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Genomic DNA breakpoints in MLL and
translocation partner genes: correspond-
ence to clinical parameters and treatment
outcome in infants with acute leukemia
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Purpose

To evaluate the relation between genomic DNA breakpoints
in MLL and translocation partner genes (TPG) and clinical
parameters of infant AL.

Methods

87 infants (32 boys and 55 girls with median age of 4,9 mo)
with MLL-rearranged acute lymphoblastic leukemia (ALL)
(n=63), acute myeloid leukemia (AML) (n=22) and mixed
phenotype acute leukemia (MPAL) (n=2) were included in
the current study. Genomic DNA breakpoint detection in
MLL gene and translocation partner genes (TPGs) was per-
formed by long-distance inverse PCR (LDI-PCR). Exon-in-
tron numbering of MLL gene was done according to I. Nil-
son et al, 1996.

Results

Majority of ALL cases was characterized by presence of MLL-
AF4 fusion gene (FG) (n=35; 55%), less frequently MLL-
MLLT1 (n=12; 22%), MLL-MLLT3 (n=8; 13%) and others
were found. The most common breakpoint location within
MLL gene in ALL patients was intron 11, detected in 31 cases
(49%), less frequently breakpoints in intron 10 (n=13; 21%)
and intron 9 (n=9; 14%) were found. The highest variabili-
ty of MLL breakpoints was found in MLL-AF4-positive pa-
tients: only 15 of 35 (43%) had breakpoints in intron 11. The
most stable pattern of MLL genomic DNA breakpoints was

observed in MLL-MLLT1-positive patients: 9 of 14 (64%)
had breakpoints in intron 11. In AML patients the most prev-
alent FG was MLL-MLLT3 (n=8; 36%). The most frequent
breakpoint location was intron 9 (n=10; 45%), less often
they were found in intron 10 (n=>5; 23%) and 11 (n=4; 18%).
The most stable pattern was revealed for MLL-MLLT10 FG:
MLL breakpoints in 4 of 5 (80%) cases were found in intron
9. In TPGs the most frequent breakpoint locations were as
follows: in AF4 - intron 3 (n=25; 69%) and intron 4 (n=7;
19%); in MLLT1 - non-coding region between ACER1 and
MLLT1 (n=9; 60%) and intron 1 (n=5; 33%); in MLLT3 -
intron 5 (n=13; 81%); in MLLT10 - intron 8 and intron 9
(n=2; 33% each); in EPS15 - intron 1 (n=3; 75%). The pat-
tern of breakpoints locations in TPGs was similar in ALL,
AML and MPAL cases. Distribution of DNA breakpoints in
MLL gene was similar in boys and girls and did not depend
on type of TPG. ALL patients who had breakpoints in intron
11 were significantly younger than all other patients (3,1 vs
5,6 mo p=0,035), mainly due to the difference to intron 9
patients (3,1 vs 6,6 mo p=0,040). We did not find any cor-
relation between gender and initial white blood count to
the MLL breakpoints distribution. In AML cases there was
not any correlation between age, gender, initial white blood
count and specific locations of breakpoints in MLL gene.
We evaluated prognostic significance of MLL breakpoint lo-
cations in 46 cases of infant ALL homogenously treated by
MLL-Baby protocol. 5-year EFS was significantly lower in
patients with breakpoints in intron 11 (n=29) in comparison
to patients with breakpoint localized from intron 7 to exon
11 (n=17) (0,16+0,07 vs 0,38+0,14 p=0,039). While cumula-
tive incidence of relapse was remarkably higher in the first
group of patients (0,74%0,09 vs 0,52+0,17 p=0,045). Median

CTT JOURNAL | VOLUME 5 | NUMBER 1 | MARCH 2016 93



follow-up time was 36 months (range 20-94). Although in
Cox regression model including breakpoint location in in-
tron 11 together with age, immunophenotype, initial white
blood cell count, initial CNS involvement, type of MLL re-
arrangements, absolute blast number at day 8 of dexameth-
asone pro-phase, minimal residual disease (MRD) at time
point 4 (TP4) of MLL-Baby protocol, the only significant co-
variate was the presence of MRD at TP4 (HR 5.994, 95% CI
2,209-16,263, p<0,001).

Conclusions

Among MLL TPG the most stable distribution of breakpoints
was in MLLT1, the most heterogeneous in AF4 u MLLT10.

C OCTPbIMM NIeNKO3aMU

ABSTRACTS |

The most common breakpoint position in MLL gene in in-
fants with ALL was intron 11, in AML intron 9. Breakpoints
in intron 11 of MLL gene led to significantly worse outcome
in infants with ALL, treated by MLL-Baby protocol, although
this parameter was overcome by MRD-positivity at TP4. The
latter one was the only independent covariate in multivariate
analysis. Our data provide additional information of molec-
ular genetic features of MLL-rearranged infant AL.
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Lenb

OneHNTb B3aMMOCBA3b MEXJY JOKaIM3aLMell TOUeK pas-
ppiBa B reHomHoit JHK rena MLL n reHos-mapTHEpoB ¢
KIMHUYeCKVIMY XapaKTepUCTUKaMI OCTPBIX Jleliko30s (OJI)
Y ieTeil TIepBOro rofja XU3HI.

MeTopbl

B nccnenoBanme O6b110 BKIIOYEHO 87 meTell IepBOTo rofa
KM3HM (32 ManbumKa 1 55 JeBOUYeK ¢ MeuaHoil Bo3pacTa
4,9 Mec) ¢ MLL-1103UTUBHBIM OCTPBIM 1NM(OOIACTHBIM
neitko3zoM (OJIJT) (n=63), OCTPBIM MUETOUTHBIM JIEIKO-
3om (OMJI) (n=22), OCTPBIM JIEIIKO30M CMEIIAHHOI /-
HeitHocTy (n=2). Touyka paspeiBa B renomHuoit JJHK rena
MLL u reHOB-mapTHEpOB 6bI1a omnpejeneHa MeTOLOM
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nnuHHON mHBepTuposaHHoN IIIIP. Hymepanusa sx3oHos
” MHTPOHOB rena MLL pmana mo pa6ore I. Nilson et al,
1996.

Pe3ynbrathbl

Hanbonee gacteiM xuMepHbIM reHOM (XI') BBIABICHHBIM Y
manyertoB ¢ OJIJT 61 MLL-AF4 (n=35, 55%), pe>ke BbIsAB-
msumce MLL-MLLT1 (n=13, 21%), MLL-MLLT3 (n=8, 13%)
u ppyrre XI. Hanbonee yacroit Toukoit paspeisa B JHK
rena MLL y nanuenTos ¢ OJIJI siBnsics uHTpoH 11 (n=31,
49%), MeHee 4acTO pa3pbIBbI IOKATN30BAIICH B MUHTPOHe 10
(n=13, 21%) u uaTpoH 9 (n=9, 14%). Haubonpuras Bapna-
6enpHOCTD TOouek paspeiBa B [JHK rena MLL nabmoganach
mpu Hamnaun XI MLL-AF4: Tonbko 15 us 35 (43%) nmenu
TOYKy paspbiBa B nHTpoHe 11. Hanbomnee cTabumbHblil pu-
CYHOK OBbIT XapakTepeH 1y manuenToB ¢ XI' MLL-MLLT1:
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B 9 u3 14 cnyvaen (64%) Touka paspbIBa JIOKa/IN30BaNach
B uHTpoHe 11. ¥ manmentos ¢ OMJI Han6onee yacteim XI'
sapnsncss MLL-MLLT3 (n=8, 36%), a caMOl1 4aCTOi1 TOYKOI
paspeiBa B renomHuoit [JHK rema MLL - unpon 9 (n=10,
45%), pe>xe 0OHAPYKMBAINCh TOYKM Pa3pblBa B MHTPOHAX
10 (n=5, 23%) u 11 (n=4, 18%). HaubGonpiasa crabuib-
HOCTb Touek paspriBa B JJHK rena MLL noxasana gna XI'
MLL-MLLT10: 4 n3 5cryqaes (80%) B unTpoHe 9. Cpeny re-
HOB-napTHepoB MLL Hambosee 4acTbIMU JTOKANMU3ALNAMU
TOYeK paspbiBa SB/IANKCH: B reHe AF4 — mHTpoH 3 (n=25,
69%) u 4 (n=7, 19%), B rene MLLT1 - Hekopupyroiuit pe-
ruoH Mexay reHamyt ACER1 u MLLT1 (n=9, 60%) 1 uHTpoH
1 (n=5,33%), B rene MLLT3 — unTpoH 5 (n=13, 81%), B reHe
MLLT10 - untponsl 8 u 9 (n=2, 33% B 060MX CIyYasix),
B rere EPS15 — unrtpoH 1 (n=3, 75%). Pacnonoxenne to-
YeK pa3pbiBa B TeHax-MapTHepax MLL 6bI/I0 CXOIHBIM ITpU
OJIJI, OMJI u OJI cMmelnranHON MUMHENHOCTU. TlameHThI C
OJIJL, y KOTOpbIX TOYKa pa3pblBa pacliosiaraiachb B MHTPOHE
11, 6pUIM MIapIIe Beex ocTanbHbIX (3,1 1 5,6 Mec, COOTBET-
cTBeHHO, p=0,035), B IIepByI0 Oo4epenb Onarojapsi pasHuLe
B BO3pAaCTe C MalVIeHTaMM C TOYKOJ pa3pbiBa B MHTPOHE 9
(6,6 mec, p=0,040). ¥ naumentoB ¢ OMJI He 6bI10 Haiifge-
HO B3aMIMOCBSA3M MEXJY BO3PACTOM, II0JIOM, MHUIIVIATbHBIM
JIETIKOLIITO30M, TUIIOM TIeHa-IIApTHepa 1 pacIpefeneHneM
touek paspeiBa B JJHK rema MLL. [Tpu omeHke mporaoctu-
YeCKOJ 3HAUMMOCTY JIOKa/lM3aluy TodeK paspbisa B JHK
rena MLL y 46 peteit nepsoro roza xmusau ¢ OJIJ, Bxio-
YeHHBIX B MccrefoBanne MLL-Baby, 6bi10 mokasano, uto
5-nmetHAA 6eccobbITuiHAA BbDKUBaeMocTb (BCB) y manu-
€HTOB C TOUKOI1 pa3pbiBa B 11 uHTpOHe (n=29) 6pI1a FOCTO-
BEPHO HIDKe, YeM Yy TAILMIEHTOB C TOKa/lIu3amyell To4eK pas-
pbiBa, HauMHAs ¢ 7 MHTPOHA 110 11 3x30H (n=17) (0,16+0,07
u 0,38+0,14 p=0,039). OfHOBpPEMEHHO C 9TUM KYMY/IATUB-
Hasl BEPOSITHOCTb PA3BUTHs PelMfuBa OblIa 3HAYNTENTHHO
BBIIIIE B TPYIIIIe C TOYKOIT pa3pbiBa B 11 muTpoHe (0,74+0,09
n 0,52+0,17 p=0,045). Mennana BpeMeH! HaOIOfEHUS CO-
craBmia 36 mecsanes (auamason 20-94 mec). B To ke Bpe-

Ms IpYU NPOBENEHNI MHOTOBAPMAHTHOTO PErpecCuOHHOrO
aHanM3a 1o Metofly Kokca ¢ BKIIOUYeHMeM B MOJie/Ib TOUKM
paspbiBa B 11 MHTPOHe, BO3pacTa, IMMYHO(EHOTUIIA, MHU-
LIMa/IbHOTO JIEMIKOLIMTO33a, MHULMAIBHOM HepOIeiKeMny,
THIA IepecTpoiiky reHa MLL, abcoMOTHOTO KonMMyecTBa
6/1acTHBIX KI€TOK Ha 8 HeHb Ipodasbl M MUHVMMAJIBHOI
ocrarouHoit 6onesun (MOB) B Touke Habmonenus 4 (TH4)
6BI/IO TTOKA3aHO, YTO EFUHCTBEHHBIM 3HAYNMBIM (aKTOPOM
ocraetcs coxpanerre MOB B TH4 (OTHouieHye omtacHOCTH
5,994, 95% IV 2,209-16,263, p<0,001).

3aKnyeHne

Cpenn reHoB-napTHepoB MLL Hanbonee crabunbHOe pac-
Ipefie/ieHne To4eK paspbiBa B reHe MLLT1, Haubonee re-
teporenHoe — B reHax AF4 n MLLT10. Camoii 4acToit To4-
ko1 paspoiBa JIHK rena MLL y meTeit nepBoro roga »usHu
¢ OJUT aBnanca vatpor 11, mpu OMJI - nuTpon 9. Ilpu
OJUI y peteit mepBOTO rofia YKM3HM, MOMTyYaBUINX JIedeHNe
1o nporokony MLL-Baby, nanuuue Touxu paspoisa B JHK
rera MLL B uatpone 11 Beo K JOCTOBEPHO 60/Tee HU3KUM
nokasarensiMm BCB 1 607ee BBICOKOI KYMY/IATUBHOI Bepo-
SITHOCTH pasBuTus penupansa. OgHAKO B MHOTO(GAaKTOPHOII
MOJe/NMM PUCKA eIVHCTBEHHBIM 3HAYMMBIM IIOKa3aTeieM
ocraBanoch coxpaHenne MOB B TH4. Taxum o6pasom,
IIpeficTaB/IeHHble JAHHBIE JJAI0T JJOIOTHUTENbHYI0 MHMOp-
MaIMI0 O MOJIEKY/ISIPHO-TeHeTHUYEeCKUX XapaKTepUCTMKAX
OJI, acconunpoBaHHbIX ¢ ntepecTpolikamy rea MLL.

Kniouesble cnoBa

OcTpole neiKO3bl, €TV IepBOTO I'ofia KU3HMU, IepecTPONKI
11q23/MLL, MLL-Baby, ncxopnp! Tepanmu.
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