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[(HZE] B - #5 miRNA F35 )8 76 SHH BTG BUBE L 4009 (sonic hedgehog-activated subtype medulloblastoma, SHH-
MB) HPERT, I HUECBR B T (Rl S5 (A RS RLASE TR 5 S (080 £ 38 19 2 9% miRNA I AHDGHRHIE . 753% - {87 A BRI SHH-MB 4
JHZE (SmoWT Ml SMB56) 7 # F K N [FIFh AR B MBI . 45 b A T BE AL 43 9 LUK 39 2 11 32 AR %) (smoothened
inhibitor, SMOi) GDC-0449 # &5 AL PR 52 864 . DL LA (dimethyl sulfoxide, DMSO) # & (X R4, F i
AR REA . REHAEIF7d (P7) J60d (P60) (IEH 4R A /NG ZUEN PTIEH /MK . P60 IEH /MK, 2
BRI REAS , I GDC-0449 i 15 Ab B4 P7 1E 3 4R BUR/NIN A2 (P7/NIGZE2541) L) DMSO i 15 4b B P7 1E 3 41 LY
NI ZL (P7 /I X R4 ) o 4 51 2R A mRNA il 7 (mRNA sequencing, mRNA-seq) Al miRNA I /¥ (microRNA
sequencing, miRNA-seq) FRAHLL I 8 41FEA ) mRNA Al miRNA Fik Bl I B4 TRE A ek il Al St 4B o 80 25 5 384y
Mr 2 Gefdr: O BRIE SHH-MB B Y g 4% 00 5 S 2 ARAE . ) 15 H /IR & B M1 & 1 SRR AE . (B Bivd B & 1 /N Hh
Hedgehog (Hh) i KA1 Hh 18 SR A0S 4L ERIE . A1 miRDB ., TargetScan 5 miRTarBase 54 72 J1-45 & mRNA 22
FRIBAR, WO OCHE 2 5 miRNA FY RN . @ s &L I 52 M40 A B4 45 (Kyoto Encyclopedia of Genes and
Genomes, KEGG) wHHEMT, fHHTHEEE W R %05 5. EFXTEP7 & 75 /M - 45 22 1] (1) Hh 38 B3 19 miR-204-
5p, HEATHELE R U 5 L R KEGG i % s B2 40 Fr e e, #84R R2 5L SRR 2B 8% (Gene Expression Omnibus,
GEO) H* SHH-MB H 5 IR K% {5 X6 BE /NI 19 mRNA 5 miRNA FiA 508, il 22 B3Rk 00 565 B A BT ik Ak 22 5 %58
miRNAs/mRNAs i RAENG/NRZ A RSFEE . 458 - FEA mRNA FsiEHSEHE T 8%, SmoWT Xt ##4H 5 SMB56
Xf BEZH 1 mRNA RIRREAR IR B 5 240 B2 55 P7 1B /NG 2H A AR BLE 5 T P60 TE 3 /IMIGi2H , 17 GDC-0449 A4b 3K i 2%
BRIk 2 A% HAZH (19 8 R SEATRAAE . miRNA FRIBREAHSCHE BT 45 8 5 mRNA JZTH 2B, SmoWT X B4 . SMBS6 X B4
5 P7IEHE /NG . P60 IF & /NI 2H 1) 25 5 38 /A 45 5 2 A4 B2 L ) (228 R 95 miRNA . RN H#Y 126 1> miRNA ;
Hrr 50> 8 miRNA #1384~ T ) miRNA 7 P7 5 P60 1E /M le A [A) ] 3635 o il SmoWT 525620 5 SmoWT X R4 |
SMBS56 525041 15 SMBS56 Xf RE4H 1422 5223k 40 #r, % t1 45 0T i Hb 38 #% 55 41 Hh 3 PR AR miRNA ., F 1875, Hh
W PR miRNA (522 57 miRNA BE1Y 10%~20%) TERCRLE T &0 JF Hhoi B8 miRNA N ZERCR B] 5 B2 RS o
Hh i J AR 61 1 22 5 22 75 miRNA (#0358 () KEGG 3l i B 45 R R, HoE TS WELEE 3 Se/2E (e B 15 5 I
(phosphoinositide 3-kinase/protein kinase B pathway, PI3K/AKT). W§figfii D (phospholipase D, PLD). RAS/#Z%45UiE k&
PS5 % (RAS/mitogen-activated protein kinase pathway, RAS/MAPK) FIDNA & il (DNA replication) i #. il
AL PT /NI AR 245 P/ B2, %7t P7 /NI H 7 4> Hhl B30 AT 1> Hhoi B 19 miRNA, 285 /4~ Hhid B H0E
H172 A4 Hh 38 FE P01 19 mRNA ., miR-204-5p (19§ 56 X 42 40 i S 338 1 . SHH-MB FE 5 I 15 5 /N o o) BERE AR 1) 22 57
Fk A E 22 ARSI miRNA,, HALSEE N & 4 TERBEIRTF (cyclic adenosine monophosphate, cAMP) FI4 it J&
PR, 451 - BUK SHH-MBEIRIZR I )12 1 miRNA 35898, A SMOi 2P H /N 432 I miRNA AT 3 4% 4 1
$&755 Hh 3 % miRNA 98 @520 A B, I HACH =IF Hh 38 AR 25 78 miRNA 7 2 A BB R Z M R M E S . it
S, SHH-MB RIS 7 55 52 1A 28 35 I VR 14 R 5 G ST 1 25 A miRNA FRAE
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Molecular mechanisms of miRNA expression dysregulation in SHH-activated subtype
medulloblastoma

Zhu Ying, Sui Yi, Tang Yujie
Department of Histoembryology and Genetic Development, Shanghai Jiao Tong University College of Basic Medical Sciences, Shanghai
200025, China

[Abstract] Objective:To investigate the role of miRNA expression dysregulation in sonic hedgehog-activated subtype
medulloblastoma (SHH-MB), and to compare the dysregulated miRNA features between subcutaneous xenograft models in nude
mice and patients with solid tumors. Methods-Mouse SHH-MB cell lines (SmoWT and SMB56) were used to establish
subcutaneous xenograft models in nude mice. For each model, mice were randomly divided into groups treated with the smoothened
inhibitor (SMOi) GDC-0449 (SmoWT experimental group and SMBS56 experimental group) or dimethyl sulfoxide (DMSO)
(SmoWT control group and SMB56 control group), and tumor samples from these 4 groups were collected. Cerebellar tissues from
normal P7 (postnatal day 7) and P60 nude mice were collected as controls (P7 normal cerebellum group and P60 normal cerebellum
group). Following the same procedure, cerebellar tissues were also collected from P7 normal nude mice treated with GDC-0449 (P7
cerebellum treatment group) or DMSO (P7 cerebellum control group). mRNA sequencing (mRNA-seq) and microRNA sequencing
(miRNA-seq) were performed on these eight sample groups to obtain mRNA and miRNA expression profiles. Subsequently,
differential expression analysis was systematically employed to elucidate: D the core transcriptomic features of tumors in mouse
SHH-MB models; @ transcriptomic features associated with normal cerebellar development; (3) Hedgehog (Hh)-dependent and Hh-
independent transcriptomic features in both tumors and developing cerebellum. Target genes of key differentially expressed miRNAs
were predicted by integrating data from the miRDB, TargetScan, and miRTarBase databases, combined with mRNA differential
expression results. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis was then performed to
identify core signaling pathways involving these target genes. Specifically, for the Hh-dependent miRNA miR-204-5p identified in
the P7 developing cerebellum, target genes were predicted and subjected to KEGG pathway enrichment analysis. Finally, mRNA
and miRNA expression profiles from SHH-MB patient tumors and healthy control cerebella were obtained from the R2 and Gene
Expression Omnibus (GEO). Conservation of differentially expressed miRNAs/mRNAs and their regulatory relationships between
humans and mice was then systematically assessed through differential expression and Venn analysis. Results+ Analysis of mRNA
expression profile correlations revealed a high correlation between the SmoWT control and SMB56 control groups. Both tumor
control groups showed higher correlation with the P7 normal cerebellum group than with the P60 normal cerebellum group.
Treatment with GDC-0449 did not significantly alter the overall transcriptomic profiles of either control group. The miRNA
expression profile correlation results were consistent with those observed in the mRNA profiles. Differential expression analysis
comparing the SmoWT control and SMB56 control groups with the P7 and P60 normal cerebellum groups identified 95 commonly
upregulated and 126 commonly downregulated miRNAs in the two control groups. Among these, 50 upregulated and 38
downregulated miRNAs showed the same expression trends in the P7 and P60 normal cerebellum comparison. Differential
expression analysis between the SmoWT experimental and control groups and between the SMB56 experimental and control groups
identified Hh-dependent and Hh-independent differentially expressed miRNAs in each model. Venn diagram showed that the Hh-
dependent miRNAs (accounting for 10%-20% of all differentially expressed miRNAs) showed minimal overlap between mouse
SHH-MB models, whereas Hh-independent miRNAs were highly conserved across models. KEGG pathway enrichment analysis of
the target genes of Hh-dependent differentially expressed miRNAs showed significant enrichment in the phosphoinositide 3-kinase/
protein kinase B (PI3K/AKT) pathway, phospholipase D (PLD) pathway, RAS/mitogen-activated protein kinase (RAS/MAPK)
pathway, and DNA replication pathways. Comparison between the P7 cerebellum treatment group and the P7 cerebellum control
group identified 7 miRNAs and 285 mRNAs whose expression was promoted by the Hh pathway, and 1 miRNA and 72 mRNAs
whose expression was inhibited by the Hh pathway in the P7 cerebellum. The target genes of miR-204-5p were enriched in the cell
cycle pathway. Differential expression analysis of SHH-MB patient tumors vs healthy cerebellar controls identified 22 conserved
human-mouse miRNAs, with their target genes enriched in the cyclic adenosine monophosphate (cAMP) signaling pathway and the
cell cycle pathway. Conclusion*Mouse SHH-MB models exhibit extensive miRNA expression dysregulation. However, SMOi
treatment reverses only a small subset of these dysregulated miRNAs, indicating a limited effect of the Hh pathway on miRNA
dysregulation. Only Hh-independent dysregulated miRNAs show partial overlap between mouse SHH-MB models. Furthermore,
there are conserved dysregulated miRNA features between mouse SHH-MB models and patients with solid tumors.

[Key words] sonic hedgehog-activated subtype medulloblastoma (SHH-MB); Hedgehog pathway; miRNA expression
dysregulation; cerebellar development
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SHH-MB) )55 FF#1iF /& Hedgehog (Hh) i %
B 5w WG, Wt PTCHI (patched 1) 5% SUFU
(suppressor of fused) K&K AR G PESEAS | - 45 1
(smoothened, SMO) LG ERAS, LI GLI2
(GLI family zinc finger 2) &K 934 5l 4% 5% 34005 &5
FF IR

Hh i #% 75 /M & 8 A 6] B B i) sh A8 P8 4 22 00
2o LU/NEVNE B RS TH (P7) /Mt
T AT, WA TR R Hhiil s 1) BoR i s
JURIAR 40l (granule neuron precursor, GNP); M 7E
P60 F3 Ak S 1) /I T A A 2 Hb 38 BT R 114 0
2 7% (granule neuron, GN). [A]H}, Hh i 2
SHH-MB {4 8 236G 7L AL . 22 B4 1] Hh i B A 1E
P ] ——SMO [0 i 57 (smoothened inhibitor,
SMOi) 249, 45z (vismodegib, Mff A& 154
GDC-0449) . & JE & % (sonidegib, #f % X #%
LDE225) Al #% 4 i 3% (glasdegib, #ff & 18 % PF-
04449913) E4)45 3¢ [E FDA HtifE I f- ok A4 4 SHH-MB
AR ARG 100 R R R P A R AR i 2 7 o PR A
T SMOI 259 (YT &L IR AR PET 25 % B SUFU R % |
GLI2E{ MYCN (N-myc) ¥ #5EHLH T2, RAFPEm
yH I SMOTE . GLI2Y™HY . 3B HS [ UNRAS/
22 2 G AL B FH P (RAS/mitogen-activated protein
kinase, RAS/MAPK) {5 T il % . BilRmt LA 3 i/
T H % B¥ B (phosphoinositide 3-kinase/protein kinase
B, PB3K/AKT) i) S8 ", ML, meF
PREF S F AL AT HE AL, DASSHIGX — T 2530

AR, FRMEHL s T Hhidl B2 2R
2 B S 5 5 A% . DNA/RNA B . 4 H
& et i M/ RNA (microRNA, miRNA)
Y07 i 5 Hhoi B0 vE L JF 52w bR i kA 5 R
J U A R A AR, AR R i
FHPMH57  (bromodomain and extra-terminal inhibitor,
BETi) . 4% OBHLEHDTF (histone deacetylase
inhibitor, HDACH) . i Ji 391 40 i 1 4l 7 400 i 551
(cyclin-dependent kinase 7 inhibitor, CDK7i) Fl4¢#%
AN e S e |
transcription inhibitor, FACTi) %53 E #iiE 32 A8 AF BH
W Hh 3 % 5 iR SMOi YRz 12",

miRNA J& — 28 K B 25 22 N B AF R 19 3F 4 15
RNA, 1 i i 5 $8 mRNA 9 37 4k 1 %% X (3"
untranslated region, 3'UTR) #5& M-S FEHE,

(facilitates chromatin
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SHH i HUAE REAT R ' miRNA 5k J0 o 7oum | 3

TE B RE Y % A 2 B b 2 3 AR 220 A ST
i, miR-125b. miR-324-5p Fl miR-326 7 SHH-MB
Wk R, IR AR b Hhom B N 7 R 1R AR
AP, miR-17/92 3 #£7E SHH-MB H i 3% 5 %k
LSRR P BRI, FRTSE T Hhom SR
i) miRNA 235 845 76 SHH-MB A B4 -5 AL i
ZRGME, HAES RIFEAEZ A1) miRNA FHE
T RE2ZE M AR ENRA L, ST, Ao
EYE R0, RS AT SHH-MB 11 9 miRNA-
mRNA P4 R 2% FF R A ELIR B9 SHH-MB 20
2P miRNA-mRNA P83 48 RSP, W IS 2edkq T
DIRe g e 5 48 py Rt 2%

1 ¥ME5h5E

1.1 58, gl

BALB/c MEPE#E R 6 ~ 8 JEI%, IO H R Rig LW
FHEABR A E, s 4 7 77 A1k iy SCXK ()
2023-0003, {AFHN20~25 g, FTA#RARET i
AEIH A B 2 B S g s oL AR T, VT
HE SCXK (7)) 2023-0041, F25°C. {5 50%~
60%. 12 hBAmEsEE | W <60 dB 4514 T 471 5%,
R A REE . YK,

AWFFEE A T 24> Hhoil B A B0E 9 BUK SHH-
MB Zi it % (SmoWT Al SMB56), SmoWT (K Y
K Trp53" Ptch™) 5% W T Hir B - L A7 RO AE OF 52 7
C. Rudin #(#%, SMB56 (JEHE AN Preh™) 204+,
8- g RE W 5T B¢ Rosalind A. Segal #(#% .

1.2 EEH S R

Bl DMEM 5532 58 (i s A RO A
BRZA D), Neurobasal-A $i 775 . DMEM/F-12 §; 7 4
[ % HEPES (4-F£ LIENRWE LMK ) |, B27 4h e
HER-BEFRIREW . TrypLE™ Express i (Gibco,
EE), TMIEHMIRAER (FNHFEE AR AR
NH)), TRIzol™AF (Invitrogen, 8 ), MEMMHZ
iz | (deoxyribonuclease I, DNase 1) (Worthington,
FE), Matrigel"F& 5 i (Corning, ), WL 4
FE . IEEEFEFE (Thermo Fisher, 3E[H).

1.3 £y ik
1.8 4l 3E F37°C. & 5% CO, e iR 1 3%
#ih . SR FH Neurobasal-A £ 7 £ 3% 55 SmoWT 41 Jitg ,
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K HI DMEM/F-12 5 37 5 (% HEPES) k3% SMB56
YA, TRV bR SR RSN 2% B27 #b 55 F 1%
HaR-HERIEGW . X2 MM B R T,
AR 7 d; 55 4 H I % 50% IR RN 7857 fif 3 57
FLAkLL R 5%, 58 7 H {6 H TrypLE™ Express B #E 17
THA, DL 20 M P it 2k S i 2o T AR, JF
1E T AR Y TR A DNase TR A0 A BRI, Rt
St WSS, ) m A B R #h 2% vl (phosphate
buffered saline, PBS) LAZCIbJhy, A iHA LA BRYY
15 37 °CIE IR IR EilEAT.

1.3.2  miRNA {5 B A1) BEAH O HE D ) g AR 1 53
Br AT miRNA 5 5 D BEl B8 2 A 7E M b &k
AT, AWFFEN A& K HY CRISPR-Cas9 S i
e ROHE B AR AT B SE, X SmoWT A
SMBS56 A I 7ER SN F5 . BREUE T AE R &1 (RISH
e AE) N BT A RAT R BT, % M AE Bk
FAF T M I . B, i miRNA & Al
Yy RE M K A (Drosha. Dger8. Ago2. Dicerl Fl
Tarbp2) WIUCHEER S5, DA b3 SO Ve B rh 4 B
Hiad#: R 514 (robust rank aggregation score,
RRA score), JFiEATHET . PIALALARRE . )5, R
YE Drosha . Dger8 B RRA score 3131 H 1~ il sgRNA AY
WAL B, AT HE— PP I Drosha 5 Dger8 )
AL PA4E M) 5 RNA  (single-guide RNA, sgRNA) 7
i L S A B2, JF T AT AL B

1.3.3 Rl SHH-MB [l 8 I/ Is igi 40 AR A 1 i 4 5
My A H SmoWT Hl SMBS6 # B T Rl F 5 {4
MRy . BAGLBRINE  #F 1.5%10°4 SmoWT 5,
SMBS56 4l Jifd 1 55 21 4 B &, FF R i Bk B
1000 mm?If AT HE 5 452 5 B A A A (4 R L BE AL
S22, —@HIEZ 1000 mg/kg Fl R GDC-0449 (LU
T4 FR R SmoWT L5524 . SMB5S6 5w 4H ), o5 —
P2 HEWE — B R (dimethyl sulfoxide,
DMSO) VEWBAE A (LATF 43 518 SmoWT X i
. SMBS6XTHAZ); T B4 TA&AA 1R, &
A2 ARG LS, T RE X 4 AL AE I A
A (LUR AR e ). W, RRSAE %
BB IR /MR AL, WSUBUR ST AT b 1Y)
P7 F P60 1E B B/ Mk ZH 2LV Jy X i (32l PT IE
H/NKAL . P60 IEH /MWL) . ST Hh il S 1EH
REB/NGVER, S HPTIEH#RE, BEPL A 24,
o35 L5 BB SE e AR R 7 989 GDC-0449  (P7 /)4
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Z54]) s DMSO (P7 /i X B4l ) iAW b #E
PO =) (OGN

K H TRIzol ™ 7 24 i - PR A7 ik S AAEA, %
2 IEE AW /53T RNA Sl S84 poly-A
mRNA BEEE | 7 LIk S mRNA-seq Z4, DA Rt
17 RNA il 2 & &1 % small RNA B g . W % DL gk 15
miRNA-seq 45 . AL, R0 B A1
2AEYEEE (B2 HARRD) ,, B R R4 28
AT FEATAE I 53T
1.3.4  mRNA-seq J5 i 77 55 b 38 5 5 S 2 P AIE 43
#r FIH TrimGalore T ELXJ &5 FEAS 14 I GG I 7 5 s
HEFTHE SR 2SRRI AN 25 B, T J i FH STAR T K7
HIHEXF 2 5% FE N4 GRCm38, FF| ] RSEM T.H 4k
AP F kR (counts., FPKMsFITPMs)., W
PEAS A 427 5 A [A) — B0 DSOS TR A B B AR ] 1) 2
IRTEARRIME, (R R (v4.4.2) TR AR AL
HFikiE (TPMs) Z[H]f#% Spearman #H ¢ R %4 .

TN A F A (counts), f# F DESeq2 fu ik
112412 538500, T 26 B A adjust. P<0.05 H.
llog,FC[>1. EA&UITF,

(1) MO 5 A FHE . 1% SmoWT X IR 5
P7IEH /MK . P60 IE 5 /ML 53 5l #F 47 22 S5 ik 4y
Mrs [FIRE, K SMBS6 X HRZLL P7. P60 IEH /M4 43
WAT2E R X B BLARAS 1) 25 5 235 mRNA i
TR Hr, ik i 7E 2 SHH-MB A5 ri A48+ P7
o P60 IEH /M 3% B (SCT ) 1) mRNA.

(2) /NG 2 8 B 5 SRALARRAE %P7 IE R /NG 2
5 P60 IEH /NG AT 22 R RIB T, DL FEIE R
AN R B AR R E LI (BCF ) 1 mRNA,

(3) JJeq B2 E % & 7 /NI v i) H il % &% 3F Hh il
AR R ) e S AL AR AE . LE B SmoWT L6 41 5
SmoWT X FRZH, DA Kz SMB56 525 £ 5 SMB56 Xif H
ZHA33) 5 3525 F 375 mRNA B8 b Hh 8 B4 6 10
mRNA, H AT 35 2% 5 19 W4 e b =JE Hh i AR
Wi mRNA, [FE, FA P7 /MK ZA 254045 P /Mg b}
R 2H 75 3] 1 3 2% 5+ %6 35 mRNA BV iF % & & 19/ g o
Hh 38 B 09 mRNA, HAh IE5 & F 1/ i e
Hh i B 1Y) mRNA
1.3.5 miRNA-seq J5 4f M J3 £ 4 b B 55 5 S5 20 R AE
O3 AT I 2% 57 3K miRNA D) & % i Ji] Cutadapt
TR REASREAS I e e B A T sk KB, i
Bowtie T HR H X 25 % L F 20 GRCm38; Fifif5 &
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SHH i HUBE REANSET ' miRNA Z56 0 F0m | 5

F miRBase v22 7 ¥ ¥ FE 1 B¢ miRNA, Jf A A
featureCounts i#f 17 2 #i LA 4K 15 miRNA [ 5K ik 4 fF
(counts, CPMs); fh, ZBRATAFEASH CPMs S
/NT 1 BYRER 5 miRNA, FEAC[A] Spearman AH G & 4
b, ZERRBHIE “1.3.47,

W A5 B B i R A% 0 B S 4 AE miRNA & A
miEAA £ 45 )& (https://ccb-compute?. cs. uni-saarland.
de/micaa2/), FRAEMFYF A “Mus musculus”, i
TTPRAAR (Disease Ontology, DO) &4
1.3.6  miRNAs/mRNAs JHEX H4EE S RETHRA
WF 5T v 455 L A DG B 22 57 3638 miRNA Y E A= 1) 27
Urhg, £Fxf “13.57 Gk E e x5 RA
miRNA, #] F§ miRDB (http://www. mirdb. org/) .
TargetScan (https://wwwtargetscanorg/) . miRTarBase
( http://mirtarbase.mbe.nctu.edu.tw/php/index.php ) %0
JE T P A ) T R DN o R R R TR AT AR
J2E vk T A R R miRNA R FAR ,  BIRE 4 Afi 2k HE
FEH, HFIH S mRNA-seq 22 57 R Rl TG .
SRy g B R e RO R, (R IR
TR miRNAs/mRNAs XF - (BJ_[- 4 miRNA
XF T A ) mRNA, 50T 38 (19 miRNA X hy F 34 (1)
mRNA ) . £z 3545 ) miRNAs/mRNAs 8 75 %t § A
Cytoscape B4, F|FH “NetworkAnalyzer” T.E.iF47
A A AR B
1.3.7 mRNA HH 08 AR (v442) 1
clusterProfiler 2 X} Aif i #4 2 ) miRNAs/mRNAs i 15
XTHTE) mRNA Bt i g 36 (RPEE L) 4T 5T 4R
HEHWEHEHNHEHR 2 H (Kyoto Encyclopedia of
Genes and Genomes, KEGG) il }% & 4 0 #r, ¥ it
GeneRatio HF44 Hif T A5 530
1.3.8 A FUSF miRNAs/mRNAs 4 %} 1 %5 22 5 4%
Mr A% 7E A ZE SHH-MB 5 [ J5 # A b {5 <5
miRNAs/mRNAs i ¥ % , 7 R2 50 ¥E & (https:/
hgserverl.amc.nl/cgi-bin/r2/main.cgi) "iEFLLF LA
37 MB 5 Bl BT BRI AE A ) mRNA £ 4%
D Pfister-223 %(#& 4 (Tumor Medulloblastoma-Pfister-
223-MAS5.0-ul33p2), 223 AR MB 3% 11
#* 3k B R . @ Gilbertson ¥ i 4
Medulloblastoma-Gilbertson-76-MAS5.0-ul33p2) , %
76 {9 A [A) T2 #L MB JE 5 YR A 5 . ) Roth i 4
(Normal Various-Roth-353-MAS5.0-ul33p2 #1 Normal
Various-Roth-504-MAS5.0-ul33p2) , 45 %4 9 Al

(Tumor
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Xif BN AR AS B R BHE . DL B3 AN B R
U133 Plus 2.0 F5105 R i As 2], B I a6 2 4ok
FHMASS.0 kit Arhnifefuab 2, b A IE (f
2R “ul33p2 BT ) SR AT

fd FH limma A% u133p2 £ 4E 1) SHH-MB %
FEAR 55 g R BE/INIGAE AR (8 0 e Bt R A 7 22 S 3R 38
Mr, 0% BIE A adjust.P<0.05 H [log,FC|>1, 155257
F 15 mRNA, 7F 3 A % 35 25 & 8085 JE (Gene
Expression Omnibus, GEO) (https://www.ncbi.nlm.nih.
gov/geo/) HIEFEESE GSE42657 Y, B &
2 {9 SHH-MB 8 & B A% F1 3 4] 1E % B /I i 2 2L 1)
miRNA P8 . (] limma f2% SHH-MB /&
FEA 5 1EH NN LA T 25 57 3K 50Hr I 1 15
{ 4 adjust. P<0.1 H. [log,FC|>0.6, 15 | 2% & £ ik
miRNA, N EERSFITRTE R, B FaRIRA A
2FFEmRNA S “1.3.57 B BRI T i
R 22 53 3k miRNA US4, 8 O “feptEz i
FIEmiRNA” . RS “1.3.6"7 MR, kit
SPME 22 R IK miRNA (SR EE R, f8) C ARURSF
i miRNAs/mRNAs ¥ & % 7 o XF ot o8 #25 % /19
mRNAs, RS “1.3.7” MFEWI7 AT KEGG i i
=R,

1.4 Hil#iiik

K Ffl GraphPad Prism 9.0 54 Al R 4 (v4.4.2)
PEATGEIT A AN T o 2 2 1) e R FH AR e X ¢ K 56
2H DL E BRI R 7 2250870 P<0.05 %78 25 5
HAG

2 ER

2.1 miRNA 73k 5 Dy i Al G HE PIAE L SHH-MB
vp R B g 5 e

7E LA SmoWT Fl SMB56 4l il AR #4351 T4 4h
B AR U AR K A R IR R A HE ) 1 036 4~
A% A 2 3L [ 1Y CRISPR-Cas9 & ik o, Drosha
M Dger8 5 e wi d 18 ' 1y Cdk7. Cdk9. Cdkl2 —
BE, YRR R B AR SF I IR A e (BT 1A) 5 fE L
RTHESME T, Drosha #1 Dger8 WIHHEHEA 200 T
i 20% (& 1B), H A H T B 2 30 2 4 BUE
SHH-MB 2 it 76 14 #h Fl AR N 55 18 09 A= K RAE i
(K 1C).
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A
SmoWT in vitro in vivo SMB56
in vivo 52 6 in vitro
102 0 2
152 3
45 7
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Note: A. Venn diagram of shared essential genes identified by CRISPR-Cas9 screening under in vitro and in vivo conditions in SmoWT and SMB56 cells. B. Detailed

screening results for miRNA biogenesis genes Drosha, Dgcr8, Ago2, Dicerl, and Tarbp2. Genes were ranked by RRA score, which denotes gene essentiality, with

lower scores representing stronger essentiality in the negative selection screen. C. Read count changes of sgRNAs targeting Drosha and Dgcr8.
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Note: A. Correlation analysis of mRNA expression profiles across sample groups, including SHH-MB tumors (SmoWT and SMB56 models with or without
GDC-0449 treatment) and normal cerebellum (P7 and P60). B/C. Venn diagrams of the overlap of up-regulated mRNAs (B) and down-regulated mRNAs (C)
among tumors vs P7 cerebellum, tumors vs P60 cerebellum, and P7 cerebellum vs P60 cerebellum. D. Expression levels of Glil, Gli2, Drosha, Dgcr8, Tarbp2,
Dicerl, Xpo5, and Ago2 in the indicated groups.
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Fig 2 Comparison of mRNA transcriptomes between mouse SHH-MB models and normal nude mouse cerebellum, and mRNA expression
levels of Hh pathway transcription factors and miRNA biogenesis genes
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Fig 3 Comparison of miRNA transcriptomes between mouse SHH-MB models and normal nude mouse cerebellum, and DO enrichment
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Note: A/B. Identification and overlap of Hh-dependent and Hh-independent tumor-upregulated miRNAs and tumor-downregulated mRNAs (A), and tumor-
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Fig 4 Hh pathway dependence of differentially expressed miRNAs/mRNAs and KEGG pathway enrichment in mouse SHH-MB models
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Fig 5 Hh pathway dependence of differentially expressed miRNAs/mRNAs in the developing cerebellum, comparison with SHH-MB

models, and KEGG pathway enrichment of target genes
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Note: A. mRNA expression of Hh pathway genes (GL/I, GLI2) and miRNA biogenesis genes in SHH-MB patient tumors and normal cerebellum tissues (U133p2
dataset; (T”P<0,001, @’IEO.OIO). B. Correlation analysis of miRNA expression profiles in SHH-MB patient tumors and normal cerebellum tissues (GSE42657 dataset).
C. Volcano plot of differentially expressed miRNAs between SHH-MB and normal cerebellum tissues (GSE42657 dataset). FDR—false discovery rate; FC—fold
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between SHH-MB patient tumors and mouse SHH-MB models. F/G. KEGG pathway enrichment of predicted target genes of conserved up-regulated miRNAs (F) and
down-regulated miRNAs (G). AGE—advanced glycation end products; RAGE—receptor for advanced glycation end products; ECM—extracellular matrix.

6 SHH-MB £:&ijEH 4 miRNAs/mRNAs RiZ4FER A RIRTFIES T
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2P 1t R G 24~ B SHH-MB #7 5 1E 5 /)N
%k B P miRNA FR A58k % B SHH-MB AL
92352 P8 miRNA ., miRNA FEki85 R o/ i 4h
7R 27~ SHH-MB B ELA /35 BE AR (L9 2 /R miRNA 36
IRTERFAE,  FLARS IEH /N RO o 25 57, 2
R —Eer 2 A miRNA £ 5 24 miR17/92 5
M 5L (4 miR-17-5p, miR-19a-3p. miR-20a-5p, miR-
19b-1-5p) , XK WEPE B 7 SHH-MB 5 263k HA B
TNV & & R GNPs FBgss 20 — Bk g R
P A9 miRNA £ 5 miR-218-5p, REFEAFIT A B H LT
TEREaE S R L AR I F3Z2 /K (epidermal growth factor
receptor, Egfr) . B Ik 9% 2 (B-cell lymphoma 2,
Bel-2) Z5#UFR mRNA (5 FiE, et iz 28
e 9 [T, ABFFERT LR miRNA T RS A
KEEMHEEI, MBIEE T T2 500 i —
g2l DA B SRR AR5 BUE SHH-MB
BRI miRNA AT EAR 2 T SE Y . @t P7 IEH /N
i AR % T~ P60 1E H /N Y mRNA 25 5 28k 45 S -4 7 L
BE &, FUR SHH-MB B H mRNA #3525 473
3 238 2 JBOK P7 /N ik 2H 2 (138 4 mRNA R¢AE 1M 45 15
), PE—LENE T UK SHH-MB 4 & Bt Ik [ 4=
FRVE Hhid B0 Y GNPs.

A5 38 55 20 B GDC-0449 4k 3% KL SHH-MB
B DL R B B P7 /NI B miRNA 23k 1 5 m , 1EA
Hhi# e & B S5 MR 5 R mEEER . 4558 IR,
Hh i %] 2 1~ SHH-MB #5258 /) miRNA &35 I8 5 72
AR, X PTG IEEVER ST, H =% Z At Hh
T IR Bl ) 22 55 K miRNA S AR, X ek
i) 52 B VeI 5 Trps3 it 15 oM A A R G 4L 56
WF. SR Hh il BT miRNA, HF il L A 4L [H
BT 240 A0 SHH-MB AH C B0 8 J% , 4R
A B8 S A ARUAL A S g 1 A, BISEB Bk ag ]
17, W5 Rk & B O i 2, 2 SHH-MB £}
R rf Al Hh i 35K 1) miRNA 253 B AR EE
BE . TASHESE B A T Hh 3l B 9 miRNA 08 43
THUH, X T R AR 55 P7 /NI 22 18] 35 Hih 3 24
I miRNA Z [A] AR BT, DL S GX $e9E Hh il i
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brain and other central nervous system tumors diagnosed in the United
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RN Re ) AR IR 2o

HULFE, A5 CHE T A B SHH-MB Z [i]
FR5F B miRNAs/mRNAs P ¥ . 56 T I R AR SR,
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IR -, AR5 20047 K SHH-MB & # 41
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