> miR15a/16-1 = DLEU7 

>F<>U;A> EABEFBPH= L?B:H=-H=[?B>H=, SE;?D> @E;EDPM  SD= del13q14 

ASEAENA;FI?; D:GF=;=U .-Y&&.  

#?<?J=>  del13q14 - A:HPK Q:A;PK ;=S HI;:J=K SD= .-Y&&, Q;E  C:?; 

EABEF:B=> AQ=;:;O ?? «F?CIV?K» HI;:J=?K. -?H B? H?B??, =C?B;=QBP? 

C?<?J== del13q14 FA;D?Q:U;A> = SD= CDIL=M ;=S:M ESIME<?K, F ;EH Q=A<? SD= 

HBET?A;F?BBEK H=?<EH?, C=RRIGBEK . @DISBE@<?;EQBEK @<?;EQBEK 

<=HREH?, EA;DEH H=?<E=CBEH <?K@EGEH, D:@? SDEA;:;P = CDIL=M. + ;:@EK T? 

Q:A;E;EK F 50% A<IQ:?F del13q14 ENB:DIT=F:?;A> SD= MBL 

(HEBE@<EB:<OBPK .-@<?;EQBPK <=HREJ=;EG), BE ;E<O@E 1% MBL A<IQ:?F 

;D:BAREDH=DI?;A> F .-Y&& ?T?LECBE. -:@=H END:GEH, del13q14 A:HEK SE 

A?N? B? CEA;:;EQBE C<> D:GF=;=> .-Y&& [37, 62]. (:@EB?J, CEA;EF?DBE B? 

IA;:BEF<?BE @:@ =GH?B>?;A> L?BB:> D?LI<>J=> SD= del13q14, B?AHE;D> B: 

HBELE<?;BUU =A;ED=U =AA<?CEF:B=K. -:@ T? F @DISBEH:A[;:NBPM 

=AA<?CEF:B=>M B? NP<E B:KC?BE B= ECBEK AEH:;=Q?A@EK HI;:J==, AENP;=KBE 

AF>G:BBEK A C?<?J=?K 13 MDEHEAEHP. ZEW;EHI SD?CSE<:L:?;A>, Q;E C?<?J=> 

SD=FEC=; @ L:S<EB?CEA;:;EQBEA;= =<= =B:@;=F:J== Q?D?G WS=L?B?;=Q?A@=? 

H?M:B=GHP.  

ZD= SDE;>T?BBEK del13q14 II ;=S: (E@E<E 48 4N) SDE=AMEC=; C?<?J=> L?B: 



! "4!"4!

RB1 (L?B D?;=BEN<:A;EHP 1; :B;=EB@EL?B), Q;E SDE>F<>?;A> @<=B=Q?A@= NE<?? 

:LD?AA=FBPH ;?Q?B=?H G:NE<?F:B=> = NE<?? @EDE;@EK FPT=F:?HEA;OU, 

EAEN?BBE SEA<? ;?D:S==. )NPQBPH H?;ECEH FISH B?  FEGHETBE I<EF=;O 

D:GB=JI F C<=B? C?<?J== 13q. .:TBE E;H?;=;O, Q;E =H??;A> AF>GO H?TCI 

del13q14 ;=S: II = SEFP[?B=?H L?BEHBEK A<ETBEA;= [22, 71, 82, 91, 96]. 

.EGHETBE, =ASE<OGEF:B=? F;EDELE FISH GEBC: C<> ESD?C?<?B=> C?<?J== A 

J?B;DEH F L?B? RB1 NIC?; ASEAENA;FEF:;O A;D:;=R=@:J== D=A@: SD= .-Y&&. 

)NB:DIT?B=? del13q14 = <UNEK CDILEK MDEHEAEHBEK :BEH:<== AF>G:BE A 

NE<?? :LD?AA=FBPH ;?Q?B=?H NE<?GB=, Q?H =GE<=DEF:BB:> del13q14. 

 

 

 

 

 

 

 

 

 

 

 

4)9:.&/ 1. 2@"#J ,$K');.J@ %)+&- >"'"Q)) 13q14 +,) C-UBB [93]  

 4-H:;?D=BA@:> MDEHEAEH:, $-E;JEFA@:> MDEHEAEH:. +;D?<@:H= ENEGB:Q?BE 

SD=H?DBE? D:ASE<ET?B=? L?BEF miR15a/16-1, DLEU7 = RB1. ,Q:A;@= C?<?J== 

ENEGB:Q?BP A=B=H JF?;EH. 

 

!"#"#"$%&'&()*$!!2$,-./.0./1$
ZD=N<=G=;?<OBE 10% S:J=?B;EF A .-Y&& =H?U; C?<?J=U @EDE;@ELE S<?Q: 11 

MDEHEAEHP (del11q) B: HEH?B; SEA;:BEF@= C=:LBEG:. #:BBE? AENP;=? 

AQ=;:?;A> SDELBEA;=Q?A@= B?N<:LESD=>;BPH, M:D:@;?D=GI?;A> B:Q:<EH .-

Y&& F NE<?? HE<ECEH FEGD:A;?. /E<O[=BA;FE del11q  SDE;>T?BBP?, C<=BEK 
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E; B?A@E<O@=M CE C?A>;@EF 4N [38, 87, 115]. ZD= @:D;=DEF:B== FP>F<?B 

H=B=H:<OBPK D:KEB C?<?J==, AEC?DT:V=K ;:@=? L?BP-D?LI<>;EDP 

@<?;EQBELE J=@<:, @:@ NPAT, CUL5, PPP2R1B, DDX10 = AT/. .A? del11q, 

@E;EDP? F@<UQ:U; <E@IA 0,/, AQ=;:U;A> «@<:AA=Q?A@=H=», FA? EB= AF>G:BP 

A C?<?J=?K ;E<O@E ECBELE S<?Q:, LEHEG=LE;BPM  C?<?J=K 11q B? ENB:DIT?BE. 

%;=S=QBP? del11q, F E;<=Q=? E; «@<:AA=Q?A@=M» del11q H?BO[? SE 

SDE;>T?BBEA;= = D:ASE<ET?BP N<=T? @ J?B;DEH?D?, ECB:@E C:BBPM EN =M 

N=E<EL== =<= @<=B=Q?A@EH GB:Q?B== B?; [43, 92]. 

*?B 0,/ >F<>?;A> L?BEH-AISD?AAEDEH, SEC:F<>UV=H D:GF=;=? :;:@A==-

;?<?:BL=W@;:G==. ,;D:;: L?B: 0,/ F D?GI<O;:;? C?<?J== 11q AQ=;:?;A> 

EABEFBPH R:@;EDEH,  ASEAENA;FIUV=H D:GF=;=U .-Y&&. . E;<=Q== E; 

HI;:J== L?B: ,-53, @E;ED:> AESDEFETC:?; C?<?J=U 17D F 80% A<IQ:?F, 

HI;:J== 0,/ SD= C?<?J== 11q ENB:DIT=F:U;A> F 8-30% A<IQ:?F. -:@ T? B? 

SDEF?C?BE Q?;@=M D:G<=Q=K H?TCI AEH:;=Q?A@EK = L?DH=B:<OBEK HI;:J=?K 

L?B: 0,/ = SNP. -:@=H END:GEH, =H?UV=?A> C:BBP? E S:;ER=G=E<EL== .-

Y&& SD= del11q LEFED>; E C?R?@;:M F A=A;?H? D?S:D:J== CFIMJ?SEQ?QBPM 

D:GDPFEF, G: @E;EDIU E;F?Q:?; L?B 0,/. 5 SE>F<?B=U CFIMJ?SEQ?QBPM 

D:GDPFEF #(5 SD=FEC>; HI;:J== =<= C=ARIB@J=> L?B: ATM (L=SE:@;=F:J=>) 

[81]. . CESE<B?B=? @ HI;:J=>H L?B: 0,/ NP<= ENB:DIT?BP HI;:J== F L?B? 

BIRC3, D:ASE<ET?BBEH B: D:AA;E>B== 6 4N E; L?B: 0,/ [111]. 4I;:J== 

CDIL=M L?BEF, D:ASE<ET?BBPM B: 11q MDEHEAEH? B? NP<= ENB:DIT?BP SD= 

SDEF?C?B== @DISBEH:A[;:NBPM =AA<?CEF:B=K .-Y&&. 

ZEQ;= FA? del11q B:N<UC:U;A> SD= .-Y&& A B?HI;=DEF:BBPH F:D=:B;EH 

L?BEF =HHIBEL<ENI<=BEF. ];: @EDD?<>J=> EA;:?;A> B?ENX>AB?BBEK. 

-:@ T? NP<E IA;:BEF<?BE, Q;E F 60-70% A<IQ:>M del11q AF>G:B: A 

SEFP[?B=?H IDEFB> W@ASD?AA== D?J?S;ED: =BAI<=B: (INSR) [115]. ZE@:G:BE, 

Q;E END:NE;@: ;:@=M @<?;E@ =BAI<=BEH ex vivo F?C?; @ IF?<=Q?B=U 

:B;=:SES;E;=Q?A@EK :@;=FBEA;= = IA=<?B=U FEGC?KA;F=> DEA;EFPM A;=HI<EF. 

,F?<=Q?B=? IDEFB> W@ASD?AA== INSR AF>G:BE A D:BB=H SDELD?AA=DEF:B=?H 

G:NE<?F:B=>. . B:A;E>V?? FD?H> AQ=;:?;A>, Q;E :BEH:<OB:> D?LI<>J=> INSR 
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SDE=AMEC=; =G-G: HEBE:<<?<OBEK C?<?J== ECBELE =<= B?A@E<O@=M L?BEF, 

D:ASE<ET?BBPM B: 11q, : ;:@T? CDIL=M, B?=GF?A;BPM C?R?@;EF. .?CI;A> 

=AA<?CEF:B=> A J?<OU =C?B;=R=J=DEF:;O ;:@=? L?BP-@:BC=C:;P = AEGC:;O 

CESE<B=;?<OBP? SD?CA;:F<?B=> E S:;EL?B?G? .-Y&& [51]. 

3, B:@EB?J, AIV?A;FI?; A=<OB:> FG:=HEAF>GO H?TCI SEFP[?B=?H L?BEHBEK 

A<ETBEA;= = del11q, Q;E HET?; <?T:;O F EABEF? @<EBEFEK WFE<UJ== = F 

D?GI<O;:;? SD=FEC=;O @ SE>F<?B=U NE<?? :LD?AA=FBPM @<EBEF. 

3G =H?UV=MA> C:BBPM A<?CI?;, Q;E del11q SD= .-Y&& M:D:@;?D=GI?; 

@<=B=Q?A@= SDELD?AA=DIUV?? G:NE<?F:B=? =<= A;:N=<=G:J=U G:NE<?F:B=>, 

;D?NIUVIU B:Q:<: ;?D:S==. 5DEH? ;ELE, .-Y&& A del11q M:D:@;?D=GIU;A> 

@EDE;@=H= D?H=AA=>H=, ME;> F SEA<?CB?? FD?H> NP<E E;H?Q?BE I<IQ[?B=? 

A=;I:J== SEA<? F@<UQ?B=> J=@<EREAR:H=C: F AM?HP <?Q?B=> [124]. 

(?SDESEDJ=EB:<OBE IF?<=Q?BBP? D:GH?DP <=HR:;=Q?A@=M IG<EF HELI; NP;O 

AF>G:BP A C?<?J=?K 11q = SEFP[?BBEK W@ASD?AA=?K INSR [32].  

 

!"#"+"$3-)0./)*$!#$,-./.0./1$
-D=AEH=> 12 (tris 12) MDEHEAEHP ENB:DIT=F:?;A> SD=H?DBE 15-18% A<IQ:?F 

.-Y&& B: HEH?B; SEA;:BEF@= C=:LBEG: = @EDD?<=DI?; A :;=S=Q?A@=H= 

HEDRE<EL=Q?A@=H= F:D=:B;:H= .-Y&&. 4?M:B=GHP, SD=FEC>V=? @ 

SE>F<?B=U ;D=AEH== 12 MDEHEAEHP, = DE<O W;ELE AENP;=> F S:;EL?B?G? Y&& 

B? =GF?A;BP. (?; ;EQBPM C:BBPM E @EDD?<>J== H?TCI ;D=AEH=?K 12 

MDEHEAEHP, HI;:J=?K L?BEF IgV( = B?N<:LESD=>;BPH SDELBEGEH. ZD= FISH 

=AA<?CEF:B== <=[O F 25-75% @<?;E@ .-Y&& FP>F<>?;A> ;D=AEH=> 12 

MDEHEAEHP, : B? FE FA?M, Q;E HET?; AF=C?;?<OA;FEF:;O, Q;E ;D=AEH=> – 

>F<>?;A> A<?CA;F=?H, : B? SD=Q=BEK FEGB=@BEF?B=> .-Y&&. #EA;EF?DBE B? 

=GF?A;BP L?BP, IF?<=Q?B=? CEGP @E;EDPM  HET?; SD=F?A;= @ ESIME<?FEK 

;D:BAREDH:J==, ME;> F D:KEB? ICFE?B=> 12 MDEHEAEHP D:ASE<:L:?;A> L?B 

=BAI<=BE-SECENBELE R:@;ED: DEA;:-1, R:@;ED: DEA;: A;FE<EFPM @<?;E@ BCL-7 

= L?B: MDM-2, >F<>UV?LEA> L?BEH-:B;:LEB=A;EH ,-53 [26].  

4I;:J== F 34 W@GEB? L?B: NOTCH1 ENB:DIT=F:U;A> F 4-6% de novo .-Y&&, 



! "+!"+!

= F 50% HI;:J=> NOTCH1 @EDD?<=DI?; A ;D=AEH=?K 12 MDEHEHAEHP [3, 72, 

117].  

3GE<=DEF:BB:> ;D=AEH=> 12 MDEHEAEHP B? E;BEA=;A> @ SDELBEA;=Q?A@= 

B?N<:LESD=>;BPH H:D@?D:H F @<=B=Q?A@EH @EB;?@A;?, S:J=?B;P A .-Y&& A 

=GE<=DEF:BBEK ;D=AEH=?K 12 SEQ;= FA?LC: MEDE[E E;F?Q:U; B: ;?D:S=U = 

=H?U; SDECE<T=;?<OBP? D?H=AA== [26, 92]. +=<OB:> E;D=J:;?<OB:> 

:AAEJ=:J=> ;D=AEH== 12 A HI;:J=>H= TP53 =<= SEFP[?B=?H L?BEHBEK 

A<ETBEA;=, FEGHETBE, <?T=; F EABEF? W;ELE >F<?B=>. 

 

!"#"4"$%&'&()*$!5-$,-./.0./1$
ZD=H?DBE F 7% FS?DFP? FP>F<?BBPM A<IQ:?F .-Y&& =H??;A> C?<?J=> 

@EDE;@ELE S<?Q: 17 MDEHEAEHP (del17p) [31, 114]. .A? C?<?J== SD=H?DBE 

ECBEK C<=BP F 18-22 4N = G:;D:L=F:U;  @EDE;@E? S<?QE F B:SD:F<?B== 

;?<EH?DP. Del17p FA?LC: SD=FEC=; @ IC:<?B=U @D=;=Q?A@ELE <E@IA: TP53 

ECBELE =G :<<?<?K, : F;EDEK F 64-100% A<IQ:?F B?A?; HI;:J=U F L?B? TP53 

[74, 92, 139]. )CB:@E, C:BBP? E SDEJ?B;? FP>F<?B=> HI;:J== ,-53 F 4, 9, = 10 

W@GEB:M SD= C?<?J== 17D D:G<=Q:U;A>, Q;E, FEGHETBE, AF>G:BE A 

;?MB=Q?A@=H= :AS?@;:H= :B:<=G: HI;:J=K TP53 [74, 81, 92]. (: D=AIB@? 2 

SE@:G:B: @:D;: C?<?J=K 17 MDEHEAEHP = :<<?<OBP? F:D=:B;P L?B: ,-53 B: 

EA;:F[?HA> S<?Q?.  

ZD= SDEF?C?B== =AA<?CEF:B=> FISH =ASE<OGI?;A> GEBC A J?B;DEH B: <E@IA? 

TP53 [140], SEW;EHI ENB:DIT=F:U;A> FA? del17p. )CB:@E F B?@E;EDPM 

A<IQ:>M SDE=AMEC=; CIN<=@:J=> EA;:F[?LEA> :<<?<>, Q;E F?C?; @ <ETBE 

E;D=J:;?<OBEHI D?GI<O;:;I SD= FISH =AA<?CEF:B==, ;.@. EA;:F[=KA> :<<?<O 

B?A?; LEHEG=LE;BP? HI;:J== TP53 [29]. (?@E;EDP? HI;:J== TP53 SDE=AMEC>; 

N?G del17p (@:@ SD:F=<E, =M B:GPF:U; HEBE:<<?<OBEK HI;:J=?K TP53), BE W;E 

CEFE<OBE D?C@E? >F<?B=?. 4EBE:<<?<OBP? HI;:J== TP53 AF>G:BP A 

:LD?AA=FBPH ;?Q?B=?H .-Y&& [28, 114]. 

#?<?J=> 17D >F<>?;A> SDE;=FESE@:G:B=?H  C<> ;?D:S== :B:<EL:H= SID=BEF = 

:<@=<=DIUV=H= :L?B;:H=, ;.@. D?GI<O;:; ;:@EK ;?D:S== G:F=A=; E; =BCI@J== 
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:SES;EG: = RIB@J=EB:<OBEK :@;=FBEA;= N?<@: D53 [108]. -:@=H NE<OBPH 

D?@EH?BCI?;A> FPNED :<O;?DB:;=FBEK ;?D:S==, @E;ED:> SECD:GIH?F:?; 

SD=H?B?B=? B?L?BE;E@A=QBEK ;?D:S== =<= ;D:BAS<:B;:J=U @EA;BELE HEGL: 

[97, 119]. #?<?J=> 17D A ;?Q?B=?H G:NE<?F:B=> HET?; FEGD:A;:;O F SDEJ?B;EH 

E;BE[?B== =<= FEGB=@:;O, C:T? ?A<= E;AI;A;FEF:<: D:B??.  

"A<= del17p AF>G:B: A HI;=DEF:BBPH F:D=:B;EH IgV( =<= D:BB?K A;:C=?K 

G:NE<?F:B=>, ;E NE<?GBO HET?; NP;O @<=B=Q?A@= A;:N=<OBEK F ;?Q?B=? 

HBEL=M <?; [88]. ZE>F<?B=? del17p B? CE<TBE NP;O =ASE<OGEF:BE @:@ 

SE@:G:B=? C<> B:Q:<: ;?D:S== F E;AI;A;F=? =BPM SE@:G:B=K. 

  

 

 

 

 

 

 

 

 

 

 

4)9:.&/ 2.  2@"#J ,$K');.J@ %)+&- >"'"Q)) 17q +,) C-UBB [2] 

 4-H:;?D=BA@:> MDEHEAEH:, $-E;JEFA@:> MDEHEAEH:. 5D:ABPH H:D@?DEH 

FPC?<?B IQ:A;E@, AEE;F?;A;FIUV=K D:ASE<ET?B=U L?B: ,-53, @E;EDPK F 

80% A<IQ:?F SECF?DL:?;A> HI;:J== SD= C?<?J== S<?Q: 17 MDEHEAEHP. 

1.3. I:%$Q)) (".&- +,) C-UBB 

!"+"!"$6789())$:&;9$3<=+$
*?B ,-53 D:ASE<ET?B B: @EDE;@EH S<?Q? 17D13.1, SDE;>T?BBEA;O 22 @N, 

;D:BA@D=S; SD?CA;:F<>?; AENEK H$(5 C<=BBEK 2,2 @N, AEA;E>VIU =G 11 

W@GEBEF = @EC=DIUVIU 393 :H=BE@=A<E;P. /?<E@ D53 – W;E REARESDE;?=B, 

AEA;E>V=K =G 5 @EBA?DF:;=FBPM CEH?BEF, B?ENMEC=HPM C<> D?:<=G:J== ?LE 



! "J!"J!

EB@EAISD?AA=FBELE C?KA;F=>: N-@EBJ?FEK CEH?B, FEF<?Q?BBPK F 

;D:BA@D=SJ=EBBIU :@;=F:J=U L?BEF-H=[?B?K, SDE<=BNEL:;PK (?LE RIB@J=> 

CE @EBJ: B? =AA<?CEF:B:, SD?CSE<ET=;?<OBE IQ:A;FI?; F N?<E@-N?<@EFEH 

FG:=HEC?KA;F== = S?D?C:Q? A=LB:<:), J?B;D:<OBPK #(5-AF>GPF:UV=K CEH?B 

(AF>GPF:?;A> A SDEHE;ED:H= L?BEF-H=[?B?K), E<=LEH?D=G:J=EBBPK CEH?B 

(E;F?;A;F?B?B G: END:GEF:B=? ;?;D:H?DBELE @EHS<?@A:), +-@EBJ?FEK CEH?B 

(AF>GPF:?;A> A #(5 B?AS?J=R=QBE = E;F?Q:?; G: D:ASEGB:F:B=? SEFD?TC?B=K 

#(5) [129] 

. BEDH? SDECI@; L?B: ,-53, N?<E@ D53, SD?CE;FD:V:?; L?B?;=Q?A@IU 

B?A;:N=<OBEA;O F @<?;@? = B?ENMEC=H C<> D?:<=G:J== :SSES;E;=Q?A@EK 

:@;=FBEA;= F E;F?; B: M=H=E;?D:D=S=U = D:C=E;?D:S=U. )B :@;=F=DI?;A> F 

E;F?; B: D:G<=QBP? A;D?AAEFP? FEGC?KA;F=>: SEFD?TC?B=? #(5 M=H=Q?A@=H= 

= R=G=Q?A@=H= :L?B;:H=, B:DI[?B=? ANED@=/D:GNED@= H=@DE;DINEQ?@ 

F?D?;?B: C?<?B=>, :@;=F:J=U EB@EL?BEF, L=SE@A=U, :CL?G=U = CDIL=? 

A;=HI<P [67]. ZEA<? FEGC?KA;F=> ECBELE =G «A;D?AAEFELE» A=LB:<: 

SDE=AMEC=; ESD?C?<?BB:> :@;=F:J=> = HEC=R=@:J=> N?<@: 

(REAR<=D=DEF:B=?, C?REARE<=D=DEF:B=?, :J?;=<=DEF:B=? = CD.), F 

D?GI<O;:;? W;ELE EB =ASE<B>?; ECBI =<= B?A@E<O@E AFE=M RIB@J=K: F A<IQ:?, 

?A<= SEFD?TC?B=? HET?; NP;O IA;D:B?BE G: AQ?; D?S:D:;=FBPM SDEJ?AAEF, 

T=GB?BBPK J=@< @<?;@= EA;:B:F<=F:?;A> F «;EQ@? AF?D@=» G2 [12]. . A<IQ:? 

;E;:<OBELE SEFD?TC?B=> @<?;@= :@;=F=DI?;A> H?M:B=GH :SES;EG: [19]. 

/E<O[=BA;FE HI;:J=K (75%) SD?CA;:F<>U; AENEK =B:@;=F=DIUV=? H=AA?BA 

HI;:J==, SD=FEC>V=? @ G:H?B? ECBEK :H=BE@=A<E;P B: CDILIU, @E;EDP? 

<E@:<=GEF:BP F EN<:A;= 5-8 W@GEB: J?B;D:<OBELE #(5-AF>GPF:UV?LE CEH?B: 

[19]. -:@ T? FA;D?Q:U;A> C?<?J==, FA;:F@= = HI;:J== A:K;EF AS<:KA=BL:. 

3H?U;A> «LED>Q=? ;EQ@=» – B?A@E<O@E SE<ET?B=K, F @E;EDPM HI;:J== 

FP>F<>U;A> Q:V? FA?LE. ];= HI;:J== B:DI[:U; ,-53-#(5 FG:=HEC?KA;F=? 

(«#(5-@EB;:@;BP? HI;:J==», B:SD=H?D, F 248 = 273 @ECEB:M) =<= FPGPF:U; 

@EBREDH:J=EBBP? =GH?B?B=> («@EBREDH:J=EBBP? HI;:J==», B:SD=H?D, F 

@ECEB:M 175, 245, 249 = 282) [55]. ZEC:F<>UV?? NE<O[=BA;FE HI;:J=K 



! "D!"D!

GB:Q=;?<OBE EA<:N<>U; RIB@J=U ,-53 [88]. )CB:@E, SD= B?@E;EDPM 

HI;:J=>M RIB@J=> ,-53 Q:A;=QBE AEMD:BB:, SD=Q?H ?LE :@;=FBEA;O F W;EK 

A=;I:J== HET?; NP;O FPNEDEQBE AS?J=R=QB: C<> B?@E;EDPM SDEHE;EDEF. 

5DEH? ;ELE, HI;:B;BPK N?<E@ D53 HET?; E@:GPF:;O CEH=B:B;BE-B?L:;=FBE? 

F<=>B=? B: N?<E@ p53 C=@ELE ;=S:: @EB?QB:> A;DI@;ID: D53 – ;?;D:H?D, SD= 

F@<UQ?B== F B?LE ECBELE =G HI;:B;BPM HEBEH?DEF D53 SDE=AMEC=; SE;?D> 

RIB@J=EB:<OBEA;= FA?LE @EHS<?@A:. (?@E;EDP? HI;:J== -$53 HELI; 

SD=FEC=;O @ SD=END?;?B=U :@;=FBEA;=, ASEAENA;FIUV?K @:BJ?DEL?B?GI 

[136]. !?BE;=S p53 A SD=END?;?B=?H ;:@EK RIB@J== ES=A:B = F @<?;@:M .-

Y&& [123]. 

4I;:J== -$53 FA;D?Q:U;A> SD= FA?M ;=S:M ESIME<?K, SE C:BBPH http://www-

p53.iarc.fr H:@A=H:<OB:> Q:A;E;: AEA;:F<>?; 38-50% SD= D:@? >=QB=@:, 

S=V?FEC:, SD>HEK @=[@=, LE<EFP, [?= = <?L@ELE. 2:A;E;: FP>F<?B=> 

HI;:J=K I EB@EL?H:;E<EL=Q?A@=M NE<OBPM GB:Q=;?<OBE B=T?, 5-20% [113, 

134]. 4I;:J== Q:V? FP>F<>U;A> B: R=B:<OBEK A;:C== G:NE<?F:B=> =<= 

AF>G:BP A :LD?AA=FBPH ;?Q?B=?H = B?N<:LESD=>;BPH SDELBEGEH. 

ZD= MDEB=Q?A@EH .-@<?;EQBEH <=HRE<?K@EG? SEFD?TC?B=? RIB@J== p53 

AF>G:BE A C?<?J=?K 17D =/=<= HI;:J=?K L?B: ,-53 = @EDD?<=DI?; A 

B?N<:LESD=>;BPH SDELBEGEH. (:DI[?B=> F L?B? ,-53 B:MEC>; F AD?CB?H I 10 

- 15% B?<?Q?BPM S:J=?B;EF A .-Y&&, ECB:@E Q:A;E;: FP[? (40 - 50%) SD= 

R<IC:D:N=B-D?G=A;?B;BEH .-Y&& [32, 67]. /E<?? 80% NE<OBPM A C?<?J=?K 

17p =H?U; HI;:J=U ,-53 FE F;EDEH :<<?<? [139]. /P<E SE@:G:BE, Q;E 

HI;:J== L?B: ,-53 N?G C?<?J== 17p =H?U;A> I GB:Q=;?<OBEK Q:A;= S:J=?B;EF 

A .-Y&& (5% F S?DFEK <=B== ;?D:S==) = AF>G:BP A B?N<:LESD=>;BPH 

SDELBEGEH [141]. 

1.3.1.1 !"#$%$&'( # '))*+,"-$&'. )/$/0)$ 1253 
ZE@:G:B=> @ =AA<?CEF:B=U ,-53 I NE<OBPM .-Y&& @:@ R:@;ED:, F<=>UV?LE 

B: ;:@;=@I <?Q?B=>, C:BP B: 4?TCIB:DECBEH A?H=B:D? SE .-Y&& = ERIC 

(European Research Initiative on CLL) [44, 99]. 

$?@EH?BC:J== EABEF:BP B: D?;DEAS?@;=FBPM C:BBPM = :B:<=G? SECLDISS 



! "7!"7!

S:J=?B;EF F @<=B=Q?A@=M =ASP;:B=>M. ZDEAS?@;=FBPM =AA<?CEF:B=K, F 

@E;EDPM NP<E NP SE@:G:BE SD?FEAMECA;FE ECBELE D?T=H: B:C CDIL=H I 

NE<OBPM A B:DI[?B=>H= ,-53, B? ESIN<=@EF:BE.  

. AEE;F?;A;F== A D?@EH?BC:J=>H= ERIC C?<?J== 17p = HI;:J== ,-53 A<?CI?; 

EJ?B=F:;O:  

1) I FA?M NE<OBPM, F@<UQ:?HPM F @<=B=Q?A@=? =ASP;:B=>;  

2) FB? @<=B=Q?A@=M =ASP;:B=K I NE<OBPM, @E;EDPH SE@:G:BE <?Q?B=? = 

FEGHETBE SDEF?C?B=? :<O;?DB:;=FBEK ;?D:S==, F Q:A;BEA;=, :<<EL?BBEK 

;D:BAS<:B;:J== A;FE<EFPM @<?;E@ =<= CDILEK =B;?BA=FBEK ;?D:S== 

(B:SD=H?D, FCR = BR);  

3) B:DI[?B=> ,-53 B?ENMEC=HE EJ?B=F:;O S?D?C B:Q:<EH ;?D:S== 

(D?GI<O;:;P, SE<IQ?BBP? B: HEH?B; IA;:BEF<?B=> C=:LBEG:, HELI; H?B>;OA> 

AE FD?H?B?H =G-G: @<EB:<OBEK WFE<UJ==);  

4) F D?J=C=F?, S?D?C B:GB:Q?B=?H ;?D:S== F;EDEK <=B==. .P>F<?B=? 

B:DI[?B=K ,-53 F D?J=C=F? HET?; SEF<=>;O B: FPNED ;?D:S== [99]. . 

AEE;F?;A;F== A D?@EH?BC:J=>H= ERIC B?ENMEC=HE AEQ?;:;O FISH H?;EC A 

:B:<=GEH ,-53, ;:@ @:@ HI;:J=> ,-53 FA;D?Q:?;A> N?G C?<?J== 17D = 

B:ENEDE;.  

1.3.1.2 3*'&'4+)#"+ %&$4+&'+ "5&$607+&'( 80/$9'' 1253  
. AEE;F?;A;F== A C:BBPH=, SE<IQ?BBPH= F @<=B=Q?A@=M =ASP;:B=>M[81, 84] 

S:J=?B;P A B:DI[?B=>H= ,-53 =H?U; :LD?AA=FBPK M:D:@;?D @<=B=Q?A@ELE 

;?Q?B=> G:NE<?F:B=>, ;D?NIU; NE<?? D:BB?LE FH?[:;?<OA;F: =G-G: SDELD?AA== 

NE<?GB= = @<=B=Q?A@=M A=HS;EHEF, S<EME E;F?Q:U; B: ;?D:S=U. Z:J=?B;P 

BITC:U;A> F D:BB?H SEF;EDBEH J=@<? ;?D:S== = =H?U; @EDE;@IU 

FPT=F:?HEA;O. )CB:@E AIV?A;FIU; SECLDISSP S:J=?B;EF A C?<?J=?K 17p (= 

Q:V? A HI;=DEF:BBPH= L?B:H= IgV(), I @E;EDPM B? SDE=AMEC=; SDELD?AA=> 

G:NE<?F:B=> F ;?Q?B=? HBEL=M <?; [5]. +D?C= LDISSP S:J=?B;EF A 

SDELD?AA=?K G:NE<?F:B=> Q:A;E;: HI;:J== ,-53 FEGD:A;:?; A 3,7% CE 10 - 

12% (S?DF:> <=B== ;?D:S==) = CE 40% (SD= R<IC:D:N=B-D?RD:@;?DBEH .-

Y&&)[67]. 



! "2!"2!

(:<=Q=? HI;:J== ,-53 ;D?NI?; E;B?A;= W;=M NE<OBPM @ LDISS? SEFP[?BBELE 

FB=H:B=>, @E;EDPH SD= FPD:T?BBPM @<=B=Q?A@=M A=HS;EH:M = 

B?ICEF<?;FED=;?<OBEH E;F?;? B: ;?D:S=U D?@EH?BCEF:B SECNED 

:<O;?DB:;=FBEK ;?D:S== (;D:BAS<:B;:J=> @EA;BELE HEGL:) =<= SDEF?C?B=? 

=B;?BA=FBEK ;?D:S== [99]. 

$:GD:N:;PF:U;A> BEFP? <?@:DA;F?BBP? SD?S:D:;P A B=G@EK ;E@A=QBEA;OU, 

B=G@EHE<?@I<>DBP? AE?C=B?B=>, =H?UV=? H=[?BOU ,-53. )CB: LDISS: 

SD?S:D:;EF F NE<O[?K A;?S?B= ED=?B;=DEF:BB:> B: S:J=?B;EF A C=@=H 

F:D=:B;EH ,-53, W;E Nutlins = RITA, @E;EDP? A;:N=<=G=DIU; N?<E@ D53, 

SDE<EBL=DIU; ?LE :B;=EB@EL?BBIU :@;=FBEA;O. #DIL:> LDISS: SD?S:D:;EF 

ED=?B;=DEF:B: B: ;?D:S=U NE<OBPM A B:<=Q=?H HI;:J== ,-53, W;E TNFSF10 

= PRIMA-1, EB= D?:<=GIU; AFEK WRR?@; Q?D?G CDIL=? H?M:B=GHP =<= 

IF?<=Q=F:U; :@;=FBEA;O N?<@: D53 Q?D?G FEAA;:BEF<?B=? ?LE BEDH:<OBEK 

@EBREDH:J== [27, 84-85]. 3AA<?CEF:B=? A;:;IA: ,-53 HET?; A;:;O 

EN>G:;?<OBPH :B:<=GEH A SE>F<?B=?H F @<=B=Q?A@EK SD:@;=@? BEFPM 

SD?S:D:;EF, C<> B:GB:Q?B=> @E;EDPM F:TB: EJ?B@: A;:;IA: ,-53.  

!"+"#"$6789())$:&;9$>?@AB!$
NOTCH1 (TRANSLOCATION-ASSOCIATED NOTCH HOMOLOG; TAN1) – 

L?B, D:ASE<ET?BBPK B: 9q34.3 MDEHEAEH?, SD=B:C<?T:V=K @ A?H?KA;FI 

NOTCH D?J?S;EDEF, D?LI<=DIUV=M C=RR?D?BJ=DEF@I @<?;E@ F SDEJ?AA? 

L?HESEWG: [64]. ,Q:A;FI?; F AEGD?F:B== CD4 + = CD8 + @<?;E@ F ;=HIA? [121]. 

4ET?; NP;O F:T?B C<> C=RR?D?BJ=:J== F RE<<=@I<:M. +EA;E=; =G 2555 

:H=BE@=A<E;, 34 W@GEBEF, HE<?@I<>DB:> H:AA: 272 @#:.  

NOTCH1 @EC=DI?; ;D:BAH?HND:BBPK N?<E@ I @<:AA:, SD?CA;:F<>?; AENEK 

<=L:BC-:@;=F=DI?HPK R:@;ED ;D:BA@D=SJ== = D?LI<>J== C=RR?D?BJ=DEF@=, 

SDE<=R?D:J== = :SES;EG: @<?;E@. . AEA;E>B== SE@E>, NOTCH1-D?J?S;ED 

SD?CA;:F<>?; AENEK L?;?DEC=H?DBPK @EHS<?@A, AEA;E>V=K =G CFIM 

RD:LH?B;EF: FB?@<?;EQBELE CEH?B: (NEC), @E;EDPK SD?CA;:F<>?; AENEK 

D?J?S;ED C<> <=L:BCEF, @E;EDP? ENPQBE W@ASD?AA=DIU;A> B: SEF?DMBEA;= 

CDIL=M @<?;E@, = ;D:BAH?HND:BBPK = FBI;D=@<?;EQBPK CEH?B (NTM). NTM 



! "_!"_!

FPA;IS:?; F @:Q?A;F? SEAD?CB=@: A=LB:<:, EB SDE;?E<=;=Q?A@= E;V?S<>?;A> 

E; NEC SEA<? :@;=F:J== D?J?S;ED:. ];= CF: RD:LH?B;: AF>G:BP G: AQ?; 

CEH?B: L?;?DEC=H?D=G:J== (HD), AE?C=B?BBELE A SEHEVOU +-@EBJ: A NEC = 

N-@EBJEH A (-+ CEH?BEH. +F>GPF:B=? <=L:BC: A @EHSEB?B;EH NEC 

FPGPF:?; B:Q:<OBE? A:K;-AS?J=R=Q?A@EK @:;:<=G=DI?HE? 

H?;:<<ESDE;?=B:GEK D:AV?S<?B=? F EN<:A;= HD. ZEA<? D:AV?S<?B=> 

EA;:?;A> H?HND:BEAF>G:BB:> IA?Q?BB:> HE<?@I<:. ZEC FEGC?KA;F=?H L:HH:-

A?@D?;:GP EAIV?A;F<>?;A> SDE;?E<=G NOTCH1, Q;E SD=FEC=; @ 

FPAFENETC?B=U FBI;D=@<?;EQBELE CEH?B: (ICN). )B S?D?H?V:?;A> F >CDE, 

LC? FG:=HEC?KA;FI?; A R:@;ED:H= ;D:BA@D=SJ== CBF1/RBP-Jk, Q;E SD=FEC=; 

@ C?D?SD?AA=>/:@;=F:J== CBF1 - G:F=A=HPM L?BEF. +-@EB?J N?<@: =H??; 

CEH?B PEST (SEA<?CEF:;?<OBEA;O NEL:;:> SDE<=BEH ($) , L<I;:H:;EH (E) , 

A?D=BEH (S), = ;D?EB=BEH (-)), @E;EDPK ELD:B=Q=F:?; RIB@J=U 

:@;=F=DEF:BBELE D?J?S;ED: SI;?H C?LD:C:J== N?<@: G: AQ?; AF>GPF:B=> A 

SDE;?:AEHBPH @EHS<?@AEH SCF-FBXW7. !EARED=<=DEF:B=? CEH?B: PEST, 

=B=J==DI?; ANED@I ME<ER?DH?B;: $(5-SE<=H?D:GP II F ;D:BA@D=SJ=EBBPK 

@EHS<?@A = IQ:A;FI?; F S?D?C:Q? A=LB:<: E; NOTCH1 [132, 135]. %@;=F:J=> 

NOTCH1 =LD:?; F:TBIU DE<O F BEDH:<OBEH D:GF=;== --@<?;E@. 

+EH:;=Q?A@=? HI;:J==, SED:T:UV=? W;E; N?<E@, NP<= =C?B;=R=J=DEF:BP 

SD=N<=G=;?<OBE I 60 % S:J=?B;EF A --@<?;EQBPH EA;DPH <=HREN<:A;BPH 

<?K@EGEH (T-ALL) [39]. /E<O[=BA;FE HI;:J=K D:ASE<ET?BP FE FB?@<?;EQBEH 

HD =/=<= +-@EBJ? CEH?B: PEST. ]RR?@;  W;=M CFIM EABEFBPM ;=SEF HI;:J=K 

E;<=Q:?;A>. 4I;:J== HD AEAD?CE;EQ?BP F "LED>Q=M ;EQ@:M", D:ASE<ET?BBPM 

F EN<:A;= 1,574-1,622 HD-N CEH?B:. )B= SD=FEC>; @ <=L:BC-B?G:F=A=HEK 

:@;=F:J== D?J?S;ED: = =H?U; A=<OBIU EB@EL?BBIU :@;=FBEA;O, ;ELC: @:@ 

HI;:J== D:ASE<ET?BBP? F +-@EBJ?FEH CEH?B? PEST END:GIU; A;ES-@ECEB, 

Q;E SD=FEC=; @ END:GEF:B=U I@EDEQ?BBEK = NE<?? A;:N=<OBEK REDHP N?<@:, 

@E;ED:> B:@:S<=F:?;A> F ESIME<?FPM @<?;@:M, BE =H??; NE<?? B=G@=K 

EB@EL?BBPK SE;?BJ=:<. ZEW;EHI C?<?J=> NOTCH1 HET?; AIHH=DEF:;OA> A 

CDIL=H= EB@EL?BBPH= AENP;=>H=, SD=FEC> @ ;D:BAREDH:J== F <?K@EGBP? 



! +4!+4!

@<?;@= [100].! ZEC:F<>UV?? NE<O[=BA;FE NOTCH1 HI;:J=K SD= .-Y&& 

SDE=AMEC>; F 34 W@GEB? NOTCH1 = SD=FEC>; @ SE>F<?B=U I@EDEQ?BBEK = 

NE<?? A;:N=<OBEK REDHP N?<@: [34]. (:=NE<?? Q:A;EK HI;:J=?K SD= .-Y&& 

>F<>?;A> C?<?J=> CFIM EABEF:B=K (c.7544_7545delCT) AE ACF=LEH D:H@= 

AQ=;PF:B=>, @E;ED:> AEA;:F<>?; 85-90% FA?M HI;:J=K F NOTCH1 SD= .-Y&&. 

4I;:J== F L?B? NOTCH1 SD=FEC>; @ IF?<=Q?B=U :@;=FBEA;= N?<@: = 

:AAEJ==DIU;A> A NE<?? :LD?AA=FBPH M:D:@;?DEH ;?Q?B=> G:NE<?F:B=> [24]. 

-:@T? M:D:@;?DBE SE>F<?B=? A=BCDEH: $=M;?D: [126]. )B@EL?BBPK SE;?BJ=:< 

HI;:J=K NOTCH1 F .-@<?;@:M SD= .-Y&& ?V? B? CEA;:;EQBE =GIQ?B. 

Z?DFEB:Q:<OBP? =AA<?CEF:B=> SE@:G:<=, Q;E NOTCH1 = NOTCH2 NP<= 

SEA;E>BBE :@;=FBP F @<?;@:M .-Y&& SE AD:FB?B=U A BEDH:<OBPH= .-

<=HREJ=;:H= [126]. NOTCH SD=FEC=; @ :@;=F:J== NF-kB = IF?<=Q=F:?; 

FPT=F:?HEA;O @<?;E@ .-Y&&, F ;E FD?H> @:@ =BL=N=DEF:B=? A=LB:<:  NOTCH 

IA=<=F:?; :SES;EG @<?;E@ .-Y&& [106].  

(?A@E<O@E =AA<?CEF:B=K SD= IQ:A;== NE<O[ELE @E<=Q?A;F: NE<OBPM .-Y&& 

FP>F=<= D:G<=QBIU Q:A;E;I HI;:J=K NOTCH1 E; 4 CE 12%. ZD=Q=BP W;=M 

D:G<=Q=K B? AEFA?H >ABP, BE HET?; W;E NP;O AF>G:BE A D:G<=QBPH= 

FPNED@:H= S:J=?B;EF [24, 34]. (?@E;EDP? =G W;=M =AA<?CEF:B=K 

AEAD?CE;EQ?BBPM ;E<O@E FE@DIL HI;:J=EBBELE :B:<=G: B:=NE<?? 

D:ASDEA;D:B?BBEK C?<?J== c.7544_7545delCT, F ;E FD?H> @:@ CDIL=? 

=AA<?CEF:<= F?AO 34 W@GEB. -:@=H END:GEH, @EHN=B:J=> WS=C?H=E<EL=Q?A@=M 

= ;?MB=Q?A@=M :AS?@;EF HET?; F<=>;O B: Q:A;E;I FP>F<?B=> HI;:J=K 

NOTCH1. 

1.3.2.1 3*'&'4+)#"+ %&$4+&'+ 80/$9': NOTCH1 
5<=B=Q?A@E? GB:Q?B=? HI;:J=K NOTCH1 AF>GPF:U; A NE<?? :LD?AA=FBPH 

;?Q?B=?H .-Y&&. NOTCH1 HI;:J== NE<?? Q:A;E FA;D?Q:U;A> SD= .-Y&& A 

B?HI;=DEF:BBPH IgVH (20% SDE;=F 3,5%), = SD= FPAE@EK W@ASD?AA== ZAP-

70 (30% SDE;=F 5%) =<= CD38 (23% SDE;=F 5%) [24, 34, 41, 90] . ];= 

S:J=?B;P =H?U; SDECF=BI;P? A;:C== NE<?GB=, SEFP[?BBPK IDEF?BO &#* = 

N?;:2-H=@DEL<ENI<=B: [106, 112, 126]. 4I;:J== NOTCH1 SD= .-Y&& D?T? 



! +#!+#!

@EDD?<=DIU; A C?<?J=?K 13q, Q:V? FP>F<>U;A> SD= ;D=AEH== 12 MDEHEAEHP , 

I NE<OBPM, =H?UV=M AB=T?BBIU ENVIU = N?ASDELD?AA=FBIU FPT=F:?HEA;O 

[113-116]. ZECLDISS: S:J=?B;EF A HI;:J=>H= L?B: NOTCH1 = HI;=DEF:BBPH 

F:D=:B;EH IgVH AF>G:B: A SDEC<?BBPH FD?H?B?H CE B:Q:<: ;?D:S== [133]. 

4I;:J== L?B: NOTCH1 ;:@T? :AAEJ==DIU; A D?C@=H= A<IQ:>H= --)&&, 

=H?UV=H= ;D:BA<E@:J=U A IQ:A;=?H L?B: NOTCH1, MDEB=Q?A@=H 

H=?<EHEBEJ=;:DBPH <?K@EGEH, S:;E<EL=?K D:GF=;=> @<:S:BEF :ED;P = 

S<EA@E@<?;EQBPH D:@EH [?= = LE<EFP [1, 41, 61, 133]. 

 

!"+"+"$6789())$:&;9$CD+E!$
*?B SF3B1 (AINX?C=B=J: B1 AS<:KA=BL R:@;ED: 3) D:ASE<ET?B B:  2 F;EDEK 

MDEHEAEH? F EN<:A;= C<=BBELE S<?Q: (2q33.1). /?<E@, @EC=DIUV=K SF3B1 

cEA;E=; =G 1304 :H=BE@=A<E;, H:AA: 145 @#:. 

(?ET=C:BBEK B:MEC@EK SD= SDEF?C?B== SE<BEL?BEHBELE A?@F?B=DEF:B=> 

NE<OBPM .-Y&& >F=<EAO ENB:DIT?B=?  HI;:J=K F L?B? SF3B1 F 10-15 % 

A<IQ:?F .-Y&&, IA;IS:UV=M SE Q:A;E;? ;E<O@E NOTCH1 [101] =<= TP53 

[130]. .A? HI;:J== SD?CA;:F<?BP H=AA?BA HI;:J=>H=, D:ASE<ET?BBPH= F 12-

15 W@GEB:M. *ED>Q=H= ;EQ@:H= HI;:J== >F<>U;A> 700 @ECEB (57%), 662 (11%) 

= 666 @ECEBP (10%). 3B;?D?ABE E;H?;=;O, Q;E AEH:;=Q?A@=? HI;:J== SF3B1 = 

CDIL=M L?BEF $(5 AS<:KA=BL: NP<= B?C:FBE B:KC?BP I S:J=?B;EF A 4#+ 

A=BCDEHEH, : ;:@ T? I S:J=?B;EF A D?RD:@;?DBEK :B?H=?K [96, 127]. .:TBE, 

Q;E B=@:@=M HI;:J=K F SF3B1 L?B? B? NP<E B:KC?BE SD= CDIL=M ;=S:M 

<=HRE=CBPM BEFEEND:GEF:B=K [101, 130]. 

+S<:KA=BL >F<>?;A> H?M:B=GHEH, B?ENMEC=HPH C<> RIB@J=EB=DEF:B=> 

@<?;E@, = AS?J=R=Q?A@=? =GH?B?B=> F AS<:KA=BL? SDE;EB@EL?BEF = 

ESIME<?FPM AISD?AAEDEF AF>G:BP A D:GF=;=?H D:@: [23]. +S<:KA=BL $(5 

EAIV?A;F<>?;A> @EHS<?@AEH AS<:KA?EAEHP, AEA;E>V=H =G S>;= H:<PM 

>C?DBPM D=NEBI@<?ESDE;?=BEF (H>$(Z) ( U1, U2, U4/U6 = U5 ). +NED@: 

AS<:KA?EAEHP SDE=AMEC=; C<> @:TCEK SD?-H$(5, @E;ED:> AEC?DT=; 

AS?J=R=Q?A@=? SEA<?CEF:;?<OBEA;=, ISD:F<>UV=? = D?LI<=DIUV=? W;E; 



! +"!+"!

SDEJ?AA. SF3B1 >F<>?;A> AEA;:FBEK Q:A;OU W;ELE @EHS<?@A:, @E;EDPK 

:@;=F=DI?; AF>GPF:B=? U2 [40]. 4I;:J== A:K;EF AS<:KA=BL: =<= W<?H?B;EF 

@EHS<?@AEF AS<:KA?EAEH HELI; FPGF:;O E;@<EB?B=> F ;D:BA@D=SJ== = 

D:G<=QBP? :BEH:<== AS<:KA=BL:, F D?GI<O;:;? Q?LE =GH?B>U;A> N?<@=, 

@EC=DI?HP? HBEL=H=  L?B:H=. ];= B:DI[?B=> SDE=AMEC>; G: AQ?; AB=T?B=> 

IDEFB> ;D:BA@D=SJ==, AEMD:B?B=> =B;DEBEF, = IA?Q?B=> (=<= IC<=B?B=>) 

W@GEBEF [127].  

1.3.3.1 3*'&'4+)#"+ %&$4+&'+ 80/$9': ;+&$ SF3B1 
SF3B1 HI;:J== Q:A;E ENB:DIT=F:U;A> I S:J=?B;EF SD= SDELD?AA== 

G:NE<?F:B=> =<= SD= SEFP[?BBEH IDEFB? N?;:2-H=@DEL<ENI<=B:, 

B?HI;=DEF:BBEH F:D=:B;? IgHV [6]. %AAEJ=:J=> HI;:J=K SF3B1 A C?<?J=?K 

11q NP<: B:KC?B: <=[O F ECBEH =AA<?CEF:B== [112], F CDIL=M SECENBEK AF>G= 

B? FP>F<?BE [101, 109]. (:<=Q=? HI;:J== SF3B1 AF>G:BE A B?N<:LESD=>;BPH 

SDELBEGEH C<> S:J=?B;EF, A NE<?? @EDE;@=H FD?H?B?H N?ASDELD?AA=FBEK = 

ENV?K FPT=F:?HEA;= [101, 109] . ];: AF>GO B? G:F=A=; E; CDIL=M 

SDELBEA;=Q?A@=M R:@;EDEF: ;:@=M @:@ W@ASD?AA=> CD38 =<= ZAP70. 

%AAEJ=:J=> A NE<?? @EDE;@EK ENV?K FPT=F:?HEA;OU B? G:F=A?<: E; 

HI;:J=EBBELE A;:;IA: IgV( F ECBEH =AA<?CEF:B== [109], : F CDILEH G:F=A?<: 

[101]. ZD?CSE<:L:U;, Q;E HI;:J== F L?B? SF3B1 HELI; NP;O AF>G:BP A 

D?RD:@;?DBEA;OU @ ;?D:S== R<IC:D:N=BEH B?G:F=A=HE E; B:<=Q=> TP53 

HI;:J=K, ;:@ @:@ EB= Q:V? FP>F<>U;A> I NE<OBPM A D?RD:@;?DBEA;OU @ 

;?D:S== (17-30%), Q?H B: HEH?B; SEA;:BEF@= C=:LBEG: 5-10% [109]. 4I;:J== 

L?B: SF3B1 Q:V? FP>F<><=AO I S:J=?B;EF A NE<?? @EDE;@EK N?ASDELD?AA=FBEK 

FPT=F:?HEA;OU, SE<IQ:F[=M R<IC:D:N=B = J=@<EREAR:H=C, H?C=:B: 

FPT=F:?HEA;= AEA;:F=<: 46 = 29,4 H?A>J: C<> C=@ELE = HI;:B;BELE :<<?<> 

SF3B1 AEE;F?;A;F?BBE [89]. .A? W;= C:BBP? AF=C?;?<OA;FIU;, Q;E SF3B1 

HI;:J== AF>G:BP A S<EM=H SDELBEGEH = D?RD:@;?DBEA;OU @ ;?D:S== 

R<IC:D:N=BEH.  



! ++!++!

!"+"4"$6789())$:&;9$EFGA+$
/:@I<EF=DIABPK IAP SEF;ED-AEC?DT:V=K N?<E@ 3 (;:@ T? =GF?A;BPK @:@ 

cIAP2 N?<E@) D:ASE<ET?B B: 11q22.2 MDEHEAEH?, AEA;E=; =G 11 W@GEBEF. 

-D:BA<=DI?HPH= >F<>U;A> 9 =G B=M, N?<E@ AEC?DT=; 604 :H=BE@=A<E;P, 

H:AA: - 68 @#:. BIRC3 SD=B:C<?T=; @ A?H?KA;FI =BL=N=;EDEF :SES;EG:, 

SD?S>;A;FIUV=M :@;F:J== @:AS:G, >F<>?;A> B?L:;=FBPH D?LI<>;EDEH 

B?@:BEB=Q?A@EK S?D?C:Q= A=LB:<EF A SEHEVOU NF-kB [69]. 3B:@;=F=DIUV=? 

HI;:J== L?B: BIRC3 Q:V? FA;D?Q:U;A> SD= .-Y&& c D?RD:@;?DBEc;OU @ 

M=H=E;?D:S== (24%), Q?H B: HEH?B; SEA;:BEF@= C=:LBEG: (4%) = SD=FEC>; @ 

ACF=LI D:H@= AQ=;PF:B=>, SE>F<?B=U A;ES-@ECEBEF =<= C?<?J== IQ:A;@: L?B: 

[111]. 4I;:J== BIRC3 B? FA;D?Q:U;A> ECBEFD?H?BBE A HI;:J=>H= F  ,-53, 

>F<>>AO CESE<B=;?<OBPH H:D@?DEH D?RD:@;?DBELE .-Y&& [71]. (:DI[?B=? 

BIRC3 Q:V? FP>F<>U;A> I S:J=?B;EF A B?N<:LESD=>;BPH =AMECEH [21].  

4I;:J== BIRC3 ;:@ T? FP>F<>U; SD= B?@E;EDPM <=HREH:M: <=HREH? 

H:B;=KBEK GEBP, H:DL=B:<OBEK GEBP, <=HREH? /?D@=;: = CD. [83, 107, 110].  

1.4. I:%$Q)&..J= 9%$%:9 (".&- -$,)$?"'L.&(& ,"()&.$ 
)##:.&('&?:').&- 

        9B:B=? H?M:B=GHEF =HHIBBELE E;F?;: = =GIQ?B=? SDEJ?AAEF 

C=RR?D?BJ=DEF@= .-<=HREJ=;: SEGFE<=<E AC?<:;O SD?CSE<ET?B== E 

D:G<=Q== SDE=AMETC?B=> ESIME<?FPM <=HREJ=;EF B: EABEF:B== A;DI@;IDP 

.-@<?;EQBELE D?J?S;ED:. B-@<?;EQBPK E;F?; ESEAD?CEF:B :B;=L?BBEK 

A;=HI<>J=?K = D?:<=GI?;A> Q?D?G BCR F BEDH:<OBPM = G<E@:Q?A;F?BBPM .-

@<?;@:M. $?J?S;ED .-@<?;E@ SD?;?DS?F:?; S?D?A;DEK@I V , D = J A?LH?B;EF 

;>T?<EK J?S= = V-J L?BEF <?L@EK J?S=, F MEC? @E;EDEK CEA;=L:?;A> 

IF?<=Q?B=? D:GBEEND:G=> Q=A<: = E;NED H:@A=H:<OBE :RR=BBPM D?J?S;EDEF 

.-@<?;E@ C<> ESD?C?<?BBELE :B;=L?B:. . CESE<B?B=? F @EHN=B:;EDBEHI 

D:GBEEND:G=U F MEC? S?D?A;DEK@= V-D-J A?LH?B;EF, IF?<=Q?B=? D:GBEEND:G=> 

.-@<?;EQBELE D?J?S;ED: CEA;=L:?;A> G: AQ?; SDEJ?AA: AEH:;=Q?A@EK 

L=S?DHI;:J==, @E;EDPK  SDE=AMEC=; F G:DECP[?FEH J?B;D? RE<<=@I<EF.  

.-Y&& HETBE D:GC?<=;O B: A<IQ:>M A =<= N?G AEH:;=Q?A@EK HI;:J== EN<:A;= 



! +6!+6!

F:D=:N?<OBPM D?L=EB: ;>T?<EK J?S= =HHIBEL<ENI<=B: (IgVH): B:<=Q=? 

AEH:;=Q?A@=M HI;:J=K F SEA<?CEF:;?<OBEA;= F:D=:N?<OBELE D?L=EB: 

AF=C?;?<OA;FI?;, Q;E W;: ESIME<O SDE=GE[<: =G @<?;@=, CEA;=L[?K F AFE?K 

C=RR?D?BJ=DEF@? J?B;D: RE<<=@I<: =<= C:<OB?K[=M A;:C=K.  

#:BBP?, SE<IQ?BBP? (=@=;=BPH = AE:F;. [147] AF=C?;?<OA;FIU;, Q;E 

MDEB=Q?A@=K <=HRE<?K@EG HET?; SDE=AMEC=;O =G @<?;E@ D:GBPM A;:C=K 

C=RR?D?BJ=DEF@= .-<=HREJ=;EF. ZD= F:D=:B;? .-Y&& A HI;:J=>H= 

@EB?QBE? EB@EL?BBE? AENP;=? = ESIME<?F:> ;D:BAREDH:J=> SDE=AMEC=; B: 

IDEFB? SEA;RE<<=@I<>DBEK @<?;@= S:H>;=. ZD= E;AI;A;F== HI;:J=K 

F:D=:N?<OBELE D?L=EB: ;>T?<EK J?S= =HHIBEL<ENI<=B: B:N<UC:?;A> 

AIV?A;F?BBE? AIT?B=? D?S?D;I:D: VH-, D- = JH-L?BEF, SD=Q?H W;E; 

D?S?D;I:D B? AEFS:C:?; A D?S?D;I:DEH @<?;E@ CD5+ .-@<?;E@, @E;EDP?, 

A@ED?? FA?LE, >F<>U;A> SD?C[?A;F?BB=@:H= .-Y&&. ];E LEFED=; E ;EH, Q;E 

@<?;@= B-Y&& LDISSP N?G HI;:J=K ;:@T? SDEMEC>; A?<?@J=U :B;=L?BEH, BE 

=M D:GF=;=? =C?; SE --B?G:F=A=HEHI SI;=, B? F@<UQ:UV?HI A;:C=U 

L?DH=B:<OBELE J?B;D:.  

1.4.1 3*'&'4+)#"+ %&$4+&'+ 80/$9'"&&";" )/$/0)$ ;+&"- -$6'$5+*<&";" 6+;'"&$ 
'880&";*"50*'&"- 

 . LDISS? NE<OBPM .-Y&& A FPAE@EK LEHE<EL=?K L?DH=B:<OBPH VH-

L?B:H  (U-CLL – B?HI;=DEF:BBPK F:D=:B; ;>T?<EK J?S= L?BEF 

=HHIBEL<ENI<=BEF) H?C=:B: FPT=F:?HEA;= H?BO[? = AEA;:F<>?; 65 H?A>J?F, 

SE AD:FB?B=U A LDISSEK B=G@EK LEHE<EL=?K  (4-+LL) ($=AIBE@ 3).  

 



! +J!+J!

&
c<3:.&/& A$! N,)-J" -JR)-$"#&9%) ?&'L.J@ C-UBB 9 ,$K');.J# 

#:%$Q)&..J# 9%$%:9&# (U-CLL – F:D=:B; N?G HI;:J=K (unmutated), M-CLL 

– F:D=:B; A HI;:J=>H= (mutated)) [147]!

! !-.E., HI;:J=EBBPK A;:;IA L?BEF F:D=:N?<OBELE D?L=EB: 

=HHIBEL<ENI<=BEF F ESIME<?FPM @<?;@:M =H??; F:TBE?  SDELBEA;=Q?A@E? 

GB:Q?B=? SD= MDEB=Q?A@EH <=HRE<?K@EG?.  (?ENMEC=HE E;H?;=;O, Q;E W;E 

B?G:F=A=HPK SDELBEA;=Q?A@=K R:@;ED, B? AF>G:BBPK AE A;:C=>H=, = 

E;D:T:UV=K N=E<EL=Q?A@IU L?;?DEL?BBEA;O G:NE<?F:B=>. . B:A;E>V?? FD?H> 

W;E; H:D@?D <IQ[? FA?LE SD?CA@:GPF:?; CE<LEADEQBPK SDELBEG ;?Q?B=> 

NE<?GB=. #:<OB?K[?? =GIQ?B=? IgVH SD=F?<E @ E;@DP;=U A;?D?E;=SBPM 

:B;=L?BBPM D?J?S;EDEF (+%$)— D?J?S;EDEF, I @E;EDPM AEFS:C:?; B:NED 

=ASE<OGEF:BBPM VH-, D- = JH-L?BEF [35]. 

5<?;@=, B?AIV=? +%$, ENB:DIT?BP SEQ;= F Q?;F?D;= FA?M A<IQ:?F .-Y&&. . 

A<IQ:? ESD?C?<?BBELE B:NED: L?BEF – EB= HELI; NP;O HI;=DEF:BBP? = 

B?HI;=DEF:BBP?. 3 AIV?A;FIU; ESD?C?<?BBP? A:NA?;P, C<> @E;EDPM C:T? F 

A<IQ:? HI;=DEF:BBELE F:D=:B;: .-Y&&, SDELBEG NIC?; MIT?, Q;E AF>G:BE, 

A@ED?? FA?LE A B:<=Q=?H HI;:J== L?BEF [120].  

1.5. E"%$2-#)/,&('&?:').  
!!!! /?;:2-H=@DEL<ENI<=B! `.2-M) - B=G@EHE<?@I<>DBPK N?<E@, F @:Q?A;F? 

<?L@EK J?S= HLA-@EHS<?@AEH, SD=AI;A;FIUV=K B: SEF?DMBEA;= FA?M 



! +D!+D!

>CDEAEC?DT:V=M @<?;E@, : ;:@ T? F APFEDE;@? @DEF= [50]. ];E F:TB?K[=K 

SDELBEA;=Q?A@=K R:@;ED SD= H=?<EHBEK NE<?GB= = GD?<E@<?;EQBPM 

<=HREH:M, Q:A;=QBE @EDD?<=DIUV=K A H:AAEK ESIME<= [78]. 

. J?<EH D>C? D:NE; SE@:G:BE, Q;E EB =H??; SDELBEA;=Q?A@E? GB:Q?B=? SD= .-

Y&&. Totterman SE@:G:<, Q;E ASEB;:BB:> =<= =BCIJ=DEF:BB:> REDNE<EH 

SDECI@J=> B2-M <=HREJ=;:H= @EDD?<=DI?; A :@;=FBEA;OU NE<?GB= [122]. 

Han. = AE:F;. [49] ESD?C?<=<= IDEF?BO .2-M D:C=E=HHIBE<EL=Q?A@=H 

H?;ECEH I 65 NE<OBPM .-Y&&. ZD= IDEFB? NE<?? 2,3 HL/< H?C=:B: 

FPT=F:?HEA;= AEA;:F=<: 37 H?A>J?F; F LDISS? A BEDH:<OBPH IDEFB?H 

H?C=:B: FPT=F:?HEA;= B? CEA;=LBI;:. 5ELC: G: SDELBEA;=Q?A@=K GB:Q=HPK 

IDEF?BO ND:<= 5 HL/<, ;E F LDISS:M FP[? = B=T? W;ELE IDEFB> H?C=:B: 

FPT=F:?HEA;= AEA;:F<><: 19 H?A. = 61 H?A., AEE;F?;A;F?BBE. %F;EDP B? 

ISEH>BI<=, SE<IQ:<= <= NE<OBP? <?Q?B=? CE =GH?D?B=> IDEFB> B2-M. 

1.5.1 3*'&'4+)#"+ %&$4+&'+ 5+/$2-8'#6";*"50*'&$ 
    /P<E IA;:BEF<?BE, Q;E SD= .-Y&& IDEF?BO .2-4 F APFEDE;@? @DEF= 

@EDD?<=DI?; AE A;:C=?K G:NE<?F:B=> [45].  

    . CDILEK D:NE;? FP>F=<=, Q;E FPAE@=K IDEF?BO .2-M Q?;@E  

@EDD?<=DEF:< A H?BO[?K SDECE<T=;?<OBEA;OU T=GB= NE<OBPM, B? G:F=A=HE 

SE<IQ:<= <= EB= D:B?? <?Q?B=? =<= B?;. 5DEH? ;ELE, B:N<UC:<:AO 

B?SEAD?CA;F?BB:> @EDD?<>J=> IDEFB> B2-M = E;F?;EH B: R<IC:D:N=B [45]. 

1.6.I"%&>J )99'">&-$.)* #:%$Q)= - (".$@ 

!"H"!"$I10.J.$);K.-/98)L;1&$8.M;1&$/&8.N1$9;9')O9$
1. ZD>HE? A?@F?B=DEF:B=? L?BEHBEK #(5 =<= @EHS<?H?B;:DBEK #(5 SE 

+WBL?DI. ZD?CSEQ;=;?<OB?? =ASE<OGEF:;O L?BEHBIU #(5, SEA@E<O@I 

B?@E;EDP? BEBA?BA HI;:J== HELI; SD=FEC=;O @ C?LD:C:J== $(5 (BEBA?BA-

G:F=A=H:> C?LD:C:J=> $(5). $?@EH?BCI?;A> A?@F?B=DEF:;O W@GEBP F @E;EDPM 

AEC?DT=;A> 95% FA?M HI;:J=K L?B:. ZD>HE? A?@F?B=DEF:B=? SE +WBL?DI –  

E;BEA=;?<OBE SDEA;EK H?;EC, CEA;ISBPK F NE<O[=BA;F? HE<?@I<>DBE-

L?B?;=Q?A@=M <:NED:;ED=K. )CB:@E, W;E; H?;EC B? SEGFE<>?; FP>F=;O 



! +7!+7!

HI;:J==, ?A<= CE<> HI;:B;BPM :<<?<?K B?F?<=@: (H?B?? 20%), SEW;EHI 

B?NE<O[E? @E<=Q?A;FE AIN@<EBEF A HI;:J=>H= FD>C <= HELI; NP;O 

ENB:DIT?BP. +?@F?B=DEF:B=? B?ENMEC=HE SDEFEC=;O A SD>HELE = END:;BELE 

SD:KH?DEF.  

ZD?=HIV?A;F:: SD?CEA;:F<>?; =BREDH:J=U E ;=S? = <E@:<=G:J== HI;:J==. 

(?CEA;:;@=: H?;EC C<=;?<?B = M:D:@;?D=GI?;A> B=G@EK QIFA;F=;?<OBEA;OU (F 

END:GJ? CE<TBE NP;O B? H?B?? 20% HI;:B;BPM :<<?<?K).   

2. 2=SP (microarray): . B:A;E>V?? FD?H> AIV?A;FIU; CF? S<:;REDHP: 

Affymetrix / Roche (GeneChip Arrays = p53 AmpliChip). -?MBE<EL=> Q=SEF 

EABEF:B: B: FP>F<?B== IT? =GF?A;BPM ;EQ?QBPM HI;:J=K. (: SEC<ET@? 

=HHEN=<=G=DEF:B H:AA=F :<<?<O-AS?J=R=QBPM E<=LEBI@<?E;=CEF, 

AEC?DT:V=M FA? FEGHETBP? G:H?BP EABEF:B=K, M:D:@;?D=GIUV=MA> 

GB:Q=;?<OBPH D:G<=Q=?H F IDEFB? L=ND=C=G:J== A =AA<?CI?HEK #(5. ];E; 

SECMEC NP< =ASE<OGEF:B F S?DFEH SE@E<?B== Q=SEF Affymetrix. #:<OB?K[?? 

D:GF=;=? SD=F?<E @ AEGC:B=U Q=S: @EHS:B=?K Roche –AmpliChip, @E;EDPK 

NP< D:GD:NE;:B C<> C=:LBEA;=@= 95% FA?M =GF?A;BPM ECBEBI@<?E;=CBPM 

G:H?B = C?<?J=K = A:K;EF AS<:KA=BL: = SEGFE<>?; ENB:DIT=;O  HI;:B;BP? 

:<<?<=, SD?CA;:F<?BBP?  F 1-2% @<?;E@.  

ZD?=HIV?A;F:: AmpliChip – NPA;DPK = ICENBPK H?;EC Affymetrix GeneChip 

– SEGFE<>?; SDEFEC=;O HI;:J=EBBPK :B:<=G B?A@E<O@=M L?BEF S:D:<<?<OBE. 

ZDE=GFEC=;?<OBEA;O Q=SEF SEGFE<>?; =AA<?CEF:;O A;:;IA B?A@E<O@=M L?BEF 

ECBEFD?H?BBE = HET?; SE AFE?K SDE=GFEC=;?<OBEA;= = B:NEDI =AA<?CI?HPM 

H:D@?DEF F @:@EK-;E A;?S?B= G:H?B=;O FISH. ];= :B:<=GP F B:A;E>V?? FD?H> 

B? SE<IQ=<= [=DE@ELE D:ASDEA;D:B?B=>.  

3. +?@F?B=DEF:B=? BEFELE SE@E<?B=> (NGS). (: A?LECB>[B=K C?BO 

AIV?A;FI?; B?A@E<O@E S<:;REDH NGS, @E;EDP? =ASE<OGIU; ;?MBE<EL== 

C?;?@J== FA;D:=F:B=> BI@<?E;=CEF, EABEF:BBP? B: =GH?D?B== D(, FPC?<?B== 

S=DEREAR:;: = CD. +?@F?B=DEF:B=? SDE=AMEC=; A =ASE<OGEF:B=?H Q=S: 

(array), AEA;E>V?LE =G H=<<=EBEF >Q??@. . @:TCEK >Q?K@? L?B?D=DI?;A> 

HE<?@I<>DBPK @<EB ECBEK =AA<?CI?HEK SEA<?CEF:;?<OBEA;= #(5. #(5 



! +2!+2!

H?Q?B: AS?J=:<OBPH= SEA<?CEF:;?<OBEA;>H= - :C:S;ED:H=, ;.?. SD:@;=Q?A@= 

=H??; =BC=F=CI:<OBPK BEH?D. .E FA?M >Q?K@:M ECBEFD?H?BBE SDE=AMEC=; 

J=@<=Q?A@=K A=B;?G @EHS<?H?B;:DBEK J?S=. #?;?@;=DI?;A> @:TCPK 

FA;D:=F:?HPK BI@<?E;=C, ;:@=H END:GEH, SDE=AMEC=; AQ=;PF:B=? 

SEA<?CEF:;?<OBEA;= #(5. 3BREDH:J=> END:N:;PF:?;A> SDELD:HHBE, B: 

FPMEC? SE<IQ:?;A> A;DI@;ID=DEF:BBPK H:AA=F C:BBPM. ZDE=GFEC=;?<OBEA;O 

SD=NEDEF SEGFE<>?; SDEQ=;PF:;O E; C?A>;@EF ;PA>Q CE H=<<=EBEF S:D 

EABEF:B=K ECBEFD?H?BBE. (:SD=H?D, G: EC=B G:SIA@ HETBE 

SDE:B:<=G=DEF:;O 10 IQ:A;@EF L?BEH: C<=BBEK E; 200 S.E. C?A>;= S:J=?B;EF A 

500-@D:;BPH SE@DP;=?H, Q;E SEGFE<>?; FP>F=;O D?C@=? AEH:;=Q?A@=? 

HI;:J==, FA;D?Q:UV=?A> A Q:A;E;EK H?B?? 5%. -:@ T? SD?C<:L:U;A> 

AS?J=:<OBP? :B:<=;=Q?A@=? B:NEDP (Cancer panel), SEGFE<>UV=? 

SDE:B:<=G=DEF:;O ECBEFD?H?BBE CE 400 D:G<=QBPM EB@EL?BEF ECBELE 

NE<OBELE. 

9B:Q=;?<OBE IF?<=Q=<:AO QIFA;F=;?<OBEA;O, SDE=GFEC=;?<OBEA;O = 

=BREDH:;=FBEA;O. 9: EC=B G:SIA@ FEGHETBE AEA;:F=;O HI;:J=EBBPK SDER=<O 

END:GJ: ESIME<?FEK ;@:B=, FP>F=;O H=BEDBP? HI;:J==, B?CEA;ISBP? C<> 

ENB:DIT?B=> SD= A?@F?B=DEF:B== SE +WBL?DI, E;<=Q=;O AEH:;=Q?A@=? = 

L?DH=B:<OBP? HI;:J==, FEGB=@[=? de novo. 5 B?CEA;:;@:H HETBE E;B?A;= 

FPAE@IU A;E=HEA;O ENEDICEF:B=>. 

!"H"#"$PJ-););:.L1&$/&8.N1$
];E SDEA;P? NPA;DP? H?;ECP, SEGFE<>UV=? SDEF?A;= SD?CF:D=;?<OBIU 

EJ?B@I N?G =ASE<OGEF:B=> A<ETBELE ENEDICEF:B=>. #:BBP? E B:<=Q== 

HI;:J=K, SE<IQ?BBP? A SEHEVOU A@D=B=BLEFPM H?;EC=@, CE<TBP NP;O 

EN>G:;?<OBE SEC;F?DTC?BP F Z8$-D?:@J== =/=<= A?@F?B=DEF:B== SE 

+WBL?DI.  

1. +@D=B=BLEFP? H?;ECP, ;:@=? @:@ C?B:;ID=DIUV:> FPAE@EWRR?@;=FB:> 

T=C@EA;B:> MDEH:;ELD:R=> (DHPLS) =<= :B:<=G @EBREDH:J=EBBELE 

SE<=HEDR=GH: ECBEJ?SEQ?QBPM RD:LH?B;EF #(5 (SSCP) C:U; E;F?; B: 

FESDEA ?A;O HI;:J=> =<= B?;. ZD=BJ=S H?;EC: DHPLS EABEF:B B: D:G<=Q== 



! +_!+_!

FE FD?H?B= IC?DT=F:B=> HI;:B;BEK #(5 (L?;?DECIS<?@A) = #(5 C=@ELE ;=S: 

(LEHECIS<?@A). #<> ENB:DIT?B=> LEHEG=LE;BPM HI;:J=K Z8$ SDECI@; 

AH?[=F:U; A @EB;DE<OBPH END:GJEH C=@ELE ;=S:. ZD=BJ=S H?;EC: SSCP 

EABEF:B B: D:G<=Q== F W<?@;DERED?;=Q?A@EK SECF=TBEA;= 

:HS<=R=J=DEF:BBPM F MEC? Z8$ = C?B:;ID=DEF:BBPM RD:LH?B;EF HI;:B;BEK 

#(5 SE E;BE[?B=U @ #(5 C=@ELE ;=S:. )ND:GJP A E;<=QBEK E; BEDHP 

W<?@;DERED?;=Q?A@EK SECF=TBEA;OU SECF?DL:U; A?@F?B=DEF:B=U SE 

+WBL?DI C<> IA;:BEF<?B=> ;=S: HI;:J==. 5 SD?=HIV?A;F:H E;BEA>; A@EDEA;O, 

SDEA;E;I, W@EBEH=QBEA;O = AD:FB=;?<OBE FPAE@IU QIFA;F=;?<OBEA;O, 

SEGFE<>UVIU C=:LBEA;=DEF:;O BEFP? HI;:J==. DHPLS SEGFE<>?; 

:B:<=G=DEF:;O RD:LH?B;P CE 1,5 5N. (?CEA;:;@=: B? SD?CEA;:F<>U; C:BBP? E 

;=S? HI;:J== = ?? <E@:<=G:J==. 

2. ZDE;EQB:> J=;EH?;D=> = =HHIBEN<E;;=BL. );D:T:U; IDEF?BO W@ASD?AA== 

=A@EHELE L?B: F @<?;@?. -:@ B:SD=H?D, F BEDH? N?<E@ ,-53 B? 

ENB:DIT=F:?;A> =HHIBEM=H=Q?A@=H= H?;EC:H= F NE<O[=BA;F? @<?;E@ =G-G: 

@EDE;@ELE S?D=EC: SE<ID:AS:C:. 4I;:B;BPK ,-53 EN<:C:?; NE<?? 

C<=;?<OBPH S?D=ECEH SE<IFPF?C?B=> = ENB:DIT=F:?;A> A SEHEVOU :B;=-

D53 HEBE@<EB:<OBPM :B;=;?<. 3HHIBE<EL=Q?A@=? H?;ECP SDEA;P, SEGFE<>U; 

ESD?C?<=;O L?;?DEL?BBEA;O W@ASD?AA== F SESI<>J== @<?;E@. +IV?A;F?BBPH 

B?CEA;:;@EH >F<>?;A> ;E, Q;E Q:A;E SDECI@; =AA<?CI?HELE L?B: =H??; D>C 

=GEREDH, A @E;EDPH= :B;=;?<: HELI; B? D?:L=DEF:;O. ];= H?;ECP SDEA;P, BE 

<=[O @EAF?BBE SEGFE<>U; AIC=;O E B:<=Q=? HI;:J=K.    

3. %<<?<O-AS?J=R=Q?A@:> SE<=H?D:GB:> J?SB:> D?:@J=> (Z8$) >F<>?;A> 

ECB=H =G H?;ECEF SD>HEK C?;?@J== =GF?A;BPM ;EQ?QBPM HI;:J=K = 

ECBEBI@<?E;=CBPM SE<=HEDR=GHEF. . EABEF? H?;EC: <?T=; B?ASEAENBEA;O 

Taq #(5-SE<=H?D:GP @ :HS<=R=@:J== RD:LH?B;: SD= B:<=Q== 

B?AEE;F?;A;F=> (mismatch) H?TCI F:D=:N?<OBPH BI@<?E;=CEH B: H:;D=QBEK 

#(5 = 3'-@EBJEH ECBELE =G E<=LESD:KH?DEF. ZD= =GF?A;BPM ;EQ@:M HI;:J== 

SECN=D:U;A> SD:KH?DP @ C=@EHI = HI;:B;BEHI :<<?<>H. ZE D?GI<O;:;I 

SDEMETC?B=> Z8$ D?:@J== HETBE IGB:;O E B:<=Q== =<= E;AI;A;F== 



! 64!64!

=A@EHELE SNP. ZD?=HIV?A;FEH H?;EC: >F<>?;A> ?LE FPAE@:> 

QIFA;F=;?<OBEA;O, SDEA;E;:, A@EDEA;O = C?[?F=GB:. )CB:@E C<> 

SEC;F?DTC?B=> B:<=Q=> HI;:J== B?ENMEC=HE SDEF?C?B=? A?@F?B=DEF:B=>.  

 4. /=E<EL=Q?A@=? (RIB@J=EB:<OBP?) H?;ECP. . D>C? A<IQ:?F D:GD:NE;:BP 

N=E<EL=Q?A@=? ;?A;-A=A;?HP, =AA<?CIUV=? RIB@J=EB:<OBIU :@;=FBEA;O 

L?BEF. 4?;EC RIB@J=EB:<OBELE :B:<=G: D:GC?<?BBPM :<<?<?K F CDETT:M 

(FASAY) =ASE<OGI?;A> C<> C=:LBEA;=@= RIB@J=EB:<OBEK :@;=FBEA;= ,-53 

[118]. ZD?=HIV?A;F: H?;EC:: A@EDEA;O, C?[?F=GB:, E;AI;A;F=? 

B?ENMEC=HEA;= F AS?J=:<OBEH ENEDICEF:B==, FPAE@:> QIFA;F=;?<OBEA;O. 

4?;EC SEGFE<>?; FP>F=;O HI;:J== ?A<= 10% @ES=K #(5 F END:GJ? AEC?DT:; 

HI;:J==. 3AA<?CIU;A> EN: :<<?<> ECBEFD?H?BBE, ?A;O FEGHETBEA;O E;<=Q=;O 

Q:A;=QBE =B:@;=F=DIUV=? HI;:J== E; SE<BEA;OU =B:@;=F=DIUV=M.  

(?CEA;:;@=: H?;EC B? SEGFE<>?; FP>F<>;O HI;:J==, F?CIV=? @ BEBA?BA-

G:F=A=HEK C?LD:C:J== $(5. -?HS?D:;ID: DEA;: CDETT?K B=T? 370+, Q;E 

HET?; B? SEGFE<=;O C?;?@;=DEF:;O B?@E;EDP? HI;:J==, SD=FEC>V=? @ 

;?HS?D:;IDBEK QIFA;F=;?<OBEA;= ,-53.  

 

!'$-$ 2. I$%",)$'J ) #"%&>J 
$:NE;: FPSE<B?B: B: N:G? <:NED:;ED== HE<?@I<>DBEK L?H:;E<EL== !*/, 

*(8 49 $! (G:F. <:N. – C.N.B. +IC:D=@EF %./.).  

2.1 I"%&>J, )9+&'LK:"#J" >'* FASAY 

#"!"!$I1N&'&;)&$<QR$
4EBEBI@<?:DP S?D=R?D=Q?A@EK @DEF= FPC?<><= A;:BC:D;BPH H?;ECEH 

J?B;D=RIL=DEF:B=> F LD:C=?B;? Ficoll-Hypaque [9]. ZEA<? FPC?<?B=> =M 

HLBEF?BBE G:HED:T=F:<= F T=C@EH :GE;? = SEH?V:<= B: MD:B?B=? SD= -700+. 

-E;:<OBIU H$(5 =G G:HEDET?BBPM END:GJEF @<?;E@ FPC?<><= H?;ECEH 

W@A;D:@J== A LI:B=C=B-;=EJ=B:;EH R?BE<EH = M<EDEREDHEH [18], 

AS?@;DERE;EH?;D=Q?A@= ESD?C?<><= @EBJ?B;D:J=U. 



! 6#!6#!

#"#"#"$ST-98;9*$8-9;0J-)U()*$
 . D?:@J=U END:;BEK ;D:BA@D=SJ== CEN:F<><= SE 2 H@L $(5 @:TCELE 

END:GJ:. @#(5 A=B;?G=DEF:<= F ;?Q?B== 1 Q:A: +370+ A =ASE<OGEF:B=?H 1 

H@< 10 H4 A<IQ:KBPM SD:KH?DEF F @:Q?A;F? G:;D:F@= = END:;BEK 

;D:BA@D=S;:GP M-MLV (Promega). 

#!'('(!)*+,-.-/01-2!/34-56789:!+3;,943<0=9,>?3;=-!@9?0!3<=+!4,2!ABCBD!
(: SE<IQ?BBEK @#(5 TP53 NP<: :HS<=R=J=DEF:B: @EC=DIUV:> 

SEA<?CEF:;?<OBEA;O L?B: - D?L=EB H?TCI 4 = 10 W@EGEBEH (@ECEB 42 - 374, 

AEE;F?;A;FIUV=? J?B;D:<OBEHI CEH?BI). ZD:KH?DP C<> Z8$ D?:@J== $3 = 

$4 NP<= FG>;P =G A;:;O= [53]. $3 (5'-%---TGA-TGC-TGT-CCC-CGG-ACG-

ATA-TTG-AA(S)C-3'), = $4 5'-ACC-CTT-TTT-GGA-CTT-CAG-GTG-GCT-

GGA-GT(S)G-3'), LC? S - ;=EREAR:;B:> AF>GO SD?CEMD:B>?; SD:KH?D E; 

C?LD:C:J== SE<=H?D:GEK, EN<:C:UV?K 3’-5'-W@GEBI@<?:GBEK :@;=FBEA;OU. 

$?:@J=> SDEFEC=<:AO A SE<=H?DGEK PFU (Promega). $?:@J=> SDEFEC=<:AO F 

ENX?H? 25 H@<: 2,5 H@< D:GF?C?BBEK F 5 D:G @#(5,  SE<IQ?BBEK F MEC? 

END:;BEK ;D:BA@D=SJ==, 125B4 AS?J=R=QBPM SD:KH?DEF, 125B4 AH?A= 

BI@<?E;=CEF, 2,5 H@< A;:BC:D;BELE NIR?D: (Promega). $?:@J=U LE;EF=<= B: 

<OCI, SDEN=D@= A;:F=<= F SD?CF:D=;?<OBE SDELD?;PK CE 950+ :HS<=R=@:;ED 

+1000 (BioRad). ,A<EF=> D?:@J== F@<UQ:<= F A?N> S?DFEB:Q:<OBIU 

C?B:;ID:J=U (920+, 2,5 H=B) = SEA<?CIUV=? 35 J=@<EF:  920+ 30 A?@, 570+ 30 

A?@, 720+ 240 A?@, 720+ 15 H=B. 

ZD= D:NE;? F ES;=H:<OBPM IA<EF=>M PFU SE<=H?D:G: CESIA@:?; 

H=B=H:<OBE? @E<=Q?A;FE E[=NE@ SE AD:FB?B=U A CDIL=H= 

;?DHEA;:N=<OBPH= SE<=H?D:G:H=. 

#"#"4"$V.N:.8.LJ9$U'9O/)N$WCC!H$)$WXC5H$N'*$DYCYZ$
Z<:GH=CBP? F?@;ED:, <UN?GBE SD?CEA;:F<?BBP? B:[?K <:NED:;ED== Prof. 

RNDr. J. Smardova (Department of Pathology, University Hospital, 625 00 Brno, 

Czech Republic), NP<= ;D:BAR?J=DEF:BP H?;ECEH W<?@;DESED:J== F >Q?K@? 

Bio-Rad F [;:HH E. Colli 4GS109, EN<:C:UV=K IA;EKQ=FEA;OU @ 

S?B=J=<<=BI. -D:BAREDH:B;P FPA?F:<= B: A?<?@;=FBIU AD?CI AEC?DT:VIU 



! 6"!6"!

:HS=J=<<=B. ZE<IQ?BBP? E;C?<OBP? @E<EB== N:@;?D=K NP<= B:DEV?BP F 

AD?C? LB CE D600=1. 3G SE<IQ?BBEK @I<O;IDP NP<= FPC?<?BP S<:GH=CP 

pSS16 = pLS76 H?;ECEH V?<EQBELE <=G=A:. .PC?<?BB:> #(5 EQ=V?B: 

J?B;D=RIL=DEF:B=?H F LD:C=?B;? +s+l2 = D:GN:F<?B: F FEC? CE @EBJ?B;D:J== 

1HL/H<. 

2.2.5. 2+)/6'#9'( ' "4')/#$ =*$%8',> pSS16 
$?A;D=@J=U S<:GH=CP pSS16 EAIV?A;F<><= D?A;D=@;:G:H= HindIII =  PA?I F 

NIR?D? W @EHS:B== +=N]BG=H, S<:GH=C: B?A?; @EBJ?FP? IQ:A;@=, 

LEHE<EL=QBP? @EBJ:H :HS<=R=J=DEF:BBELE RD:LH?B;: L?B: ,-53. C<> 

AEGC:B=> A:K;EF D?@EHN=B:J== . ZEA<? D?A;D=@J== SDEFEC=<= W<?@;DERED?G 

F 1% LMP :L:DEG? (Sigma). (ITBPK RD:LH?B; FPD?G:<= = EQ=V:<= A 

SEHEVOU R?BE<-M<EDEREDHBEK W@A;D:@J== (V?<EQBEK R?BE< (D(=7)). 

ZE<IQ?BBPK SEA<? EQ=A;@= H:;?D=:< LE;EF C<> =ASE<OGEF:B=> F FASAY.  

2.2.6. 20/'&&$( #0*</'-$9'( ,6"77+: 
5I<O;=F:J=> CDETT?K S. cerevisiae [;:HH: ylG397, =H?UV?LE L?BE;=S 

4%T:ade2-1 leu2-3, 112trp1-1his3-11,15can1-100ura3-1 URA3 

3xRGC::pCYC1::ADE. SDE=GFEC=<= B: AD?C? YPD A =GNP;@EH :C?B=B: (200 

H@L/H<) FE =GN?T:B=? SE>F<?B=> ASEB;:BBPM HI;:J=K. 

2.2.7 ?0&#9'"&$*<&>: $&$*'% 6$%,+*+&&>@ $**+*+: TP53 - ,6"77$@ 
 -D:BAREDH:J=U SDE=GFEC=<= A SEHEVOU <=B?KBELE F?@;ED: pSS16, 

AEC?DT:V?LE LEU2 - H:D@?D SE<ET=;?<OBEK A?<?@J== SE <?KJ=BI, 

H?;ECEH <=;=K-:J?;:;BEK ;D:BAREDH:J==. #DETT?FP? @<?;@= A SEHEVOU 

LEHE<EL=QBEK D?@EHN=B:J== FA;D:=F:U; IQ:A;E@ TP53 F F?@;ED pSS16, 

AEC?DT:V=K F A?N? EN? @EBJ?FP? SEA<?CEF:;?<OBEA;= L?B: TP53. 5<?;@= 2-

3 CB> @I<O;=F=DEF:<= SD= ;?HS?D:;ID? 300+ B: AD?C? YNB A CEN:F<?B=?H 

L=A;=C=B:, ;D=S;ER:B:, ID:J=<: 20 H@L/H< = CEN:F<?B=?H :C?B=B: CE 5 

H@L/H<. ]@ASD?AA=> F CDETT?FPM @<?;@:M RIB@J=EB:<OBE-:@;=FBELE TP53 

SD=FEC=; @ :@;=F:J== ;D:BA@D=SJ== L?B: ADE2, ;.@. L?B ,-53 AF>GPF:?;A> 

A SDEHE;?DEH L?B: ADE2 = :@;=F=DI?; A=B;?G :C?B=B:, B?ENMEC=HELE C<> 



! 6+!6+!

DEA;: CDETT?FPM @<?;E@. +EE;F?;A;FIUV=? CDETT?FP? @E<EB== F W;EH 

A<IQ:? N?AJF?;BP. ]@ASD?AA=> HI;:B;BELE TP53 SD=FEC=; @ E@D:[=F:B=U 

@E<EB=K F @D:ABPK JF?;: RIB@J=> HI;:B;BELE N?<@: $53 B:DI[?B:, = 

FPD:NE;@: :C?B=B: G: AQ?; ;D:BA@D=SJ== L?B: ADE2 B? SDE=AMEC=;. 

9:SIA@:?;A> =BEK SI;O A=B;?G: :C?B=B:, LC? SDEH?TI;EQBPK SDECI@; 

ENH?B: =H??; @D:ABPK JF?;, EB B:@:S<=F:?;A> F @<?;@?, SD=C:F:> ?K 

AEE;F?;A;FIUVIU E@D:A@I. +EE;BE[?B=? N?AJF?;BPM = @D:ABPM @E<EB=K 

C?HEBA;D=DI?; @E<=Q?A;FE RIB@J=EB:<OBE :@;=FBPM/HI;:B;BPM TP53. 

+M?H: H?;EC: SD?CA;:F<?B: B: D=AIB@? 4. 5D:ABP? @<?;@= MEDE[E 

E;<=Q=HP E; N?<PM @E<EB=K, BE H:@A=HIH B:APV?BBEA;= SD=END?;:U; 

SEA<? CESE<B=;?<OBPM 2 CB?K @I<O;=F:J== SD= ;?HS?D:;ID? 40+. ZD= 

B:<=Q== NE<?? 15% @D:ABPM @E<EB=K SDEFEC=<= A?@F?B=DEF:B=? L?B: ,-53 

C<> SEC;F?DTC?B=> B:<=Q=> HI;:J==. 

 
%. +M?H: H?;EC: FASAY 

 



! 66!66!

.. ZD=H?D Q:[?@ A ;D:BAREDH:B;:H= 

4)9:.&/. 4 1''X9%,$Q)* #"%&>$  FASAY 

 

2.2. M&>(&%&-)%"'L.J" #"%&>J >'* M74  

2.2.1 A>,+*+&'+ BC3 '% *'8D"9'/"- =+6'D+6'4+)#": #6"-' 
4EBEBI@<?:DP S?D=R?D=Q?A@EK @DEF= FPC?<><= A;:BC:D;BPH H?;ECEH 

J?B;D=RIL=DEF:B=> F LD:C=?B;? Ficoll-Hypaque (Sigma). 5<?;@= <=G=DEF:<= 

CEN:F<?B=?H WCLB-<=G=DIUV?LE NIR?D:, SEA<? W;ELE B:APV?BBPH 

D:A;FEDEH :HHEB=> M<ED=C: (1/4 ENX?H:) EA:TC:<= N?<@=, : BI@<?=BEFP? 

@=A<E;P EA;:F:<=AO F FECBEH D:A;FED?. #(5 EA:TC:<= CEN:F<?B=?H 3M 

ENX?HEF W;:BE<:. 5EBJ?B;D:J=U #(5 ESD?C?<><= AS?@;DERE;EH?;D=Q?A@= 

SE SEL<EV?B=U SD= %260 BH. 

2.2.2 A>,+*+&'+ BC3 '% #"*"&': ,6"77+: ,*(  

=6"-+,+&'( =",/-+67,$.E+;" )+#-+&'6"-$&'( 
#<> :B:<=G: ND:<= 5 @D:ABPM @E<EB=K. 3GE<=DEF:BE D:A;IVIU @E<EB=U 

A;?D=<OBEK GINEQ=A;@EK AB=H:<= A Q:[@= Z?;D= = AIAS?BC=DEF:<= F 100 H@< 

FECP, SEA<? 3 H=BI;BELE @=S>Q?B=> EA;IT:<= CE @EHB:;BEK ;?HS?D:;IDP = 

CEN:F<><= 100 H@< FECBELE M<EDEREDH:, S?D?H?[=F:<=. +IAS?BG=U 

J?B;D=RIL=DEF:<= 5 H=BI;, AIS?DB:;:B; E;N=D:<= = CEN:F<><= SE 5-10 H@< F  

SEF;EDBIU Z8$ D?:@J=U (AH. «%HS<=R=@:J=> @EC=DIUV?K 

SEA<?CEF:;?<OBEA;= L?B: ,-53 C<> FASAY»). ZE<IQ?BBP? SDECI@;P @D:ABPM 

@E<EB=K A?@F?B=DEF:<= C<> SEC;F?DTC?B=> B:<=Q=> HI;:J== F L?B? ,-53. 

E(E('!FG-;=/0!+5346/=3<!0*+,-.-/01--!4,2!+53<949?-2!;9/<9?-53<0?-2!
%HS<=R=J=DEF:BBPK IQ:A;E@ L?B: FBEA=<= F 1% :L:DEGBPK L?<O = 

SECF?DL:<= W<?@;DERED?GI SD= 100.. .PD?G:<= IQ:A;E@ L?<>, AEC?DT:V=K 

B?ENMEC=HPK SDECI@;, #(5 FPC?<><= A SEHEVOU B:NED: C<> FPC?<?B=> 

#(5 =G :L:DEGBELE L?<> R=DHP (#=:-4, $EAA=>).  

 



! 6J!6J!

2.3 M74-#"%&>)/) ) 9"/-".),&-$.)" 

2.3.1 F#6'&'&; 80/$9': NOTCH1 
(:<=Q=? C?<?J==  c.7544_7545delCT, AEA;:F<>UV?K 80% FA?M HI;:J=K  F 

L?B? NOT.H1 (34 W@GEB, CEH?B PEST) NP<E =AA<?CEF:BE A SEHEVOU :<<?<O-

AS?J=R=QBEK Z8$ (ARMS-PCR). ZD:KH?DP FW_NOTCH1-5'-

GTGACCGCAGCCCAGTT-3',  FM_NOTCH1-5’-TCCTCACCCCGTCCCGA-

3',    RNOTCH1-5'-AAGGCTTGGGAAAGGAAGC-3'. . D?:@J=U ENX?HEH 25 

H@< CEN:F<>U; 2 H@< 50BL/H@< L?BEHBEK #(5, 0,1 H4 FW SD:KH?D:, 0,5 H4 

FM_NOTCH1 S:DKH?D: = 0,3 H4 SD:KH?D: RNOTCH1, 2,5-@D:;BPK NIR?D, 

2,5-@D:;BP? dNTP, 2,5-@D:;BPK H:LB=K, 0,2 H@< -:g SE<=H?D:GP (+=B;E<, 

$EAA=>). Z:D:H?;DP D?:@J==: 92 0+, (2,5 H=B) = SEA<?CIUV=? 35 J=@<EF =G 95 
0+ 30A?@, 57 0+ 30A?@, 72 0+ 40 A?@, 72 0+ 10 H=B. 

2IFA;F=;?<OBEA;O C:BBELE H?;EC: SEGFE<>?; FP>F=;O B:<=Q=? C?<?J== 

C:T? SD= 10% HI;:B;BPM :<<?<?K. (:<=Q=? C?<?J== SEC;F?DTC:<EAO 

A?@F?B=DEF:B=?H SE +WBL?DI. (: D=AIB@? 5 SE@:G:B D?GI<O;:; 

W<?@;DERED?G: F 2% :L:DEG? SDECI@;EF :<<?<O-AS?J=R=QBEK Z8$, C=@=K 

F:D=:B; L?B: NOTCH1 (Wt)  =H??; 1 SE<EAI B:SDE;=F @EB;DE<OBEK SE<EAP 

300 bp H:D@?D: HE<?@I<>DBELE F?A:. ZD= B:<=Q== C?<?J== F L?B? NOTCH1 

SDE=AMEC=; :H<=R=@:J=> A ENE=M SD>HPM SD:KH?DEF, Q;E SD= SDEF?C?B== 

W<?@;DERED?G: F=GI:<=G=DI?;A>, @:@ SE>F<?B=? CESE<B=;?<OBEK SE<EAP 

SDECI@;: QI;O B=T? 200 bp H:D@?D: HE<?@I<>DBELE F?A: (Del).  

 
 

4)9:.&/ 5. 4"K:'L%$% V'"/%,&W&,"K$ +,&>:/%&- $'"'L-
9+"Q)W);.&= M74  
ZD= B:<=Q== C?<?J== F L?B? NOTCH1, FP>F<?BBEK A 
SEHEVOU :<<?<O-AS?J=R=QBEK Z8$ B: W<?@;DERED?G? 
F=GI:<=G=DI?;A> SE<EA: SDECI@;: D:GH?DEH F183 
BI@<?E;=C: = D:ASE<:L:?;A> B=T? SE<EAP C=@ELE :<<?<>. 
ZDECI@; :HS<=R=@:J== C=@ELE :<<?<> =H??; D:GH?D 283 
BI@<?E;=CEF = D:ASE<:L:?;A> B: IDEFB? 300 E;BEA=;?<OBE 
H:D@?D: HE<?@I<>DBELE F?A: = A<IT=; SE<ET=;?<OBPH 
@EB;DE<?H  SDEMETC?B=> Z8$ D?:@J==. 



! 6D!6D!

2.3.2 G8=*'D'#$9'( =")*+,"-$/+*<&")/+: ;+&"- 1253, BIRC3, SF3B1 ' 
NOTCH1 ' )+#-+&'6"-$&'+ =" FH&;+60 

ZEA<?CEF:;?<OBEA;= L?BEF BIRC3 (W@GEBP 6-9, RefSeq NM_001165.3 ), TP53 

(W@GEBP 4-8, RefSeq NM_000546.4), NOTCH1 (PEST CEH?B; RefSeq 

NM_017617.2) = SF3B1 (W@GEBP 14-16, RefSeq NM_012433.2) NP<= 

:HS<=R=J=DEF:BP A SEHEVOU Z8$ (IA<EF=> SD?CA;:F<?BP F ;:N<=J? 3), 

EQ=V?BP A SEHEVOU BigDye X terminator (Promega)  = =AA<?CEF:BP 

H?;ECEH A?@F?B=DEF:B=> SE +WBL?DI A SEHEVOU Sanger ABI PRISM 3100 

Genetic Analyzer (Applied Biosystems). ZE<IQ?BBP? SEA<?CEF:;?<OBEA;= 

L?BEF NP<= AESEA;:F<?BP A AEE;F?;A;FIUV=H= D?R?D?BABPH= 

SEA<?CEF:;?<OBEA;>H=. ZD= :B:<=G? NP< =ASE<OGEF:B SDELD:HHBPK S:@?; 

Mutation Surveyor .?DA=> (SoftGenetics). +=BEB=HBP? HI;:J==, 

SE<=HEDR=GHP, (dbSNP13, N:GP C:BBPM Ensembl), NP<= =A@<UQ?BP =G 

:B:<=G:. 4E<?@I<>DBP? =AA<?CEF:B=> SDEFEC=<=AO FA<?SIU E;BEA=;?<OBE 

@<=B=Q?A@=M C:BBPM.  

 
 M&9'">&-$%"'L.&9%L 

+,$=#",&- 
2&9%$- M74 
,"$/Q)) 

G9'&-)* M74 

!".  BIRC3 
6 
W@GEB 

F -CCT AAT ATg TgT TAA ATT CTT TgT 
TCC )NV=K ENX?H -25 H@< 

1. 3 H=B – 95 0+ 
R -AgA CTg ATA TCA AAT CCT TAT 
gAA AAT #(5               - 100 ng 

7 
W@GEB 

F -Tgg AAg gAA gTT TgT gAg CA 4:LB=K        - 1.5 mM 2. 30 A – 950C 

2.-4.- SEF;ED 
40 D:G 

R -AAg AgC gTA TTT TCA ATT gAC 
TTA gA (I@<?E;=CP - 0.1 mM 3. 40c - 580C 

8 
W@GEB 

F -TCA TAg TAA TgC TTT TTC TTT TT+ 
TCC ZE<=H?D:G: Tag  -0.25 4. 40c - 720C 
R -Agg CAg TTT gCT TCT TCA gTg ZD:KH?DP    -  167 nM  5. 10 H=B - 720+ 

9 
W@GEB 

F -TgA AGA AgC AAA CTg CCT TTT AT (@:TCPK) 
  R- AAA gTT TAg ACg ATg TTT Tgg TTC   

 !". 1253 
4 
W@GEB 

F-TgA ggA CCT ggT CCT CTg AC )NV=K ENX?H -25 H@< 1. 3 H=B - 950+ 
R-AgA ggA ATC CCA AAg TTC CA  #(5                - 50 ng 2. 30 A - 950+ +B=T?B=? 

B: 0,50C 
@:TCP? 3 
J=@<: CE 
600+ 

5-6 
W@GEB 

F-TgT TCA CTT gTg CCC TgA CT  4:LB=K         - 1,8 mM 3. 40c - 620C 

R-TTA ACC CCT CCT CCC AgA gA 
(I@<?E;=CP - 0.1 mM 4. 40c - 720C* 

7 
W@GEB 

F-CTT gCC ACA ggT CTC CCC AA  ZE<=H?D:G: Tag -0.25 5. 30 A - 950+ 5.-7. – 
 SEF;ED 30 R-A ggg gTC AgA ggC AAg CAg A ZD:KH?DP   -  167 nM 6. 40c - 600C 



! 67!67!

8 
W@GEB 

F-TTg ggA gTA gAT ggA gCC T  (@:TCPK) 7. 40c - 720C D:G 

R-AgT gTT AgA CTg gAA ACT TT   8. 10 H=B - 720+ 
!". SF3B1 

14 
W@GEB 

F – Tgg AAA gAA ATg gTT gAA gA )NV=K ENX?H -25 H@< 1. 3 H=B - 950+ 
R – AAg ACC CTg TCT CCT AAA gAA AAA #(5                - 100 ng 2. 30 A – 950C 2.-4.  -  

15 
W@GEB F – TgC AgT TTg gCT gAA TAg TTg 4:LB=K         - 1,2 mM 3. 40c - 580C 

SEF;ED 30 
D:G 

R – CCA ATA gCC TTC AAg AAA gCA g  (I@<?E;=CP - 0.1 mM 4. 40c - 720C  
16 
W@GEB 

F – CAC TTT AAA ATT CTg TTA gAA CCA 
TgA ZE<=H?D:G: Tag -0.25 5. 10 H=B - 720+ 
R – gCT gAA gCA gCA ACT CCT TA ZD:KH?DP    - 167 nM  

!". NOCTH1 (PEST >&#".) 
34 F-TCC ACC AgT TTg AAT ggT CA )NV=K ENX?H -25 H@< 1. 3 H=B - 950+ 
W@GEB R-AAg gCT Tgg gAA Agg Aag C #(5                - 100 ng 2. 30 A – 950C 2.-4. -      

SEF;ED 42 
D:G: 

 

  

4:LB=K          - 1,8 mM 3. 40c - 600C 
(I@<?E;=CP - 0.1 mM 4. 40c - 720C 

 ZE<=H?D:G: Tag- 0.25 5. 10 H=B - 720+ 
 ZD:KH?DP   -  167 nM  
5$?')Q$ 3. M&9'">&-$%"'L.&9%L +,$=#",&- ) :9'&-)* M74 >'* 

$#+')W)/$Q)) (".&- 1253, BIRC3, SF3B1 ) NOTCH1 

 

2.4 6.$')KJ, +,&-">"..J" >,:()#) )99'">&-$%"'*#) - ,$#/$@ 

      +,&%&/&'$ MLSG08 
. D:H@:M SDE;E@E<EF MLSG08 SDEFEC=<=AO A<?CIUV=? =AA<?CEF:B=>:  

4I;:J=EBBPK A;:;IA L?BEF F:D=:N?<OBELE D?L=EB: =HHIBEL<ENI<=BEF. 

3AA<?CEF:B=? SDEFEC=<EAO F <:NED:;ED== +IC:D=@EF: %./. A;:D[=H 

B:IQBPH AE;DICB=@EH /=C?DH:B /... 

1. 8=;EL?B?;=Q?A@=? :N?DD:J== =AA<?CEF:<=AO H?;ECEH R<IED?AJ?B;BEK 

L=ND=C=G:J== in situ (FISH) A GEBC:H= LSI ATM, LSI p53, LSI D13S319, LSI 

13q34 = Cep 12. - 9:F. <:N. @:D=E<EL==  )NIMEFEK -.(. 

2. 3AA<?CEF:B=? IDEFB> N?;:-2-H=@DEL<ENI<=B: = AEE;BE[?B=> <?L@=M 

J?S?K ESD?C?<><=AO H?;EC:H= N?<@EFELE W<?@;DERED?G: A 

=HHIBER=@A:J=?K (Free Light Chain Assay).  

3. 3AA<?CEF:B=? H=B=H:<OBEK EA;:;EQBEK NE<?GB= C<> EJ?B@= 

WRR?@;=FBEA;= ;?D:S== SDEFEC=<= H?;EC:H= 4-JF?;BEK SDE;EQBEK 

J=;ER<IED=H?;D==, : ;:@T? A SEHEVOU :<<?<O-AS?J=R=QBEK Z8$ 

AE;DICB=@:H= @:R?CDP @<=B=Q?A@EK <:NED:;EDBEK C=:LBEA;=@= 



! 62!62!

$EAA=KA@EK H?C=J=BA@EK :@:C?H== SEA<?C=S<EHBELE END:GEF:B=>. 

4. 3HHIBER?BE;=S=DEF:B=? A J?<OU S?DF=QBEK C=:LBEA;=@= SDEFEC=<= B: 

N:G? @:R?CDP @<=B=Q?A@EK <:NED:;EDBEK C=:LBEA;=@= $EAA=KA@EK 

H?C=J=BA@EK :@:C?H== SEA<?C=S<EHBELE END:GEF:B=>, N<:LEC:D=H G: 

SEHEVO F SDEF?C?B== =AA<?CEF:B=> SDER?AAED: &ILEFA@IU +.%. 

2.6 2%$%)9%)/$ 
 (?S:D:H?;D=Q?A@=? C:BBP? AD:FB=F:<= A SEHEVOU CFIA;EDEBB?LE 

b2-@D=;?D=> A SESD:F@EK 6?K;J:. $:G<=Q=> AQ=;:<= CEA;EF?DBPH= SD= 

$=0,05. 5D=FP? N?ASDELD?AA=FBEK FPT=F:?HEA;= = ENV?K FPT=F:?HEA;= 

A;DE=<= SE H?;ECI 5:S<:B-4?K?D: = AD:FB=F:<= A SEHEVOU <EL-D:B@ 

H?;EC:. 4BELER:@;EDBPK :B:<=G SDEF?C?B A SEHEVOU D?LD?AA=EBBELE 

:B:<=G: 5E@A:. +;:;=A;=Q?A@=K :B:<=G NP< FPSE<B?B A SEHEVOU 

SDELD:HHP STATISTICA 6.0. 

 

!B6C6 3. 4"K:'L%$%J 

3.1 U$,$/%",)9%)/$ +$Q)".%&-  
)J?B@: WRR?@;=FBEA;= D:G<=QBPM D?T=HEF ;?D:S== SDEFEC=<:AO 

C<> S?DF=QBPM NE<OBPM .-Y&& A;:D[? = HE<ET? 60 <?;. Z:J=?B;P .-Y&& 

<60 <?;, : ;:@T? NE<OBP? F FEGD:A;? E; 60 CE 70 <?; A =BC?@AEH 

@EHEDN=CBEA;= 6 = H?B?? SE<IQ:<= <?Q?B=? FCR. /E<OBPM .-Y&& A;:D[? 

70 <?;, : ;:@T? S:J=?B;EF F FEGD:A;? E; 60 CE 70 <?; A =BC?@AEH 

@EHEDN=CBEA;= 7 = NE<?? D:BCEH=G=DEF:<= B: LDISSP A H?B?? ;E@A=QBPH 

<?Q?B=?H SE AM?He FCR-Lite (F:D=:B; FCR A D?CI@J=?K CEG R<IC:D:N=B: = 

J=@<EREAR:B:). +M?HP <?Q?B=> SD?CA;:F<?BP F ;:N<. 4.  

FCR 

8=@<EREAR:H=C 250 HL/H2 F CB= 1–3 

!<IC:D:N=B 40 HL/H2 F CB= 1–3 

$=;I@A=H:N 375 HL/H2 F C?BO 0 =<= 1 B: 1 @IDA?; 500 HL/H2 F C?BO 0 =<= 1 B: 



! 6_!6_!

@IDA:M 2–6 

FCR-Lite 

8=@<EREAR:H=C 150 HL/H2 F CB= 1–3 

!<IC:D:N=B 32 HL/H2 F CB= 1–3 

$=;I@A=H:N 375 HL/H2 F C?BO 0 =<= 1 B: 1 @IDA?; 500 HL/H2 F C?BO 0 =<= 1 B: 

@IDA:M 2–6 

5$?')Q$ 4. 4"R)#J %",$+)) 

. D:H@:M =AA<?CEF:B=> CE B:Q:<: ;?D:S== NP<: SDEF?C?B: EJ?B@: 

A<?CIUV=M SDELBEA;=Q?A@=M H:D@?DEF: J=;EL?B?;=Q?A@=M :N?DD:J=?K 

H?;ECEH FISH (R<IED?AJ?B;B:> L=ND=C=G:J=> in situ), HI;:J=EBBELE 

A;:;IA: L?BEF F:D=:N?<OBELE D?L=EB: =HHIBEL<ENI<=BEF, IDEFB> N?;:-2-

H=@DEL<ENI<=B:. #<> FPNED@= =G 155 R=G=Q?A@= AEMD:BBPM = HE<ECPM 

S:J=?B;EF (CE 60 <?;) SDE;E@E<: MLSG08, SE<IQ:F[=M <?Q?B=? SE 

SDE;E@E<I FCR, NP<E SDEF?C?BE =AA<?CEF:B=? L?BEF ,-53, NOTCH1, 

SF3B1 = BIRC3 B: B:<=Q=? HI;:J=K. %B:<=G W@GEBEF L?BEF, B:=NE<?? 

F:TBPM F RIB@J=EB:<OBEH E;BE[?B==, NP< SDEF?C?B SI;?H 

A?@F?B=DEF:B=> SE +WBL?DI: F L?B? ,-53 (4-9 W@GEBP), SF3B1 (14-16 

W@GEBP), BIRC3 (6-9 W@GEBP). 3AA<?CEF:B=? L?B: ,-53 NP<E ;:@ T? 

SDEF?C?BE A SEHEVOU H?;EC: FASAY, A@D=B=BLEFELE H?;EC: 

SEGFE<>UV?LE EJ?B=;O RIB@J=EB:<OBIU :@;=FBEA;O L?B: ,-53 = FP>F=;O 

SDEJ?B;BE? AEE;BE[?B=> HI;:B;BELE = C=@ELE :<<?<>. 3AA<?CEF:B=? 

B:=NE<?? Q:A;EK HI;:J== L?B: NOTCH1 - C?<?J==  c.7544_7545delCT (34 

W@GEB, CEH?B PEST), AEA;:F<>UV?K 80% FA?M HI;:J=K F W;EH L?B? SD= .-

Y&&, NP<E SDEF?C?BE A SEHEVOU :<<?<O-AS?J=R=QBEK Z8$ A 

SEA<?CIUV=H A?@F?B=DEF:B=?H SE +WBL?DI C<> SEC;F?DTC?B=> B:<=Q=> 

HI;:J==. #:BBP? D?GI<O;:;EF ;?D:S== NP<= B? =GF?A;BP CE E@EBQ:B=> 

=AA<?CEF:B=>. #:BBP? E SDELBEA;=Q?A@=M H:D@?D:M (IgVH, IDEFB? N?;:2-

H=@DEL<ENI<=B:) = HI;:J=>M L?BEF  (BIRC3, C:BBP? FASAY) NP<= 

CEA;ISBP B? C<> FA?M NE<OBPM (;EQBE Q=A<E I@:G:BE F ES=A:B== 

=AA<?CEF:B=> L?BEF = AEE;F?;A;FIUV=M ;:N<=J:M). 



! J4!J4!

. NE<O[=BA;F? A<IQ:?F <?Q?B=? SDEFEC=<EAO :HNI<:;EDBE. 

5:Q?A;F?BBP? = @E<=Q?A;F?BBP? EJ?B@= ;?Q?B=> G:NE<?F:B=>, A;:C==, 

SE@:G:B=K @ B:Q:<I ;?D:S==, D?GI<O;:;EF <?Q?B=> = @:Q?A;FE E;F?;: NP<= 

AC?<:BP @.H.B. (=@=;=BPH ".%. 3AMECBE? ENA<?CEF:B=?, SDEH?TI;EQB:> = 

R=B:<OB:> EJ?B@: WRR?@;: SDEFEC=<=AO F *(8. 5:Q?A;FE D?H=AA== 

EJ?B=F:<= F AEE;F?;A;F== A @D=;?D=>H= H?TCIB:DECBEK D:NEQ?K LDISSP 

SE =GIQ?B=U MDEB=Q?A@ELE <=HRE<?K@EG: 2008 LEC: [131].  

3.2 M&,*>&/ &Q"./) VWW"/%)-.&9%) ) @$,$/%",)9%)/$ -$,)$.%&- &%-"%$ 
]RR?@; ;?D:S== EJ?B=F:<A> SE R=G=@:<OBPH C:BBPH = :B:<=GI 

@DEF= S?D?C @:TCPH A<?CIUV=H @IDAEH. !=B:<OB:> EJ?B@: SDEFEC=<:AO 

CF:TCP – F ADE@ 1 = 3 H?A>J ;?D:S==, AQ=;:> E; C:;P SEA<?CB?LE @IDA:. , 

NE<OBPM, I @E;EDPM B: REB? ;?D:S== NP<: CEA;=LBI;: @<=B=Q?A@:> SE<B:> 

D?H=AA=> (=AQ?GBEF?B=? <=HREIG<EF, AB=T?B=? @E<=Q?A;F:  <=HREJ=;EF F 

@EA;BEH HEGL? <30%), =AA<?CEF:<= H=B=H:<OBIU EA;:;EQBIU NE<?GBO. 

ZD= SDEH?TI;EQBEK EJ?B@? H=B=H:<OBEK EA;:;EQBEK NE<?GB= @E<=Q?A;FE 

<?K@EGBPM @<?;E@ =AA<?CEF:<= SEA<? 6LE J=@<: F @DEF= = @EA;BEH HEGL?. 

5EHSOU;?DB:> ;EHELD:R=> D?@EH?BCEF:<:AO FA?H NE<OBPH F @<=B=Q?A@EK 

SE<BEK D?H=AA==.  

 ZEC SE<BEK D?H=AA=?K SEB=H:<= =AQ?GBEF?B=? FA?M SDE>F<?B=K 

NE<?GB=. ZEC Q:A;=QBEK - AE@D:V?B=? ESIME<= NE<??, Q?H B: 50%. 

ZDELD?AA=U @EBA;:;=DEF:<=, ?A<= =H?<:AO E;D=J:;?<OB:> C=B:H=@: AE 

A;EDEBP, SE @D:KB?K H?D?, ECBELE SDE>F<?B=> ESIME<= (DEA; <=HREJ=;EG:, 

DEA; <=HREIG<EF, DEA; A?<?G?B@=). (:@EB?J, @ A;:N=<=G:J== E;BEA=<= 

A<IQ:=, SD= @E;EDPM E;F?; B: ;?D:S=U NP< F SD?C?<:M E; -49% CE +49%. 

*D:R=Q?A@:> C?HEBA;D:J=> @D=;?D=?F WRR?@;=FBEA;= SD=F?C?B: B: 

D=AIB@? 6.  



! J#!J#!

 
4)9:.&/ 6. !,$W);"9/$* >"#&.9%,$Q)* /,)%",)"- VWW"/%)-.&9%) %",$+)) 

 

3.3 Z$K$ .$?'X>".)* ) -,"#"..J" +&/$K$%"') VWW"/%)-.&9%) 
ZEA<? G:F?D[?B=> ;?D:S== S:J=?B;EF B:N<UC:<= 1 D:G F 3 H?A>J: B: 

SDE;>T?B== 5 <?;. .D?H?BBP? SE@:G:;?<= WRR?@;=FBEA;=: 

/?ASDELD?AA=FB:> FPT=F:?HEA;O: =B;?DF:< E; S?DFELE CB> ;?D:S== 

CE ECBELE =G A<?CIUV=M AENP;=K: 

- D?J=C=F: SEA<? SE<BEK =<= Q:A;=QBEK D?H=AA==  

- SE>F<?B=> SD=GB:@EF SDELD?AA== B: REB? ;?D:S==  

- B:GB:Q?B=> BEFELE F:D=:B;: ;?D:S== SE SEFECI D?J=C=F: 

- AH?D;= (E; .-Y&&, EA<ETB?B=K .-Y&& =<= EA<ETB?B=K ;?D:S==) 

ZDECE<T=;?<OBEA;O E;F?;:: =B;?DF:< E; SEA<?CB?LE CB> SEA<?CB?LE 

J=@<: CE D?J=C=F: (SE@:G:;?<O IQ=;PF:<A> ;E<O@E I NE<OBPM A SE<BEK = 

Q:A;=QBEK D?H=AA=?K) 

)NV:> FPT=F:?HEA;O - =B;?DF:< E; S?DFELE CB> ;?D:S== CE AH?D;= =<= 

SEA<?CB?LE F=G=;:. 

ZEC S?DF=QBEK D?G=A;?B;BEA;OU @ R<IC:D:N=BI SEB=H:<= SDELD?AA=U 

B: REB? <?Q?B=> =<= D?J=C=F F ;?Q?B=? 24 H?A>J?F E; B:Q:<: <?Q?B=>. 

$?J=C=F @EBA;:;=DEF:<= ;E<O@E I NE<OBPM, CEA;=L[=M SE<BEK =<= 

Q:A;=QBEK D?H=AA==. 5D=;?D== D?J=C=F: AEFS:C:<= A @D=;?D=>H= 

SDELD?AA==.  



! J"!J"!

3.4 2,$-.)%"'L.$* @$,$/%",)9%)/$ ?&'L.J@, +,).*-Y)@ :;$9%)" - 
+,&%&/&'" 

U$,$/%",)9%)/$ C9"(&, 
n=155 

I:R;).J, 
n=102 (66%) 

[".S).J,  
n=53 (34%) 4 

A%.&Y".)"  
;$9%&% 
#:R/R". 

4?C=:B:  
FEGD:A;:  
(D:GNDEA) 

59 (33-79) 58 60 -  
 

+;:C== Binet: A 13 (8%) 11(10%) 2(4%) 0,03 1:5 
B 114(73%) 81(80%) 33(62%) 0,4 2,5:1 
C 27(17%) 19(9%) 8(15%) 0,84 2,3:1 

8=;EL?B?;=@:          
(EDH:<OBPK @:-
D=E;=S (FISH) 29(18%) 21(21%) 8(15%) 0,6 2,6:1 

del13q14 76(49%) 49(48%) 27(51%) 0,3 1,8:1 
tris12 21(14%) 16(16%) 5(9%) 0,4 3:1 

del11q23 30(19%) 22(22%) 8(15%) 0,9 2,7:1 
del17p 12(8%) 10(10%) 2(4%) 0,5 5:1 

IgVHmt/ 
IgVH unmt 

82(53%)/ 
43(27%) 

89(88%)/ 
28(27%) 

45(85%)/ 
15(28%) 0,9 2:1/2:1 

mt ,-53 16(10%) 10(10%) 6(11%) 1 1,5:1 
      mt NOTCH1 26(17%) 20(20%) 6(11%) 0,3 3,3:1 

mt SF3B1 25(16%) 18(18%) 7(13%) 0,6 2,5:1 
mt BIRC3 4(5%) =G 81 4(5%) =G 81 0(0%) 0,3 - 

.2-4>4 (n=132) 81 (61%)  59 (58%) 23 (43%) 0,6 2,7:1 
5$?')Q$ 5. 4$9+,">"'".)" +,&(.&9%);"9/)@ #$,/",&- : ?&'L.J@ C-

UBB,  9,">) #:R;). ) R".S). 

*#:BBP? SE HI;:J=EBBEHI A;:;IAI = IDEFBU N?;:2-H=@DEL<ENI<=B: NP<= 
CEA;ISBP B? C<> FA?M S:J=?B;EF 
!

 $:ASD?C?<?B=? EABEFBPM SDELBEA;=Q?A@=M S:D:H?;DEF 

AEE;F?;A;FI?; FPNED@? S?DF=QBPM NE<OBPM, =H?UV=M SE@:G:B=> @ B:Q:<I 

;?D:S== (;:N<. 5). 4?C=:B: FEGD:A;: NE<OBPM AEA;:F=<: 59 <?; (E; 39 CE 79 

<?;). . =AA<?CEF:B=? SD=B><E IQ:A;=? 66% HITQ=B = 34% T?BV=B. +;:C=> 

% NP<: @EBA;:;=DEF:B: I 8% (13 =G 155) NE<OBPM, A;:C=> B I 73% (114 =G 

155), A;:C=> + I 21% (27 =G 155). 2:A;E;: D:ASD?C?<?B=> MDEHEAEHBPM 

B:DI[?B=K ;:@T? ;=S=QB: C<> .-Y&&: del13q14 - 49% (76 =G 155), 

;D=AEH=> 12 MDEHEAEHP – 14% (21 =G 155), C?<?J=> 11q – 19% (12 =G 155) = 

C?<?J=> 17p–8%(12 =G 155)), BEDH:<OBPK @:D=E;=S – 18% (29 =G 155). 

.PAE@=K IDEF?BO N?;:-2-H=@DEL<ENI<=B: (>4 HL/<) NP< FP>F<?B I 61% 



! J+!J+!

NE<OBPM, 53% (82 =G 125) NE<OBPM =H?<= F:D=:B; N?G HI;:J=K 

F:D=:N?<OBELE D?L=EB: L?BEF =HHIBEL<ENI<=BEF.  

#<> @EBA;:;:J== R:@;: SDE[?C[?K AEH:;=Q?A@EK L=S?DHI;:J== F 

@<?;@:M .-Y&& =ASE<OGEF:<:AO LD:B=J: LEHE<EL== 98%. "A<= 

SEA<?CEF:;?<OBEA;O @<EB:<OBELE VH-L?B: B: 98% = NE<?? AEFS:C:<: A 

SEA<?CEF:;?<OBEA;OU ECBELE =G L?DH=B:<OBPM VH-L?BEF, AQ=;:<=, Q;E 

AEH:;=Q?A@EK L=S?DHI;:J== B? NP<E. "A<= AMECA;FE SEA<?CEF:;?<OBEA;= 

@<EB:<OBELE VH-L?B: NP<E H?B?? 97,9%, AQ=;:<=, Q;E @<?;@: 

SD?C[?A;F?BB=J: @<EB: .-Y&& I C:BBELE NE<OBELE SECF?DL:<:AO 

AEH:;=Q?A@EK L=S?DHI;:J==. *D:B=J: F 98% LEHE<EL== IA;:BEF<?B: 

=AMEC> =G FEGHETBELE :<<?<OBELE SE<=HEDR=GH: L?DH=B:<OBPM VH-L?BEF. 

ZE C:BBPH HBELEQ=A<?BBPM =AA<?CEF:B=K SE@:G:BE, Q;E HITQ=BP F 

NE<?U; F 2 D:G: Q:V?, Q?H T?BV=BP. 2;ENP EJ?B=;O D?SD?G?B;:;=FBEA;O 

FPNED@= = EJ?B=;O F<=>B=? SE<: B: D:ASD?C?<?B=? SDELBEA;=Q?A@=M 

H:D@?DEF, HP SDEF?<= AD:FB?B=? FPNED@= HITQ=B = T?BV=B (;:N<. 4).  

+;:;=A;=Q?A@= GB:Q=HP? D:G<=Q=> FP>F<?BP F A;:C== G:NE<?F:B=> 

B: HEH?B; B:Q:<: ;?D:S==: T?BV=B F A;:C== % NE<O[?, Q?H HITQ=B B: 

25%. 2:A;E;: D:ASD?C?<?B=> EA;:<OBPM SDELBEA;=Q?A@=M H:D@?DEF 

M:D:@;?DB: C<> .-Y&& FPSE<B>?;A> IA<EF=?, Q;E Q:A;E;: FA?M @<=B=@E-

<:NED:;EDBPM  SE@:G:;?<?K FP[? I HITQ=B, Q?H I T?BV=B, ;:@ @:@ 

G:NE<?F:?HEA;O AD?C= T?BA@ELE SE<: B=T?, = B? AF>G:BP A SE<EH.  

3.5 2%$%)9%)/$ -J*-'".)* #:%$Q)= 
 .P>F<?BE 73 HI;:J== F =AA<?CI?HPM L?B:M. 4I;:J=> ME;> NP F ECBEH 

=G =AA<?CI?HPM L?BEF FP>F<?B: F 45% A<IQ:?F (68 =G 155), CFIM L?BEF 

ECBEFD?H?BBE F 3% A<IQ:?F (I 5 =G 155) (;:N<=J: 6). 4I;:J== 

SD?CA;:F<?BP H=AA?BA HI;:J=>H= 61% (43 =G 73) = F 41% C?<?J=>H= (30 =G 

73), D:ASE<ET?BBPH= F W@GEB:M =<= A:K;:M AS<:KA=BL:. ZE<=HEDR=GHP 

L?BEF =<= A=BEB=HBP? HI;:J== (G: =A@<UQ?B=?H SE<=HEDR=GH: 72 @ECEB: 

L?B: ,-53) NP<= =A@<UQ?BP =G :B:<=G:. .A? ENB:DIT?BBP? HI;:J== 

>F<>U;A> L?;?DEG=LE;BPH=. 4=AA?BA-HI;:J=> F 30 A<IQ:?F SDE=GE[<: G: 



! J6!J6!

AQ?; ;D:BG=J== F 10 A<IQ:>M G: AQ?; ;D:BAF?DG==. #?<?J== F EABEFBEH 

SD?CA;:F<?BP  I;D:;EK 2-M EABEF:B=K (L?B NOTCH1), F ECBEH A<IQ:? - 

ECBELE EABEF:B=> (L?B BICR3), F ECBEH A<IQ:? FP>F<?B: SDE;>T?BB:> 

C?<?J=> (L?B ,-53). . ;:N<=J? 7 SD?CA;:F<?BP C:BBP? :AAEJ=:J== HI;:J=K 

L?BEF A @<=B=@E-<:NED:;EDBPH= SE@:G:;?<>H=.   

 
5$?')Q$ 6. 2%$%)9%)/$ -J*-'"..J@ #:%$Q)= 

U$,$/%",)-
9%)/$ 

C9"(&, 
n=155 

I:R;).J, 
n=102 (66%) 

[".S).J,  
n=53 (34%) 4 

A%.&Y".)"  
;$9%&% 
#:R/R". 

mt ,-53 #D`#4%a! !"#!"$%& '#!!$%& !& 1,5:1 

     mt NOTCH1 "D`#7%a! ("#("$%& '#!!$%& ")*& *)*:1 

mt SF3B1 1#`#D%a2 !+#!+$%& ,#!*$%& ")'& ()-:1 

mt BIRC3 3`J%a2452
6*2 .#-$%&/0&+! "#"$%& ")*&

1&

5$?')Q$ 7.  4$9+,">"'".)" -J*-'"..J@ #:%$Q)= 9,">) #:R;). ) 

R".S).  

4P SDEF?<= AD:FB?B=? D:ASD?C?<?B=> HI;:J=K AD?C= HITQ=B = 

T?BV=B, =G ;:N<=JP F=CBE, Q;E Q:A;E;: FA;D?Q:?HEA;= HI;:J=K ;:@ T? 

FP[? AD?C= HITQ=B, Q?H AD?C= T?BV=B F 1,5-3,3 D:G:. 

+"4"!$6789())$L$:&;&$@[=+$

3.4.1.1 2+%0*</$/> )+#-+&'6"-$&'( ;+&$ 1253 
      ZD= A?@F?B=DEF:B=? L?B: ,-53 (4-9 W@GEBP) FP>F<?BP HI;:J== I 

16 =G 155 (10%) NE<OBPM. . 15 A<IQ:>M – W;E H=AA?BA-HI;:J==, 

D:ASE<ET?BBP? F #(5-AF>GPF:UV?H CEH?B?, F 1 A<IQ:? - SDE;>T?BB:> 

C?<?J=>. . Q?;F?D;EH W@GEB? NP<: FP>F<?B: HI;:J=> I ECBELE S:J=?B;: 

(D.R110L), I 1 S:J=?B;: FP>F<?B: HI;:J=> F 6 W@GEB? (D."224%), F 7 W@GEB? 

FP>F<?B: HI;:J=> I 6 NE<OBPM (D."244K, D.R248G, D.I255F, D.M237I, 



! JJ!JJ!

D.G245D, 1 SDE;>T?BB:> C?<?J=>) = HI;:J== I 8 NE<OBPM FP>F<?BP F 8-9-

EH W@GEB:M (D.R282G c2, D.+283F, D.C283S, D.R283C, D.V272M, D.R273H, 

D.C275F). +?KHA?BA HI;:J== p.R213R c3 F 6 W@GEB? =  D.P309P c1 F 9 

W@GEB? NP<= =A@<UQ?BP =G :B:<=G: C:BBPM (;:N<. 8). 

 C)> #:%$Q)) 4 V/K&. 5 V/K&. 6 V/K&. 7 V/K&.  8 V/K&. 9 V/K&. 

4=AA?BA-
HI;:J==, 

n=12 

p.R110L 1 (?; p.E224A 1 D."244K 1 p.G242D 1 (?; 

          D.R248G 1 p.V272P 1   
          D.I255F 1 p.R282G 2   
          p.G245D 1 p.R283+ 1   
     p. I255F 1 D.+283F 1  
        D.M237I 1  D.C283S 1  
       D.C275F 1  

+?KHA?BA 
HI;:J==, n=4    p.R213R 3     D.P309P 

5$?')Q$ 8. 2%$%)9%)/$ -J*-'"..J@ #:%$Q)= - ("." 1253 

ZD= =AA<?CEF:B== :AAEJ=:J== A CDIL=H= @<=B=@E-<:NED:;EDBPH= 

SE@:G:;?<>H= .-Y&& FP>F<?B: A;:;=A;=Q?A@= GB:Q=H:> AF>GO B:<=Q=> 

HI;:J== F L?B? TP53 A C?<?J=?K  MDEHEAEHP 17D (D=0,001) = IgVH N?G 

HI;:J=K (D=0,01), SEFP[?BBPH IDEFB?H N?;:2-H=@DEL<ENI<=B: (D=0,01) -

;:N<=J: 9. 

U$,$/%",)9%)/$ C9"(&, 
n=155 

TP53 mt, n=16 TP53 wt, n=139 4 

4?C=:B: FEGD:A;: 
(D:GNDEA) 

59  
(33-79) 

60  
(44-79) 

59  
(33-77) 

- 

4ITQ=BP/ 
1?BV=BP 

105/50 10/6 91/44 0,77 

+;:C== Binet: A 12 1 (6%) 10 (8%) 0,78 
B 114 12 (75%) 100 (72%) 0,93 
C 27 3 (19%) 23 (17%) 0,4 

(EDH:<OBPK 
@:D=E;=S 

29 3 (19 %) 29 (21%) 0,75 

del13q14 76 7 (44%) 68 (49%) 0,37 
tris12 21 0 (0%) 21 (15%) 0,13 

del11q23 30/13 1 (11%) 28 (20%) 0,34 
del17p 12 9 (56%) 2 (1%) 0,001 

IgVHmt/ 
IgVHunmt 

82/43 11 / 3 
(69% / 19%) 

71 / 39  
(51% / 24%) 

0,01 

mt ,-53 16 - - - 
     mt NOTCH1 26 3 (19%) 23 (17%) 0,07 



! JD!JD!

mt SF3B1 25 1 (6%) 24 (17%) 0,23 
mt BIRC3 4 =G 81 0 (0 %) 4 (3 %) 0,46 
B2-M>4 81 =G 132 9 =G 9 70  =G 119 0,01 

5$?')Q$ 9. N&,,"'*Q)* #:%$Q)= (".$ TP53 9 >,:()#) 

+,&(.&9%);"9/)#) #$,/",$#) 

3.4.1.2 2+%0*</$/> 8+/",$ FASAY  
#<> =AA<?CEF:B=> RIB@J=EB:<OBEK :@;=FBEA;= = ESD?C?<?B=> 

Q:A;E;P HI;:B;BELE :<<?<> NP<E SDEF?C?BE =AA<?CEF:B=? L?B: ,-53 A 

SEHEVOU H?;EC: FASAY. 3AA<?CEF:B=? SDEF?C?BE I 38 S:J=?B;EF =G 155, 

Q;E AF>G:BE A CEA;ISBEA;OU $(5, FPC?<?BBEK CE B:Q:<: ;?D:S==, ;E<O@E 

C<> W;=M S:J=?B;EF. ZD= =AA<?CEF:B== HI;:J=K ,-53 H?;ECEH FASAY F 

@:Q?A;F? LD:B=JP, C=A@D=H=B=DIUV?K SE<ET=;?<OBPK =<= 

E;D=J:;?<OBPK D?GI<O;:; =ASE<OGEF:<= 15% @D:ABPM @E<EB=K. #:BBE? 

DIN?TBE? GB:Q?B=? NP<E SE<IQ?BE W@AS?D=H?B;:<OBE SD= =AA<?CEF:B== 30 

END:GJEF $(5 @DEF= GCEDEFPM CEBEDEF, SD= W;EH @E<=Q?A;FE @D:ABPM 

@E<EB=K B: SD?FP[:<E 10-13%. 

. 25 A<IQ:>M =G 38 SDEJ?B; @D:ABPM @E<EB=K B? SD?FP[:< 

DIN?TBELE GB:Q?B=>, F AD?CB?H AEA;:F<>< 8% (6%-13%), C<> W;=M END:GJEF 

B? NP<= FP>F<?BP HI;:J== F L?B? ,-53 =/=<= C?<?J== 17D MDEHEAEHP 

(;:N<=J: 10). . 13 A<IQ:>M SDEJ?B; @D:ABPM @E<EB=K SD?FP[:< DIN?TBE? 

GB:Q?B=?, ECB:@E B:<=Q=? HI;:J== SD= SEHEV= A?@F?B=DEF:B=> NP<E 

SEC;F?DTC?BE F 11 A<IQ:>M =G 13. );AI;A;F=? HI;:J== F 2-M A<IQ:>M A@ED?? 

FA?LE AF>G:BE A C?LD:C:J=?K $(5 F SDEJ?AA? MD:B?B=>, <=NE 

RIB@J=EB:<OBPH C?R?@;EH, ENIA<EF<?BBPH HI;:J=>H= G: SD?C?<:H= 

A?@F?B=DEF:BBELE D:KEB: L?B:. -:@ T? B?ENMEC=HE E;H?;=;O, Q;E SDEJ?B; 

C?<?J== 17D, ?A<= EB: FP>F<?B: SD= SEHEV= FISH-=AA<?CEF:B=>, N<=GE@ F 

Q=A<?BBEH FPD:T?B== SDEJ?B;I @D:ABPM @E<EB=K, Q;E AF=C?;?<OA;FI?; EN 

ENVBEA;= H?M:B=GHEF C?<?J== = HI;:J== 17 MDEHEAEHP = L?B: ,-53. 

\ 
FASAY, % 
/,$9.J@ 
/&'&.)= 

TP53, #:%$Q)) FISH del17p 

1 94% 8 W@GEB p.R282G 92% 



! J7!J7!

2 88% 7 W@GEB p.M237I 91% 
3 78% 7 W@GEB p.I255F 81% 
4 73% 8 W@GEB p.R282G 84% 
5 73% 7 W@GEB p.G245D 93% 
6 57% 8 W@GEB p.+283F (?; 
7 48% 7 W@GEB p.E224A (?; 
8 36% 8 W@GEB p.R283C (?; 
9 25% 8 W@GEB p.+275F 23% 

10 23% 6 W@GEB p.E224A (?; 
11 23% 8 W@GEB p.V272M (?; C:BBPM 
12 17% (?; (?; 
13 16% (?; (?; 

14-38 6%-13% (?; (?; 
5$?')Q$ 10. 4"K:'L%$%J #"%&>$ FASAY, >$..J" 9"/-".),&-$.)* ) 

FISH $.$')K$. 

3.4.1.3 G&$*'% ="*'8"6D'%8$ 72 #","&$ ;+&$ 1253 
 

. L?B: ,-53 =C?B;=R=J=DEF:BBE SED>C@: 10 SE<=HEDR=GHEF. 

+Q=;:?;A>, Q;E SE<=HEDR=GH 72 @ECEB: HET?; E@:GPF:;O F<=>B=? B: ;?Q?B=? 

G:NE<?F:B=> G: AQ?; NE<?? A=<OBEK :SES;EL?BBEK :@;=FBEA;= ECBELE =G 

F:D=:B;BPM AEA;E>B=K :<<?<>. #:BBPK SNP D:AS<ET?B F 72 @ECEB? (4 W@GEB). 

. D?GI<O;:;? G:H?BP J=;EG=B: B: LI:B=B @EC=DI?;A> =<= :DL=B=B (Arg) =<= 

SDE<=B (Pro). -:@=H END:GEH HELI; ;D:BA<=DEF:;OA> EC=B =<= CF: F:D=:B;: 

N?<@:. +Q=;:?;A>, Q;E :DL=B=B F 72 @ECEB? NE<?? WRR?@;=F?B F E;BE[?B== 

:@;=F:J== :SES;EG: G: AQ?; SDEB=@BEF?B=> F H=;EMEBCD== = FPAFENETC?B=> 

J=;EMDEH: +. .:D=:B; A AEC?DT:B=?H SDE<=B: NE<?? WR?@;=F?B F E;BE[?B== 

G:SIA@: H?M:B=GHEF D?S:D:J== = EA;:BEF@= @<?;EQBELE J=@<: F G2 R:G? 

@<?;EQBELE J=@<:. -:@=H END:GEH, SE<=HEDR=GH W;ELE @ECEB: FEGHETBE 

E@:GPF:?; F<=>B=? B: ;?Q?B=? G:NE<?F:B=>: B:MEC>AO F LEHEG=LE;BEH 

AEA;E>B== IA=<=F:?; :SES;EG G: AQ?; 100% F@<:C: ;E<O@E F EC=B =G 

H?M:B=GHEF G:V=;P @<?;@= E; HI;:J==. 3<= L?;?DEG=LE;BE? AEA;E>B=? HET?; 

C:F:;O B?@E;EDP? SD?=HIV?A;F: G: AQ?; D:FBEJ?BBEK D:NE;P ENE=M 

H?M:B=GHEF. 

ZE<IQ?BBP? B:H= C:BBP? M:D:@;?D=GIU; SD?EN<:C:B=? LEHEG=LE;BELE 

AEA;E>B=> %rg/Arg - 57%, Arg/Pro – 35%, Pro/Pro – 8%, Q:A;E;P 



! J2!J2!

D:ASD?C?<?B=> M:D:@;?DBP C<> ?FDES?KA@EK SESI<>J==. +D:FB?B=? 

N=E<EL=Q?A@=M = @<=B=Q?A@=M SE@:G:;?<?K .-Y&& SD= LEHEG=LE;BEH = 

L?;?DEG=LE;BEH AEA;E>B== :<<?<> 72 @ECEB: A;:;=A;=Q?A@= GB:Q=HPM 

D:G<=Q=K B? FP>F=<E, @DEH? SEFP[?BBELE IDEFB> N?;:2-H=@DEL<ENI<=B: SD= 

AD:FB?B== L?;?DE- = LEHEG=LE;BELE AEA;E>B=K :<<?<> (;:N< 11). 
 1 2 3 P1 P2 

 U$,$/%",)9%)/$ 
Arg/Arg, 

n=48 
Arg/Pro, 

n=29 
Pro/Pro, 

n=7 (1 vs 3) (1 vs. 2) 

4?C=:B: FEGD:A;: 
(D:GNDEA) 55 55,5 54 

0.91 0,94 

4ITQ=BP/1?BV=BP 33(68%) -
15(31%) 

22(76%) – 
7(24%) 

5(71%) – 
2(30%) 

0,66 0,69 

+;:C== Binet:          A 5(10%) 2(7%) 0 (0%) 
0,27 0,71 

B 33(69%) 23(79%) 6(85%) 0,27 0,65 
C 9(19%) 3(10%) 1(14%) 0,53 0,51 

(EDH:<OBPK @:D=E;=S 9(19%) 9(31%) 1(14%) 0,46 0,15 
del13q14 25(52%) 10(35%) 5(71%) 0,18 0,07 

tris12 8(17%) 5(17%) 0(0%) 0,79 0,75 
del11q14 10(21%) 3(10%) 2(29%) 0,24 0,19 

del17p 4(8%) 2(7%) 0(0%) 0,52 0,85 

IgVHmt / IgVHunmt 24(50%) 16(55%) 4(57%) 0,85 0,96 
mt ,-53 7(15%) 3(10%) 0(0%) 0,62 0,83 

     mt NOTCH1 3(6%) 4(14%) 1(14%) 0,41 0,72 

mt SF3B1 10(21%) 7(24%) 3(43%) 0,98 0,85 

mt BIRC3 0(0%) 1(3%) 0(0%) 0,46 0,46 

B2-M >4 HL/< 27(56%) 9(31%) 5(71%) 0,15 0,03 

5$?')Q$ 11. M&')#&,W)K# 72 /&>&.$ (".$ 1253 ) "(& /&,,"'*Q)* 9 

+,&(.&9%);"9/)#) #$,/",$#) 

+"4"#$6789())$L$:&;&$>?@AB!$
(:=NE<?? Q:A;E FA;D?Q:UV:>A> HI;:J=> F L?B? NOTCH1 I NE<OBPM .-

Y&& D:ASE<ET?B: F PEST-CEH?B?, SD?CA;:F<>?; AENEK C?<?J=U 2-M 

BI@<?E;=CEF (c.7541_7542delCT), NP<: FP>F<?B: A SEHEVOU :<<?<O-

AS?J=R=QBEK Z8$ I 26 S:J=?B;: =G 155. .A? END:GJP NP<= ;:@ T? 

SDE:B:<=G=DEF:BP A SEHEVOU A?@F?B=DEF:B=> SE +WBL?DI, @E;EDE? 

SEC;F?DC=<E B:<=Q=? HI;:J==.  



! J_!J_!

. LDISS? NE<OBPM A HI;:J=?K F L?B? NOTCH1 Q:V? FP>F<>?;A> 

;D=AEH=> 12 MDEHEAEHP (10/26 vs 11/117, D=0,006), B?HI;=DEF:BBPK 

F:D=:B; L?BEF =HHIBEL<ENI<=BEF (25/26 vs 53/117, p=0,025), E;AI;A;F=? 

HI;:J=K F L?B? SF3B1 (1/26 vs 21/117, D=0,04), ;:N<=J: 12.   

U$,$/%",)9%)/$ C9"(&, 
n=155 

NOTCH1mt, 
n=26 

NOTCH1wt, 
n=129 4 

4?C=:B: FEGD:A;: 
(D:GNDEA) 

59 
(33-79) 62 (47-79) 59 (33-74) - 

4ITQ=BP/ 
1?BV=BP 105/50 16/10 77/40 0,03 

+;:C== Binet: A 12 2 (6%) 10 (9%) 0,97 
B 114 18 (71%) 96 (76%) 0,5 
C 27 6 (23%) 21 (15%) 0,42 

(EDH. 
@:D=E;=S 29 5 (26%) 24 (21%) 0,94 

del13q14 76 9 (36%) 63 (54%) 0,18 
tris12 21 10 (32%) 11 (9%) 0,001 

del11q23 30/13 4 (23%) 24 (17%) 0,87 
del17p 12 1 (6%) 7 (7%) 0,73 

IgVHmt / IgVHunmt 82/43 21 – 4 
(81-15%) 

61-39 
(61-39%) 0,03 

mt ,-53 16 3 (12%) 13 (10%) 0,72 
      mt NOTCH1 26 - - - 

mt SF3B1 25 1 (3%) 24 (19%) 0,04 
mt BIRC3 4 =G 81 0 (0%) 4 (3 %) 0,71 
B2-M>4 81 =G 139 16 =G 21 62 =G 104 0,8 

!5$?')Q$ 12. 2,$-.".)" ,$9+,">"'".)* +,&(.&9%);"9/)@ #$,/",&- : 

?&'L.J@ 9 #:%$Q)*#) - ("." NOTCH1 ) ?"K #:%$Q)=.  

+"4"+$<&O7'\8981$0&JL&;)-.L9;)*$:&;9$CD+E!$
3AA<?CEF:B=? L?B: SF3B1 SDEF?C?BE I 155 NE<OBPM SD= SEHEV= 

A?@F?B=DEF:B=>. 4I;:J== NP<= ENB:DIT?BP I 25 (16%). 4I;:J== SF3B1, 

FP>F<?BBP? F C:BBEH =AA<?CEF:B== D:ASE<ET?BP F 14 – 16 W@GEB:M, F 

EN<:A;=  @EBA?DF:;=FBELE D?L=EB: L?B: F SD?C?<:M 4 – 9-ELE HE;=FEF 

SEF;EDEF HEAT. 4I;:J== FE FA?M A<IQ:>M NP<= SD?CA;:F<?BP H=AA?BA-

HI;:J=>H=: F 14 W@GEB? FP>F<?BE 7 H=AA?BA-HI;:J=K =G 25 (28%), F 15 

W@GEB? 14 (56%), F 16 W@GEB? - 4 (16%). (:=NE<?? Q:A;E FP>F<>?H:> HI;:J=> 



! D4!D4!

D."7005 F 15 W@GEB? (9 =G 25) = D.G742D F 16 W@GEB? (4 =G 25), ;:N<=J: 13.  

4I;:J=> L?B: SF3B1 :AAEJ==DEF:B: A E;AI;A;F=?H C?<?J== 17 

MDEHEAEHP (0/24 vs 10/122 D=0,001). +;:;=A;=Q?A@= GB:Q=HEK :AAEJ=:J== A 

CDIL=H= N=E<EL=Q?A@=H= = SDELBEA;=Q?A@=H= S:D:H?;D:H= B? FP>F<?BE 

(;:N<. 14). 

   SF3B1 
 C)> #:%$Q)) N&'--& 14 V/K&. 15 V/K&. 16 V/K&. 

4=AA?BA-HI;:J== 25 

D.K666E 4 D.5700" 10 D.G742D 3 
D.L674P 1 D.G740E 1 D.I774T 1 
D.T663I 1 D.T703I 3 -   

 D.R625H 1 -  -   
+?KHA?BA HI;:J== 1 D.L644L 1 -  -   
4=AA?BA HI;:J== 
A:K;: AS<:KA=BL: 2   32910G>A 2    

#?<?J== 0 -  -  -   
5$?')Q$ 13. 2%$%)9%)/$ -J*-'"..J@ #:%$Q)* - ("." SF3B1 
 
 

U$,$/%",)9%)/$ C9"(&, 
n=155 

SF3B1 
mt, n=25 

SF3B1 wt, 
n=130 4 

4?C=:B: FEGD:A;: 
(D:GNDEA) 

59 
(33-79) 58 (41-67) 59 (33-77) - 

4ITQ=BP/ 
1?BV=BP 105/50 18/7 84/40 0,3 

+;:C== Binet: A 12 0 12 (9%) 0,09 
B 114 19 (76%) 95 (73%) 0,8 
C 27 6 (24%) 21 (16%) 0,16 

(EDH. 
@:D=E;=S 29 10 (40%) 26 (20%) 0,11 

del13q14 76 12 (48%) 63 (49%) 0,9 
tris12 21 1 (4%) 20 (15%) 0,13 

del11q23 30/13 4 (16%) 26 (20%) 0,64 
del17p 12 0 (0%) 12 (9%) 0,001 

IgVHmt/ gVHunmt 82/43 14/ 5 
(56-20%) 

68 / 37 
(52-28%) 0,62 

mt ,-53 16 0 (0%) 16 (12%) 0,07 
mt NOTCH1 26 1 (4%) 25 (19%) 0,06 

mt SF3B1 25 - -  
mt BIRC3 4 =G 81 0 (0%) 4 (3%) 0,35 
B2-M>4 81 =G 139 11 =G 21 69 =G 106 0,3 



! D#!D#!

 
5$?')Q$ 14. N&,,"'*Q)* #:%$Q)= (".$ SF3B1 9 >,:()#) 

+,&(.&9%);"9/)#) #$,/",$#). 

3.4.4 <&O7'\8981$0&JL&;)-.L9;)*$:&;9$BIRC3  
4I;:J=> F L?B? BIRC3 FP>F<?B: I 4 =G 81 S:J=?B;: (5%).  

#?<?J=> F L?B? BIRC3 FP>F<?B: I 1 NE<OBELE F 7 W@GEB?, 

SEF;ED>UV:>A> H=AA?BA-HI;:J=> Q529L ENB:DIT?B: I 3M NE<OBPM =G 81 F 

8 W@GEB?. !EDH:<OBE SDEF?C?BE A;:;=A;=Q?A@E? =AA<?CEF:B=? B:<=Q=> 

AF>G= HI;:J== F L?B? BIRC3 A CDIL=H= SDELBEA;=Q?A@=H= H:D@?D:H= SD= 

.-Y&&, ECB:@E, F F=CI H:<ELE @E<=Q?A;F: FP>F<?BBPM HI;:J=K EJ?B@= B? 

>F<>U;A> A;:;=A;=Q?A@= CEA;EF?DBPH=, ;:N<=J: 15.  

U$,$/%",)9%)/$ C9"(&, 
n=155 

BIRC3 mt, 
n=4 

BIRC3 wt, 
n=77 4 

4?C=:B: FEGD:A;: 
(D:GNDEA) 

59 
(33-79) 60 (49-62) 55 (40-72) - 

4ITQ=BP/ 
1?BV=BP 105/50 4/0 58/21 0,77 

+;:C== Binet: A 12 0 (0%) 7 (9%) 0,78 
B 114 3 (75%) 59 (77%) 0,93 
C 27 1 (25%) 12 (16%) 0,4 

(EDH. 
@:D=E;=S 29 2 (50%) 15 (20%) 0,75 

del13q14 76 2 (50%) 39 (51%) 0,37 
tris12 21 0 (0%) 13 (17%) 0,08 

del11q23 30/13 0 (0%) 15 (20%) 0,34 
del17p 12 0 (0%) 6 (8 %) 0,001 

IgVHmt/IgVHunmt 82/43 3 – 1 
(75-25%) 

40-22 
(56-29%) 0,2 

mt ,-53 16 0 (0%) 9 (12%) - 
      mt  NOTCH1 26 0 (0%) 10 (13%) 0,07 

mt SF3B1 25 0 (0 %) 18 (24 %) 0,23 
mt BIRC3 4 =G 81 - - 0,46 
B2-M>4 81 =G 139 2 =G 3 39 =G 66 1 

5$?')Q$ 15. N&,,"'*Q)* #:%$Q)= (".$ BIRC3 9 >,:()#) 

+,&(.&9%);"9/)#) #$,/",$#). 

3.5 6.$')K #:%$Q)= - (".$@ TP53, SF3B1, NOTCH1 ) BIRC3 +,) 



! D"!D"!

.&,#$'L.&# /$,)&%)+" 
4P SDEF?<= EJ?B@I FG:=HEAF>G= B:<=Q=> HI;:J=K  L?BEF TP53, 

SF3B1, NOTCH1 = BIRC3 F E;AI;A;F=? MDEHEAEHBPM :N?DD:J=K (;:N<. 16). 

3G 29 NE<OBPM A BEDH:<OBPH @:D=E;=SEH SE C:BBPH FISH HI;:J== L?BEF 

NP<= ENB:DIT?BP I 19. . ECBEH A<IQ:? HI;:J== NP<= ENB:DIT?BP F 2M 

L?B:M ECBEFD?H?BBE, FE FA?M EA;:<OBPM A<IQ:>M HI;:J== NP<= FP>F<?BP 

;E<O@E F ECBEH =G =AA<?CI?HPM L?BEF. 2:V? FA?LE HI;:J== NP<= 

=C?B;=R=J=DEF:BP F L?B:M SF3B1 (9 =G 19) = NOTCH1 (6 =G 19). . L?B? 

,-53 FA?LE I 3 =G 19 S:J=?B;EF, F L?B? BIRC3 – I 1 =G 19. , 6 =G 29 NE<OBPM 

A BEDH:<OBPH @:D=E;=SEH NP<: FP>F<?B: S?DF=QB:> D?RD:@;?DBEA;O @ 

SDEFEC=HEK ;?D:S==, D?J=C=F G:NE<?F:B=> I 15 =G 29, ME;> E;AI;A;F=? 

MDEHEAEHBPM :NN?D:J=K AQ=;:?;A> SDELBEA;=Q?A@= N<:LESD=>;BPH 

SD=GB:@EH, ME;> E;AI;A;F=? MDEHEAEHBPM :NN?D:J=K AQ=;:?;A> 

SDELBEA;=Q?A@= N<:LESD=>;BPH SD=GB:@EH. )CB:@E, HE<?@I<>DBPK :B:<=G 

L?BEF SEGFE<>?; F W;=M A<IQ:>M FP>F=;O B:<=Q=? =BPM L?BBPM :BEH:<=K,  

@E;EDP? HELI; NP;O F:TBP C<> SDELBEG: ;?Q?B=> G:NE<?F:B=> = 

B:GB:Q?B=> ;?D:S==.  

  
!". 

/&'--& 
#:%$Q)= 

M&' C$,)$.% IgHV B2-I,  
HIT T?B IgVHmt IgVHunmt 

BIRC3 1  1 -  - 1 1 
,-53 3 1 2 3 0 2 

SF3B1 9  7 2 6 2 3 
NOTCH1 6 2 4 6 0 2 

5$?')Q$ 16. 4$9+,">"'".)" +,&(.&9%);"9/)@ #$,/",&- ) #:%$Q)= - 

(".$@ TP53, SF3B1, NOTCH1 ) BIRC3 - (,:++" +$Q)".%&- 9 

.&,#$'L.J# /$,)&%)+&#  

3.6 6.$')K -JR)-$"#&9%)  
*D:R=@ 1 C?HEBA;D=DI?;, Q;E ENV:> = N?ASDELD?AA=FB:> I NE<OBPM A 

HI;:J=>H= ,-53 CEA;EF?DBE MIT? EA;:<OBEK LDISSP S:J=?B;EF. ZD= 

H?C=:B? ADE@: B:N<UC?B=> G: NE<OBPH= 34 H?A>J: F LDISS? NE<OBPM TP53 

A HI;:J=>H= IH?D<E 12 S:J=?B;EF =G 16 (69%), FA? AH?D;= NP<= AF>G:BP A 



! D+!D+!

SDELD?AA=?K. , S:J=?B;EF ;E<O@E A HI;:J=>H= TP53 N?G C?<?J== 17p 

(C:BBP? B: LD:R=@? B? SD?CA;:F<?BP) SDELBEG N<:LESD=>;B??: F LDISS? 

NE<OBPM A ;E<O@E A HI;:J=>H= TP53 IH?D<E 3 NE<OBPM =G 5, FA? NE<OBP? A 

C?<?J=>H= = HI;:J=>H= =<= ;E<O@E A C?<?J=?K 17D IH?D<=. /E<?? 

N<:LESD=>;BE? ;?Q?B=? F LDISS? ;E<O@E A HI;:J=>H= TP53 AF=C?;?<OA;FI?; 

E ;EH, Q;E @<?;@= .-Y&& F W;EH A<IQ:? AEMD:B>U; NE<O[IU 

M=H=EQIFA;F=;?<OBEA;O SD= ;?D:S== F;EDEK = SEA<?CIUV=M <=B=K. 

  
%. /?ASDELD?AA=FB:> FPT=F:?HEA;O 

NE<OBPM A HI;:J=?K F L?B? TP53 = N?G B=M, 

P<0,0001 

/. )NV:> FPT=F:?HEA;O NE<OBPM A HI;:J=?K 

F L?B? TP53 = N?G B=M, bc4d444# 

!,$W)/ 1. E"9+,&(,"99)-.$* (6) ) &?S$* (E) -JR)-$"#&9%L ?&'L.J@ 

C-UBB 9 #:%$Q)*#) - ("." 1253 

     ZD= =AA<?CEF:B== ENV?K FPT=F:?HEA;= F=CBE, Q;E SDELBEG F LDISS? 

S:J=?B;EF A HI;:J=>H= F L?B? NOTCH1 NP< NE<?? N<:LESD=>;BPK, Q?H F 

LDISS? A HI;:J=>H= ,-53. /?ASDELD?Ac=FB:> = ENV:> FPT=F:?HEA;O F 

LDISS? S:J=?B;EF A HI;:J=>H= F L?B? NOTCH1 NP<: CEA;EF?DBE MIT? 

EA;:<OBEK LDISSP S:J=?B;EF. ZD= H?C=:B? ADE@: B:N<UC?B=> G: NE<OBPH= 

30 H?A>J?F =G 26 S:J=?B;EF A HI;:J=?K L?B: NOTCH1 IH?D<E 6 NE<OBPM – 

23%, SD=Q?H 1 NE<OBEK =H?< HI;:J== F L?B:M NOTCH1 = ,-53 

ECBEFD?H?BBE. 4 AH?D;= =G 6 NP<= AF>G:BP A SDELD?AA=?K. )CB:@E I 10 =G 

20 (50%) FPT=F[=M S:J=?B;EF NP< D?J=C=F G:NE<?F:B=>. 5D=FP? 

FPT=F:?HEA;= SD?CA;:F<?BP B: LD:R=@? 2. 



! D6!D6!

  
%. /?ASDELD?AA=FB:> FPT=F:?HEA;O NE<OBPM 

A HI;:J=?K F L?B? NOTCH1 = N?G B=M, 

P<0,0001 

/. )NV:> FPT=F:?HEA;O NE<OBPM A HI;:J=?K 

F L?B? NOTCH1 = N?G B=M, bc4d444# 

!,$W)/ 2. E"9+,&(,"99)-.$* (6) ) &?S$* (E) -JR)-$"#&9%L ?&'L.J@, 

+&':;$-Y)@ FCR, - K$-)9)#&9%) &% @,&#&9&#.J@ .$,:Y".)= ) #:%$Q)= - 

("." NOTCH1 

%B:<=G B? FP>F=< D:G<=Q=K F ENV?K = N?ASDELD?AA=FBEK FPT=F:?HEA;=     

C<> NE<OBPM A HI;:J=>H= F L?B? SF3B1 (LD:R=@ 3).  

  

%. /?ASDELD?AA=FB:> FPT=F:?HEA;O /. )NV:> FPT=F:?HEA;O 

!,$W)/ 3. E"9+,&(,"99)-.$* (6) ) &?S$* (E) -JR)-$"#&9%L ?&'L.J@, 

+&':;$-Y)@ FCR, - K$-)9)#&9%) &% @,&#&9&#.J@ .$,:Y".)= ) #:%$Q)= 

- ("." SF3B1. 

. F=CI H:<ELE @E<=Q?A;F: A<IQ:?F FP>F<?B=> HI;:J=K L?B: BIRC3 EJ?B@= 

AF>G= A FPT=F:?HEA;OU B? >F<>U;A> A;:;=A;=Q?A@= CEA;EF?DBPH= (LD:R=@= B? 

SD=F?C?BP). 



! DJ!DJ!

ZE AD:FB?B=U A LDISSEK B:=MIC[?LE SDELBEG:, S:J=?B;P A C?<?J=?K 17p = 

HI;:J=>H= TP53 (badTP53), SD= =AA<?CEF:B== N?ASDELD?AA=FBEK FPT=F:?HEA;= 

IA;:BEF<?BE, Q;E B:=NE<?? N<:LESD=>;BPK SDELBEG (LD:R=@ 4 (%)) I NE<OBPM  c 

del13q = ;D=AEH=?K 12. *DISS: NE<OBPM N?G MDEHEAEHBPM :N?DD:J=K, A 

C?<?J=?K 11q (SD= <UNPM SDEQ=M C:BBPM) = A HI;:J=>H= NOTCH1 (SD= <UNPM 

SDEQ=M C:BBPM) M:D:@;?D=GIU;A> SDEH?TI;EQBPH SDELBEGEH. (:@EB?J, %B:<=G 

ENV?K FPT=F:?HEA;= SE@:G:<, Q;E LDISS: NE<OBPM c HI;:J=>H= NOTCH1 

B:D>CI A B:DI[?B=>H=  (@D=F:> 4, LD:R=@ , /) M:D:@;?D=GI?;A> NE<?? @EDE;@EK 

FPT=F:?HEA;O SE AD:FB?B=U A EA;:<OBPH= SDELBEA;=Q?A@=H= S:D:H?;D:H=. 

NOTCH1 M:D:@;?D=GI?; S:J=?B;EF A S?DF=QBEK D?RD:@;?DBEA;OU @ FCR, F 

AEE;F?;A;F== A AEFD?H?BBPH ESD?C?<?B=?H D?RD:@;?DBEA;=.  
!

!

 

%. /?ASDELD?AA=FB:> FPT=F:?HEA;O /. )NV:> FPT=F:?HEA;O 

!,$W)/ 4. E"9+,&(,"99)-.$* (6) ) &?S$* (E) -JR)-$"#&9%L ?&'L.J@, 

+&':;$-Y)@ FCR, - K$-)9)#&9%) &% @,&#&9&#.J@ .$,:Y".)= ) 

#:%$Q)= - ("." NOTCH1 ' 1253. /E<OBP? A HI;:J=?K L?B: ,-53 = 

C?<?J=?K 17 MDEHEAEHP B: LD:R=@? ENX?C=B?BP F LDISSI badTP53. 

);C?<OBP? @D=FP? C<> L?BEF SF3B1 = BIRC3 B? SD?CA;:F<?BP, ;.@. HI;:J== 

W;=M L?BEF CEA;EF?DBE B? F<=><= B: FPT=F:?HEA;O NE<OBPM. 

 

I.&(&-$,)$.%.J= $.$')K 



! DD!DD!

+ IQ?;EH C:BBPM SE FPT=F:?HEA;=, SE<IQ?BBPM SD= :B:<=G? =AA<?CI?HPM 

L?BEF HP SDEF?<= HBELEF:D=:B;BPK :B:<=G. . ;?A;=DI?HEK HEC?<= 

D:AAH:;D=F:<=AO ;E<O@E L?B?;=Q?A@=? H:D@?DP, :AAEJ==DEF:BBP? A SDELBEGEH. . 

HEC?<=, AD:FB=F:UV?K D:G<=QBP? H:D@?DP, =H?UV=? SDELBEA;=Q?A@E? GB:Q?B=? 

D:AAH:;D=F:<=AO E;AI;A;F=? C?<?J== 13q, E;AI;A;F=? ;D=AEH== 12 MDEHEAEHP, 

B:<=Q=? C?<?J== 11q, B:<=Q=? C?<?J== 17p =/=<= HI;:J=K TP53, B:<=Q=? HI;:J=K 

NOTCH1, : ;:@T? HI;:J=EBBPK A;:;IA L?BEF IgVH. ZD= :B:<=G? 

N?ASDELD?AA=FBEK FPT=F:?HEA;= c E;D=J:;?<OBPH SDELBEGEH :AAEJ==DEF:<=AO 

C?<?J=> 17p, E;AI;A;F=? C?<?J== 13q, HI;:J== NOTCH1 = F:D=:B; .-Y&& N?G 

HI;:J=K IgVH. ZD= :B:<=G? ENV?K FPT=F:?HEA;= SDELBEA;=Q?A@E? GB:Q?B=? 

AEMD:B><= ;E<O@E C?<?J=> 17p/HI;:J== TP53 = HI;:J== NOTCH1. -:@=H END:GEH, 

HI;:J== NOTCH1 FPA;IS:U; F;EDPH R:@;EDEH SEA<? SEFD?TC?B=> TP53, 

ESD?C?<>UV?H SDELBEG (;:N<=JP 17 = 18).  

Z:D:H?;D );BE[?B=? D=A@EF  

(95% #3) 

P 

);AI;A;F=? #?<?J=> Del(13q) 0,5 (0,37 – 0,67) 0,017 

);AI;A;F=? ;D=AEH== 

12 MDEHEAEHP 

0,5 (0,33 – 0,74) 0,08 

#?<?J=> Del(11q) 1,1 (0,82 – 1,48) 0,7 

#?<?J== 17p/HI;:J== TP53 5,6 (4,1 – 7,6) 0,000001 

4I;:J== NOTCH1 0,53 (0,39 – 0,72) 0,038 

4I;:J=EBBPK A;:;IA L?BEF IgVH 0,35 (0,25 – 0,49) 0,001 

5$?')Q$ 17. I&>"'L #.&(&-$,)$.%.&(& $.$')K$, &9.&-$..$* .$ 

?"9+,&(,"99)-.&= -JR)-$"#&9%) 

Z:D:H?;D );BE[?B=? D=A@EF 

 (95% #3) 

P 

);AI;A;F=? #?<?J=> Del(13q) 0,52 (0,29 – 0,95) 0,28 

);AI;A;F=? ;D=AEH==  

12 MDEHEAEHP 

0,91 (0,44 – 1,89) 0,9 



! D7!D7!

#?<?J=> Del(11q) 1,33 (0,71 – 2,46) 0,64 

#?<?J== 17p/HI;:J== TP53 13,09 (8,13 – 21,1) 0,000001 

4I;:J== NOTCH1 0,4 (0,25 – 0,64) 0,05 

4I;:J=EBBPK A;:;IA L?BEF IgVH 0,31 (0,14 – 0,64) 0,11 

5$?')Q$ 18. I&>"'L #.&(&-$,)$.%.&(& $.$')K$, &9.&-$..$* .$ &?S"= 

-JR)-$"#&9%)  

3.7 A%-"% .$ %",$+)X ) +,&(.&K  
, 3 =G 16 NE<OBPM A HI;:J=?K L?B: ,-53 E;F?; B: ;?D:S=U EJ?B=F:<A> @:@ 

SE<B:> D?H=AA=>, A SEA<?CIUV=H D?J=C=FEH I 1 NE<OBELE. 2:A;=QB:> 

D?H=AA=> NP<: ;:@ T? I 3 =G 16, I FA?M F C:<OB?K[?H SDE=GE[?< D?J=C=F. , 9 

NE<OBPM E;F?;: B: ;?D:S=U B? NP<E. . LDISS? NE<OBPM A HI;:J=?K L?B: 

SF3B1 (;:N<=J: 19) Q:A;E;: SE<BPM D?H=AA=K AEA;:F=<: 28% (7 A<IQ:?F =G 

25), D?J=C=F G:NE<?F:B=> SDE=GE[?< I 1 NE<OBELE =G 7 A SE<BEK D?H=AA=?K 

(14%). 2:A;=QB:> D?H=AA=> NP<: I 15 NE<OBPM =G 25, I Q?;PD?M B:N<UC:<A> 

SEA<?CIUV=K D?J=C=F. ZDELD?AA=> G:NE<?F:B=> N?G E;F?;: B: ;?D:S=U NP<: 

I 1 NE<OBELE. +D?C= 26 NE<OBPM A HI;:J=?K L?B: NOTCH1 SE<B:> D?H=AA=> 

SEA<? SE<IQ?BBEK ;?D:S== NP<: I 9 NE<OBPM, D?J=C=F G:NE<?F:B=> 

SDE=GE[?< I 4 =G 9. 2:A;=QB:> D?H=AA=> NP<: I 8 NE<OBPM A SEA<?CIUV=H 

D?J=C=FEH I 3. ZDELD?AA=> – I 6 NE<OBPM. . LDISS? NE<OBPM A HI;:J=?K L?B: 

BIRC3 Q:A;=QB:> D?H=AA=> I 2 =G 4, SE<B:> D?H=AA=> I 1 NE<OBELE, C:BBP? E 

C:<OB?K[?H AEA;E>B== NE<OBPM B?;. ZDELD?AA=> G:NE<?F:B=> NP<: I 1 

NE<OBELE =G 4. . LDISS? NE<OBPM N?G HI;:J=K F =AA<?CI?HPM L?B:M SE<BPM 

D?H=AA=K NP<E 47% (42 =G 89) A SEA<?CIUV=H D?J=C=FEH I 3. 2:A;=QB:> 

D?H=AA=> I 36% (32 =G 89), D?J=C=F I 22% (7 =G 32). ZDELD?AA=> G:NE<?F:B=> 

NP<: 4 NE<OBPM. 

!

*DISSP NE<OBPM 
/E<OBP? A 
HI;:J=?K 
SF3B1 

/E<OBP? A 
HI;:J=?K 
NOTCH1 

/E<OBP? A 
HI;:J=?K 
TP53 

/E<OBP? A 
HI;:J=?K 
BIRC3 

/E<OBP? N?G 
HI;:J== 
L?BEF 

2=A<E NE<OBPM N = 25 N = 26 N = 16 N = 4 N = 89 
2:A;=QB:> D?H=AA=>/ 

D?J=C=F 15/4 8/3 3/3 2/? 32/7 



! D2!D2!

ZE<B:> D?H=AA=>/ 
D?J=C=F 7/1 9/4 3/1 1/? 42/3 

Z?DF=QB:> 
D?RD:@;?DBEA;O @ 
R<IC:D:N=BI 

1 6 9 1 4 

5$?')Q$ 19. 2,$-.".)" &%-"%$ .$ %",$+)X : ?&'L.J@ 9 #:%$Q)*#) - 

(".$@ NOTCH1, TP53, SF3B1 '  BIRC3 

  
WR*!*&D'&N\gkl#3$%"&

4.1 Z$/%&,J +,&(.&K$ +,) C-UBB 
ZE>F<?B=? ;?MBE<EL== SE<BEL?BEHBELE A?@F?B=DEF:B=> SEGFE<=<E 

=GIQ=;O B? SDEA;E E;C?<OBP? HI;:J== E;C?<OBPM L?BEF, : SDEF?A;= 

A?@F?B=DEF:B=? A?H= J?<PM L?BEHEF = NE<?? 200 J?<PM W@GEHEF I NE<OBPM .-

Y&& [6, 142-143, 146]. ];E C:<E B:H SEB=H:B=? ENX?H: HI;:J=EBBELE 

SDEJ?AA: = AS?@;D: B:DI[?B=K A=LB:<OBPM SI;?K F @<?;@? .-Y&&, L?BP 

@E;EDPM =GH?B>U;A> F D?GI<O;:;? HI;:J=K. ZE@:G:BE, Q;E L?BEH SD= .-Y&& 

HET?; AEC?DT:;O CE ;PA>Q= AEH:;=Q?A@=M HI;:J=K B: ESIME<?FIU @<?;@I F 

B?SEF;ED>UV=MA> D?L=EB:M L?BEH:. ];: HI;:J=EBB:> B:LDIG@: AEE;F?;A;FI?; 

F AD?CB?H 0,9 HI;:J== B: 1.000.000 S.E. = 10 – 20 B?A=BEB=HBPM HI;:J=K B: 

A<IQ:K (D:GNDEA E; 2 CE 76). ZEF;ED>UV=MA> HI;:J=K, ENB:DIT=F:?HPM 

NE<??, Q?H 2M F L?BEH:M NE<OBPM .-Y&&, E@E<E A;:, EB= FA;D?Q:U;A> A 

Q:A;E;EK 3-5%. 3 ;E<O@E HI;:J== B?A@E<O@=M L?BEF FP>F<>U;A> F 10-15% 

A<IQ:?F. .P>F=;O CEH=B=DIUV=K L?B, HI;:J=> @E;EDELE ECBEGB:QBE 

SD=FEC=<: NP @ D:GF=;=U .-Y&&, B? IC:<EAO. 4I;:J== L?BEF SD= .-Y&& F 

B:[?H =AA<?CEF:B== 2M F=CEF: ECBEBI@<?E;=CBP? G:H?BP (H=AA?BA-

HI;:J==), @E;EDP? HELI; SDE=AMEC=;O FE FD?H> D?S<=@:J== #(5 G: AQ?; 

E[=NE@ FA;D:=F:B=> #(5-SE<=H?D:GP, =<= H=AA?BA-HI;:J==, C?<?J== 

(SDE=AMEC>V=? SEC FEGC?KA;F=?H HI;:L?BEF).  

%B:<=G GB:Q?B=> H:<EQ=A<?BBPM HI;:J=K SD?CA;:F<>?; AENEK 

L<EN:<OBIU G:C:QI. . W;EK D:NE;? HP A@EBJ?B;D=DEF:<=AO B: =AA<?CEF:B== 

HI;:J=K 4 L?BEF TP53, SF3B1, NOTCH1 = BIRC3, @E;EDP?, SE 

SD?CF:D=;?<OBPH C:BBPH, FP>F<>U;A> F @<?;@:M Y&& E;BEA=;?<OBE Q:A;E - 



! D_!D_!

NE<??, Q?H F 5% A<IQ:?F. . MEC? SDEF?C?BBELE B:H= =AA<?CEF:B=> NP<E 

ENB:DIT?BE 68 HI;:J=K ME;> NP ECBELE =G L?BEF I 155 S?DF=QBPM NE<OBPM 

Y&&, BITC:UV=MA> F B:Q:<? ;?D:S==. ];E AEA;:F<>?; 44%, Q;E FP[?, Q?H F 

D>C? SECENBPM =AA<?CEF:B=K. #:BBPK R:@; HET?; NP;O AF>G:B A B:[?K 

FPNED@EK S:J=?B;EF: (S?DF=QBP? NE<OBP?, @E;EDPH B?ENMEC=HE B:Q:<E 

<?Q?B=>/SESI<>J=EBBP? EAEN?BBEA;=), : ;:@ T? A SECMECEH @ IQ?;I 

D?GI<O;:;EF. 4P @EBA;:;=DEF:<= HI;:J=U F A<IQ:? ?? SEC;F?DTC?B=> F CFIM 

SEF;ED:M SD= A?@F?B=DEF:B== L?B: A SD>HELE = END:;BELE SD:KH?D:. -:@ T? 

HP =ASE<OGEF:<= Z8$-C=:LBEA;=@I, @E;ED:> NE<?? QIFA;F=;?<OB:, Q?H 

A?@F?B=DEF:B=? SE +WBL?DI). )CB: Q:A;O FP>F<?BBPM HI;:J=K SD?CA;:F<?B: 

H=AA?BA-HI;:J=>H=, SD=FEC>V=H= @ ECBEBI@<?E;=CBEK G:H?B? A =GH?B?B=?H 

:H=BE@=A<E;P F RIB@J=EB:<OBE GB:Q=HEH CEH?B? L?BEF. )CBEGB:QBELE 

SEB=H:B=> F<=>B=> HI;:J=K C:BBPM L?BEF B: S:;EL?B?G .-Y&& B?;.  

ZD?CSE<:L:U;, Q;E HI;:J== L?B: SF3B1 HELI; IQ:A;FEF:;O F D:GF=;== 

Y&& G: AQ?; B:DI[?B=> D:NE;P H?M:B=GH: AS<:KA=BL: =<= B:DI[?B=> 

FG:=HEC?KA;F=> SDECI@;: L?B: SF3B1 A CDIL=H= N?<@:H=. . D?GI<O;:;? 

B:DI[?B=> AS<:KA=BL: HELI; =GH?B>;OA> A;DI@;ID: = RIB@J== HBEL=M 

CDIL=M N?<@EF A=LB:<OBPM SI;?K @<?;@=. 4I;:J== F L?B? ,-53 AB=T:U; 

RIB@J=EB:<OBIU :@;=FBEA;O N?<@: D53, Q;E SD=FEC=; @ B:DI[?B=U 

H?M:B=GHEF D?S:D:J== @<?;@? =<= B:@ES<?B=U <=HREJ=;EF A SEFD?TC?BBEK 

#(5, ECB:@E B? SECF?DT?BBPM L=N?<= (=<= F H?BO[?K A;?S?B= 

SECF?DT?BBPM) L=N?<= F D?GI<O;:;? :SES;EG:.  

.;EDEK Q:A;PK F=C HI;:J=K, FP>F<?BBEK F MEC? =AA<?CEF:B=>, – 

C?<?J=> CFIM =<= B?A@E<O@=M BI@<?E;=CEF. 4I;:J== L?B: NOTCH1, 

SD?CA;:F<?BBP? C?<?J=?K 2-M EABEF:B=K, D:ASE<ET?BP F CEH?B? PEST, 

SD=FEC>; @ B:@ES<?B=U F @<?;@? A;:N=<OBEK :@;=F=DEF:BBEK REDHP 

SDECI@;: L?B: NOTCH1. +;=HI<>J=> @<?;E@ Y&& <=L:BC:H= NOTCH 

IF?<=Q=F:?; FPT=F:?HEA;O @<?;E@, : SEC:F<?B=? A=LB:<OBELE SI;= NOTCH 

IA@ED>?; ASEB;:BBPK :SES;EG @<?;E@ .-Y&& [106]. 3B:@;=F=DIUV=? 

HI;:J== F L?B? BIRC3 SD=FEC>; @ ACF=LI D:H@= AQ=;PF:B=> = SE>F<?B=U 



! 74!74!

A;ES-@ECEBEF =<= C?<?J== IQ:A;@: L?B:. *?B BIRC3, B:D>CI A TRAF2 = TRAF3, 

FMEC=; F N?<@EFPK @EHS<?@A, @E;EDPK B?L:;=FBE D?LI<=DI?; MAP3K14 

A?D=B-;D?EB=B=BEFIU @=B:GI - J?B;D:<OBPK B?@:BEB=Q?A@=K :@;=F:;ED SI;= 

NF-kB [138]. 4I;:J== F L?B? BIRC3 SD=FEC>; @ B?@:BEB=Q?A@EK :@;=F:J=> 

SI;= NF-kB, Q;E D:AAH:;D=F:?;A> @:@ FEGHETBPK H?M:B=GH IA;EKQ=FEA;= @ 

WD:C=@:J== NE<?GB=. +S?J=R=Q?A@E? FG:=HEC?KA;F=? H?TCI G:V=;BPH= 

B=[:H= H=@DEE@DIT?B=> = <?K@EGBPH= @<?;@:H :@;=F=DI?; A=LB:<OBPK 

SI;O NF-kB, Q;E, F AFEU EQ?D?CO, EN?AS?Q=F:?; A=LB:<P C<> FPT=F:B=> 

<?K@?H=Q?A@ELE @<EB: Q?D?G :@;=F:J=U D>C: :B;=:SES;E;=Q?A@=M L?BEF [50]. 

. B:[?H =AA<?CEF:B== HI;:J== F L?B? ,-53 NP<= FP>F<?BP I 10% 

NE<OBPM (16 =G 155), HI;:J== F L?B? NOTCH1 NP<= B:KC?BP I 17% (I 26 

S:J=?B;EF =G 155). 4I;:J== F L?B? SF3B1 NP<= FP>F<?BP I 16% NE<OBPM (I 

25 =G 155), HI;:J== L?B: BIRC3 ;E<O@E I 5% NE<OBPM (4 =G 81). 

ZD= A?@F?B=DEF:B== L?B: ,-53 (4-9 W@GEBP) FP>F<?BP HI;:J== I 16 =G 

155 (10%) NE<OBPM. ZD= =AA<?CEF:B== :AAEJ=:J== A CDIL=H= @<=B=@E-

<:NED:;EDBPH= SE@:G:;?<>H= .-Y&& B:H= = CDIL=H= =AA<?CEF:;?<>H= 

FP>F<?B: A;:;=A;=Q?A@= GB:Q=H:> AF>GO B:<=Q=> HI;:J== F L?B? TP53 A 

C?<?J=?K  MDEHEAEHP 17D (D=0,001) [8, 28, 74, 100] = IgVH [8, 11, 31, 54, 79, 

113] N?G HI;:J=K (D=0,01), SEFP[?BBPH IDEFB?H N?;:2-H=@DEL<ENI<=B: 

(D=0,01) [111].  (? NP<E FP>F<?BE :AAEJ=:J== SE<=HEDR=GH: 72 @ECEB: L?B: 

,-53 A CDIL=H= @<=B=@E-N=E<EL=Q?A@=H= SE@:G:;?<>H= =<= HI;:J=>H= 

CDIL=M L?BEF. . =AA<?CEF:B== Dong HJ = AE:F;. FP>F=<= @ED?<>J=U H?TCI 

FPAE@EK Q:A;E;EK HI;:J=K ,-53 = LEHEG=LE;BPH AEA;E>B=?H SDE<=B: F 72 

@ECEB? [46]. #:BBP? =AA<?CEF:B=> FASAY SEC;F?DTC:U; =B:@;=F=DIUV?? 

F<=>B=? HI;:J=K B: RIB@J=U ,-53, SEGFE<>U; EJ?B=;O Q:A;E;I HI;:B;BELE 

:<<?<> = HELI; NP;O =ASE<OGEF:BP F A@D=B=BLEFPM =AA<?CEF:B=>M. 5 

B?CEA;:;@:H H?;EC: HETBE E;B?A;= ;DICE?H@EA;O SECLE;EF=;?<OBPM D:NE; 

C<> ?LE SDEF?C?B=> = IQ?;: D?GI<O;:;EF, ELD:B=Q?BBEA;O SD=H?B?B=> C<> 

C<=;?<OBE MD:B=HPM END:GJEF $(5 [53, 118].   

);F?; B: ;?D:S=U I NE<OBPM A HI;:J=?K L?B: ,-53 NP< B:=MIC[=K: 



! 7#!7#!

D?J=C=F G:NE<?F:B=> I 3 NE<OBPM, S?DF=QB:> D?RD:@;?DBEA;O @ <?Q?B=U I 9 

=G 16. -:@ T? @EDE;@:> N?ASDELD?AA=FB:> = ENV:> FPT=F:?HEA;O (D<0,0001). 

#:BBP? E B?N<:LESD=>;BEH SDELBEG? C<> NE<OBPM A HI;:J=?K =<= C?<?J=?K 

,-53 SEC;F?DTC?BP B?ECBE@D:;BE. %B:<=G HI;:J== L?B: ,-53 B:D>CI A FISH 

=AA<?CEF:B=?H SEGFE<=; CESE<B=;?<OBE FP>F=;O NE<OBPM A S?DF=QBEK 

D?RD:@;?DBEA;OU @ ;?D:S==, EAEN?BBE F LDISS? A BEDH:<OBPK @:D=E;=SEH SE 

C:BBPH FISH. 

2:A;E;: HI;:J=K SF3B1 AEA;:F=<: 16% (25 =G 155), Q:A;E FP>F<>?H:> 

HI;:J=> - D."7005 (9 =G 25) = D.G742D (4 =G 25). 4P B? FP>F=<= :AAEJ=:J== 

HI;:J=K L?B: SF3B1 B= A @:@=H= MDEHEAEHBPH= B:DI[?B=>H=, ME;> HI;:J=> 

SF3B1 Q:V? FA;D?Q:<:AO I S:J=?B;EF A C?<?J=?K 13 MDEHEAEHP  (12 =G 25), 

Q?H I S:J=?B;EF F C?<?J=?K 11 MDEHEAEHP  (4 =G 26). , 10 =G 25 S:J=?B;EF 

NP<: ENB:DIT?B: HI;:J=> L?B: SF3B1 F E;AI;A;F=? MDEHEAEHBPM :N?DD:J=K. 

4I;:J== L?B: SF3B1 F 1 =G 25 A<IQ:?F NP<: FP>F<?B: F @EHN=B:J== A 

HI;:J=?K L?B: ,-53. , S:J=?B;EF A HI;:J=>H= L?B: SF3B1 NP<= A NE<?? 

;>T?<P? A;:C== (. = +) SE Binet. ZE C:BBPH G:DIN?TBPM =AA<?CEF:B=K, 

=H?U;A> C:BBP? EN :AAEJ=:J== SF3B1 c B?HI;=DEF:BBPH F:D=:B;EH L?BEF 

=HHIBEL<ENI<=BEF [79, 90, 101], A C?<?J=?K 11 MDEHEAEHP[54], E;AI;A;F=?H 

MDEHEAEHBPM :N?DD:J=K [54] = E;AI;A;F=? :AAEJ=:J=> A C?<?J=?K 13 

MDEHEAEHP = ;D=AEH=?K 12 [90, 131]. $?J=C=F =<= SDELD?AA=> G:NE<?F:B=> 

NP<: I 6 NE<OBP =G 25. $:G<=Q=K F ENV?K = N?ASDELD?AA=FBEK FPT=F:?HEA;= 

C<> NE<OBPM A HI;:J=?K L?B: SF3B1 B? FP>F<?BE. ZE <=;?D:;IDBPH C:BBPH  

#:BBP? Chieretti S. = AE:F;. [15] SEC;F?DTC:U; FPAE@IU Q:A;E;I 

HI;:J=K L?B: SF3B1 I S:J=?B;EF, BITC:UV=MA> F SDEF?C?B== ;?D:S== (16%), 

Q;E NE<O[?, Q?H SD= S?DF=QBEH ENA<?CEF:B== NE<OBPM .-Y&& 10-12%, = 

N<=T? @ Q:A;E;? I S:J=?B;EF A D?RD:@;?DBEA;OU @ ;?D:S== =<= SDE[?C[=M 

S?DFPK @IDA ;?D:S== [34, 90]. ];E, FEGHETBE, AF>G:BE A NE<O[?K 

IA;EKQ=FEA;OU @<?;E@, B?AIV=M HI;:J=U SF3B1 @ SDEFEC=HEK ;?D:S== = 

FEGB=@BEF?B=U HI;:J=K SF3B1 de novo. -:@=H END:GEH, B:[= C:BBPH 

E;<=Q:U;A> E; C:BBPM SDEFEC=HPM CDIL=H= =AA<?CEF:;?<>H=, Q;E HET?; 



! 7"!7"!

NP;O AF>G:BE A H?BO[=H @E<=Q?A;FEH NE<OBPM =<= EAEN?BBEA;OU 

=AA<?CI?HEK FPNED@=. (:SD=H?D, F =AA<?CEF:B== Strefford JC = AE:F;. [120], 

IA;:BEF<?BE, Q;E SDELBEG I NE<OBPM AE A;?D=E;=SBPH= D?J?S;ED:H= 

=HHIBEL<ENI<=BEF SECLDISSP #2 B?N<:LESD=>;BPK = AF>G:B A HI;:J=?K L?B: 

SF3B1, ;ELC: @:@ F $EAA=KA@EK SESI<>J== SECLDISS: #2 SD:@;=Q?A@= B? 

FA;D?Q:?;A>.  

2:A;E;: HI;:J== c.7541_7542delCT L?B: NOTCH1 AEA;:F=<: 17% (26 =G 

155). +D?C= B=M F 3  A<IQ:>M ENB:DIT=F:<=AO F @EHN=B:J== A HI;:J=?K L?B: 

,-53, A L?BEH SF3B1 F 1 4I;:J== L?B: BIRC3 B? NP<= @EHN=B=DEF:BP A 

HI;:J=?K F CDIL=M L?B:M. 4I;:J=> L?B: NOTCH1 :AAEJ==DEF:B: c ;D=AEH=?K 

12 MDEHEAEHP (p=0,001) = B?HI;=DEF:BBPH F:D=:B;EH L?BEF 

=HHIBEL<ENI<=BEF (p=0,003), Q;E AEL<:AI?;A> A C:BBPH=, SE<IQ?BBPH= 

CDIL=H= =AA<?CEF:;?<>H= [8, 26, 54]. ZE C:BBPH G:DIN?TBPM =AA<?CEF:;?<?K 

Q:A;E;: NOTCH1 F:DO=DI?; E; 10-16%. 2:A;E;: FP>F<?B=> HI;:J=K G:F=A=; 

E; QIFA;F=;?<OBEA;= H?;ECEF =AA<?CEF:B=> (Z8$ =<= A?@F?B=DEF:B=?) = 

FPNED@= NE<OBPM. 4I;:J== NOTCH1 D?T? ENB:DIT=F:U;A> B: D:BB=M 

A;:C=>M .-Y&& [34, 100]. . B:[?H =AA<?CEF:B== HP SE<IQ=<= AD:FB=;?<OBE 

FPAE@IU Q:A;E;I HI;:J=K NOTCH1, Q;E HET?; NP;O AF>G:BE A ;?H, Q;E 

FPNED@: SD?CA;:F<?B: S:J=?B;:H=, =H?UV=H= SE@:G:B=> @ B:Q:<I ;?D:S==.  

ZD= =AA<?CEF:B== E;F?;: B: ;?D:S=U AD?C= 26 NE<OBPM A HI;:J=?K 

L?B: NOTCH1 SE<B:> D?H=AA=> SEA<? SE<IQ?BBEK ;?D:S== NP<: I 9 NE<OBPM, 

D?J=C=F G:NE<?F:B=> SDE=GE[?< I 4 =G 9. 2:A;=QB:> D?H=AA=> NP<: I 8 

NE<OBPM A SEA<?CIUV=H D?J=C=FEH I 3. ZDELD?AA=> – I 6 NE<OBPM. -:@ T? 

CEA;EF?DBE MIT? NP<: N?ASDELD?AA=FB:> = ENV:> FPT=F:?HEA;O, B:[= 

C:BBP? AEL<:AIU;A> A <=;?D:;IDBPH= [8, 26, 54]. 

4I;:J=> F L?B? BIRC3 FP>F<?B: I 4 =G 81 S:J=?B;: (5%).  

#?<?J=> F L?B? BIRC3 FP>F<?B: I 1 NE<OBELE F 7 W@GEB?, 

SEF;ED>UV:>A> H=AA?BA-HI;:J=> p.Q529L ENB:DIT?B: I 3M NE<OBPM =G 81 F 8 

W@GEB?. !EDH:<OBE SDEF?C?BE A;:;=A;=Q?A@E? =AA<?CEF:B=? B:<=Q=> AF>G= 

HI;:J== F L?B? BIRC3 A CDIL=H= SDELBEA;=Q?A@=H= H:D@?D:H= SD= .-Y&&, 



! 7+!7+!

ECB:@E, F F=CI H:<ELE @E<=Q?A;F: FP>F<?BBPM HI;:J=K EJ?B@= B? >F<>U;A> 

A;:;=A;=Q?A@= CEA;EF?DBPH=. ZE B:[=H C:BBPH I NE<OBPM A HI;:J=?K L?B: 

BIRC3 Q:A;=QB:> D?H=AA=> I 2 =G 4, SE<B:> D?H=AA=> I 1 NE<OBELE, 

SDELD?AA=> G:NE<?F:B=> NP<: I 1 NE<OBELE =G 4. (? NP<E D:G<=Q=K F ENV?K = 

N?ASDELD?AA=FBEK FPT=F:?HEA;=, ;:@ T? EJ?B@= >F<>U;A> B?CEA;EF?DBPH=. 

)CB:@E, SE C:BBPH Rossi D = AE:F;. [111] =B:@;=F=DIUV=M HI;:J=K =/=<= 

C?<?J== L?B: BIRC3 NP<= B:KC?BP I 12 =G 49 NE<OBPM .-Y&& A 

D?RD:@;?DBEA;OU@ ;?D:S== R<IC:D:N=BEH (24%). (? FA;D?Q:U;A> A<IQ:= A 

B:DI[?B=>H= AD:GI F CFIM L?B:M: TP53 = BICR3 :BEH:<== (HI;:J== =<= 

C?<?J==). . E;<=Q=? E; LDISSP R<IC:D:N=B-D?RD:@;DBPM NE<OBPM .-Y&&, F 

LDISS? NE<OBPM A SDELD?AA=FBPH ;?Q?B=?H G:NE<?F:B=>, BE SECC:UV=HA> 

<?Q?B=U R<IC:D:N=BEH B? NP<E FP>F<?BE B? ECBELE A<IQ:> A HI;:J=?K 

BIRC3 [111]. .EGHETBE, C:<OB?K[?? IF?<=Q?B=? FPNED@= SEGFE<=; 

SEC;F?DC=;O =<= ESDEF?DLBI;O W;E B:N<UC?B=?.  

 

%@;I:<OBEA;O C:BBELE =AA<?CEF:B=> ENIA<EF<?B: B?ENMEC=HEA;OU 

FB?CD?B=> F SD:@;=Q?A@E? GCD:FEEMD:B?B=? BEFPM H:D@?DEF SDELBEG: .-

Y&&. Z?D?Q?BO @<=B=@E-N=E<EL=Q?A@=M SE@:G:;?<?K, SD?C<ET?BBPK C<> 

EJ?B@= SDELBEG: .-Y&& D:GBEEND:G?B. #<> ICENA;F:, HP AIHH=DEF:<= 

SDELBEA;=Q?A@=? R:@;EDP  = =M GB:Q?B=?  F ;:N<=J? 20. 

!:@;ED SDELBEG: 9B:Q?B=? 

+;:C== (SE Rai =<= Binet) 4BET?A;FE R:@;EDEF 

.EGD:A; +EH:;=Q?A@=K A;:;IA 

.D?H> ICFE?B=> <=HREJ=;EF  

ZDE<=R?D:;=FB:> 

:@;=FBEA;O 

 

]@ASD?AA=> Ki-67 
,DEF?BO <:@;:;C?L=CDEL?B:GP 

,DEF?BO N?;:-2-H=@DEL<ENI<=B: 
4:AA: ESIME<= 

);BE[?B=? <?L@=M J?S?K 

8=;EL?B?;=Q?A@=? :N?DD:J== )B@EL?B?G 

4I;:J=EBBPK A;:;IA L?BEF ZDE=AMETC?B=? @<?;@= 



! 76!76!

F:D=:N?<OBELE D?L=EB: 

=HHIBEL<ENI<=BEF 

SD?C[?A;F?BB=JP .-Y&& 

5$?')Q$ 20. D$)?&'"" K.$;)#J" W$/%&,J +,&(.&K$ C-UBB 

 /E<O[=BA;FE SE@:G:;?<?K, S?D?Q=A<?BBPM F ;:N<=J?, BEA>; 

C=B:H=Q?A@=K M:D:@;?D, ;E ?A;O G:F=A>; E; ADE@: NE<?GB= = E; A@EDEA;= 

SD=DEA;: ESIME<?FPM @<?;E@, B:SD=H?D, IDEFB? N?;:2-H=@DEL<ENI<=B:: 

@<?;@= .-Y&& A?@D?;=DIU; W;E; N?<E@ F B?NE<O[=M @E<=Q?A;F:M, BE Q?H 

NE<O[? H:AA: ESIME<=, ;?H FP[? IDEF?BO N?;:2-H=@DEL<ENI<=B:. -E<O@E 

J=;EL?B?;=Q?A@=? :N?DD:J== = HI;:J=EBBPK A;:;IA >F<>U;A> A;:;=QBPH=: 

EB= B? H?B>U;A> AE FD?H?B?H. 3H?BBE W;= SE@:G:;?<= >F<>U;A> B:=NE<?? 

J?BBPH=, SE;EHI Q;E EB= SEGFE<>U; FP>F=;O B?N<:LESD=>;BP? @:;?LED== 

NE<OBPM IT? F C?NU;? G:NE<?F:B=>. ];E F:TBE F AF>G= A ;?H, Q;E SE>F=<EAO 

B?A@E<O@E SD?S:D:;EF, FPGPF:UV=M SE<BP? D?H=AA== SD= .-Y&&: 

R<IC:D:N=B, H:N;?D:, @WHS:A, G?F:<=B, N?BC:HIA;=B. +<?CI?; E;H?;=;O, Q;E 

W;= SD?S:D:;P CEFE<OBE ;E@A=QBP. ZEW;EHI SD=H?B?B=? =M I FA?M S:J=?B;EF 

B? ESD:FC:BBE.  

4.2 M,&(.&9%);"9/&" K.$;".)" #:%$Q)= - (".$@ TP53, NOTCH1, SF3B1 ) 

BIRC3 

. C:BBEK D:NE;? HP =AA<?CEF:<= L?BP TP53, NOTCH1, SF3B1 = 

BIRC3 B: B:<=Q=? HI;:J=K F B=M = =M @EDD?<>J=U A CDIL=H= 

SDELBEA;=Q?A@=H= H:D@?D:H=, ;?Q?B=?H G:NE<?F:B=> = SDELBEGEH I 

NE<OBPM MDEB=Q?A@=H .-@<?;EQBPH <=HRE<?K@EGEH, BITC:UV=MA> F 

B:Q:<? ;?D:S==.  

3G Q?;PD?M =AA<?CI?HPM L?BEF B:=NE<?? F:TBE? GB:Q?B=? F 

SDELBEA;=Q?A@EH E;BE[?B== =H??; L?B ,-53. ZE C:BBPH H=DEFPM 

=AA<?CEF:B=K HI;:J== W;ELE L?B: FA?LC: AF>G:BP A SDELD?AA=K = R=B:<OBEK 

A;:C=?K G:NE<?F:B=>, : ;:@ T? HELI; SE>F<>;OA> A ;?Q?B=?H FD?H?B= =<= B: 

REB? ;?D:S==. 

 . A<IQ:? B:<=Q=> HI;:J== F ,-53 <?Q?B=? F D?T=H? FCR B? 



! 7J!7J!

WRR?@;=FBE, ;:@ @:@ D:GF=F:?;A> D?RD:@;?DBEA;O @ ;?D:S== =<= SDELD?AA=> 

=/=<= A;:N=<=G:J=> G:NE<?F:B=>, SD=FEC>V:> @ L=N?<= S:J=?B;EF. 

ZE<IQ?BBP? C:BBP? AF=C?;?<OA;FIU; E ;EH, Q;E I;D:;: RIB@J== TP53 

SDE=AMEC=; SE :B:<EL== A @<:AA=Q?A@EK CFIM-IC:DBEK HEC?<OU 5BICAEB:. 

-:@ I NE<O[=BA;F: S:J=?B;EF I;D:;: RIB@J== p53 SDE=AMEC=; G: AQ?; 

HI;:J== B: ECBEH :<<?<? = C?<?J== B: CDILEH. 4I;:J=> F L?B? ,-53 F 

NE<O[=BA;F? A<IQ:?F AEFS:C:?; A C?<?J=?K 17D MDEHEAEHP. ,;D:;: RIB@J== 

TP53 SD= HI;:J== ECBELE =G :<<?<?K ENX>AB>?;A> B?A@E<O@=H= R?BEH?B:H= 

– CEH=B:B;BPH B?L:;=FBPH WRR?@;EH, SD=END?;?BBEK ECBEDEC=;?<OA@EK 

C=AEH=?K, L:S<EB?CEA;:;EQBEA;OU. #EH=B:B;BPK B?L:;=FBPK WRR?@; 

ENIA<EF<?B ;?H, Q;E N?<E@ p53 SD?CA;:F<>?; AENEK ;?;D:H?D, AEA;E>V=K =G 4 

=C?B;=QBPM J?S?K. ZD= HI;:J== ECBELE :<<?<> NE<O[=BA;FE END:GIUV=MA> 

;?;D:H?DEF, AEC?DT:V=M ME;> NP ECBI HI;:B;BIU J?SO, B? EN<:C:U; 

RIB@J=EB:<OBEK :@;=FBEA;OU. ,Q=;PF:> <IQ[=K E;F?; B: <?Q?B=? F LDISS? 

NE<OBPM A HI;:J=>H= ,-53, B?NE<O[ELE @E<=Q?A;F: AEMD:BBELE p53, SE-

F=C=HEHI, CEA;:;EQBE C<> D?:<=G:J== p53-G:F=A=HELE :SES;EG: F E;F?; B: 

SEFD?TC?B=? #(5. +<?CIUV=H SE SDELBEA;=Q?A@EK F:TBEA;= >F<>?;A> L?B 

NOTCH1, HI;:J== F @E;EDEH ;:@ T? SDELBEG=DIU; @EDE;@IU ENVIU = 

N?ASDELD?AA=FBIU FPT=F:?HEA;O NE<OBPM .-Y&& SEA<? SDEF?C?B=> <?Q?B=> 

F D?T=H?  FCR. , 13 =G 20 S:J=?B;EF D:GF=<A> D:BB=K D?J=C=F. -:@ T? NP<: 

FP>F<?B: AF>GO HI;:J== F L?B? NOTCH1 A IgHV N?G HI;:J=K (D=0,01) = 

;D=AEH=?K 12 MDEHEAEHP (D=0,001). ];E HET?; AF=C?;?<OA;FEF:;O E DE<= 

W;ELE L?B: F S:;EL?B?G? .-Y&& = E ;EH, Q;E  C?<?J=> F NOTCH1 CE 

SDEMETC?B=> <=HREJ=;EH C=RR?D?BJ=DEF@= F G:DECP[?FEH J?B;D? 

SD=FEC=; @ @<=B=Q?A@= B?N<:LESD=>;BEHI F:D=:B;I .-Y&&.  

ZDEF?C?B=? :<<?<O-AS?J=R=QBEK Z8$ C<> A@D=B=BL: HI;:J=K L?B: 

NOTCH1 I S:J=?B;EF .-Y&& >F<>?;A> SDEA;PH = NPA;DPH H?;ECEH B:C?TBE 

=C?B;=R=J=DIUV=H C?<?J=U W;ELE L?B:. -:@ T? SD= HEC=R=@:J== H?;EC: F 

Real-time Z8$ FEGHETBE NIC?; SEFPA=;O QIFA;F=;?<OBEA;O = EJ?B=;O 

SDEJ?B; HI;:B;BELE :<<?<> F L?B? NOTCH1. 



! 7D!7D!

(?AHE;D> B: CEFE<OBE NE<O[EK SDEJ?B; NE<OBPM, I @E;EDPM NP<: FP>F<?B: 

HI;:J=> F L?B? SF3B1, D:GB=JP F @<=B=Q?A@EH ;?Q?B== G:NE<?F:B=> I 

NE<OBPM A HI;:J=>H= = N?G B=M B? FP>F<?BE. -:@ T? @E<=Q?A;FE FP>F<?BBPM 

HI;:J=K F L?B? BIRC3 B? SEGFE<=<E AC?<:;O FPFECP E ?LE SDELBEA;=Q?A@EK 

SD=H?B=HEA;= = EJ?B=;O F<=>B=? B: ;?Q?B=? .-Y&&.!

-:@=H END:GEH, :B:<=G F C:BBEH =AA<?CEF:B== SEGFE<=< EJ?B=;O D:G<=QBPM 

H:D@?DEF B: SDELBEG = ;?Q?B=? G:NE<?F:B=> I NE<OBPM .-Y&&, B:=NE<?? 

F:TBP? =G B=M SD?CA;:F<?BP F ;:N<=J? 21. 

4:D@?DP = SDELBEG 5EHH?B;:D=K 

4-Y&& - E;AI;A;F=? 

D?J=C=F: SD= H?C=:B? 

B:N<UC?B=> 34 H?A>J: 

];E SD:F=<E FPSE<B><EAO C<> 26 =G 28 

ENA<?CEF:BBPM NE<OBPM. , S:J=?;: A D?J=C=FEH F 

ECBEH A<IQ:? NP<: HI;:J=> ,-53, FE F;EDEH 

D?RD:@;?DBEA;O, Q;E AEFS:<E A BEH:<OBPH 

@:D=E;=SEH = HI;:J=?K F L?B? BIRC3 

 B2-M H?B?? 4 HL/< - 

E;AI;A;F=? D?J=C=FEF 

. 32 A<IQ:>M =G 35 B? G:F=A=HE E; F:D=:B;EF 

IgHV, B:<=Q=> HI;:J=K F L?B:M SF3B1 = NOTCH1, 

Q;E FEGHETBE AF>G:BE A ;?H, Q;E H:AA: ESIME<= 

B:MEC=;A> B: IDEFB? MEDE[E @EDD?@;=DI?HEH A 

SEHEVOU D?T=H: FCR  

(:DI[?B=? L?B: ,-53 

(HI;:J=> =/=<= C?<?J=> 

17D MDEHEAEHP) 

$?RD:@;?DBEA;O @ ;?D:S== FCR =/=<= D:BB=K 

D?J=C=F 

#?<?J=> NOTCH1 $:BB=K D?J=C=F, @EDE;@:> ENV:> = 

N?ASDELD?AA=FB:> FPT=F:?HEA;O 

5$?')Q$ 21. D$)?&'"" +,">9/$K$%"'L.J" #$,/",J +,) C- )') )@ 

9&;"%$.)" 

H)IJKL#%&#!

.S?DFP? F $EAA== SDEF?C?BE =AA<?CEF:B=? HI;:J=K F L?B:M TP53, SF3B1, 

NOTCH1 = BIRC3 F D:H@:M D:BCEH=G=DEF:BBELE SDE;E@E<: SD=H?B?B=> D?T=H: 



! 77!77!

FCR I 155 NE<OBPM MDEB=Q?A@=H .-@<?;EQBPH <=HRE<?K@EGEH. )ND:GJP #(5 

NE<OBPM NP<= SE<IQ?BP CE B:Q:<: ;?D:S==, =AA<?CEF:B=? SDEFEC=<EAO FA<?SIU. 

4?C=:B: FEGD:A;: NE<OBPM AEA;:F=<: 59 <?; (68% HITQ=B = 32% T?BV=B). 

$:G<=Q=K SE D:ASD?C?<?B=U SDELBEA;=Q?A@=M H:D@?DEF AD?C= HITQ=B = T?BV=B 

B? FP>F<?BE. 4?C=:B: B:N<UC?B=> G: NE<OBPH= AEA;:F=<: B? H?B?? 34 H?A>J?F. 

4I;:J== ME;> NP F ECBEH =G =AA<?CI?HPM L?BEF NP<= ENB:DIT?BP I 48% 

NE<OBPM (I 68 =G 155), NE<O[:> Q:A;O =G B=M SD?CA;:F<?B: H=AA?BA-HI;:J=>H=, 

D:ASE<ET?BBPH= F RIB@J=EB:<OBE GB:Q=HPM D?L=EB:M L?BEF. 4I;:J== F L?B? 

,-53 NP<= FP>F<?BP I 16 NE<OBPM (10%), HI;:J== F L?B? NOTCH1 NP<= B:KC?BP 

I 17% (I 26 S:J=?B;: =G 155). 4I;:J== F L?B? SF3B1 NP<= FP>F<?BP I 16% 

NE<OBPM (I 25 =G 155), HI;:J== L?B: BIRC3 ;E<O@E I 5% NE<OBPM (4 =G 81).  

)CBEGB:QBEK AF>G= H?TCI R?BEH?BEH =<= S:;EL?B?GEH .-Y&&, A IQ?;EH 

ENB:DIT?BBPM HI;:J=K F L?B:M TP53, SF3B1, NOTCH1 = BIRC3 B? IA;:BEF<?BE. 

(? FP>F<?B: :AAEJ=:J=> HI;:J== F L?B:M A ;?H, Q;E T?BV=BP NE<?U; D?T?, Q?H 

HITQ=BP = FEGD:A;EH FEGB=@BEF?B=> G:NE<?F:B=>. , 35% (I 6 =G 29) NE<OBPM B? 

FP>F<?BP HI;:J== SD= E;AI;A;F== MDEHEAEHBPM :NN?D:J=K, Q;E AF=C?;?<OA;FI?; 

E B:<=Q=? SEFD?TC?B=> CDIL=M H?M:B=GHEF/L?BEF, SD=FEC>V=M @ D:GF=;=U .-

Y&&.  

#EA;EF?DB:> @EDD?<>J=> H?TCI HI;:J=>H= F L?B? ,-53 = D?RD:@;?DBEA;OU @ 

R<IC:D:N=BI, : ;:@ T? B:<=Q=?H C?<?J== F L?B? NOTCH1 = MIC[?K ENV?K 

FPT=F:?HEA;OU SEGFE<>U; B:H FP>F<>;O LDISSI S:J=?B;EF A B?N<:LESD=>;BPH 

SDELBEGEH. .EGHETBE, SD= B:@ES<?B== NE<O[?LE Q=A<: C:BBPM HP AHET?H NE<?? 

;EQBE EJ?B=;O F<=>B=? HI;:J=K F L?B:M SF3B1 = BIRC3 B: SDELBEG = ;?Q?B=? 

G:NE<?F:B=> I NE<OBPM .-Y&&.  

"M"F$M!!

1. 4I;:J=> SE @D:KB?K H?D? F ECBEH =G =AA<?CI?HEH L?B? TP53, 

NOTCH1, SF3B1 = BIR.3 NP<: ENB:DIT?B: F 45% A<IQ:?F (I 68 =G 155), F ;EH 

Q=A<? F 66% (I 19 =G 29) NE<OBPM A BEDH:<OBPH @:D=E;=SEH SE C:BBPH 

FISH.   
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2. 4I;:J== L?B: ,-53 FP>F<>U;A> I 10% (16 =G 155) NE<OBPM = 

@EDD?<=DIU; A D?RD:@;?DBEA;OU @ R<IC:D:N=B-AEC?DT:V=H D?T=H:H, NE<?? 

@EDE;@EK N?ASDELD?AA=FBEK = ENV?K FPT=F:?HEA;OU. +=@F?BABPK :B:<=G 

HI;:J=K L?B: TP53 D?@EH?BCEF:BE SDEFEC=;O FA?H S:J=?B;:H A C=:LBEGEH .-

Y&& CE B:Q:<: ;?D:S==.  

3. 4I;:J== L?B: NOTCH1 FPA;IS:U; F;EDPH R:@;EDEH SEA<? 

HI;:J=K TP35 = C?<?J=K 17 MDEHEAEHP, ESD?C?<>UV?H SDELBEG. .P>F<>U;A> 

I 17% (26 =G 155) NE<OBPM .-Y&&, :AAEJ==DIU;A> A MIC[?K ENV?K = 

N?ASDELD?AA=FBEK FPT=F:?HEA;OU = A CDIL=H= H:D@?D:H= B?N<:LESD=>;BELE 

SDELBEG:. +@D=B=BL HI;:J== c.7544_7545delCT L?B: NOTCH1 D?@EH?BCEF:BE 

SDEFEC=;O FA?H S:J=?B;:H A C=:LBEGEH .-Y&& CE B:Q:<: ;?D:S==.  

4. 4I;:J== F L?B? SF3B1 NP<= FP>F<?BP I 16% NE<OBPM (25 =G 

155). 4I;:J== L?B: BIRC3 FP>F<?BP ;E<O@E I 5% (4 =G 81) NE<OBPM. 

+;:;=A;=Q?A@= GB:Q=HEK :AAEJ=:J== A SDELBEGEH ;?Q?B=> G:NE<?F:B=> 

IA;:BEF=;O B? IC:<EAO. 

 

 

E'$(&>$,.&9%) 

.PD:T:U =A@D?BBUU N<:LEC:DBEA;O HE=H B:IQBPH DI@EFEC=;?<>H C.N.B. 

+IC:D=@EFI %./. = @.H.B. (=@=;=BI ".% G: SEHEVO = SECC?DT@I = 

@DESE;<=FIU D:NE;I SE :B:<=GI <:NED:;EDBPM = @<=B=Q?A@=M C:BBPM, : ;:@ 

T? FA?H AE;DICB=@:H !*/, *(8 49 $! = *5/ =H. +.Z. /E;@=B!, 

SD=B=H:F[=H IQ:A;=? F SDEF?C?B== =AA<?CEF:B=K.   
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1. «(:DI[?B=? L?B: ,-53 I NE<OBPM MDEB=Q?A@=H <=HRE<?K@EGEH». 

".%. (=@=;=B, (.%. +?F?D=B:, -.(. )NIMEF:, /... /=C?DH:B, #.*. 

5=A=<=Q=B:, "... (:IHEF:, +.%. &ILEFA@:>, ".0. .:D<:HEF:, 3./. 
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5:S<:BA@:>, 0... +=CEDEF:, 4.". ZEQ;:DO, "... #EHD:Q?F:, ..&. 3F:BEF:, 

&.*. 5EF:<?F:, .... Z;I[@=B, %./. +IC:D=@EF. 1IDB:< "5<=B=Q?A@:> 

EB@EL?H:;E<EL=>", ;EH 5, c.4, A;D. 316-322, 2012 L.  

2. «4I;:J== L?BEF SD= Y&&: BEFP? :AS?@;P S:;EL?B?G:, E;@DP;P? A 

SEHEVOU ;?MBE<EL=K SE<BEL?BEHBELE A?@F?B=DEF:B=>» :F;EDP +?F?D=B: 

(.%., /=C?DH:B /..., (=@=;=B ".%., +IC:D=@EF %./. 1IDB:< «*?H:;E<EL=> = 

;D:BARIG=E<EL=>», ;EH 59, c3, A;D. 40-48, 2014 L. 
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1. «4I;:J== ,-53 N?G C?<?J== 17D HELI; NP;O AF>G:BP  A 

D?RD:@;?DBEA;OU @ ;?D:S==». 1IDB:< «*?H:;E<EL=> = ;D:BARIG=E<EL=>», 

H:;?D=:<P «5EBLD?AA: L?H:;E<ELEF $EAA==», SD=<ET?B=?, ;EH 57, c3, A;D. 

76-77, 2012 L. 

2. «Low Frequency Of IGHV4-39/IGHD6-13/IGHJ5 Rearrangement With 

Stereotyped HCDR3 (subset #8) In Russian and Ukrainian Chronic Lymphocytic 

Leukemia Patients». Bella Biderman, Nadiia Bilous, Nataliya Severina, Andrey 

Sudarikov, Eugene Nikitin, Iryna Kryachok, Iryna Abramenko and Anatoliy 

Chumak. Bloodjournal.hematologylibrary.org Blood October 21, 2013 vol. 122 no. 

21 5276 (ASH2013) 

3. «%B:<=G HI;:J=K L?BEF TP53, NOTCH1, SF3B1 = BIRC3 I NE<OBPM 

MDEB=Q?A@=H <=HRE<?K@EGEH», +?F?D=B: (.%., (=@=;=B ".%., )NIMEF: -.(., 

/=C?DH:B /..., 4?<=@>B %.&., +IC:D=@EF %.%.  *?H:;E<EL=> = 

;D:BARIG=E<EL=>, H:;?D=:<P «II 5EBLD?AA: L?H:;E<ELEF $EAA==», 

SD=<ET?B=? 1, ;EH 59, A;D. 117, 2014 L.  

4. «9B:Q?B=? SEFD?TC?B=> L?B: ,-53 I NE<OBPM MDEB=Q?A@=H 

<=HRE<?K@EGEH». +?F?D=B: (.%., (=@=;=B ".%., )NIMEF: -.(.,  5=A=<=Q=B: 

#.*., (:IHEF: "..., .:D<:HEF: ".0., 5:S<:BA@:> 3./., +=CEDEF: 0..., 

ZEQ;:DO 4."., #EHD:Q?F: "..., 3F:BEF: &..., 5EF:<?F: &.*., Z;I[@=B ...., 

+IC:D=@EF %.%. .?A;B=@ L?H:;E<EL==, ;EH 9, c2, A;D. 47-48, 2013 L. 

 



! 24!24!

0&/'$>J:  

1.  5EBLD?AA L?H:;E<ELEF $EAA==, 2-4 =U<> 2012 L., 4EA@F:. 

2. IX $EAA=KA@:> @EBR?D?BJ=> A H?TCIB:DECBPH IQ:A;=?H, 

«9<E@:Q?A;F?BBP? <=HREHP», 18-19 E@;>ND> 2012 L., 4EA@F:. 

3. .A?DEAA=KA@:> B:IQBE-SD:@;=Q?A@:> @EBR?D?BJ=> «4E<?@I<>DBE-

L?B?;=Q?A@=? = =HHIBEL?B?;=Q?A@=? H?;ECP C=:LBEA;=@= F SD:@;=@? FD:Q: 

L?H:;E<EL:», 25-26 :SD?<> 2013 L., +:B@;-Z?;?DNIDL. 

 

NO&NFI!J&P#Q)PRQM!

1. Agrawal, N., Frederick, M. J., Pickering, C. R., Bettegowda, C., Chang, K et 
al.  Exome sequencing of head and neck squamous cell carcinoma reveals 
inactivating mutations in NOTCH1. Science 333: 1154-1157, 2011 

2. Alavanja M. C., Blair a., Masters M. N. Cancer mortality in the U. S. flour 
industry // J. nat. Cancer Inst. 1990. Vol. 82, No 10. P. 840–848. 

3. Balatti V, Bottoni A, Palamarchuk A, Alder H, Rassenti LZ, Kipps TJ, et al. 
NOTCH1  mutations in CLL associated with trisomy 12. Blood. 
2012;119(2):329–31.  

4. Best OG, Gardiner AC, Davis ZA, Tracy I, Ibbotson RE, Majid A, et al. A 
subset of Binet stage A CLL patients with TP53 abnormalities and mutated 
IGHV genes have stable disease. Leukemia. 2009;23(1):212–4. 

5. Best OG, Gardiner AC, Davis ZA, Tracy I, Ibbotson RE, Majid A, et al. A 
subset of Binet stage A CLL patients with TP53 abnormalities and mutated 
IGHV genes have stable disease. Leukemia. 2009;23(1):212–4. 

6. Binet JL, Lepoprier M, Dighiero G, Charron D, D'Athis P, et al. A clinical 
staging system for chronic lymphocytic leukemia: prognostic significance. 
Cancer. 1977; 40(2):855-64 

7. Boice J.D., Lubin J.H. occupational and environmental radiation and cancer 
// Cancer Causes Control. 1997. Vol. 8, No 3. P. 309–322. 

8. Böttcher S, Ritgen M, Fischer K, Stilgenbauer S, Busch RM, Fingerle-
Rowson G et al. Minimal residual disease quantification is an independent 
predictor of progression-free and overall survival in chronic lymphocytic 
leukemia: a multivariate analysis from the randomized GCLLSG CLL8 trial. 
J Clin Onc 

9. Boyum A. Separation of leukocytes from blood and bone marrow 
//Scand.J.Clin.Lab.Investig.-1968.-Vol.21-Suppl.97.p.1-9 

10. Brown JR, Hanna M, Tesar B, Pochet N, Vartanov A, Fernandes SM, 
et al. Germline copy number variation associated with Mendelian 
inheritance of CLL in two families. Leukemia. 2012;26(7):1710 



! 2#!2#!

11. Bullrich F, Veronese ML, Kitada S, Jurlander J, Caligiuri MA, Reed 
JC, et al. Minimal region of loss at 13q14 in B-cell chronic lymphocytic 
leukemia. Blood. 1996;88(8):3109–15.  

12. Bunz, F., Dutriaux, A., Lengauer, C., Waldman, T., Zhou, S., Brown, 
J. P., Sedivy, J. M., Kinzler, K. W., Vogelstein, B. Requirement for p53 and 
p21 to sustain G2 arrest after DNA damage. Science 282: 1497-1501, 1998.. 

13. Cancer Incidence in five Continents / D.M. Parkin, S. L. Whelan, J. 
ferlay [et al.]. Vol. 7. IaRC Scientific Publication Number 143. Lyon, france, 
1997. $. 12–24. 

14. Catovsky D, Fooks J, Richards S. Prognostic factors in chronic 
lymphocytic leukaemia: the importance of age, sex and response to 
treatment in survival. A report from the MRC CLL 1 trial. MRC Working 
Party on Leukaemia in Adults. Br J Haematol. 1989; 72(2):141-9.  

15. Chiaretti S, Marinelli M, Del Giudice I, Bonina S, Piciocchi A et. all. 
NOTCH1, SF3B1, BIRC3 AND TP53 mutations in chronic lymphocytic 
leukemia patients undergoing first-line treatment: correlation with biological 
parameters and response to treatment. Leuk Lymphoma. 2014 Mar 6. 

16. Chiorazzi N, Ferrarini M. Cellular origin(s) of chronic lymphocytic 
leukemia: cautionary notes and additional considerations and possibilities. 
Blood. 2011;117(6):1781–91. .  

17. Chiorazzi N, Rai KR, Ferrarini M. Chronic lymphocytic leukemia. N 
Engl J Med. 2005;352 (8):804–15. 

18. Chomczynski P., Sacchi N. The single-step method of RNA isolation 
by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal 
Biochem. 1987 Apr;162(1):156-9. 

19. Chumakov, A. M., Miller, C. W., Chen, D. L., Koeffler, H. P. 
Analysis of p53 transactivation through high-affinity binding sites. 
Oncogene 8: 3005-3011, 1993. 

20. Cigarette smoking and leukemia: results from the Lutheran 
Brotherhood Cohort Study / M. S. Linet, J. K. McLaughlin, a.W. Hsing [et 
al.] // Cancer Causes Control. 1991. Vol. 2, No 6. P. 413–417. 

21. Cortese D, Sutton LA, Cahill N, Smedby KE, Geisler C, Gunnarsson 
R, Juliusson G, Mansouri L, Rosenquist R. On the way towards a 'CLL 
prognostic index': focus on TP53, BIRC3, SF3B1, NOTCH1 and MYD88 in 
a population-based cohort. Leukemia. 2014 Mar;28(3):710-3. doi: 
10.1038/leu.2013.333.  

22. Dal Bo M, Rossi FM, Rossi D, Deambrogi C, Bertoni F, Del Giudice 
I, et al. 13q14 deletion  size and number of deleted cells both influence 
prognosis in chronic lymphocytic leukemia.  Genes Chromosomes Cancer. 
2011;50(8):633–43.  

23. David CJ, Manley JL. Alternative pre-mRNA splicing regulation in 
cancer: pathways and programs unhinged. Genes Dev. 2010;24:2343–64. 

24. De Keersmaecker K, Michaux L, Bosly A, et al. Rearrangement of 
NOTCH1 or BCL3 can independently trigger progression of CLL. Blood. 
2012;119:3864–6.  



! 2"!2"!

25. De Rossi G, Mandelli F, Covelli A, Luciani M, Martelli M, et al. 
Chronic lymphocytic leukemia (CLL) in younger adults: a retrospective 
study of 133 cases. Hematol Oncol. 1989; 7(2):127-37.  

26. Del Giudice I, Rossi D, Chiaretti S, Marinelli M, Tavolaro S, Gabrielli 
S, et al. NOTCH1 mutations in +12 chronic lymphocytic leukemia (CLL) 
confer an unfavorable prognosis, induce a distinctive transcriptional 
profiling and refine the intermediate prognosis of +12  CLL. Haematologica. 
2012;97(3):437–41.  

27. di Iasio MG, Zauli G. The non-genotoxic activator of the p53 pathway 
Nutlin-3  shifts the balance between E2F7 and E2F1 transcription factors in 
leukemic cells. Invest New Drugs. 2013 Apr;31(2):458-60. 

28. Dicker F, Herholz H, Schnittger S, Nakao A, Patten N, Wu L, et al. 
The detection of TP53  mutations in chronic lymphocytic leukemia 
independently predicts rapid disease progression  and is highly correlated 
with a complex aberrant karyotype. Leukemia. 2009;23(1):117–24.  

29. Dohner H, Fischer K, Bentz M, Hansen K, Benner A, Cabot G, et al. 
p53 gene deletion predicts for poor survival and non-response to therapy 
with purine analogs in chronic B-cell  leukemias. Blood. 1995;85(6):1580–9.  

30. Dohner H, Stilgenbauer S, Benner A, Leupolt E, Krober A, Bullinger 
L, et al. Genomic aberrations and survival in chronic lymphocytic leukemia. 
N Engl J Med. 2000;343(26): 1910–6.  

31. Dohner H, Stilgenbauer S, Benner A, Leupolt E, Krober A, Bullinger 
L, et al. Genomic aberrations and survival in chronic lymphocytic leukemia. 
N Engl J Med. 2000;343(26): 1910–6.  

32. Dohner H, Stilgenbauer S, James MR, Benner A, Weilguni T, Bentz 
M, et al. 11q deletions identify a new subset of B-cell chronic lymphocytic 
leukemia characterized by extensive nodal involvement and inferior 
prognosis. Blood. 1997;89(7):2516–22.  

33. Dong HJ, Fang C, Wang L, Fan L, Xu J et all. TP53 Pro72 allele 
potentially increases the poor prognostic significance of TP53 mutation in 
chronic lymphocytic leukemia. Med Oncol. 2014 Apr;31(4):908. 

34. Fabbri G, Rasi S, Rossi D, et al. Analysis of the chronic lymphocytic 
leukemia coding genome: role of NOTCH1 mutational activation. J Exp 
Med. 2011;208:1389–401.  

35. Fais F, Ghiotto F, Hashimoto S, Sellars B, Valleto A, et al. Chronic 
lymphocytic leukemia B cells espress restricted sets of mutated and 
unmutated antigen receptors. J Clin Invest. 1998; 102:1515-25 

36. Familial chronic lymphocytic leukaemia: a survey and review of 
published studies /M. R. Yuille, E. Matutes, a. Marossy [et al.] // British 
journal of haematology. 2000. Vol. 109, No 4. P. 794–799. 

37. Fazi C, Scarfo L, Pecciarini L, Cottini F, Dagklis A, Janus A, et al. 
General population low-count CLL-like MBL persists over time without 
clinical progression, although carrying the same cytogenetic abnormalities 
of CLL. Blood. 2011;118(25):6618–25.  

38. Fegan C, Robinson H, Thompson P, Whittaker JA, White D. 



! 2+!2+!

Karyotypic evolution in CLL: identification of a new subgroup of patients 
with deletions of 11q and advanced or progressive disease. Leukemia. 
1995;9(12):2003–8.  

39. Ferrando AA. The role of NOTCH1 signaling in T-ALL. Hematology 
Am Soc Hematol Educ Program. 2009;353–61.  

40. Folco EG, Coil KE, Reed R. The anti-tumor drug E7107 reveals an 
essential role for SF3b in remodeling U2 snRNP to expose the branch point-
binding region. Genes Dev. 2011;25:440–4. 

41. Garg, V., Muth, A. N., Ransom, J. F., Schluterman, M. K., Barnes, R., 
King, I. N., Grossfeld, P. D., Srivastava, D. Mutations in NOTCH1 cause 
aortic valve disease. Nature 437: 270-274, 2005. 

42. Gunnarsson R, Isaksson A, Mansouri M, Goransson H, Jansson M, 
Cahill N, et al. Large but not small copy-number alterations correlate to 
high-risk genomic aberrations and survival in chronic lymphocytic 
leukemia: a high-resolution genomic screening of newly diagnosed patients. 
Leukemia. 2010;24(1):211–5.  

43. Gunnarsson R, Isaksson A, Mansouri M, Goransson H, Jansson M, 
Cahill N, et al. Large but not small copy-number alterations correlate to 
high-risk genomic aberrations and survival in chronic lymphocytic 
leukemia: a high-resolution genomic screening of newly diagnosed patients. 
Leukemia. 2010;24(1):211–5.  

44. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, Dighiero G, 
Döhner H et all. International Workshop on  Chronic Lymphocytic 
Leukemia. Guidelines for the diagnosis and treatment of chronic 
lymphocytic leukemia: a report from the International Workshop on Chronic 
Lymphocytic Leukemia updating the National Cancer Institute-Working 
Group 1996 guidel 

45. Hallek M, Wanders L, Ostwald M, Busch R, Senekowitsch R, et al. 
Serum beta(2)-microglobulin and serum thymidine kinase are independent 
predictors of progression-free survival in chronic lymphocytic leukemia and 
immunocytoma. Leuk Lymphoma. 1996; 22(5-6):439-47 

46. Hallek M., Cheson B.D., Catovsky D. et al. Guidelines for the 
diagnosis and treatment of chronic lymphocytic leukemia: a report from the 
International Workshop on Chronic Lymphocytic Leukemia updating the 
National Cancer Institute-Working Group 1996 guidelines. Blood 
2008;111(12):5446-5456 

47. Hammarsund M, Corcoran MM, Wilson W, Zhu C, Einhorn S, 
Sangfelt O, et al. Characteri- zation of a novel B-CLL candidate gene–
DLEU7–located in the 13q14 tumor suppressor locus. FEBS Lett. 
2004;556(1–3):75–80.  

48. Han T, Bhargava A, Henderson ES, et.al. Prognostic significance of 
beta-2-microglobulin in chronic lymphocytic leukeimia and non-Hodgkin’s 
lymphoma. Proc Amer Soc Clin Oncol. 1989; 8: 270 (abstr 270). 

49. Han T, Bhargava A, Henderson ES, et.al. Prognostic significance of 
beta-2-microglobulin in chronic lymphocytic leukeimia and non-Hodgkin’s 



! 26!26!

lymphoma. Proc Amer Soc Clin Oncol. 1989; 8: 270 (abstr 270). 
50. Herishanu Y, Pérez-Galán P, Liu D, et al. The lymph node 

microenvironment promotes B-cell receptor signaling, NF-kappaB 
activation, and tumor proliferation in chronic lymphocytic leukemia. Blood 
2011;117(2):563-574 

51. Herling M, Patel KA, Weit N, Lilienthal N, Hallek M, Keating MJ, et 
al. High TCL1 levels are a marker of B-cell receptor pathway 
responsiveness and adverse outcome in chronic lymphocytic leukemia. 
Blood. 2009;114(21):4675–86.  

52. Horwitz M., Goode E. L., Jarvik G. P. %nticipation in familial 
leukemia // amer. J. Hum. Genet. 1996. Vol. 59, No 5. P. 990–998.  

53. J.-M. Flaman, T. Frebourg, A simple p53 functional assay for 
screening cell lines, blood, and tumors, (1995) Proc. Natl. Acad. Sci.  U S A. 
1995 Apr 25;92(9):3963-7. 

54. Jeromin S, Weissmann S, Haferlach C, Dicker F, Bayer K et all. 
SF3B1 mutations correlated to cytogenetics and mutations in NOTCH1, 
FBXW7, MYD88, XPO1 and TP53 in 1160 untreated CLL patients. 
Leukemia. 2014 Jan;28(1):108-17. 

55. Joerger A.C., Fersht A.R. . Structural biology of the tumor suppressor  
p53. Annu. Rev. Biochem. 2008; 77: 557 - 582. 

56. Juliusson G, Oscier DG, Fitchett M, Ross FM, Stockdill G, Mackie 
MJ, Parker AC, Castoldi GL, Guneo A, Knuutila S, Elonen E, Gahrton G. 
Prognostic subgroups in B-cell chronic lymphocytic leukemia defined by 
specific chromosomal abnormalities. N Engl J Med. 1990 Sep 
13;323(11):720-4 

57. Kalachikov S, Migliazza A, Cayanis E, Fracchiolla NS, Bonaldo MF, 
Lawton L, et al. Cloning and gene mapping of the chromosome 13q14 
region deleted in chronic lymphocytic leukemia. Genomics. 
1997;42(3):369–77.  

58. Kapanadze B, Makeeva N, Corcoran M, Jareborg N, Hammarsund M, 
Baranova A, et al. Comparative sequence analysis of a region on human 
chromosome 13q14, frequently deleted in B-cell chronic lymphocytic 
leukemia, and its homologous region on mouse chromosome 14. Genomics. 
2000;70(3):327–34.  

59. Kitamura E, Su G, Sossey-Alaoui K, Malaj E, Lewis J, Pan HQ, et al. 
A transcription map of the minimally deleted region from 13q14 in B-cell 
chronic lymphocytic leukemia as defined by large scale sequencing of the 
650 kb critical region. Oncogene. 2000;19(50):5772–80.  

60. Klein U, Lia M, Crespo M, Siegel R, Shen Q, Mo T, et al. The 
DLEU2/miR-15a/16-1 cluster controls B cell proliferation and its deletion 
leads to chronic lymphocytic leukemia. Cancer Cell. 2010;17(1):28–40.  

61. Klinakis, A., Lobry, C., Abdel-Wahab, O., Oh, P., Haeno, H., 
Buonamici, S., van De Walle, I., Cathelin, S., Trimarchi, T., Araldi, E., Liu, 
C., Ibrahim, S., Beran, M., Zavadil, J., Efstratiadis, A., Taghon, T., Michor, 
F., Levine, R. L., Aifantis, I. A novel tumour-suppressor function for the 



! 2J!2J!

Notch pathway in myeloid leukaemia. Nature 473: 230-233, 2011. 
62. Lanasa MC, Allgood SD, Slager SL, Dave SS, Love C, Marti GE, et 

al. Immunophenotypic and gene expression analysis of monoclonal B-cell 
lymphocytosis shows biologic characteristics associated with good 
prognosis CLL. Leukemia. 2011;25(9):1459–66.  

63. Landau, D.A., et al., Evolution and impact of subclonal mutations in 
chronic lymphocytic leukemia. Cell, 2013. 152(4): p. 714-26. 

64. Larsson, C., Lardelli, M., White, I., Lendahl, U. The human 
NOTCH1, 2, and 3 genes are located at chromosome positions 9q34, 1p13-
p11, and 19p13.2-p13.1 in regions of neoplasia-associated translocation. 
Genomics 24: 253-258, 1994.. 

65. Lee JS, Dixon DO, Kantarjian HM, Keating MJ, Talpaz M. Prognosis 
of chronic lymphocytic leukemia: a multivariate regression analysis of 325 
untreated patients. Blood. 1987; 69(3):929-36.  

66. Lepretre S, Jäger U, Janssens A, Leblond V, Nikitin E, Robak T, 
Wendtner CM. The value of rituximab for the treatment of fludarabine-
refractory chronic lymphocytic leukemia: a systematic review and 
qualitative analysis of the literature. Leuk Lymphoma. 2012 May;53(5):820-
9.  

67. Levine, A. J., Momand, J., Finlay, C. A. The p53 tumour suppressor 
gene. Nature 351: 453-456, 1991. 

68. Lia M, Carette A, Tang H, Shen Q, Mo T, Bhagat G, et al. Functional 
dissection of the chromosome 13q14 tumor-suppressor locus using 
transgenic mouse lines. Blood. 2012;119(13):2981–90.  

69. Liston, P., Roy, N., Tamai, K., Lefebvre, C., Baird, S., Cherton-
Horva, et all. Suppression of apoptosis in mammalian cells by NAIP and a 
related family of IAP genes. Nature 379: 349-353, 1996. 

70. Liu Y, Hermanson M, Grander D, Merup M, Wu X, Heyman M, et al. 
13q deletions in lymphoid malignancies. Blood. 1995;86(5):1911–5.  

71. Liu Y, Szekely L, Grander D, Soderhall S, Juliusson G, Gahrton G, et 
al. Chronic lymphocytic leukemia cells with allelic deletions at 13q14 
commonly have one intact RB1 gene:  evidence for a role of an adjacent 
locus. Proc Natl Acad Sci U S A. 1993;90(18):8697–701.  

72. Lopez C, Delgado J, Costa D, Conde L, Ghita G, Villamor N, et al. 
Different distribution of NOTCH1 mutations in chronic lymphocytic 
leukemia with isolated trisomy 12 or associated  with other chromosomal 
alterations. Genes Chromosomes Cancer. 2012;51(9):881–9.  

73. Mabuchi H, Fujii H, Calin G, Alder H, Negrini M, Rassenti L, et al. 
Cloning and characteri- zation of CLLD6, CLLD7, and CLLD8, novel 
candidate genes for leukemogenesis at chromosome 13q14, a region 
commonly deleted in B-cell chronic lymphocytic leukemia. Cancer Res. 
2001;61(7):2870–7.  

74. Malcikova J, Smardova J, Rocnova L, Tichy B, Kuglik P, Vranova V, 
et al. Monoallelic and biallelic inactivation of TP53 gene in chronic 
lymphocytic leukemia: selection, impact on  survival, and response to DNA 



! 2D!2D!

damage. Blood. 2009;114(26):5307–14.  
75. Malek S. Clinical utility of prognostic markers in chronic lymphocytic 

leukemia [review]. ASCO Education Book 2010;2010:263–7.  
76. Malek SN. The biology and clinical significance of acquired genomic 

copy number aberrations and recurrent gene mutations in chronic 
lymphocytic leukemia. Oncogene. 2013;32(23):2805–17.  

77. Mandelli F, De Rossi G, Mancini P, Alberti A, Cajozzo A, et al. 
Prognosis in chronic lymphocytic leukemia: a retrospective multicentric 
study from the GIMEMA group. J Clin Oncol. 1987; 5(3):398-406.  

78. Manolov, G., Manolova, Y., Kieler, J. Cytogenetic investigation of 
assignment of locus for beta-2-microglobulin in K562 leukemia and 
Namalwa and Daudi Burkitt lymphoma cells. (Abstract) Cytogenet. Cell 
Genet. 25: 182 only, 1979.  

79. Messina M, Del Giudice I, Khiabanian H, Rossi D, Chiaretti S et all. 
Genetic lesions associated with  chronic lymphocytic leukemia chemo-
refractoriness. Blood. 2014 Apr 10;123(15):2378-88. 

80. Migliazza A, Bosch F, Komatsu H, Cayanis E, Martinotti S, Toniato 
E, et al. Nucleotide sequence, transcription map, and mutation analysis of 
the 13q14 chromosomal region deleted in B-cell chronic lymphocytic 
leukemia. Blood. 2001;97(7):2098–104.  

81. Mohr J, Helfrich H, Fuge M, Eldering E, Buhler A, Winkler D, et al. 
DNA damage-induced  transcriptional program in CLL: biological and 
diagnostic implications for functional p53  testing. Blood. 
2011;117(5):1622–32.  

82. Mosca L, Fabris S, Lionetti M, Todoerti K, Agnelli L, Morabito F, et 
al. Integrative genomics analyses reveal molecularly distinct subgroups of 
B-cell chronic lymphocytic leukemia patients with 13q14 deletion. Clin 
Cancer Res. 2010;16(23):5641–53.  

83. Murga Penas EM, Kawadler H, Siebert R, Frank M, Ye H, et all. A 
novel fusion of the MALT1 gene and themicrotubule-associated protein 4 
(MAP4) gene occurs in diffuse large B-cell lymphoma. Genes 
Chromosomes Cancer. 2006 Sep;45(9):863-73. 

84. Nahi H, Lehmann S, Mollgard L, Bengtzen S, Selivanova G, Wiman 
KG, Paul C, Merup M. Effects of PRIMA-1 on chronic lymphocytic 
leukaemia cells with and without hemizygous p53 deletion. Br J Haematol. 
2004 Nov;127(3):285-91 

85. Nahi H, Selivanova G, Lehmann S, Möllgård L, Bengtzen S, Concha 
H, Svensson A, Wiman KG, Merup M, Paul C. Mutated and non-mutated 
TP53 as targets in the treatment of leukaemia. Br J Haematol. 2008 
May;141(4):445-53. 

86. Neilson JR, Auer R, White D, Bienz N, Waters JJ, Whittaker JA, et al. 
Deletions at 11q identify a subset of patients with typical CLL who show 
consistent disease progression and reduced survival. Leukemia. 
1997;11(11):1929–32.  

87. Neilson JR, Auer R, White D, Bienz N, Waters JJ, Whittaker JA, et al. 



! 27!27!

Deletions at 11q identify a subset of patients with typical CLL who show 
consistent disease progression and reduced survival. Leukemia. 
1997;11(11):1929–32.  

88. Oren M., Rotter V.  Mutant p53 gain-of-function in cancer. Cold 
Spring Harb. Perspect. Biol. 2010; 2(2): 001107a. 

89. Oscier DG, Rose-Zerilli MJ, Winkelmann N, et al. The clinical 
significance of NOTCH1 and SF3B1 mutations in the UK LRF CLL4 trial. 
Blood. 2012;121(3):468–75. 

90. Oscier DG, Rose-Zerilli MJ, Winkelmann N, et al. The clinical 
significance of NOTCH1 and SF3B1 mutations in the UK LRF CLL4 trial. 
Blood. 2012;121(3):468–75.  

91. Ouillette P, Collins R, Shakhan S, Li J, Li C, Shedden K, et al. The 
prognostic significance of various 13q14 deletions in chronic lymphocytic 
leukemia. Clin Cancer Res. 2011;17: 6778–90.  

92. Ouillette P, Collins R, Shakhan S, Li J, Peres E, Kujawski L, et al. 
Acquired genomic copy number aberrations and survival in chronic 
lymphocytic leukemia. Blood. 2011;118(11): 3051–61.  

93. Ouillette P, Erba H, Kujawski L, Kaminski M, Shedden K, Malek SN. 
Integrated genomic profiling of chronic lymphocytic leukemia identifies 
subtypes of deletion 13q14. Cancer Res. 2008;68(4):1012–21.  

94. Palamarchuk A, Efanov A, Nazaryan N, Santanam U, Alder H, 
Rassenti L, et al. 13q14 deletions in CLL involve cooperating tumor 
suppressors. Blood. 2010;115(19):3916–22.  

95. Papaemmanuil E, Cazzola M, Boultwood J, et al. Somatic SF3B1 
mutation in myelodysplasia with ring sideroblasts. N Engl J Med. 
2011;365:1384–95.  

96. Parker H, Rose-Zerilli MJ, Parker A, Chaplin T, Wade R, Gardiner A, 
et al. 13q deletion anatomy and disease progression in patients with chronic 
lymphocytic leukemia. Leukemia. 2011;25(3):489–97.  

97. Pettitt AR, Jackson R, Carruthers S, Dodd J, Dodd S, Oates M, et al. 
Alemtuzumab in combination with methylprednisolone is a highly effective 
induction regimen for patients with chronic lymphocytic leukemia and 
deletion of TP53: final results of the national cancer research institute 
CLL206 trial. J Clin Oncol. 2012;30(14):1647–55.  

98. Pines A, Ben-Bassat I, Modan M, Blumstein T, Ramot B. Survival 
and prognostic factors in chronic lymphocytic leukemia. Eur J Haematol. 
1987; 38(2):123-30. 

99. Pospisilova S., Gonzalez D., Malcikova J., Trbusek M., Rossi D et al. 
ERIC recommendations on TP53 mutation analysis in chronic lymphocytic 
leukemia. Leukemia 2012; 26(7): 1458-1456. 

100. Puente, X.S., et al., Whole-genome sequencing identifies recurrent 
mutations in chronic lymphocytic leukaemia. Nature, 2011. 475(7354): p. 
101-5. 

101. Quesada V, Conde L, Villamor N, et al. Exome sequencing identifies 
recurrent mutations of the splicing factor SF3B1 gene in chronic 



! 22!22!

lymphocytic leukemia. Nat Genet. 2012;44:47–52.  
102. Rai K.R., Patel D.V. Haematology, Basic Principles and Practice, 

Churchill Livingstone Inc.N. Y.; London, 1997. P. 308– 1322. 
103. Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN, Paternack 

BS. Clinical staging of chronic lymphocytic leukemia. Blood. 1975; 46:219-
234 

104. Raveche ES, Salerno E, Scaglione BJ, Manohar V, Abbasi F, Lin YC, 
et al. Abnormal microRNA-16 locus with synteny to human 13q14 linked to 
CLL in NZB mice. Blood. 2007;109(12):5079–86.  

105. Ron E. Ionizing radiation and cancer risk: Evidence from 
epidemiology. Radiat. Res. 1998. Vol. 150. P. 530–541. 

106. Rosati E, Sabatini R, Rampino G, et al. Constitutively activated Notch 
signaling is involved in survival and apoptosis resistance of B-CLL cells. 
Blood. 2009;113:856–65.  

107. Rosebeck, S., Madden, L., Jin, X., Gu, S., Apel, I. et al.  Cleavage of 
NIK by the API1-MALT1 fusion oncoprotein leads to noncanonical NF-
kappa-B activation. Science 331: 468-472, 2011. Note: Erratum: Science 
332, 421 only, 2011. 

108. Rosenwald A, Chuang EY, Davis RE, Wiestner A, Alizadeh AA, 
Arthur DC, et al. Fludarabine treatment of patients with chronic lymphocytic 
leukemia induces a p53-dependent gene expression response. Blood. 
2004;104(5):1428–34.  

109. Rossi D, Bruscaggin A, Spina V, et al. Mutations of the SF3B1 
splicing factor in chronic lymphocytic leukemia: association with 
progression and fludarabine-refractoriness. Blood. 2011;118:6904–8. 

110. Rossi D, Deaglio S, Dominguez-Sola D, Rasi S, Vaisitti T et. al. 
Alteration of BIRC3 and multiple other NF-^B pathway genes in splenic 
marginal zone lymphoma. Blood. 2011 Nov 3;1 

111. Rossi D, Fangazio M, Rasi S, Vaisitti T, Monti S, Cresta S, et al. 
Disruption of BIRC3 associates with fludarabine chemorefractoriness in 
TP53 wild-type chronic lymphocytic leukemia. Blood. 2012;119(12):2854–
62.  

112. Rossi D, Rasi S, Fabbri G, et al. Mutations of NOTCH1 are an 
independent predictor of survival in chronic lymphocytic leukemia. Blood. 
2012;119:521–9.  

113. Rossi D., Cerri M., Deambrogi C., Sozzi E., Cresta S., Rasi S. et al. . 
The prognostic value of TP53 mutations  in chronic lymphocytic leukemia is 
independent of Del17p13: implications for overall survival and 
chemorefractoriness. Clin. Cancer. Res. 2009; 15(3): 995 - 1004. 

114. Saddler C, Ouillette P, Kujawski L, Shangary S, Talpaz M, et al. 
Comprehensive biomarker and genomic analysis identifies p53 status as the 
major determinant of response to MDM2 inhibitors in chronic lymphocytic 
leukemia. Blood. 2008;111(3): 1584–93.  

115. Saiya-Cork K, Collins R, Parkin B, Ouillette P, Kuizon E, et al. A 
pathobiological role of the insulin receptor in chronic lymphocytic leukemia. 



! 2_!2_!

Clin Cancer Res. 2011;17(9):2679–92.  
116. Sgambati M. t., Linet M. S., Devesa S. S. Chronic Lymphoid 

Leukemias. N. Y.: Marsel Dekker, Inc. 2001. P. 33–62. 
117. Shedden K, Li Y, Ouillette P, Malek SN. Characteristics of chronic 

lymphocytic leukemia with somatically acquired mutations in NOTCH1 
exon 34. Leukemia. 2012;26(5):1108–10.  

118. Smardova, J. FASAY: a simple functional assay in yeast for 
identification of p53 mutation in tumors. Neoplasma 1999; 46(2): 80-88. 

119. Stilgenbauer S, Zenz T, Winkler D, Buhler A, Schlenk RF, et al. 
Subcutaneous alemtuzumab in fludarabine-refractory chronic lymphocytic 
leukemia: clinical results and prognostic marker analyses from the CLL2H 
study of the German Chronic Lymphocytic Leukemia Study Group. J Clin 
Oncol. 2009;27(24):3994–4001.  

120. Strefford JC, Sutton LA, Baliakas P, Agathangelidis A, Maldíková J, 
et al. Distinct patterns of novel gene mutations in poor-prognostic 
stereotyped subsets  of chronic lymphocytic leukemia: the case of SF3B1 
and subset #2. Leukemia. 2013  Nov;27(11):2196-9. 

121. Tanigaki, K., Tsuji, M., Yamamoto, N., Han, H., Tsukada, J., et al. 
Regulation of alpha-beta/gamma-delta T cell lineage commitment and 
peripheral T cell responses by Notch/RBP-J signaling. Immunity 20: 611-
622, 2004. 

122. Totterman TH, Nilsson K, Simonsson B. Phorbol ester-induced 
production of beta-2-microglobulin in B-CLL cells: relation to IgM 
secretory response and disease activity. Br J Haematol. 1986; 62(1):95-103. 

123. Trbusek M., Smardova  J., Malcikova J., Sebejova  L.,  Dobes  P., 
Svitakova M. et  al. . Missense mutations located in structural p53 DNA-
binding motifs are associated with extremely poor survival in chronic 
lymphocytic leukemi. J. Clin. Onco.l 2011; 29(19): 2703 - 2708. 

124. Tsimberidou AM, Tam C, Abruzzo LV, O’Brien S, Wierda WG, 
Lerner S, et al. Chemoimmunotherapy may overcome the adverse prognostic 
significance of 11q deletion in previously untreated patients with chronic 
lymphocytic leukemia. Cancer. 2009;115(2): 373–80.  

125. Utterback D. f., Rinsky R. a. Benzene exposure assessment in rubber 
hydrochloride workers: a critical evaluation of previous estimates // amer.J. 
Ind. Med. 1995. Vol. 27, No 5. P. 661–667. 

126. Villamor N, Conde L, Martinez-trillos A, et al. NOTCH1 mutations 
identify a genetic subgroup of chronic lymphocytic leukemia patients with 
high risk of transformation and poor outcome. Leukemia. 2013;27(5):1100–
6. doi:10.1038/leu.2012.357.  

127. Visconte V, Makishima H, Jankowska A, et al. SF3B1, a splicing 
factor is frequently mutated in refractory anemia with ring sideroblasts. 
Leukemia. 2012;26:542$5. 

128. Vogelstein, B., Kinzler, K. W. p53 function and dysfunction. Cell 70: 
523-526, 1992.  Harris, C. C., Hollstein, M. Clinical implications of the p53 
tumor-suppressor gene. New Eng. J. Med. 329: 1318-1327, 1993. 



! _4!_4!

129. Vogelstein, B., Kinzler, K. W. X-rays strike p53 again. Nature 370: 
174-175, 1994. 

130. Wang L, Lawrence MS, Wan Y, et al. SF3B1 and other novel cancer 
genes in chronic  lymphocytic leukemia. N Engl J Med. 2011;365:2497–
506.  

131. Wang L, Lawrence MS, Wan Y, Stojanov P, Sougnez C, Stevenson K 
et al. SF3B1 and other novel cancer genes in chronic lymphocytic leukemia. 
N Engl J Med 2011; 365: 2497–2506.  

132. Wang, J., Shelly, L., Miele, L., Boykins, R., Norcross, M. A., Guan, 
E. Human Notch-1 inhibits NF-kappa-B activity in the nucleus through a 
direct interaction involving a novel domain. J. Immun. 167: 289-295, 2001. 

133. Weng, A. P., Ferrando, A. A., Lee, W., Morris, J. P., IV, Silverman, et 
al. Activating mutations of NOTCH1 in human T cell acute lymphoblastic 
leukemia. Science 306: 269-271, 2004. 

134. Xu-Monette Z.Y., Medeiros L.J., Li Y., Orlowski R.Z., Andreeff M., 
Bueso-Ramos C.E., Greiner T.C., McDonnell T.J., Young K.H. Dysfunction 
of the TP53 tumor suppressor gene in lymphoid malignancies. Blood 2012; 
119(16): 3668-3683. 

135. Yamamoto, S., Charng, W.-L., Rana, N. A., Kakuda, S., Jaiswal, M., 
et al.. A mutation in EGF repeat-8 of Notch discriminates between 
Serrate/Jagged and Delta family ligands. Science 338: 1229-1232, 2012. 

136. Yoon, H., Liyanarachchi, S., Wright, F. A., Davuluri, R., Lockman, J. 
C., de la Chapelle, A., Pellegata, N. S. Gene expression profiling of isogenic 
cells with different TP53 gene dosage reveals numerous genes that are 
affected by TP53 dosage and identifies CSPG2 as a direct target of p53. 
Proc. Nat. Acad. Sci. 99: 15632-15637, 2002. 

137. Yuille M.R., Houlston R.S., Catovsky D. %nticipation in familial 
chronic lymphocytic leukemia families // Leukemia. 1998. Vol. 12. P. 1696–
1698. 

138. Zarnegar BJ, Wang Y, Mahoney DJ, et al. Noncanonical NF-kappaB 
activation requires coordinated assembly of a regulatory complex of the 
adaptors cIAP1, cIAP2, TRAF2 and TRAF3 and the kinase NIK. Nat 
Immunol 2008;9(12):1371-1378. 

139. Zenz T, Habe S, Denzel T, Mohr J, Winkler D, Buhler A, et al. 
Detailed analysis of p53 pathway defects in fludarabine-refractory chronic 
lymphocytic leukemia (CLL): dissecting the contribution of 17p deletion, 
TP53 mutation, p53-p21 dysfunction, and miR34a in a  prospective clinical 
trial. Blood. 2009;114(13):2589–97.  

140. Zenz T, Krober A, Scherer K, Habe S, Buhler A, Benner A, et al. 
Monoallelic TP53  inactivation is associated with poor prognosis in chronic 
lymphocytic leukemia: results from a detailed genetic characterization with 
long-term follow-up. Blood. 2008;112(8): 

141. Zenz T., Eichhorst B., Busch R., Denzel T., Häbe S., Winkler D. TP53 
mutation and survival in chronic lymphocytic leukemia. J. Clin. Oncol. 
2010; 10(28): 4473-4479. 



! _#!_#!

142. Zenz T., Mertens D., Kuppers R., Dohner H., Stilgenbauer S. From 
pathogenesis to treatment of chronic lymphocytic leukaemia. Nat. Rev. 
Cancer. 2010; 10(1): 37 - 50. 

143. !"#$%& '(")"* +,-./)0"* %,,%.1$-/ 2" 2)"1$-.%. ,(%)-0/3, 
4:CD=C, 8-12 :SD?<> 2002 LEC: , A;D 2-12. 

144. !"#$#%&'()* +$(+,&-).+"+,#*: /0(+1+2'.1+ 2"* 1/)%&3 / 4+2 /&2. 
!"#$. %. &. '#()#*#+ (2-? =GC.). 4.: )%) 3GC-FE 4?C=J=B:. 2007. 1120 
A. 

145. &ILEFA@:> +.%., ZEQ;:DO 4.". *?H:;E<EL=Q?A@=K :;<:A, 4EA@F:, 
2008, A;D. 140-142. 

146. (=@=;=B ".%., H.M., /:K@EF ...., /:@=DEF /.%., /?AAH?<OJ?F 
+.+., 9:LEA@=B: -.Z., 5EFD=L=B: %.4. = CD. $EAA=KA@=? @<=B=Q?A@=? 
D?@EH?BC:J== SE C=:LBEA;=@? = <?Q?B=U MDEB=Q?A@ELE <=HRE<?K@EG: 
(F?DA=> 2012 L). +EFD?H?BB:> EB@E<EL=>, 2012(4): p. 10 - 14. 

147. (=@=;=B "%, &ED=? 00, 4?<=@>B %&, +:HEK<EF: $+, /I<PQ?F: 
-3, = CD. !:@;EDP B?N<:LESD=>;BELE SDELBEG: I NE<OBPM MDEB=Q?A@=H 
<=HRE<?K@EGEH: D?;DEAS?@;=FBPK :B:<=G 206 A<IQ:?F. -?D :DM=F. 2003; 
7: 38 – 47 

148. $I@EFECA;FE SE L?H:;E<EL== / SEC D?C. :@:C?H=@: %. 3. 
.EDENO?F: (4-? =GC.). 4: (OUC=:H?C. 2007. 1275 A. 

 




