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MicroRNAs (miRNAs) play an important role in the regulation of gene expression.
miRNA expression levels fluctuate and point mutations and methylation occur in
cancer cells; however, to date, there have been no reports of point mutations in
miRNAs that induce carcinogenesis. MicroRNA-142 (miR-142) is frequently mutated in
patients with follicular lymphoma, diffuse large B-cell ymphoma, chronic lymphocytic
leukemia (CLL), and acute myeloid leukemia/myelodysplastic syndrome (AML/MDS).
To understand the role of miR-142 mutation in blood cancers, the CRISPR-Cas9 system
was utilized to successfully generate miR142 knockout (KO) mice and miR-142-55A>G
mutant knock-in (Ki) mice, which is the most frequent mutation in patients with miR-
142 mutated AML. Phenotypic analysis showed that miR-142-mutant Ki had a lower
survival rate than KO, and abnormal cells infiltrated the organ. Bone marrow cells from
miR-142 mutant heterozygous Ki mice were transplanted and found that the miR-142
mutant/wt cells were sufficient for the development of CD8* T-cell leukemia in mice
post-transplantation, while most of the miR142 KO cells did not. RNA-sequencing
analysis in hematopoietic stem/progenitor cells and CD8* T-cells revealed that miR-
142-Ki/+ cells had increased expression of the mTORC1 activator, a potential target of
wild-type miR-142-3p. Interestingly, the expression of genes involved in apoptosis,
differentiation, and the inhibition of the Akt-mTOR pathway was suppressed in miR-
142-55A>G heterozygous cells, indicating that these genes are repressed by the
mutant miR-142-3p. Thus, in addition to the loss of function due to the halving of wild-
type miR-142-3p alleles, mutated miR-142-3p gained the function to suppress the

expression of distinct target genes that are sufficient to cause leukemogenesis in mice.
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% L FH L T\ % miRNA-142 (miR-142) -3p iIc —RARNL S HFET S T
EEREEINT, e b2y A TEOESNIZ 100%—E L CTH Y, miR-142 %
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gl ZBRM miR-142-3p 1T X - CTEH) L 722008 T % # 72 I 5~ 5 #RE
BSOoWmgHAEZ 2 2T, MRKOMEAEFELZZ 2 LHMWZRIET 5 Z &8
B & 2212 7% 2 7=,
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AML : acute myeloid leukemia

AMPK : adenosine monophosphate—activated protein kinase
BM : bone marrow

B6N : C57BL/6N

CRISPR-Cas9 : clustered regularly interspaced short palindromic repeats/

CRISPR associated proteins 9

DNA : deoxyribonucleic acid

EDTA : ethylene diamine tetraacetic acid
ES : embryonic stem

FACS : fluorescence—activated cell sorting
FBS : fetal bovine serum

GO : gene ontology

GSEA : gene set enrichment analysis
HSPC : hematopoietic stem/progenitor cell
Ki : knock in

KO : knock out

LSK : Lineage”, Sca—1", c—Kit"

MDS : myelodysplastic syndrome

miRDB : miRNA target prediction database
miRNA : microRNA

miR-142 : miRNA-142

mRNA : messenger ribonucleic acid

mTORCH1 : mechanistic/mammalian target of rapamycin complex 1
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%5 1 fifi. Micro RNA (miRNA)

fE3kH> & ribosomal RNA % tRNA & \» 5 7= non-coding RNA (ncRNA) D7
DIHIH T 723, 2,000 FEARED KL b T v 227 U 7 b — LfEfTIc X -
T, W7 ) 20 b KRREBED ncRNA 2SEEAINTWE 2 EXHL &
27l TNOHMLLERINZncRNAD Y B, BIB20~25FERE 1675
b D % microRNA (miRNA) & L CTX4rE T3, miRNA O4: &R %
LUTicRd (Figure 1) o miRNA ZMIIEDOKNTA T 74 v v 7% T, 4 v
FRYTHoREGB~NTEY DI 2o g N T AREHRO~T © v
it & 72 % primary miRNA (pri-miRNA) & 72 3, pri-miRNA (3#% N C RNaselll
Mof#FRTH % Drosha & Z DR TFIC L > T &, ~7 v v %2 Ff -
7= precursor miRNA (pre-miRNA) & 7z %, pre-miRNA (% Exportin-5 Z /L
THA HIIE ~ L% X 1, MARE © RNasellB O£ CTH % Dicer IT & 2
Tuk v 7 kRZT 20~25 ¥k miRNA "R BRI NS, % D% RNA
FHEYA L vy vy IEAR (RISC) IliAEng Z e, 3MICET S
3p & SHNCHLiES 2 5p D 2 DDA L 72— A miRNA & L CTHEREZ /R 3
—R$4 miRNA @ 2~ 7 FHOES|TH % seed FiFI28, AN R BLH] % Ffo M
) mRNA & #5692 2 & T mRNA DR % v o8 7B ~OFIERZ M1l 3 2 1%
fEx Do, 1 2D —A#H miRNA 3 100 LA OB T o FIR & FHIH T 2
T, MRA B TARA Y P72 LD ERHOLNT WS, TET
iX. miRNA & 234 & DOEIEMED KR % R FEBIC O i d v Tds b 23, 28
AMNEIC 35T miRNA OFEBLE OB 7, ¥ 72 miRNA O LR L 2 5

MEPBKEZ 5 Z EBH LN T 5 89,
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Figure 1. Biosynthetic pathways and functions of microRNAs



55 2 ffi. HIRICD»T

A & &, MBS BT RE LR 32 L CEE L. MiHIR O EhME
ZETRETH D5, AARANOFERRSHA HIMRRELERIL, 2013 FOHEHET
BHI0TADHED 112 A, K10 TAD7Y 7.7 ATH %, HIFEDAER
X IEFE 2RI > M WiEMARIC X 2ERBTETH Y, BEACH
i, HIMEREERZET b 5, S L L 72 B s e o SEhEfE R I X - Thikg
X221 KplEnCTH Y., HMLEED KD 7= YrElila D H A5 3 2 Sk H I
&L ARG D B3 g L U SEAE S 2 18 FIIR IS X Fr T T 5, IERGHH
fe i3 E8EIC B OEMERHIE 2 & BHEREME. U v oo REpfiigic ot L&
BRAAE & UCRRBES 2 C &2 H HIMRIC B W T H K E < o0 TEHER HIMA.

YV ARHEMIFD 2 21X I N, §Eo T, BIMREIT2MEE IS

(acute myeloid leukemia: AML) , 2V v ~EHIMJE (acute lymphoblastic
leukemia: ALL) , 1245861 A M7 (chronic myelogenous leukemia: CML)
184 Y v o<#: 1% (chronic lymphocytic leukemia: CLL) @ 4 ffif# 1c ARl <
ns,

HHIIE O FFE IS LB T RE OER2EETH b . MiEe Y 4 v &, BURR
BEPEETEZEREZLNT WS, HIMKEZ & L M de S 3 LA £ <l
E 78 03 R CRER I 7 R BB NI IR ERE 2 VE L T\ 7223, 2001 4£1c WHO 43
FE w9 B HIMEOESAL ORI & 7e 2 Btk - Bin T RE XX 5 FiER
PRIBI N, RO CILEREIEROMN 2 ORBEEEZRET 2 2 EHBERE o
T, WHO 733 Cl3 4 < D H I % O & M g Mg (3 {E T 2 23R K T H
BTLEAHEL LTHY., £ DHIKET WIS MycBIETFORBMAS W
EXRTATTNT 4 THREFKETHOLN L REROIIELDH 5 Z &, FLT3-
ITD % NPMIBLFHERT 2L TRIET L LIHALPICINTV S
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55 3 fifi. microRNA-142 & A I

EL=N=SR

H1HE T

AWFECTlE, BDOBAMEL LI L T 5~10 BFEDO D DB TFAEROERIC
LoThlgc I ns AMLICEH L7z, PADELTARIZ, KETED L
NTVBERAT 7 670y =7 MITkY, fk LHorIicINTETED,
2013 %1 The Cancer Genome Atlas (TCGA) ik W XMy —7r vy —%
7z AML 35 200 A DEE T EROMNTRE R IS S L7z 10 % OfifhT 2>
5. 200 A7 A2 5 miRNA oZ = i, Z0HTdH miRNA-142
(miR-142) -3p 1 4 A2 & 5{HO—HRAREBZFIEL CTniz, 72, 2015 i
Thol & DI LY AML R VBRI BGERRE (MDS) @£ 935 AD 5
5 5 A% b miR-142-3p e —HHZRNEET 5 2 L BHL A X7
"(Figure 2) , miR-142 it F & =7 RITHBWTZ ORHIXFE L C, F &l
fMfic B WTE K HKIRL CH Y (Figure 3a) . BEAZER 2 | JRIMER 3 | BHRH
a1t o 2 L CiedbMEIC THilMo b e ezl L Cw 2 emEI LT

% 1519 (Figure 3b) ,

G A, —
‘ GAUGAAAUACC‘C‘CS
L L
UG (}UAGUGUUUCVGU—A—GU—U—U—#U{}G—A—HS'
® Sece FEETT miR-142-3p
cGu
g C
G —=seed

Figure 2. Mir142 pre-miR hairpin showing the position and nature of the
individual single nucleotide variants identified in acute myeloid leukemia (AML)
and myelodysplastic syndrome (MDS) patients. Numbering based on the pre-
miR sequence position. Mature miRNA sequences are shown in bold with seeds
underlined. Wild-type miR-142-3p is in green with mutations identified by
TCGA in orange and those identified by Thol et al. in purple.
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Figure 3. miR-142-expressions and the functions.

a) Location of miR-142-3p expression in the mice. Mainly in blood cells or

lymphoid organs.

b) miR-142 functions report on hematopoiesis in mice.
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55 235, WISEHRY

Trissal 535 1 THD miR-142 —¥ERE RO E 2321 T, M5 ICH % miR-
142-3p O —HG A R 2 i aEMid Tl X €72 & 25 miR-142-3p ZHE{K
FEPERL X ) b RISC ~DOH Y AABED E <. & 51T miR-142-5p DFIIE D
KN L CTWwiz, 72, miR-142-3p O IL 4 DR TH - 7285+ D FEHNHI 23
A S, FEPEIML Tz 2, ZHICHE-> TIND miR-142 o —HHEA R
A EREASRIE R THh B LWL, DRIZ, v 2T v b (KO) 74~
7 2 DIENTHE R & A LT %, miR-142-KO (% in Vivo Tt DAFFE T b i
INTEY 2, FEHEAHEICE O TR MEREIERE DMK < L RE R ML A
22O EEDOGEREEFIET S 2 ERME TN T B 25, HILEIZFAE
LThEbT~7T oA RoREMICHE T 250l v, L2rL. AML 8% T
B &2 miRNA BT REIZ. 2013 LA LD -HEERTHY, ~F
RENRORETH 5, 2 TAIFETIE. miR-142 0 —HFIHE R IR 2T
Fa L ~T e EARTH IR Z RAET 2 HEEEX ER L v 3 &R Z LT,
B W IC% \» miR-142-55A>G 228 %8B A L 72 v v A % CRISPR-Cas9 % H
WCEBLL 72, ABFZE D B 1% miR-142-55A>G 288, miR-142-KO D A X
Wiz~ v ZORFUENTIC X —FREZRIC X 2R DE VG ZMEEL . miR-
142-55A>G S EBRIC ED X 5 I L GERETRIICEE % 5 2 2 2> RNA

sequence ¥ W TN Z1T\V, ZDOHRKEZEK T TH B,



%28, EEME L Tk
51 H. BifEtbic B L <

BRI, R PR S X OSGHRIEETE O A et ic B 1
% YRR O 2 T BT 2 AR iR EHICHEILL <INz, =V

X, AEMERZ - X v 2 — BYEBRBSAECHE L, fekEHH

IC5- 2, specific-pathogen-free (SPF) S T Cififs L 7z A IAIZFHT 7 KF s
¥, 68 7 BTl L7z, C57BL/6N (B6N)~ 7 2 ¥ X 1F CD-1 (ICR)
YR, ENENILT Yy NV EBLXUOHAF Y — LA - YoN— - TR T}
V=X hbEA L, RWFRIE. BEAREDIEXBVEREAZEAS LU
DNA EBRFZELOKRE R TEML = (BFEBARES + A2020-016)

(DNA EBKZEEZS : 29-053) .

%5 2 ffi. miR-142-55A>G = 7 2 R4 D {EHL
F1HE ESHIlEZH W 1 BIEBDY /) LiFE
miRNA-142 ~—$FREREFHAT 5 72012, ESHifaE v TiT - 72,
pX330-sgRNA9 1%, #lPREER Bbsl #i4{k L 7z pX330 ~ 2 % — (Addgene) IC
Tablel. 1R FEERIECSI 24 A L. {FRIL 72 (Figure 4)

U6 CBh NLS hSpCas9 NLS
pX330: hSpCas9
+ chimeric guide RNA P
Bbsl Bbsl , . TTTTEmeeel
5" - . . AAAGGACGAAACACEGGGTCTTCGAGAAGACCTGTT TTAGAGC TAGAAA 3
gu?,:’s:z?ou:(;: RERRERERRRRRRE e e e | i L FEEERLERLEREEeennn
3- n‘rcctccnmvcc‘((ucuc(rcn(rcm AAMATCTCGATCTTT -8

5"~ CACC -3°
UL AL
CAAA -5°'

guide sequence
insert

Figure 4. miR-142 Mutation Insertion Strategy in ES Cells




Tablel.

5'-caccGCACTACTAACAGCACTGGA-3'

5'-aacTCCAGTGCTGTTAGTAGTGC-3'

B E T AT BT C57BL/6N = 7 22 5857 L 72 6NK-7 ES flifigic,
pX330-sgRNA9 2 ug &, Table 2. IC/R AR & 722 ssODN3ug %,
Xfect mESC Transfection Reagent (Clontech) # HHWC F 7 v 2727 v a v

L7z,

Table2. The sequence of ssODN with miR142-mutation

5’-
CAGACAGACAGTGCAGTCACCCATAAAGTAGAAAGCACTACTAACAGC
ACTGGAGGGTGTGGTGTTTCCTACTTTATGGATGAGTGCACTGTGG
GCTTCGGAGACCACGCCACGCCGCGGE-3

2H%, P2 v A7 =22y av Lz ESH#IlE%E 10cm 7 4 v > =12 3000 f# /1
FA vy aDEECHAT, 6.2% CO2EEDA v Fa—2— (B
100%) WT7HM¥EEZ{To72, 8HHICam = =%l LIRFL 72,
Bond vy IALOY VT — =7 v 2RI X VIR ZREL 72,
—v =7 v AM®DOPCR THWAZT 74 ~—I Table 3. IZ/R9, ZDFRFICIEH
e+ 2 HEERELET S 20— 3507, 8bp < 142 bp KIBX N7z

7 u— v #30, #43 2353 57z (Figure 6b),

Table 3. PCR primers for Sanger sequencing

miR-142-S (5’-GGGAAGAAGGTTACAAAGAGG-3’)

miR-142-R (5’-TGAGAGATGCTCACCTGTTTC-3’)
9




H2H. ZRIE MW7z 2BIHO T/ L5

F1IEHTIIHN O R RPEA I N-ECH] 13RS T % 22> o 7228 miR-
142 DN O OB RIBEI e~y R &S L7 (Figure 6b), XIC
7u—v#30 D ESHilde ICR VY A2 @EIEF AT~y A2 /FRIL,
C57BL/6N D & Xl & 472, miR-142-55A>SGEREZE AT 5720, 7 u—
v #30 Ot & C57/BL6N Hf % v TIRILZRE 24T\ ZHEINIC Cas9 & v X7
E (NIPPON GENE), tracrRNA (FASMAC) , synthetic crRNA (FASMAC) ,
ssODN Z IR T W3 HikCczL 7 bR —va VICKDEALR, 2
synthetic crRNA (7 v — v #30 @ 8 HiE/R1H L 72 £24H0IC aagtagaagcactaaca
(GGQ)Ak 2 L Hicdit Lz, =L 27 buKRL — a3 ViEHl: Opti-MEM I
Reduced Serum Medium (Thermo Fisher Scientific) H1iC 10 u M tracerRNA,
10 uM ABk crRNA, 0.1 ug/ulL Cas9 &2 v o8 2'8E,0.1 pg/ uLlssODN & &
ATHS, BEh7 4IRS v TAdrbZzinZ i DNA it L, miR-142-
S, miR-142-R % A CHERE % P 7E L, miR-142-55A>G Bc4l % [F7E L 7=

(Figure 6b, Figure 8b),
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55 3 fiii. DNA % F\» 7= b

%5 114, Genome DNA D i

filld s X Ot~ 2f{#%% Sodium dodecyl sulfate (SDS) / 7w 74 > —+% K
THMEL, 1:1 (vol/vol) 7 =/ = / Z/aud v ATUEL, =X/ -1
T & & 7=t%. Tris-EDTA buffer [TE, 10 mM Tris-HCL (pH 7.5), 1 mM

EDTA] ICARL 7=,

% 2 JH. Genotyping

PCR C genotyping % 7 5 B&IC. miR-142-55A (WT) 7 L L & miR-142-
55A>G (Mut) 7Lk T 5 X511, 747 —F7 74 ~—=3 K% —
SEILEIR S NIALEIC T T 4 = —ZEGEHL TIT o 72, miR-142-KO Ofiic i3
R NTH ORI T T4 <= —%Kit LTz, &7 74 < —DEHIIE Table 4.

TR,

Table 4. PCR primers for genotyping

Name Sequence

miR-142-WT-F 5'-TAACAGCACTGGAGGTGTA-3'
miR-142-G-F 5'-TAACAGCACTGGAGGTGTG-3'
miR-142-KO-F 5-GGGAAGAAGGTTACAAAGAGG-3
miR-142-R 5-TGAGAGATGCTCACCTGTTTC-3'

WT 7Lk, miR-142-WT-F & miR-142-R # T, 7=—V v 7in

J& 65°CT 30 %4 7 D PCR &M TITo 72, Mut 7 LV Z, miR-142-G-

11



F & miR-142-R ZHwT, 7=—V v 7iRE 66°CT 30 %4 7 LD PCR &4

TIfT-o 77,
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55 4 ffi. RNA % F s 72 bt

25 1 JH. total RNA fliH}

H~ v 20 R, Eilnfiig % ISOGEN (NIPPON GENE) 1 mL il 2 7=
1.5 mL tube THHEXL 721%1c, 7 mudL L 0.2 ml 212 T Vortex % 30 #HLL
TATG X B L 72, 330 (12,000 rpm, 4°C, 20 45) L. /KJE 550~600 L %
#7272 1.5 mL tube B L, ZwvrvA L 0.2ml 2028 LED (12,000
rpm, 4°C, 20 53) L 7z. KJE@ 500~520 uL % X & 12877 1.5 mL tube I8
L. =4 A 4+ (NIPPON GENE) 3uL %/l 2 C pippeting THHfEL 72, 4
V7ux)—v 600 uL %HNZ pippeting THIEZ, &0 (15,000 rpm, 4°C,
604r) L7, fRoNiz_L vy b % 80%x X/ — 1 mL CH#H Lisl (15,000
rpm, 4°C, 10 53) L. Ei&% 900 p L HUY Ry 723210 R (15,000 rpm,
4°C,5%) L7z, %Y @ L% 200 uL F v 7 CTHUY B % AEZ#%, Nuculease
Free Water CiAf#E L 72, 35 3172 total RNA DILE & #ifE (X NanoVuePlus
(GE Healthcare(Japan)) AW CHIE L 7z, ODa2g0o/ODaso lb23 2.0 AL TH Y |
EAE D RNA TH 25 2 L 2R L. FEEBRCTH W72,

% 214, miR-142 O FHE D E &=

~ U R % KEAE X & CERMILZ 0B L . ISOGEN % v T total RNA %
L7z, cDNA oAk iZ. TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems), TagMan MicroRNA (miR-142-3p or 5p) Assay (Applied
Biosystems) % F\»TfT7->7- (Figure 5), 0.2 mL 8 j# tube I total RNA 10 ng,
5XRT Primer 3 uL & RT~2 &% —3 v 7 2%BAHLT15 uL OFERICTE
L. KET50MEEL 7z, Z 0k EKIG (16°C 30 43, 42°C 30 47, 85°C
541) T\, 5§57 729 v 7% TagMan Universal PCR Master Mix, no

13



UNG (Applied Biosystems) , 20 X Tagman miR142-3p or 5p Assay & B4 L.

20 uL OWEIICHEE L, PCR KIS (95°C 104y 1 %4 74, 95°C 15 R
60°C 6040 %4 7 ) &fTo7z, BRIGICOWTH—H Y 7 A%E 37V 2 LT
fT>7z, 7t¥. internal control & L C[F U ¥ v 7% H 7 Actb/ B -actin @
V7N A L RT-qPCR #{TWHHIE L 72, BERIEEY) O E & 13 Comparative CT
# (AACT ) Ik v iTo72,

(MmiRNA Specific Looped RT primer

Step1 I WEE Mature miRNA (21nt)
miRNAREHRT T Z1<v—%

RAW=#E8E kit

“miRNA Specific RT primer  Mature miRNA (21nt)

Step2:)7I)LA2ALPCR
*miRNA Specific forward primer| @miRNA Specific forward primer
‘reverse primer

*miRNA Specific TagMan probe

L 4
Q G reverse primer

@miRNA Specific TagMan® probe

Figure 5. Tagman miRNA assay D Jf# (Thermo Fisher Scientific — JP & 5]
)
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25 3 14. RNA sequencing

RNA (3%~ 7 2 & LI X2, Lineage, Sca-1+, c-Kit* (LSK) #ffd,
CDS8+T #ifg %z 43 HXL L < ISOGEN % H\»C total RNA % Hliffi L 7. RNA
sequencing IFEEARKFEY =V v 7R F b U —figeHetEw v 2 — (LILA) 1©%Z
SLRRMT Z K HE L 72, NEBNext Poly(A) mRNA Magnetic Isolation Module &
Ultra I Directional RNA Library Prep Kit for lllumina ZF{\WwCZ 4 77 U —
cDNA #FH# L. Nextseq 500 / 550 High Output v2.5 Kit (Illumina) Z X Y
[llumina NextSeq 500 (Illumina) THAIZ T LY v 72 F 75nt ) — F
R LT, b1 7=V — F% STARver.2.6.0a ZFH\wCT~v X7/ 4 UCSC
mml0 ICFHEE L, 7 X7 X —BH RS E D K % fRZ5 5 5% 72 ® 12 Trim
Galore! V0.5.0 (cutadapt v1.16) Z Fi\» T 7 & 7 & —El 4l oA S E O Kb % B
L 7%, STARver.2.6.0a Z -\ T L 7z, EzT-FHEIL Count & L THl
£ L. TPM I3 RSEM v1.3.1 I & o CTRE L 7z, Gene Ontology f#frix. 27 7
AR =707 7 ANy r— ver.d.1.0 D GSEA ZfHH L Tf7-5 72, GSEA
Y 7 k1% Broad Institute
(http://software.broadinstitute.org/gsea/downloads.jsp) DV = 7% 4 b 226 &
yvua—FL7,

% 4 JH. Quantitative RT-PCR %

BH v T EHED O L 72 total RNA % H > T Real-time RT-PCR
(Thermal Cycler Dice TP800 Real-Time PCR system (TaKaRa)) #1772,
Real-time RT-PCR 2% RT )& IC PrimeScript 1st strand cDNA Synthesis
Kit (TaKaRa) %, PCR JGH T TB Green Premix Ex TaqIl (TaKaRa) %
Wiz, UTICZoWiEz s, ~v 2042 bt L 72 total RNA 500 ng %

15



$EAL L L, Oligo dT primer % A\ TR E )G (42°C 30 43, 95°C 5 47) %AT

272, % DREELLT mRNA #HEEH O 5 -primer 3 X O 3’-primer % F\» T

PCR Kt (95°C 2493 1 %4 71, 95°C 30 % 1F60°C 3040 4 7 v) %

7> 72, 7=%. internal control & L CJA L ¥ v 7L dD Actb/ 8 -actin IZ X Y fili

IEL 72, EERPEY) O E & 1% Comparative CT i (A ACT i) 12X W {772,

PCR SIC B 3 BAEREE T 1T 3 77 4 ~— DS % Table 5. 1278

ER

Table 5. The list of PCR primers used in QRT-PCR

Gene Sense

Antisense

Rheb 5'-TGAAGAAGGAAAGGCTTTGGC-3'

Rras 5'-GCAAGCTCTTCACACAGATCC-3'
Camkld 5'-ACAGTCAAGACGAGGAGTCC-3'
Parpl 5'-AAATGCAGCGAGAGTATTCCC-3'

Zip36l2 5'-CCCGTTATTCATCTTGGTTCG-3'

5'-TCACATCACCGAGCACGAAG-3'

5'-CTGCTCAAATGCCTCATCGAC-3'

5'-AGCAGTCCACAGCTTTGCTG-3'

5-TTGACCTTCTGCTGATCATCC-3'

5'-AGGTTTGCCAGGGATTTCTCC-3'
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555 . BHEsESEER
CD452+HiE 2 Fo FF—~<v 2D EHE (5X10°M) %, BRI L 72

CD45. 1+ E# oL v vy b =7 2DREIRICTEA L 72, BURHRR T X H5
Srenz T 85Gy MM L 72, —RBMER OO AIkE 7 vicid, B
RLL7z~v 2088 (1x10° i) %IEHROKESHLEZ S (5.5Gy) L
72 CD45.1+4L v v v b~y RICFEAL 2, Bifkic V-l EEDR A5
NV~ Y I Z OHRDOIENT A HERINL 72 A IMEREDS AN L IR 1
BTV, [TEID BT e Ir oo~ 7 RIFREICE B, fRIT O 720 1T H
ik PR L 72,

17



Foffi. 7a—+4 b XY — (FACS) fi#br
% 1 IH. R
BHEFAERIC 1 > Hic 1 &~ 7 2D REFRD 5 70~100 u L O MK % ~
~bF2 Uy FEBHE~ Y Y (HIRSCHMANN) T L7, 2D 10 uL
% Celltaca MEK-6450 (NIHON KOHDEN) # Fiv»C£1fBkstE (CBC) %
T, 5% 0 oIk % AL Buffer (160 mM NH4Cl, 16 mM EDTA - 2Na, 12 mM
NaHCO3) 1 mL iz CHE<RiE L 72, 3.0 (2,000 rpm, 4°C, 5 53) L. LEif%
0D B 72 & VAL Buffer 1 mL il 2 TR E.C (2,000 rpm, 4°C, 5 43)
L. EEZIYBRWTER Y OERZ 100 pLEEEIC L 72, Zo®kbiikL RS
L. L T30 77 L 7= 1%1C FACS T %17 - 7=, FACS it BRI
7= PUiAR 1% Table 6.1/~ F,
5 2H. B - NEaR T
XY ABREII S, KEE, e, HE. WEZH L. BIMRIERE
L7-Fa&IcE & 2% FBS A Y PBS (SM) Z ANTHEYIEL, 70 um cell
strainer %3 L C 50 mL tube TR L, .0 (1,500 rpm, 4°C, 5 97) L7z,
RiEEHCTRLy b2 &2y ¥y L, SM5mL %012 THEEG (1,500
rpm, 4°C,575) L. EiEEHY RV 72821 SM 1 mL C#E L 7z, B, Mol
HEDONEAR L 3~4mm YW L, 70 pm cell strainer %@ L T 50 mL tube C[a[}Y
L7z, w0 (1,500 rpm, 4°C, 5 43) L7-%2ic EiEZIY FRE, =L v b 2 %&E
L CYAIM Buffer TYAM L 7z, FEEO (1,500 rpm, 4°C, 543) L. LiF & H
D FRv 72121 SM 1 mL TR L 7z, MIAZEC 1 X 100~5 X 100l 2 3% L . Hifk
LA L7, FACS fi#fr O FRICH 729k (X Table 6. 1IC/R3, 2 1IH, 5 2H
TfT - 72 FACS f##713 3~ T FACSVerse ¥ 7z 1% FACSCantoll (BD
Biosciences) T{T- 7z,
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% 3IH. g H

B2 AR KRS, BB RN 72, Mlekz 8z <. Kit-APC 2B8
(0.5 pL /107 HIMEED LIRA L. XL T4CT 30 nEE L7z, §HE L 7= 30
53D 9 H 10 530 1 [811 Tapping L CHlllE & JiiA 2 i E ¢ 72, SM 5 mL TR
% L0 (1,500 rpm, 4°C, 5 43) L EiEZ#C. Anti-APC beads (Miltenyi
Biotec Inc.) (0.2 pL /107 HHREED) LA L7z, #HH L T 4°CT 30 /5FHE L,
SM 5~10 mL T 2 [P L 72, 40 wpm cell strainer TYE L 7288 % ML L 7=
#%. MACS LS Column (Miltenyi Biotec Inc.) %@ L 7=, fE5C & Y 7rBEZE1T
W, SM3mL T# 7 4% 3 [EPEEL LSKfdz 58 L 7z, Lineage mixture
(Grl, B220, CD4, CD8 a, Ter119 & IL-7Ra) %A 7-142ICEH L T 4°CT
30 SriE L7z, Ptad iy v I kil (1,500 rpm, 4°C,597) L EiE%
BT, BIARLEAL GEXL T4CT 1~2 FFHEEE L Tt L 72, Mtz s

B4 2 B2 13 FACSAriall (BD Biosciences) % W Tfr - 7=,
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Table 6. The list of antibodies for flow cytometric analysis

Name Clone Vender
CD45.2 104 BioLegend
CD45.1 A20 BioLegend
CDh4 RM4-5 BioLegend
CD8 53-6.7 BioLegend
CD3e 145-2C11 BioLegend
TCRb H57-597 BioLegend
TCRgd UC713D5 BioLegend
Grl RB6-8C5 BioLegend
CD11b/Macl M1/70 BioLegend
B220 RA3-6B2 BioLegend
CD117/c-Kit  2B8 BioLegend
Scal D7 BioLegend
CD34 RAM34 Invitrgen
Streptavitin B327465 BioLegend
CD150 TC15-12E12.2 BioLegend

BT 94 PR YBIURAAL FLFRE

2 2 A T X & THRER L 7 B 105 A%/ SM 100 u L %350 (1,000
rpm, 4°C, 347) LJEEC L 7z, JEHZ L 72D X 7 4 F % May-Griinwald solution
(Sigma-Aldrich) T 5 4pfiget L, /KT i L 72#21C Giemsa solution
(Sigma-Aldrich) T 20 /gt L 72, Btk X 7 4 F2KKCoiE L, B

RN X & TR TR L 72,
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o5 8 Hi1. ARSI AT

7Y AR RHEIET EChEgR et L7z, 2 o%EER % 15% k<Y v R
i (Wako) CTHEIEL., 4 um DEX DT 7 4 v UMY F 2 FRLL 72,
hematoxylin solution (Fujifilm) & Eosin Alcohol Solution, acid extract
(Fujifilm) % F\»C Hematoxylin-Eosin (HE) H:ff1%17\>, BX53 BAMMEE

(Olympus) THZ L 7z,

55 9 i1, AeaHAEhT

T RCOMEHAHIME X Graph Pad Prism version 9 (GraphPad Software) %
w7z, 2 Z o FEAIL Student’s t-test % 7z I& Mann—Whitney non-
parametric MREIC X o THIE L 7z, 0.05 Ko PHITEECTH 2 & AL
7z,
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% 3 E. EEHR
75 1 fii. miRNA-142-55A>G, KO O 3RIFA T

75 1 JH. CRISPR-Cas9 IZ X 5 miRNA-142 55A>G, KO <=7 X D{EHl

AWFFETIE miR-142 O —FIEZRAHMYFRIEIC E D X 5 ICBADb 2 Dh %
270, AML OBETCRODEHEEICAONLLE TH 5 miRNA-142-
55A>G <V RICEA L 0, v b vy RTlE Mirl42 851 126 Ui
%52, 6NK-7ES ffii (C57BL/6N) Z W= # D7 7 LiwE Tl HEY 55A>G
TURAERGDL LR TE Do h, 8RS 142 IHE . W 22 DR
Bl AZ2ER L, ZOHRT 142 FHRE L 72~ 7 2T miR-142-5p %
B0 Mirl42 BT ORPEHR B RIBEINTW A2 6 miR-142 2827 Y v 7
& Z e 3 miRNA & L COREDRK S 2 L nFE 2 b5 729 miR-142-
KO=v & L7, RiT, 8HEXRIBE~ Y ZDEAIcH D% gRNA Z8kat L7/
LimEERITo 72 L T HHMND miR-142-55A>G ~ v A & {FHl4 2 2 LI L
7= (Figure 6a, 6b), AT, miR-142-55A>G % miR-142-mutant-Knock in (Ki)~
7ALLTHEZIT)

miR-142
Ch.11) ‘ Seed 5p ‘ Casgx Seed 3p
+———cATAAAGTagaaagcactactaacageactg\gagggtG TAG TG Tttcctactttatgga—
~SgRNA  PAM
3 [- 9ggtGTGGTGTttcc -|

Oligo nucleotide

# 142 bp deletion P miR-142 KO # 8 bp deletion

—_ o Y8bpdel —
- 142bpdel ot GTAGTGTttcctactttatgga— +———CATAAAGTagaaagCactacis .—agaatG TAGTGTttcctactttatgga—

sgRNA'
[- 99gtGTGGTGTttce -|

/ Oligo nucleotide
# miR-142 55A>G (miR-142-Ki)
+——cATAAAGTagaaagcact tGTGGTGTttcctactttatgga—

Figure 6. Genome editing system to produce miRNA-142-55A>G, KO

(Continue to the next page)
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miR142-30-8 » miR-142-55A>G Red character : miR-142

201
WT| ACCACCCACAAGGCCCAGGGCGGGCCCTCTAGGGGGCCACAGGCAGGGTGGAGCGGTCCCTGGGAAGTTACACGGAGGGGAGGGGGCAGGGGCCTTTATT
30-8| ACCACCCACAAGGCCCAGGGCGGGCCCTCTAGGGGGCCACAGGCAGGGTGGAGCGGTCCCTGGGAAGTTACACGGAGGGGAGGGGGCAGGGGCCTTTATT
30| ACCACCCACAAGGCCCAGGGCGGGCCCTCTAGGGGGCCACAGGCAGGGTGGAGCGGTCCCTGGGAAGTTACACGGAGGGGAGGGGGCAGGGGCCTTTATT
43| ACCACCCACAAGGCCCAGGGCGGGCCCTCTAGGGGGCCACAGGCAGGGTGGAGCGGTCCCTGGG
105/ ACCACCCACAAGGCCCAGGGCGGGCCCTCTAGGGGGCCACAGGCAGGGTGGAGCGGTCCCTGGGAAGTTACACGGAGGGGAGGGGGCAGGGGCCTTTATT
102L| ACCACCCACAAGGCCCAGGGCGGGCCCTCTAGGGGGCCACAGGCAGGGTGGAGCGGTCCCTGGGAAGTTACACGGAGGGGAGGGGGCAGGGGCCTTTATT
102U| ACCACCCACAAGGCCCAGGGCGGGCCCTCTAGGGGGCCACAGGCAGGGTGGAGCGGTCCCTGGGAAGTTACACGGAGGGGAGGGGGCAGGGGCCTTTATT

301
WT| AAAGCAGGAGTCGGCAAGAAAAGCAGGTGGCCTGAAGAATCCCCGTGGACAGACAGACAGTGCAGTCACCCATARAAGTAGAAAGCACTACTAACAGCACT
30-8[ AAAGCAGGAGTCGGCAAGAAAAGCAGGTGGCCTGAAGAATCCCCGTGGACAGACAGACAGTGCAGTCACCCATAAAGTAGAAAGCACTACTAACAGCACT
30| AAAGCAGGAGTCGGCAAGAARAGCAGGTGGCCTGAAGAATCCCCGTGGACAGACAGACAGTGCAGTCACCCATAAAGTAGAAAGCACTACTAAC—8 bp-
43 142bp---Homo
105/ AAAGCAGGAGTCGGCAAGARAAGCAGGTGGCCTGAAGAATCCCCGTGGACAGACAGACAGTGCAGTCACCCATAAAGTAGAAAGCACTACTAACAGCA--
102L1| AAAGCAGGAGTCGGCAAGAAAAGCAGGTGGCCTGAAGAATCCCCGTGGACAGACAGACAGTGCAGTCACCCATAAAGTAGAAAGCACTACTAACAGCAC-
02U| AAAGCAGGAGTCGGCAAGAAAAGCAGGTGGCCTGAAGAATCCCCGTGGACAGACAGACAGTGCAGTCACCCATAAAGTAGAAAGCACTACTAACAGCACT

point mutation of target sequence

201 G‘——’,/fff

WT| GGAGGGTGTAGTGTTTCCTACTTTATGGATGAGTGCACTGTGGGCTTCGGAGACCACGCCACGCCGCGGCCCCCTGCCACCGTCCTCCACTCCAACATCA
30-8| GGAGGGTGTGGTGTTTCCTACTTTATGGATGAGTGCACTGTGGGCTTCGGAGACCACGCCACGCCGCGGCCCCCTGCCACCGTCCTCCACTCCAACATCA
30| --AGGGTGTAGTGTTTCCTACTTTATGGATGAGTGCACTGTGGGCTTCGGAGACCACGCCACGCCGCGGCCCCCTGCCACCGTCCTCCACTCCAACATCA
43| -—--GGGTGTGGTGTTTCCTACTTTATGGATGAGTGCACTGTGGGCTTCGGAGACCACGCCACGCCGCGGCCCCCTGCCACCGTCCTCCACTCCAACATCA
-42 bp deletion GTGGGCTTCGGAGACCACGCCACGCCGCGGCCCCCTGCCACCGTCCTCCACTCCAACATCA
-26 bp deletion------- TGGATGAGTGCACTGTGGGCTTCGGAGACCACGCCACGCCGCGGCCCCCTGCCACCGTCCTCCACTCCAACATCA
102U| GGAGGGTGTGGTGTTTCCTACTTTATGGATGAGTGCACTGTGGGCTTCGGAGACCACGCCACGCCGCGGCCCCCTGCCACCGTCCTCCACTCCAACATCA

CATCCATAAAGTATGAGTGCACTGT!

28 bp insertion

Figure 6. Genome editing system to produce miRNA-142-55A>G, KO
a) Strategy for the CRISPR-Cas9 system in conjunction with miR-142-3p.

b) The sequence of mice generated by the genome editing system.
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% 2 JH. miRNA-142 — 3§ BER OMER. FRIHE O g
miRNA I G E A I N TH AR L FEFRIC~T v o ifihd 2 fEE 4

5 Do %R T % 729, miRNAFold &5 %7 / LD miRNA ~7 v V&%
WEFT 2002 THTE2Y 27— "—%2HOTHRIILZL 5, miR-142-
55A>G KR OHATS WT LFEFOMRT~TEVEEZIEKT 2 2 L5 F
M &7z (Figure 7a, b)? 2 , Ric, EFEDO miR-142 oFREXWET 5720
Tagman miRNA assay 1T o 72, TD7 v &4 Tlk, miR-142-556A>G Z#Eic X
h miR-142-3p ¥ v b CTIZIEMEICFHICZ b 57272 ®, miR-142-5p ¥ v } %
miR-142 ¥IHE & L CFHii L 72 & £ A, miR-142-55A>G Tii~7 v #ZEH5K,
EHEAERILIC WT HEE137CFFD mRNA FHL XLTH B Z & i &
N7z (Figure 7c), miR-142-KO 22 W T AR DENT 2T o728 2 A, ~T 1
ZEIR, FEEEGIRTIE miR-142-3p, 5p 23 A 35 Z & 25, miR-142-KO
Tl miR-142 2AHE L T3 2 L A & 7z (Figure 7c), Ric, —HGHAR
DA X N7zH A v FIC Forward primer @ 3|23 % X 5 I primer FCHI % 5%
iFL. Y2/ 24y 72 To 28R, miR-142 I[C—HEZRIHA I AT
% Z L &R L 7= (Figure 8a), miR-142-56A>G~V 2DV = /) X f ¥V 7T
2 L 7= — i HE A B3 Sanger sequence TfifEed X 41 (Figure 8b), HIY D —fikE

BROHBZHT BT LA NI,
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a)
miR-142 55A (WT) folding

Start Position: 1, End Position: 83
Sequence Size: 83 nucleotides
Minimum Free Energy: -41.9 kcal/ mol

Sequence:
ACAGUGCAGUCGCCAUAAAGUAGAAAGCACUACUAACAGCUGGAGG
GUGUAGUGUUUCCUACUUUAUGGAGAGUGUACUGU

b)
miR-142 55A>G folding

Start Position: 1, End Position: 83

Sequence Size: 83 nucleotides

Minimum Free Energy: -41.6 kcal/ mol

Sequence:
ACAGUGCAGUCGCCAUAAAGUAGAAAGCACUACUAACAGCUGGAGG
GUGUGGUGUUUCCUACUUUAUGGAGAGUGUACUGU

55A L. 55A>G &
¢) miR-142 d) miR142
154 9Op op 204 9P op
L . ns |
ns ns ' %
— — Kk I*
154 ¥ —
. —
§ 1.0 -|- §
o
5 1.0
2 e
3 0.5 3
0.5
0.0- ! T 0.0 . .
NEE X Ea® XN N NN

Figure 7. miRNA expression

a, b) miRNAFold is the identification of large-scale microRNA precursors in the

genome and quickly and sensitively predicts microRNA hairpin structures. The

hairpin structure for the miR-142-55A sequence is shown in (a) and the miR-142-

55A>G sequence in (b).

¢, d) miR-142-3p or 5p expression in bone marrow of 2-month-old mice (n = 3-
4). miR-142-55A>G groups is shown in (c) and miR-142-KO groups is shown in

(d).
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a) miR-142
5p 3p

. A .
MiR142-WT-F £)——= miR142-R
MiR142-G-F She——— miR142-R
MiR142-KO-F E)—— e miR142-R

Genotyping

miR142-S > 390 bp (5 miR142-R

Sequence check

++  Ki/+  Ki/Ki

200 bp
miR142-WT-F
&miR142-R
—100 bp
200 bp
miR142-G-F
&miR142-R
—100 bp

+/+ +/- -/-

400 bp
miR142-KO-F
&miR142-R

—200 bp
b) miR-142-3p seed
47 55 65 47 55 65 47 55 65

G AGGGTGTAGTG TTTCCTA

GAGGGTGT/‘\G TGTTTCCTA
G

v | o
Al

G AGGGTGTGGTGTTTCCTA

Ki/+

Figure 8. miR-142 single nucleotide mutation check

a) Verification of the introduced mutation using genotyping and a sequence

analysis. The position of each primer is shown. The primer sequences were
designed for the WT (A) and Ki (G) by aligning the right end of the forward
primer (miR142-WT-F, miR142-G-F) with the position where the single

nucleotide mutation was inserted. For miR-142-KO, primers were designed 3'

from the sequence position where the deletion occurred.

b) Sequence analysis confirmed the mutation of miR-142-3p (nucleotides in the

seed sequence are marked with red). The correct nucleotide is indicated by a

black arrow and the mutated nucleotide is indicated by a red arrow.
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% 3 TH. miR-142 55A>G D /72 miR-142 KO X 0 AEFEZHE 23K W
A48 5 1172 miR-142-KO, miR-142-Ki =7 R DA {FHEi 2 TR L 7= L = A,

miR-142-KO FEHEEE & R miR-142-Ki FEHEAEOH BRI T L, &
#% 150 HH £ CICEHEPIEET 5 2 LRI N, 72, miR-142-Ki ~7 1
Bty IE miR-142-KO ~7 o 4R L B b A% 150 HEH 72 0 25T T
2 EAR S HE A b= (Figure 9a), miR-142-55A>G I X » T5 2 bh 3 %
AT 3 72012 % 150 HH D~ v 2 DNEEMENT %217 - 72555, i lidic
F1 T miR-142-Ki ~7 v 261K, FEHEAKRTIER L T 7z (Figure 10a), &
FEEILEITITZE CfThb N7z miR-142-KO R AL FREORE L 5 15, #
WREERNT 21T o 72 & 2% miR-142-55A>G ~F v AR T IR IIE D H 6
BEANARIAIC B D . miR-142-55A>G vk T A4 < 1ALk AR EE L < v 7= (Figure
10b), F 7z, FEHEAETIIET LMES I B W THIRBEL T 5 2 L 23l
#gx - (Figure 10c),

©
1
100 H 4o % 4 o
£:|.o
» N
© 1=
@ o
A
7 o
o
= 8
S s
— A
g 5
e — 1 |8
=
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Figure 9. Kaplan—Meier analysis of the survival of mice with WT (blue, n = 43),

+/- (black, n=25). -/- (KO) (glay, n=13), Ki/+ (yellow, n = 70), or Mir142 Ki/Ki
(red, n=13). Statical significance values between WT and other groups were
calculated using a log-rank test.
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a) _ b) Spleen  WT Ki/+ Ki/Ki
Spleen/weight i so0pm :

Figure 10. Histological analysis of miR-142-Ki mice

a) Relative weight of the spleen of +/+, Ki/+ mice (n = 6), and Ki/Ki mice (n=3)
of 150 days old mice.

b, ¢) Histologic features of the spleen (b), and liver (c) in miR-142-WT, Ki/+,
Ki/Ki of 150 days old mice by HE staining.
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55 4 7H. miR-142 55A>G/+1c 5\ C T Ml 0 /ML Ic 2 % kg
miR-142-55A>G IC X Y ~ T A RICB W TH PRI K2 R b Tz
Z & 22b, miR-142-55A>G ~7 v ZEERD RN D Flow cytometry fitfic
% MBRSLHE % LB U 72 Z O FEH. miR142-Ki/+ T I3 Bk ER 238 A ic & 0
(Figure 11a), U v <BR% Cix CD4A*T M EAMEIICH b . CD8*T #ifE 23w
B BN S 2 Ak b 72 (Figure 11b), & D& 5. miR-142-55A>G IC
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Figure 11. Hematopoietic differentiation of miR-142-Ki/+

a) Granulocytes, B-cell, CD4+T-cell, and CD8+T-cells proportions from the
FACS sorted cells in the peripheral blood of miR-142-WT, Ki/+, Ki/Ki of 150
days old mice.
b) Proportion of B-cells, CD4+T-cells, and CD8+ T-cells in Lymphoid cells in
the peripheral blood. In Ki/+, CD4+ T cells are tending toward CD8+ T cells
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o2 1. BREREEEER IC X 3 miRNA-142 KO, 55A>G Z R @ 34 KB

%5 1J8. miR-142-55A>G, KO THIMERE D BERM, MLofm v 258 2 3

miR-142-55A>G = 7 2 DB 5 miR-142% 7 v 2 77 P L72BR X » b %
BRAIZSRE W AR CE ., MERMEICEE 2L § 2 L BE I N, KiT,
IMERHAAEL N I 35> T miR-142-55A>G 28 523 A MR FIE % (s & ¢ 2 0 2> % fi#
B9 2 720 WT (+/+). KO FEHAE (-/-) . miR-142-Ki ~7 v &5 (Ki/+),
miR-142-Ki FEHEAE (Ki/Ki) ~ 7 22 5L 72586 % SO & o it
FRES U 72 Ly5. 1+~ v RICiE L. #H CBC i X 2 IBREGHIE & FACS it
i< X 2 IMERSLBED 3l % 47 - 7= (Figure 12a), % DfE5H, miR-142-KO, Ki/+,
Ki/Ki =7 2 132 TG 1 ELPNICIHTE T 2 2 & 23bh - 72 CEAAIAR
KO: 241 H,Ki/+:238 H,Ki/Ki: 147 H) (Figure 12b), CBC fi##71c X b, miR-
142-KO, Ki/+, Ki/Ki (3B 2 » Atz clid &nd Ak (WBC) 2METF L T
BY. LB OWEICH 572 miR-142-KO & AR KRB CH 2 & MEE %2R L
7o 20, ZOBBIRE LKL A, Bl 5 » ALK WBC 2355 134N
L. Zhictfu~e v v M/MRE DD 53539 b L7z (Figure 12¢), HIfL
RO BEHM 2RI N~ 23 ZOBRBKHACRHET 2220, ALK
FIEL T3 2 X3 THlE Nz, DBEOWmE ik, Btk 2 » HHo KO, Ki/+,
Ki/Ki =% 2% KO (Pre), Ki/+ (Pre), Ki/Ki (Pre) & L. FMIERAS T I Hh0 L

7=~ 2% 2N F 41 KO (Leu), Ki/+ (Leu), Ki/Ki (Leu) & L<TfT75,
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Figure 12. Bone marrow transplantation and phenotype

a) Diagram of bone marrow (BM) generation. WT, miR-142 55A>G / + (Ki/+),
or miR-142 55A>G / 55A>G (Ki/Ki) BM cells were transplanted into lethally
irradiated WT (CD45.1+) hosts. The resulting mice were analyzed 12 months

post-transplantation.

b) Kaplan-Meier analysis of the survival of mice transplanted with WT (black,
n=26), Ki/+ (red, n=27), or Mir142 Ki/Ki (blue, n = 4). Statical significance
values between WT and other groups were calculated using a log-rank test.

c) Complete blood count (CBC) counts in the peripheral blood (PB) of WT,
Ki/+, and Ki/Ki mice (n = 4-27) at 2 months post-transplantation, moribund
Ki/+ mice (n = 15), and moribund Ki/Ki mice (n = 2).
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%5 2 TH. miR-142-KO TII AR 2 B BRI 23 B85l 3~ 2 (AR 2 E T 5
1 TH N7z miR-142 =7 20T, £91% miR-142-KO =7 2 DfE R

&S 5, miR-142 % KO L 726792 Cld. miR-142 % KO 5 Z & TH
M FAE % 535 L 72 W 28 BB IC B W THBEFERICOME2MR O . ) v BB A
DD 2> & GIER 2% FIET 2 WG H % 16 2, Flow cytometry EHTIC L 0 |
miR-142-KO (Pre) Tl ERERAMAEAIEML U v ~BRRMIIE AT 2 2 & 23
HEH L7z, 2O 25 dRITHFE LR U Y v skRfiigssidlige . fEr
EERIETHRBACH L LB TRING, MBS BEEREML 72 9 P
2 Pt KO (Leu) Tl & Y BHiARMAI~E > C\»7- (Figure 13a), HHli% ¥ 1
FAEYTHRL, Btz fTo7z & TAHORBALFHMIEE AL NI L2 5,
miR-142-KO (Leu) 1B L Tld AML AFIEL T 3 AJRELE AR X Nz
(Figure 13b), L 2> L 7223 & 4 [E o [ MEREL D 545 B4l % (1% 0 o1 L 7235
Al 9 2EcH Y (Figure 13¢), HHMERME 720, SR DE R 2BHHE

SRS B L 72 %,
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Figure 13. Phenotype of miR-142-KO
a) Proportion of CD45.2+ cells in myeloid cells, B-cells, and CD4+/CD8+ T-

cells in the peripheral blood. Hematopoietic differentiation is biased toward
Myeloid cells in KO (Leu).

b) Cytospin preparation of the bone marrow from Ki/+ (Leu) mice, observed
using May-Grinwald-Giemsa staining.

c) Disease types of hematologic malignancies identified in miR-142-KO mice
(n =9). Data are combined from two independent experiments.
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%5 3 JH. miR-142-55A>G T3 Killer (CD8+) T el A s 23 FHE 3 5
AW CEEH L 72, AML OBHF THRDOD 57z miR-142 O —3FHA R (32T

~NFOEARIETH 5 2 b b, MBEOWSTIE Ki/+ 0 FERRE % AHiCIcR
¥, Flow cytometry f#Hf1c & V. Ki/+ (Pre) TIRMMBRSMLIC K & 75 FBIAIL 72
Vs, Ki/+ (Lew) Tl WT & Hole L€ T SAS S I L. 2 s BBl
FAiE. B A2 A L T 7z (Figure 14a), Ki/+ (Leu) X EHEICHTH AR
A T MRS L T 3 2 & 2R T & (Figure 14b), I 351> C b [FIRE
DRERDH b L b s (Figure 140), Ki/+ (Lew) THARMIAZL T Mtk o
FUIE 2 FIE T 5 2 & AP E hre, %70, T IO RIAGEE < 5 2 Mol % Hosk
L7225, Ki/+ (Lew) CRIRO BRI LA L CTH Y (Figure 14d).

flow cytometry fi#tric & © CD8*T Mifgic /b DR » 234 & 1 2k 23% < F24E
T % 2 LA S 2T 7 o 7= (Figure 14e, 14f),
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Figure 14. Phenotype of miR-142-Ki/+

(Continue to the next page)
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Figure 14. Phenotype of miR-142-Ki/+
a) Proportion of CD45.2+ cells in myeloid cells, B-cells, and CD4+/CD8+ T-

cells in the PB. Hematopoietic differentiation is biased toward T cells in
Ki/+(Leu)

b) Cytospin preparation of the bone marrow from Ki/+ (Leu) mice, observed
using May-Griinwald-Giemsa staining.

c) Myeloid-, B-, and T-cell proportions from the FACS sorted BM, thymus, and
spleen. Pooled data shown from 3-5 independent experiments (WT: n=3, Ki/+
(Pre): n=3, Ki/+ (Leu): n=5).

d) Relative thymus weight of the WT, Ki/+ (Pre), (n = 3) mice 2 months after
transplantation, and of the moribund primary transplantation Ki/+ (Leu) (n =
3) mice at the time of sacrifice.

e) Percentage of CD4+ as helper T-cells and CD8+ as killer T-cells,
respectively, among the thymus of WT, Ki/+ (Pre) mice (n = 3) 2 months after
transplantation and moribund Ki/+ (Leu) mice (n = 4) at the time of sacrifice.
Data are shown as the mean = SEM.

f) Disease types of hematologic malignancies identified in miR-142-Ki/+ mice

(n = 19). Data are combined from four independent experiments.
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5 3 fifi. miR-142-55A>G/+® H i {t D A F 5%

55 1IH. 2 RIBHERERIC & o CTRefchy milliaidin 2 3 2

F 2T, FREIHEROMIR, miR-142-55A>G ~T v fZAkoL v v

v =R TTHREEAMBFZRIEL T2 256, Ki/+ (Lew) =7 2D

Bz R LfthoL ey by RICHEBET 2 2 XEMEEREZITV, H

IyAilE o B CHE R

i L7z (Figure 15a), 2PED~ v A2 5 5L DT 2

KIGMERZITV, RTO= Y AH S 2 7 AR TIT L7 (Figure 15b),

Flow cytometry fEfTiC X bV 2 XM~ Y A ClE—XEf~ry R el <, T

MfE M A MR ~ 3R 25 2 & & 23815 & 7= (Figure 15¢), 2 XA~

v ATl BRI S, Pl TR O BRI KB OR X F L <

WL Tz (Figure 15d-f), & AH it DGR, XS~ 7 2 CIRIEY

YARBREBEICBWTD HIMFEMESKE CQRIEL w3 2 &dbd o7z (Figure

15g, 15h), LI ED#ER A 65, miR-142-55A>G I X 2 AR I3 Fke L - H C

WAHREIC X 0 2 RBMEL 72e CO HOCHEE 2R VB3 2 L 5aE s e,

a) b)
Primary (1st.)

transplantation 100

&( ) 8.5Gy
5x 108
BM cells

miR-142-Ki/+ Ly5.1 (Recipient)

e '
45;(% Secondary (2nd.) @
transplantation
& o
N 3%

rvival (%)

S

6

1% 10
miR-142-Ki/+ (Leu) BMcells Recipient

Figure 15. Secondary transplantation by miR-142-55A>G

(Continue to the next page)
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Figure 15. Secondary transplantation by miR-142-55A>G

a) Diagram of the 2nd bone marrow (BM) transplantation. Ki/+ (Leu)
(CD45.2+) BM cells were transplanted into anti-fractionally lethally irradiated
Ly5.1 (CD45.1+) hosts. The resulting mice were analyzed 1-2 months post-
transplantation.

b) Kaplan-Meier analysis of the survival of 2nd transplantation mice
transplanted with Ki/+ (Leu) transplantation (red, n = 10).

c) Myeloid-, B-, and T-cell proportions from the FACS sorted cells in the BM of
WT and Ki/+ (Pre) mice (n = 3) 2 months after transplantation, moribund
primary transplantation Ki/+ (Leu) (1st., n = 2) mice, and moribund secondary
transplantation Ki/+ (Leu) (2nd., n = 4) mice at the time of sacrifice.

d-f) Relative weight of the spleen, thymus, and liver of +/+, Ki/+ (Pre) mice (n
= 3) 2 months after transplantation, moribund primary transplantation Ki/+
(Leu) (1st., n = 2) mice, and moribund secondary transplantation Ki/+ (Leu)
(2nd., n = 8) mice at the time of sacrifice.

g, h) Histologic features of the liver with leukemia infiltration in the primary (g)
or secondary (h) transplantations.
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55 2 TH. miR-142-55A>G/+ (Leuw)~ 7 2D THIfgIZ 7 v 5 U 5 4 B45l3 3
miR-142-55A>G 12 X 2 HIE{L D 72 2 §Eflio 728, TCR L X b TR %

o7z, TCR L% b 7T <k T MIREZ AR (TCR) DR ©H 5 #iBI
TREDFBURI % L © % 32, miR-142-Ki/+ (Leu) O &EIMEHIEKMIECH 3
HSPC & {ilpik T #ilg % 5B L WT, Ki/+ (Pre) & $Licfi#tr 2T o726 2 5.
Honsz 3D Ki/+ (Leu) 2T TCR OERGEL 725 —FICHEHE L Tw 3
Z ERbh o7z (Figure 16a, b), L EDFER S 5, miR-142-55A>G Ki/+~ v

A2 CIAMFELL T3 2 &S 7z,
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Figure 16. TCR Repatoar analysis of miR-142-55A>G

a, b) Skyscraper plots showing V 8 /V a and matching J8/Ja in WT (n = 2),
Ki/+(Pre) (n = 2), and Ki/+ (Leu) (n = 3).
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%5 4 fii. RNA sequence fi##7 12 X % miR-142-55A>G H I L D HEFE T 72 fEAT

% 1 4. miR-142-55A>G/+ (Leu) Tl¥ Myc, mTORC1 & B3 L CHlfg 231

JES %

% 3 #iTik. miR-142-55A>G Ki I X o CTHIMFELT 2 & & 2%FH & 17z,
RKiT, miR-142 OERERED X 51 L CHIMELEZFE T 2 D025 521
T 2720, WT (n=2) & HIMHEFRERTOBMEE 2 » HHD Ki/+ (Pre) (n=2),
WBC 28 B E M L AIE{ 2 & 6 7z Ki/+ (Leu) (n=3) 25 HSPC &
CD8+T #ifg (T-cell) i22\»T RNA-sequencing % {7 > 7z, £ 41 (PCA)
ik WT & Ki/+ (Pre) =7 Z2® HSPC, T-cell I3 ITim Wi ICfF7E L T
W7z 28, Ki/+ (Leu) @ HSPC, T-cell iZ WT, Ki/+ (Pre) & 132 i 7-{7iE 1
FAEL Tz (Figure 17a), 2 OFER > L, AMURBFIEL 722 L IC X VR4 7
BLETOBEREL L2 n3FE 2 b b, GSEA 21T 72458 Ki/+ (Leuw)
HIMHEAE L 72 T-cell Tld WT @ T-cell & L L T Myc ° mTORCI %% D 23
ABETEE BAD 2 BIn TR CBEMENT WS Z ERIHSL D1k - 72 (Figure
14b), fFohi=y v 7V T HHOBEEEREZIT> L T 5, Ki/+ (Pre),
Ki/+ (Leu) @ HSPC & Ki/+ (Pre), Ki/+ (Leu) ® T-cell T% L% 31 325, 258,
35, 468l 7 v 7L ¥ 2L —va viBin Tt L 115, 104, 167, 377f{lo XY v

L¥ a2l —v a3 VEBETRFEL 7 (Figure 17¢, d, 18a, b),

39



a) : : b) HALLMARK
J J+ (Leu) MTORC1_SIGNALING
_T-cell Eeedoy
20- ]
Kil+ (Leu) o
o
| HSPC; | m i
Ki+ (Leu)_T WT T
N e | euHALLMARK HALLMARK
&) MYC_TARGETS_V1 MYC_TARGETS_V2
o WT_HSPC Ki/+ (Pre) NES=277 | NES = 2.21
@ 0 _T-cell FDRq=0 j FDRq=0
. |
Ki/+ (Pre) \WT_T-cell Q ; ‘;
HSPC - | ) i
20 = @ Ty 11 o

-40 -2I0 0 20 40 Kil+ (Leu )T WT.T  Ki+ (Leu) T WT T
PC1
c) d)
Ki/+ (Pre)_HSPC vs WT_HSPC Ki/+ (Leu)_HSPC vs WT_HSPC
304 116 down . 325up 304 104 down 258 up
204
& &
(@] ()]
S S

Figure 17. RNA-sequence analysis of miR-142-55A>G

a) Principal component analysis based on the gene expression of HSPCs and T-
cells isolated from WT (n = 2), Ki/+ (Pre) (n = 2), and Ki/+ (Leu) (n = 3)
mice.

b) GSEA for Myc hallmark genes, and mTORC1 hallmark pathway genes in the
Ki/+ (Leu) T-cells.

¢, d) Volcano plot showing differentially expressed genes (DEGs) in Ki/+
(Pre) HSPCsversus WT_HSPCs (¢) and Ki/+ (Leu) HSPCs versus WT_HSPCs
(d)
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% 2 JH. miR-142-55A>G/+ (Leu) (X THIf@ & L CoMREL K\, HCOHIH
REDS L3 5%

% 1HCHERE T N7z “ R 0 F EARE DfE R, Ki/+ (Pre) v 7 2D T-cell
T WT v~V R EHARTHREADB EA L ZBIETHE LY b TRL 8B TH OS5
LT Bbh oz, £-AIEL L 72 Ki/+ (Leu) =7 2D T-cell TlxFEH A
FALZEZELETFDOTRELZERTDILSHFEL Tz, ERIC, B4 v it e
v— (GO) fFrofEE, B L7z T-cell THIRD LA L 728 THE M
e fR# 7o e 2 LD S GO & — AHMEEICHENE X T 72 (Figure 18c)
bl Ki/+ (Pre)= 7 2D T-cell TIRABEERIZITAONE NI Eh b,
Ki/+ (Lew)® T-cell THIA LA L 2@ FHEZAMBELARECcER LT
LAEZLNS, —7TKi/+ (Leu) @ T-cell DWi/TCHRIAET L 728571
X, AIMIROEPLIER 7 THIE L L CoREHEEICBID 2 GO & — L A3 iR
I Tw7z (Figure18d), 2 b @ & — 403 Ki/+ (Pre) @ T-cell T HEZAED
HAonfzbDbdbbhrs, Ki/+~ v 2ATHAIMELT 2RO 25 T #
JEDKEER 7R b =L ZARMFIE N T B 2 e n3EZ LNz, ULOFERL L,
miR-142-55A>G Ki =7 2Tz THllg e L<onb L Bb 285 71 7 LA
I = 4, BEAL U 72 BR i sl e o B4 5E % 8t 3 2 38 51 RE O FE T 23
HLT 2 L RB Iz,
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Figure 18. Assessment of genes with altered expression in miR-142-55A>G/+

(Leu).

a, b) Volcano plot showing differentially expressed genes (DEGs) in Ki/+

(Pre) T-cells versus the WT T-cells and Ki/+ (Leu) T-cells versus the WT T-
cells (P < 0.05 colored dots, WT n = 2, Ki/+ (Pre) n = 2, Ki/+ (Leu) n = 3).

¢, d) GO analysis of the up- and down-regulated genes in Ki/+ (Leu)_T-cells
detected in (a).
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%5 5 fi. miR-142-55A>G 28 B3 HEEE S & BEREES o [l /712 X 0 B IR 23 FIE
T3
% 1JH. miR-142-55A (WT) DIEREL O3B X BB EH T3
ZZ ¥ CTOHIT, miR-142-55A>G A #ic X 5 T MifetE A ik ic 2w TG

UT&E 7z, RIZ, miR-142 O —HFHZA R miRNA & L COREEIC & D X 9 1B
54207, 2 L CHMFMICEWTED X S Ic L CEEZEMICHIEIL w3
DHZEHSLPICTE720, mRDB tWHF v I vF—2X—2%FnT
miRNA OIEREE T % Tl L 72 22, miR-142-55A>G O Tl & 7= 18
T TH 2 298 ffliZ miR-142-WT O Fi#ll W= FMER T 374 & 13K & < B
5T/ (Figure 19a), ¥ 313 miR-142-3p (WT) DOIEREE T 374 ffic o
THBEE%% WT, Ki/+ (Pre), Ki/+ (Leu) ® HSPC, T-cell THEEL 7= & Z 5,

% DHEIET25 HSPC ECEFEI L Tw/z28, BIRZE W & &I (IR RIER
miR-142-3p 55A>G/+T 3 HSPC, T-cell |- cHtic[F UEE T8 %H ER LT
7= (Figure 19b), #H25 EF L T 725815 78 Table 7.1075R 3, %1 b OiifE
FHED GO RN ORER S 5. fRHD 7 1+ 29T GTPase v 7/ F L ED o
TFMeiEL DS GO % — LA EMINTH Y (Figure 19¢), HIMHEL L 72
miR-142-55A>G Ki/+~ 7 Z (ZEER miR-142-3p OREEHE R T O BEEE

K, BEREGTF & LC TPl N7z Rheb % Rras 75 ¥ OBIET DHEEIEL %
mTORC1 @ X 5 Zfifgiitis 7 F v imiE 2 b s 2 2 X 5 a0 M
AL T3 2 & 23 d o 7= (Figure 19d)7%, FEEIC qRT-PCR %17 572 &
Z %, WT @ HSPC ¥ Kz L < Ki/+(Leu) HSPC Clf Rheb < Rras DFEH L~

LB L 72 2 & 2SR &tz (Figure 19d).
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Figure 19. Variation in expression of target genes in WT miR-142-3p

a) Diagram showing the variation in target genes due to single nucleotide

mutations in miR-142-seeded sequences.
b) Heatmap showing expression changes of the representative genes with
predicted miR-142-55A target sites. Red boxes in (b) show up-regulated genes in
Ki/+ (Leu) HSPCs and T-cells,
c) GO analysis of the up-regulated genes in the Ki/+ (Leu)_ HSPCs and T-cells
detected in the red square in (b).
d) Expression levels of the representative genes in mMTORCI1 activators.
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Table 7. miR-142-55A (WT) target genes upregulated in leukemic mice

45

miR-142-3p 55A (WT) target genes,
Leu_Up
'sf'acrcg)]rzt Gene Symbol ;i?rit Gene Symbol 'éacrcg);reet Gene Symbol
99 | Edfl6 78 [ Spns1 65 Rag1
98 Rab2a 77 | Amotl1 65 Nampt
96 Kif5b 77 Prir 64 Sowahc
96 Rab12 77 | Snx16 64 Gnb1l
95 Rab23 76 Trpc3 63 Xpo1
95 | Kdelr2 75 | Affi2 63 Rab11a
95 |Bod1 75 | Tead1 61 Mtmr11
94 Rac1 74 | Clta 60 Edaradd
94 Fmn1 74 | Xkr6 60 Hectd2
93 | Tgfbr1 74 | Dbx2 59 | Ati2
92 | Tardbp 74 | Sh3glb1 59 [ Npsri
91 Tor1aip2 74 Tfpi 59 Ddr2
%0 | Hgs 73 | A630001G21Rik 58 | 4930452B06Rik
89 Rras
89 | Fabp4 73 [ Dusp16 58 Pik3r6
88 | Stx12 72 | Dcun1d4 58 Hip1
87 | Elovi4 71 Gnb2 57 | Wnk2
87 | Epn1 71 | Atp8b1 57 Rab39
87 | Cask 71 Cdc25¢ 56 Dcakd
86 Nr3c1 70 | Fam222a 56 Ifih1
86 | Morf412 69 | Mospd1 56 | Zfp365
86 Rheb 69 | Rbx1 56 Psip1
85 D1Pas1 69 Gfi1 55 Onecut2
85 | Sptssb 69 | Mob4 54 | Trp53inp2
85 Bazla 68 Serpinb2 53 Gbp3
85 | SIc35f6 68 | Pafah1b2 53 Rbfox3
84 | Dnah11 67 | Zdhhc12 53 | Zfp708
84 | Cd2ap 67 | Eny2 52 | Nucks1
83 Myh10 67 Mtus1 51 Ncl
83 Tsen34 66 Patz1 50 Cnepiri
82 Rbm47 66 Cxadr 50 Hmgb1
80 | Sic1a3 ;
80 | Arhgapa2 65 | 1110059E24Rik




55 2 JH. miR-142-55A>G 1 & Y ¥ 7z R0 - 23401 & 2L mTORC1 £3
A

KIT, miR-142-55A>G I X DT L K Pl T N2 ERER T2 gL 2 & 2 5
(Figure 20a), WT =7 2@ HSPC % T-cell TEFEHL L T 7@ 5 FHEDS Ki/+
(Leu)= 7 2® HSPC % T-cell THEHBWHP L, 220027 722 —%FHT 5
Z L DR E N7z (Figure 20b), FEIHARA L T 7285 7813 Table 8.1C/R
T, N5 OB THIZAMBFRIER D Ki/+ (Pre) 75 Ki/+ (Leu) 127231
ONTIEZ ICRHPMET I N T Wiz, GORITORER, 7724 —#113EdbIC
Ki/+ T-cell THRIMETLTEY, 7R =22 THIEE L ConfborbE
%G T LB I o7 (Figure20c), —7. 7 5 A X —#2 OBEIET
IZF 1T Ki/+ HSPC THIEAMMET L CTH MR R# 7utv 2 &% {4
H2Z L HBL 7 (Figure 20d), miR-142 ICERRAS Z L2 X - T, Akt-
mTOR #8 % FHET 2 8I5 T8 LCB T SN2 Camkld < Bel2lll, Parpl 23H
EHEL, MRMEeT7 R b — > Z0FFE R &3 T MlatE o 3 IMpEFiE %z
FHUA 2 T L HURIE X N7z S5 (Figure 20e, ), qRT-PCR D fEH X v . WT HSPC
L LT Ki/+ (Leuw) Tl IS OBEETFRHEBAEICS 5 & L MR X
N 7= (Figure 20g). it > T, miR-142-3p 55A>G ZE A A % Z & T, JGX D miR-
142-3p OREREE T I EHI 25T/ S L 2 BRETRA & | seed BLAI 3 ZE D o722 &
I X072 IR U 7= RS T % I 3 2 BEARIERS @ 2 D O R AHFER I
B, AMEEFIEIR S X HICAhbNT,
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Figure 20. Variation in expression of target genes in miR-142-3p-55A>G

a) Diagram showing the variation in target genes due to single nucleotide

mutations in miR-142-seeded sequences.

b,) Heatmap showing expression changes of the representative genes with
predicted miR-142-55A>G target sites. purple boxes in (b) show gradually
down-regulated genes in HSPCs and T-cells of Ki/+ (Pre) and Ki/+ (Leu), and
indigo blue boxes in (b) show gradually down-regulated genes, especially in
HSPCs of Ki/+ (Pre) and Ki/+ (Leu).
¢, d) GO analysis of the down-regulated genes in the Ki/+ (Leu)_ HSPCs and
T-cells; (c) detected in purple squares in (b), and Ki/+ (Leu)_HSPCs (d)
detected in indigo blue squares in (b).

e) Expression levels of the representative genes in Akt-mTOR inhibitors mRNA
in HSPCs (n = 3-4).
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Target
Score

Gene
Symbol

53

Srprb

53

Dusp3

53

Shb

53

Trmt2a

53

Opai

52

Zmiz1

52

Mfge8

52

Mfap3

52

Luzp2

51

Sesn2

51

Gnptab

51

Scd3

50

Ccl28

50

Ggex

miR-142-3p 55A>G target genes,
Leu_Down #1
Target | Gene Target | Gene
Score | Symbol Score | Symbol
93 | 6-Sep 62 | ll2rb
90 | Polk 62 | Kctd18
86 | Hnrnpul2 61 | Dhrs9
84 | Ncor1 60 | Lnx2
82 | Cd160 59 | Bel2I11
80 [ Zswim6 59 | Entpd6
80 | Napepld 58 | Gimap8
78 | Mctp2 57 | Slc16a6
77 | Sntb1 56 | Cyp2si
75 | Foxk1 55 | Len2
72 | Pitpnm1 55 | Sh2d2a
72 | Epb4.1 54 | Aaki
71 | Tcf20 54 | Stk4
71 | Creb3 52 | Clcf1
69 | Camsap2 52 | ltgad
66 | Dnajb7 52 | Gpatchi1
65 | Afmid 51 | Zip318
64 | Kmt2c 50 | Cep162
63 [ 1118r1 50 | Sbk3
63 | Uncba 50 | Camkid
miR-142-3p 55A>G target genes,
Leu_Down #2
Target Target Gene Target Gene Target Gene
chre Gene Symbol chre Symbol chre Symbol chre Symbol
97 | Tmem47 77 | Plcet 66 | Canx 59 | Pigv
97 [ Tanc2 77 | Pdk1 66 | Vasn 58 | Rprdib
95 | Proser3 76 | Lpp 65 | Nfix 58 | Mbnl2
94 | Mixip 76 | Triobp 65 | Nfkbia 58 | Fam149b
90 [ Rslcan18 75 | Brd3 65 | Iglon5 58 | Rin3
90 | Carnsi 75 | Hnrnpf 65 | Zfp386 58 | Fbxo34
. 75 | Tecpr2 64 | Rifl 58 [ Uspénl
e R 74 | Setd1a 64 | Fam210a 57 | Zip146
88 [ Drg1 73 | Zfp523 63 | Ppp1r2 57 | Aptx
88 | Prepl 73 | Plek 63 | Synpo2 57 | Col17at
88 | Rock2 73 | Acot2 63 | Thsd4 56 | Sic8al
88 | LoxI3 73 | Bacet 62 [ Hoxa10 56 | Map3ki2
86 | Dcunid1 73 | Grin3a 62 | Pdzd8 56 [ Pcytib
84 [ Mcmbp 71 | Ptgr2 61 [ Edc4 56 | Six1b
84 | Tshz3 70 | Parp1 61 | Ecel 56 | Brwd3
83 | Phf3 70 | Trim44 61 | Usp15 56 | Heatr5a
83 | Tbc1d19 70 | Lmbri 61 | Nxpe5 55 | Tmtci
82 | Spata2 70 | St8sia2 61 | Gtf3c4 55 | Atp1ia
81 [ Atp5s 70 | Ears2 61 | Qk 55 | Vash2
81 | Igdcc4 69 | Pex11b 61 | Mcur1 55 | Zfp3612
81 | Dzip3 69 [ Ino80d 60 | Zfp442 54 | Sh3rf2
80 | Fam32a 69 | Rgs8 60 | Coro2b 54 [ Atl3
80 | Spredi 69 | Ophn1 60 | Elovl6 54 | Trim33
80 | Kpnb1 68 | Zfp870 60 | Pign 54 | Vsnl1
79 | Nufip2 68 | Slc43a2 60 | Sufu 54 | Rabgap1
79 | HIf 68 | Ketd1 60 | Rad51d 54 | Fbxo21
79 | 9130023H24Rik 68 | Ptges 59 | Tbkbp1 54 | Erg
68 | Syk 59 | Vamp5 54 | Stégalnac3
78 | Ireb2 67 | Ncehi 59 | Cul4b 54 | Sox6
78 | Keng5 67 | Fam196b 59 | Cerk 54 | Myo5c
78 | Cfcl 66 | Spag9 59 | P4hat 53 | Arhgef17
77 | Manict 66 | Nup98 59 | Xpo7 53 | Ttc28

Table 8. miR-142-55A>G target gene down-regulated in leukemic mice.

Cluster #1(top table) and cluster #2 (bottom table)
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AR B

# 1 #i. miR-142-55A>G &2 X 5 HIELIC DWW T

JPECiR~72 X 912, miR-142 0o R 13 AML, MDS % & kk 4 7 H
MFEFICEBNTEH LR IN TS 10150 0 miR-142 (ZIERMIALICS <. FF
i THfEORECHLIC B W T Z O%EZ 72 LT3 1518 | miR-142 D%
FURICOWTIIBREIBARTIZA R L L TiRbNTH Y, miR-142D /7 vy 7 77 b
~ 7 A CIIEBER D IFERIC LA M 2 DS EEREE & 1370 & 3, MBRMIAE 23 4
INBNWT LD OLRBEREZRIETZ EHEDBH o722, L LADBL, HE
DWFFEIC X % miR-142 D2 BRI 13 2 TREEMAE R IC BT % in Vitro TH
D in Vivo IC X 2 fEITIZIT DTV R0 19,
&% 1 CRISPR-Cas9 IC & 2 7/ LfREL BRI <175 £ & T, miR-142-KO
~ U Rb, BETRLMEEICA LN miR-142-55A>G B ~7 X 2GS L
720 Z DORBBIFEN 2> 5. miR-142-KO O R EHAE, ~T uEAk e T
miR-142-55A>G FEHEAE, ~T nHEAEROFPMEVATFRTH 2 T & 238
RKANT, miR-142-55A>G B FRIC X o THEEXES T 2 2 & T, miR-142 %3
BRLZBLORERPRE N B FEZ LN S, miR-142-55A>G <7 2D
4% 150 HH DT 2> &, FEEARICRER A LN, ~T nEARICE N T
by THIIED MERMCICHEEZ 5 2 T\\wWb Z &L 227 572, miR-142-
55A>G AR Tix~7 v FEAERICE W T MBI IC BE % & 7- A 2 1814
LTWB e FHEEINS, RIZ, miR-142-55A>G BE RS 2 5 MERAIIE~
DFGE % G 3 2 72 0 I BRI R 2 1T o 720 % OfENTA 5. miR-142-
55A>G ~7 v &R Tl BRI ME 150 H H LRI CD8T Mg ic kb 23
i BREMIE L, SRS 2 2 e BRI N, REMERAALNET

MRC xR LT, kS HEEE., TCR L%k T X 2 Hid o 23 A L D EEIHE
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SRt o7z, “RBHER L T, BIMWHIIE 1004 2 — X D 53 8 DI
W2z YTy b=y RCHEBIHT 2 2 L ToXBHL 2~ v RiC
BT ) HIMEMIE T A o 0 2 MRIEIERE 2 6 3 % D2 %5l I 2 BT H

5, “XEMEROMR LY. Al T Migid X%k c b B CIEhifRE %
AL, Y v @mEICE cHIMEMEREL Cwb 2 BRI N7z, TCR
LoX b TR &k, T il A&k (TCR) ofBICHWO N BIEFY 744
TERIET S LN TE ZMEITTH 2, THINED TCRIEET 1 SRR
3% V (64-67 fiil), D, ] (14 fifl) 0@ = TWi 2> bHEE I ., BHURICHADE T
ZNOEIETHHEKT 5 2 & CEHRMICEAZRIZRE 2 &S 5, T Mtk
HIMETIE TCR LY —F Y — DL RERTIEINT VB T LD oTHY
s, Ao [ EE T MIHIC 34T b A TCRBHE T238—ic, 2 LT
FRRIICHEINT 2 2 e Db o7z, b OEFTFERIC X Y miR-142-55A>G
ZRICK Y THIREAIMBORIEST 2 2 & 23EEH S L7z, L7285 T, miR-
142-55A>G Z2 % ¢l iR-142-KO & (3% 72 0 | T HIAEHE A A FAE~ & 358 3

ZEIETEBRL T2 EEZ S,
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5 2 i, miR-142-55A>G (IFEREIRJCAE & BRREIETSRE D W 77 % fF 550
miR-142-55A>G ZRTIZ D L 5 1c L CHIERIEX #5483 2 0 h %S
PICT B 720, EIMEHTIEKMIE TS 5 HSPC &4 mIEH L 72 CD8'T fife (T-
cell) % RNA-sequence %fTo7- & Z A, HIHE(L L 7 T Mifd <130 1
JHICBE5-3 % Myc ® mTORCI #%% & BhE 3 2 En TR ORKBA LR T2 2 &
T, MO LR K E CGETL TWw2 2 e ER SNz, mTORE
Gk e Myc & BRI IR RSt TEB SN TE Y 7 | mTOR o Liiic
firiE 3 % Akt 257EMAL$ 3 2 & 23 mTOR > 7 F L DIETE(LIC B2 5 2 & A3
T35, mTORCI DiEM:D HIE D 3L L IEIHICEE TH 5 LR L T
WV 2 FEREI O b B 2 1042

KIT, miR-142-55A>G AFRIC X ) ED X 5 h#E T 2N & 32 D02 % Tl
T 25720, MEEOBAT LG HDE TERER T2 FHlTE 3
miRDB % fi\ 7z, % O#EFR, Tl & 1724 Z 185 113 miR-142-3p (WT) &
miR-142-3p-55A>G T3 K% { B4 b, HSPC, Teell LTcxh b oRIER L
9% & WT, HILJRFAERTD 55A>G/+, FAEER D 55A>G/+ TR E S EEL
Tz, K> T miR-142 @ seed FFICERE B A 2 C & T% OEREG THE D
RIEEB I LT EEEZ TS, 913 miR-142-3p (WT) OEHEE T
374 MHICOVCHIBZ B L 7= 2 A, Rheb, Rras D X 5 7z mTORC1 D
YAl & BS54 2 85 THEDOFRIA LR L Tz, 4[] miR-142-55A>G ZEH 23
A XN 2 & CHIMERAER I AR D miR-142-3p OB L. HEEEE
K9 5L TEDEREET~OMHBEMN T AL LA L EZTW
%, —7 T, miR-142-3p-55A>G ZRIC X Y # 72 1c Tl X L2 EHEE T C.
WT &l CHMERIERT D 556A>G/+, FEHK D 55A>G/+ TR 4 ICFHEH MK
TFLTCOWARBERTERTRE—v R, MEROMLEBDL 2 b D% L, AR

o1



miR-142-3p IC X > TH L KHERI L 72 5 & & CHREMIH S, 7HEF—2 %
DIE LML B IH T W2 L Bbh o7z, 7. mTORCI © Lk
IZ% % Akt-mTORCI ## % [HE S 285 T CH % Camkld, Bcl2ll1, Parpl %
OB THED MIFIEAIC B > 72, EEM RT-PCRMHTIC X v . miR-142-3p
WT, ¥ 7213 miR-142-3p 55A>G DEREILT-HE O FEH H IR FEFERT D
55A>G/+% b FAEH D 55A>G/+ICH T CTEB L T2 2 & 25, miR-142-
55A>G AR ZEAT 3 2 & CHAR miR-142-3p OIEREE T O 1] 2358 &
N BHEREIRZL & . miR-142-3p 55A>G IT X 2 i 7= R AEAE T & JH] 3 2 BERE
ERomGIc L BIyRZFAES 2 2 & 25R% X L7z (Figure 17),

55Atarget genes T
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miR-142-3p 554 (WT) of
p OOOOO
A |
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=N Ak TG - targets' |- Leukemogenesis
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Figure 17. The schematic diagram for leukemia pathogenesis mechanism

resulting from heterozygous miR-142-55A>G.
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SlEOFFEEIZ. AML & CTA DO - 7B TAERIC X 28 %5 L <
Y., KEERIT= 7 21T AML Tld7Ze < CDS+T #HEH: F I % FhE L
TW3 IR =20 ETH 2, AML & THIKICEWTIE, HEFEOE
GTRENPEET LI ETCRIETZ 2200, 5RO EE TERICOWT
b#EH L. miR-142-55A>G L RIRFICERZIFAT 2 2 L MG L T 5, 5k
Tk~ 72 TCGA DFX TlE, miR-142 K Z B2 o4 NoBEED S H 3 Al
IDH2-R140Q Z 8 3 i Hi> T\ 3 2 & S8 X N7z, BIFE miR-142-55A>G
L IDH2-R140Q » “HZEH < 21C DWW T EHH % HED TH Y . SH DT
DR E NG,
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45 3 fifi. miR-142-KO 12 X 39K AlIc > »C

miR-142-55A>G %z {F#3 2 FRic, EEY & L T miR-142 DD EH 23R
¥ 1 miR-142-3p, 5p ASHICHKBL L 72> miR-142-KO =7 R 2 #E L 72, 2D
fEHTIC & » miR-142-KO 12 fth o W5eas & [ U < MERIEHEREDMEK < L FRic ) v ¥
HRRDID T 2MHMICH B 2 L2 5 D RIELRRERIE LT L T2 C &AM
BMEN2, LHALaro, KGR OMEEIC X o TIEHERIFERA R 14hE 3
52LdHH, miR-142 BHEE L ZBORBRICOWTIE, SHROHE L 26T
BRETH 5,

5 4 fii. miRNA ORERERFICBIL <. Ao RAICO W T

3D 5 HCRE L 2HKIC, £l miR-142-3p (WT) & miR-142-3p
55A>G DI & 7 2 8IEF% miRDB L Wi+ vy 54 v EDF— 2 _—2%H]
WCTFHIL 72, miRDB (3858 MAER IC X > T miRNA Z@##FER e LT v
L¥al—va v L EEEYDT -2, miRNA AT 28T 2FE
3% CLIP-seq D7 — X2 ZfMAE L AN THZT —Z_X—=RT, IHICHF—
R X =<2 —v [MirTarget] %#J&EOEZT &ICX > CTHERERE
7E L 72 miRNA O# (s T-HAic &b - EWEE T2 TiHld 5 2 L AAlRETH
%, miRDB #f\»2% C & CEHRIEEZ L EH L EMERT2FE L, KB
ZORMWEZMERT LN TER, L2LADSL, SHEOEMNEETIIET
THI X W EEE T Th b, EERICEHAET D miR142-3p £ miR-142-3p
55A>G L EMELR TS L Tw % 2213 EE Tlid v, 4% T T miRNA 256
REESRIOLRTH 2 LT —2TH 525, £H 5 Tld miRNA OEEKIC

xf L CLIP-seq Z1T 9 Z & THEERIC miRNA & AT 2 EELR T2 FE L <

2

W3, SHOMEHE S LT, FEFRIC miR-142-55A>G L1ERY & 7 B ER T
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PIEAELTCWE22HL2ICT24ENH 5, 72, mTORCI iC X % HIMJE
FRIENFHEIND Z & 25MGFHLE T B8, KL OfERIZ~ 7 X TR
RTH 2 7ORBFMOAARBRSLE L 25, 51T miR-142-55A>G &1
BRI B GRRIFRIL X &, BEIEE T & Pl S W BB HE O FE O
BT ERLERD L, T-MERICEBWTHHIMFELT 2D, $/27 %24
VD mTOR [ER %592 2 & HIWFELEZIHIT 2 02 %@+ 2 4
BHHbLEZXD,
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55 . R

—2® miRNA 1Z, % D seed A DA I X > T 100 LL_E D EEF o HilfHIIC
Bl o> T3, AiffsecidaImo BE Tid % M X 4172 miR-142-
55A>G ZROfENT 7> 5. miRNA @ seed Be¥l D FE)35H 72 I EBE 2 S 5
A[REMEDSRIB E 7z, S0 FEERTlE miR-142-55A>G ~7 B4R X 3%
BRI Z AT L 727290, PRENZ 2 TD miR-142-3p DIEWN T - 728 TH %
WITHTHUER) & 7 o 7B T ORI A LB X272 L 1EF Wiy, 51T miR-
142-55A>G s EEAKRIC X 2Rk AT 235 2 LT, X VMR A7
ZXLDFHICER L L EZT0E, LrLl, BROAD) > BEORIER
ET~TuEARTH Lo b SRIOAAIZE FiZBWTHRID 55
LR L. HIROIRK - RO~ L 755 2 L2 Er,

miRNA O BERRIIBAZEDL L OFRBCHE I N TS, miRNA ©—
R FRIIBEEIBRAERCTH L L 0 IMED L W ¥, b b OREBICET
L REREERIZ RoWmE X, FRHIERE TED b7z miR-140 @ seed BLHl D
— IR D Y T, & TIHIERER T O miRNA L #EE 3 2 I E =2
A5 Z Lt THREOMG Z kN, BAFRIENREI N HED H 2 B, SHo
miRNA-142 @ —$F A RIC X o THEEIRL, PRAEIER OliTTIc X 2 HIMRFEAE
EVIFERDBBAOMFIC BT 2 H - EZHICRDEEGFL, 55%% <
DJFIC X 5T miRNA ICBIF 22 250375 Z & 2T %,
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