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Functional redundancy of H3K4 methyltransferase family on epigenetic regulation
in leukemia
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MLL-rearrangement fMLL—r) is one of a poor prognostic factor in acute
myeloid leukemia (AML). Histone H3K4 methylation, which is important in regulating gene expression,
is increased in this type of leukemia cells. However, no single modifying enzyme for H3K4me has been
identified and this suggests that the involvement of multiple enzymes. In this study, we identified
the dependency against enzymatic domains on KMT2 family proteins in both human and mouse leukemia
cell lines, then analyzed the possibility of overlapping regulation of enzymatic activity on KMT2
family proteins in MLL-r AML cells. The results of this study suggest that targeting multiple
enzymatic activity on KMT2 family proteins may produce a synergistic effect on cell growth
suppression and will provide a new therapeutic tool for cancer therapy.

H3K4



KMT2A MLL1 MLL MLL-r
H3K4 KMT2A KMT2
KMT2B-G
H3K4 Thiel A, et al.,
Cancer Cell, 2010; Chen C, et al., Cancer Cell, 2014; Santos MA, et al., Nature, 2014

H3K4 Chen Y, et al.,
Cancer Cell, 2017

CRISPR/Cas9
Shi J et al., Nat Biotechnol, 2015
CRISPR/Cas9 KMT2F p53
Hoshii T et al., Cell, 2018 KMT2F SETD1A
KMT2F H3K4
KMT2F KMT2 H3K4
CRISPR/Cas9 H3K4
KMT2
Cas9 MLL-r MLL-AF9, MLL-AF9/NrasG12D,
MLL-AF9/FLT3-1TD MLL-r MOLM-13, Mv4-11 MLL-r
U937, K562 KMT2
SORNA KMT2
SQRNA
SgRNA
5 KMT2
SgRNA SgRNA
GFP Cas9
SgRNA GFP Flow cytometer 2
MLL-r MOLM-13, Mv4-11 KMT2B  KMT2D
1A MLL-r
U937 KMT2B  KMT2D KMT2A KMT2B/D
KMT2B KMT2D  KMT2A 1B
KMT2A  KMT2B
A=
81 Human MOLM13
a0
KMT2F  sgRNA -
£ 3 1
e v i WL (i (seTDA) (RETIe)
Hoshiii T et al. |B5uw . . o
Cell, 2018 55 0]
§§ 204
" %j 13 L Py e ke
(L Liz) v MILH)  (WLLE) (RSETDIA) (rSETDIE)
1. KMT2
CRISPR . (A) MLL-r  MOLM-
13 (B) MLL-r U937




MLL-r KMT2
SgRNA GFP
MLL-AF9
Cas9 Cas9 MLL-r MLL-r
3 Ras
MLL-r Nras NrasG12D
RN2 MLL-AF9/NrasG12D RN2
MLL-AF9 MLL-r
KMT2B KMT2D KMT2F 2A KMT2B  KMT2D
KMT2 RN2
KMT2B/KMT2F A=,
KMTZD é ?E' = Murine MLL-AF9
2B 29
gz | ‘
RN2 R
KMT2G SQRNA & o
KMT2G - s s o i (st (noarh
SgRNA
B & 40,
i i; Murine RN2 (MLL-AF9 + NrasG120)
SgRNA gg L
KMT2G é%*”‘ l
S x 10
N | RV N
MLL-AF9 A o (rway o WD sadte) (e
KMT2G 2. KMT?2
CRISPR . (A) MLL-r
(B) MLL-r/ Nras
SgRNA
MLL-r KMT2D  KMT2G
SQRNA
SgRNA GFP
RFP 2 SgRNA MLL-AF9
3A KMT2G  SET
SgRNA KMT2F SET
SgRNA MLL-AF9 KMT2F  KMT2G
SQRNA
J SRNA A sgRNA-GFP B
Empty GSET R
> S5
alg G @2 ©
sgiANSA SET E ngJ- Control gt g%
o+
RN2 Bl Fo s
MLL-AF9 @2 sET  SET 2
KMT2G ’
MLL-AF9/Cas9 RAS FLT3- DeE
ITD MLL-F9/FLT3-1TD Vet | Emoty SaRNA
o - - Empty sg
MLL-AF9/FLT3-1TD C 25 2-4. KMT2G SET sgRNA
KMT2G 3 4
KMT2F  SET sgRNA  KMT2G é % e
SET sgRNA Sf 10
3B MLL-r MV4- Eg 2
11 KMT2F KMT2G § ;
SGRNA SORNARFP 123412341234 1234
KMT2F  KMT2G sgRNA/GFP Empty RPA3 KMT2F#1 KMT2F#2
3C 3. sgRNA KMT2F
KMT2F  KMT2G KMT2G (A
(B) MLL-AF9/FLT3-ITD ©)
RAS MLL-r MV4-11
KMT2F  KMT2G



SORNA MLL-AF9/FLT3-
17D RNA-seq
KMT2F SET sgRNA 9 KMT2G SET sgRNA 179
4A KMT2F  KMT2G
177 292
4A 292 Gene Set Enrichment
Analysis GSEA EGFR E2F
4B KMT2F
E2F 4C E2F
KMT2G KMT2G MYC
4D  MYC
A
o EG
KMT2G-MYC el
KMT2F
MYC
E2F = -30 25 20
PR {008 F& NES
c F SET vs Control D G SET vs Control E FG SET vs Control
AE MYC 15 E2F MYC 1.5 MYC E2F 157 MYC E2F
E2F S 1.0 1.01
T &
KMT2F 5 s £ s
KMT26G e o
E 4 3 2 a4 0 4 3 2 4 0
NES NES NES
4. KMT2F KMT2G . (A)
KMT2F (FE) KMT2G (EG) (FG)
(FDR-q < 0.05) (B)
GSEA (C-E)
MYC E2F
CRISPR/Cas9 KMT2
KMT2F  KMT2G ~ SET
MLL-r RNA-seq
MYC E2F
KMT2
KMT2F  KMT2G KMT2B-KMT2G
KMT2D-KMT2G
CRISPR/Cas9
CRISPR/Cas9
Okabe A et al., Nature
Genetics, 2020
KMT2F  KMT2G
SET

KMT2F  KMT2G

MLL-AF9-induced leukemogenesis requires coexpression of the wild-type MII allele.
Thiel AT, Blessington P, Zou T, Feather D, Wu X, Yan J, Zhang H, Liu Z, Ernst P,
Koretzky GA, Hua X.

Cancer Cell. 2010 Feb 17;17(2):148-59. doi: 10.1016/j.ccr.2009.12.034.

MLL3 is a haploinsufficient 7q tumor suppressor in acute myeloid leukemia.



Chen C, Liu Y, Rappaport AR, Kitzing T, Schultz N, Zhao Z, Shroff AS, Dickins RA, Vakoc
CR, Bradner JE, Stock W, LeBeau MM, Shannon KM, Kogan S, Zuber J, Lowe SW.

Cancer Cell. 2014 May 12;25(5):652-65. doi: 10.1016/j.ccr.2014.03.016. Epub 2014 May
1.

DNA-damage-induced differentiation of leukaemic cells as an anti-cancer barrier.
Santos MA, Faryabi RB, Ergen AV, Day AM, Malhowski A, Canela A, Onozawa M, Lee JE,
Callen E, Gutierrez-Martinez P, Chen HT, Wong N, Finkel N, Deshpande A, Sharrow S,
Rossi DJ, Ito K, Ge K, Aplan PD, Armstrong SA, Nussenzweig A.

Nature. 2014 Oct 2;514(7520):107-11. doi: 10.1038/naturel3483. Epub 2014 Jul 27.

MLL2, Not MLL1, Plays a Major Role in Sustaining MLL-Rearranged Acute Myeloid Leukemia.
Chen Y, Anastassiadis K, Kranz A, Stewart AF, Arndt K, Waskow C, Yokoyama A, Jones K,
Neff T, Lee Y, Ernst P.

Cancer Cell. 2017 Jun 12;31(6):755-770.e6. doi: 10.1016/j.ccell.2017.05.002.

Discovery of cancer drug targets by CRISPR-Cas9 screening of protein domains.
Shi J, Wang E, Milazzo JP, Wang Z, Kinney JB, Vakoc CR.
Nat Biotechnol. 2015 Jun;33(6):661-7. doi: 10.1038/nbt.3235. Epub 2015 May 11.

A Non-catalytic Function of SETD1A Regulates Cyclin K and the DNA Damage Response.
Hoshii T, Cifani P, Feng Z, Huang CH, Koche R, Chen CW, Delaney CD, Lowe SW, Kentsis
A, Armstrong SA.

Cell. 2018 Feb 22;172(5):1007-1021.el17. doi: 10.1016/j.cell.2018.01.032.

Cross-species chromatin interactions drive transcriptional rewiring in Epstein-Barr
virus-positive gastric adenocarcinoma.

Okabe A, Huang KK, Matsusaka K, Fukuyo M, Xing M, Ong X, Hoshii T, Usui G, Seki M,
Mano Y, Rahmutulla B, Kanda T, Suzuki T, Rha SY, Ushiku T, Fukayama M, Tan P, Kaneda
A.

Nat Genet. 2020 Sep;52(9):919-930. doi: 10.1038/s41588-020-0665-7. Epub 2020 Jul 27.



1 1 1 0

Okabe Atsushi Huang Kie Kyon Matsusaka Keisuke Fukuyo Masaki Xing Manjie Ong Xuewen 52
Hoshii Takayuki Usui Genki Seki Motoaki Mano Yasunobu Rahmutulla Bahityar Kanda Teru

Suzuki Takayoshi Rha Sun Young Ushiku Tetsuo Fukayama Masashi Tan Patrick Kaneda Atsushi

Cross-species chromatin interactions drive transcriptional rewiring in Epstein?Barr 2020
virus?positive gastric adenocarcinoma

Nature Genetics 919 930

DOl
10.1038/s41588-020-0665-7

H3K4

13

2019

Targeting of a non-catalytic function of H3K4 methyltransferase SETD1A in leukemia

78

2019

H3K4

42

2019




SETD1A

2020

2020

H3K4

DNA

14

2020

(Kaneda Atsushi)

(10313024)

(12501)




