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Molecular pathogenesis in myelodysplastic syndromes (MDS).
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On the basis of our previous identification of genetic mutations, we planned
to clarify pathophysiology in myelodysplastic syndromes (MDS) associated with combinations of such
mutations. Using next generation sequencing technology and mouse models, we elucidated genetic and
biological process of acquiring survival benefit, relating to hematopoietic environment, and
initiating secondary leukemia from MDS. Of note, we comprehensively uncovered that such pathogenic
process was resulted not from a single genetic event but combination of mutations and that such
combination was not random and significantly associated with the order of acquiring each mutation.
These findings suggest that clonal expansion in MDS is closely related to various genetic events but
specific rules strictly controlled by environmental condition.



(MDS)

(AML)
2011 RNA
(45-85%)
(Yoshida et al., Nature. 2011)
RNA
(
)
MDS
MDS
MDS
MDS
RNA
MDS
MDS
214 MDS CD34 RNA
RNA
MDS
RNA (Yoshidaetal., Nature. 2011)
(Kon et al. Nat Genet. 2013; Yoshida et al., Nat Genet. 2013)
RNA ChipP HiC
MLL-AF9 MDS
(MDS)
MDS
RNA
MDS MDS
MDS
MDS
AA
AA
15 MDS AML AA
MDS 439 668
DNA 1/3
1/3 B AR AE DG BAARE
MDS .
30.4 AA 9.3 O o QY
20 JI:;II [meFannas | | mam |
e *ax ®0® 0®
BT ' Oe® [
BCOR/BCORL1  PIGA  DNMT3A 0ee ) ®0 Hese B o
ASXL1 MDS DNMT3A ®se ®e e
ASXL1 ?? ?? ?7?
BCOR/BCORL1 PIGA AA - T
MDS AML Xg
- .
TET2 AA Lo




47

DNMT3A  ASXL1 BCOR/BCORL1 PIGA
MDS/AML
AA AA

Yoshizato et al., N Engl J Med. 2015
AA HLA
(Imi et al, Blood Adv. 2018 )

MDS
MDS 2,250

MDS AML

1 BATIBEFIF, LY REB MK ERGEL

FLT3, PTPN11, WTL, IDH1, 2472 &EFIE, KYBYRIMDSERET S (H2)
NPM1, IDH2, NRAS

MDS MDS B XYMDS . Am(l‘l‘Z,ZSOAU)ﬁEIﬁ)
2 95%Cl of odds ratio (OR =
(Muiltivariate analysis) m
TP53, GATA2, KRAS, RUNXI1, High-tsk MOS t«:h/k)m/s H
STAG2, ASXL1, ZRSR2, TET2 DO 1‘“};(11 ;
(2 & ) eo H
1 o : 8
2 MD 3 cEsp
S B4 T2HEEF 008" Feor
SF3B% Eux'mgs R R s S ;ﬁ%
: SFIBTRGEFERE.
3 1 {EYRIMDSLBIET S
g »
- (e {5.1) 2 HMDS
(Makishima et al, Nat Genet. 2017) i i
MDS
MDS MDS
800
MDS DNA 69
1158 SNP
75% 40%
U2AF1 RUNX1 ASXL1 TP53 -7/del(7q) del(5q)
17p LOH MDS
TP53 NRAS
CBL TP53
70%
30% MDS
TP53
(Yoshizato et al., Blood. 2017
TP53 MDS
MDS TP53
TP53
Nannya et al.,
MDS
214 MDS CD34 RNA
RNA RNA

214 MDS SF3B1 SRSF2



U2AF1 ZRSR2

3!

MDS

MDS

Commun. 2018)
MDS

(Shiozawa et.al.,

B3 SFIBIERIATISAL L FRE

Decreased in SF3B1T-mutated cases

g
T | = Cassette exon :
Other type of alemative exon usage 'E
Alternative 5 splice site il
Alternative 3' splice site |
8 | » intron retention L

Number of events
40

Increased in SF3B1-mutated cases

28% 18% 5% 7%
SF3B1
3!
( ) SRSF2
( ) U2AF1
SF3B1
SRSF2
EZH2 SRSF2
(Shiozawa et.al., Nat
2
9
Blood 2017)

B4 SRSFZERVIATFSA A FRE

Decreased in SRSF2-mutated cases Increased in SRSF2-mutated cases

= Cassetie exon
Other type of altemative exon usage
Allernative 5' splice site
Alternative 3' splice site
® Intron retention

1

Number of events
0

° _<ﬂ.001 0.01 0.1 1 10 100 >1000 <0.001 0.01 10 100 >1000
fold-change fold-change
RNA SRSF2
1) Srsf2 P95H
(2 ) MDS 2) Srsf2
3) Srsf2
MDS
4) Srsf2 E5. Sref2 &89/ 90429 ADRH
(Csf3r, Fyn, ERRET AR
Gnas, Hnrnpa2b1l, Trp53bpl ;9
5) Srsf2 (Qmmlﬁﬂﬂﬂﬂﬁl : I "I‘ BwRHA LA
MDS BEIEEE | MDS HDFIRZE
gg@gﬂ\ / B iR
R L L Np—
Srsf2 MDS : Qg
MDS @b
BEATS1 I8
BIDERNZA TS0y
Kon et. al., Blood 2018
. MDS STAG2
Stag2 Hi-
C Stag2
MDS RUNX1
MDS Stag2 Runxl
(DKO) DKO HSPC
MDS RNA-seq, ChlP-seq, Hi-C
MDS
(Ochi
etal, )

MLL-AF9



Ee. A i<~ AE7 L& Ao o0 — 2/ #1aRe0 288
C""‘“""“‘£§Sf‘"=1 x10° GMP cells
.:.f MLL/AFS transduction (Retrovinus)

3

Serial transplantation (4 times)

¢ generation (ned (N=96) i ags
ae e L - 3ed,
..'. - .{E“)_. d. (ne1) = 4eh
Ptpnll, Braf, Gnb2 wuar e = e o (oe2e
leukemic cells .... - 'i{“ ‘5""
...‘
() (Kotaniet.al., Leukemia e
2019) = ﬁ i ﬁﬁ
st and, drd, 4gh, L[N v, ded, ath,
Transplantatson Transplantation

and ot ol Lewhermia 2018

84
Ogawa S. Genetics of MDS. Blood. 2019 Mar 7;133(10):1049-1059. doi: 10.1182/blood-
2018-10-844621.
Kotani S, Yoda A, Kon A, Kataoka K, Ochi Y, Shiozawa Y, Hirsch C, Takeda J, Ueno H,
Yoshizato T, Yoshida K, Nakagawa MM, Nannya Y, Kakiuchi N, Yamauchi T, Aoki K,
Shiraishi Y, Miyano S, Maeda T, Maciejewski JP, Takaori-Kondo A, Ogawa S, Makishima
H. Molecular pathogenesis of disease progression in MLL-rearranged AML., Leukemia.
2019 Mar;33(3):612-624. doi: 10.1038/s41375-018-0253-3.
Shiozawa Y, Malcovati L, Galli A, Sato-Otsubo A, Kataoka K, Sato Y, Watatani Y, Suzuki
H, Yoshizato T, Yoshida K, Sanada M, Makishima H, Shiraishi Y, Chiba K, Hellstrom-
Lindberg E, Miyano S, Ogawa S, Cazzola M., Aberrant splicing and defective mRNA
production induced by somatic spliceosome mutations in myelodysplasia. Nat Commun.
2018 Sep 7;9(1):3649. doi: 10.1038/s41467-018-06063-X.
Imi T, Katagiri T, Hosomichi K, Zaimoku Y, Hoang Nguyen V, Nakagawa N, Tajima A,
Yoshizato T, Ogawa S, Nakao S. Sustained clonal hematopoiesis by HLA-lacking
hematopoietic stem cells without driver mutations in aplastic anemia. Blood Adv. 2018
May 8;2(9):1000-1012. doi: 10.1182/bloodadvances.2017013953.
Kon A, Yamazaki S, Nannya Y, Kataoka K, Ota Y, Nakagawa MM, Yoshida K, Shiozawa
Y, Morita M, Yoshizato T, Sanada M, Nakayama M, Koseki H, Nakauchi H, Ogawa S.
Physiological Srsf2 P95H expression causes impaired hematopoietic stem cell functions
and aberrant RNA splicing in mice. Blood. 131(6), 621-635, 2018 DOI: 10.1182/blood-
2017-01-762393.
Shiozawa Y, Malcovati L, Galli A, Pellagatti A, Karimi M, Sato-Otsubo A, Sato Y, Suzuki
H, Yoshizato T, Yoshida K, Shiraishi Y, Chiba K, Makishima H, Boultwood J, Hellstrom-
Lindberg E, Miyano S, Cazzola M, Ogawa S. Gene expression and risk of leukemic
transformation in myelodysplasia. Blood. 2017 Dec 14;130(24):2642-2653. doi:
10.1182/blood-2017-05-783050.
Yoshizato T, Nannya Y, Atsuta Y, Shiozawa Y, lijima-Yamashita Y, Yoshida K, Shiraishi
Y, Suzuki H, Nagata Y, Sato Y, Kakiuchi N, Matsuo K, Onizuka M, Kataoka K, Chiba K,
Tanaka H, Ueno H, Nakagawa MM, Przychodzen B, Haferlach C, Kern W, Aoki K,
Itonaga H, Kanda Y, Sekeres MA, Maciejewski JP, Haferlach T, Miyazaki Y, Horibe K,
Sanada M, Miyano S, Makishima H, Ogawa S. Genetic abnormalities in myelodysplasia
and secondary acute myeloid leukemia: impact on outcome of stem cell transplantation.
Blood. 2017 Apr 27;129(17):2347-2358. doi: 10.1182/blood-2016-12-754796.
Makishima H, Yoshizato T, Yoshida K, Sekeres MA, Radivoyevitch T, Suzuki H,
Przychodzen B, Nagata Y, Meggendorfer M, Sanada M, Okuno Y, Hirsch C, Kuzmanovic
T, Sato Y, Sato-Otsubo A, LaFramboise T, Hosono N, Shiraishi Y, Chiba K, Haferlach C,
Kern W, Tanaka H, Shiozawa Y, Gomez-Segui |, Husseinzadeh HD, Thota S, Guinta KM,
Dienes B, Nakamaki T, Miyawaki S, Saunthararajah Y, Chiba S, Miyano S, Shih LY,
Haferlach T, Ogawa S, Maciejewski JP. Dynamics of clonal evolution in myelodysplastic
syndromes. Nat Genet. 2017;49(2):204-212. doi: 10.1038/ng.3742.
Yoshizato T, Dumitriu B, Hosokawa K, Makishima H, Yoshida K, Townsley D, Sato-
Otsubo A, Sato Y, Liu D, Suzuki H, Wu CO, Shiraishi Y, Clemente MJ, Kataoka K,
Shiozawa Y, Okuno Y, Chiba K, Tanaka H, Nagata Y, Katagiri T, Kon A, Sanada M,
Scheinberg P, Miyano S, Maciejewski JP, Nakao S, Young NS, Ogawa S. Somatic
Mutations and Clonal Hematopoiesis in Aplastic Anemia. N Engl J Med. 2015;373(1):35-
doi: 10.1056/NEJMo0al1414799.

153



Seishi_Ogawa. Clonal evolution in myelodysplastic syndrome. 2018.6th TSH
International Symposium.

Seishi Ogawa. A Novel Genetic Mechanism of Evading Anti-tumor Immunity In Multiple
Human Cancers.2017 AACR Annual Meeting.

Seishi Ogawa. A novel mechanism of antitumor immunity in multiple human cancers.
2017 AACR Annual Meeting.

Seishi Ogawa. A plastic anemia and clonal evolution: risk factors.2017. International
Meeting on Childhood MDS and SAA

Seishi Ogawa. NGS-driven decisions in transplant for MDS.2017. 44th Annual Meeting
of the EBMT

Seishi Ogawa. Aplastic anemia and preleukemia. 2016 Justen Passwell Symposium.

Seishi Ogawa. Cohesin mutations and their functional implications.2016.

Seishi Ogawa. Aberrant RNA Splicing in splicing facto-mutated Myelodysplastic
Syndromes.2016.mRNA Processing and Human Disease

Seishi Ogawa. Integrated molecular analysis of adult T-cell leukemia lymphoma.
Tenth AACR-JCA Joint Conference on Breakthroughs in Cancer Research: From
Biology to Therapeutics.2015.

0 o 0

https://www.med.kyoto-u.ac. jp/organization-staff/research/doctoral course/r-006/

¢y

@

Koseki Haruhiko

8 40225446

(Sanada Masashi)

(Sato Aiko)

(Makishima Hideki)

Kataoka Keisuke

(Miyazaki Yasushi)

(Chiba Shigeru)

(Nakao Shinji)

(Nakauchi Hiromitsu)

(Nakayama Manabu)



