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In vitro screening and validation of novel targeted therapeutic strategy against diffuse intrinsic pontine glioma

LI Rui, HAN Yu-jie, ZHANG Lei, TANG Yu-jie
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Sciences, Shanghai 200025, China

[Abstract] Objective*To find and identify new targeted therapeutic compounds and combinations for diffuse intrinsic pontine glioma (DIPG) from the
perspective of epigenetics. Methods- Selection of small molecule compounds was based on the previously published transcriptome analysis of 8 cases of
DIPG and 6 cases of normal brain tissues. New inhibitory compounds of DIPG were identified by single agent screening in DIPG primary tumor cells.
The changes of target genes at mRNA and protein expression level were detected by real-time PCR and Western blotting after drug treatment. The effects
of drug treatment on the proliferation and apoptosis of DIPG primary tumor cells were detected by FACS analyses after EQU and Annexin V/propidium
iodide staining, respectively. The combinatory screening of small molecular compounds was performed with bromodomain and extra terminal protein
(BET) inhibitor JQI or histone deacetylase (HDAC) inhibitor panobinostat, and the drug combination with inhibitory effect on DIPG was verified in
vitro. Results* Sixty-six small molecules were chosen to be applied to screening. Single agent screening identified that YM 155 could significantly inhibit
DIPG primary tumor cell growth, and BIRC5 (baculoviral IAP repeat containing 5; gene encoding survivin), a target gene of YM155, was significantly
upregulated in DIPG tumor tissues (P=0.018). YM155 could reduce the expression of BICR5 at both mRNA and protein levels. YM155 could repress
proliferation and induce apoptosis of DIPG. CX4945 and ABT-737 from the targeted small molecular library were combined with JQ1 (BET inhibitor)
and panobinostat (HDAC inhibitor), respectively, which could synergistically inhibit the activity of DIPG cells in vitro. Conclusion-Novel targeted
therapeutic strategies for DIPG has been identified through single drug and combination drug screening, providing basis for further validation in vivo and
therapeutic mechanism exploration.

[Key words] diffuse intrinsic pontine glioma (DIPG); single targeted small molecule compounds screening; YM155; baculoviral IAP repeat containing 5
(BIRCS); drug combinatory screening
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TR, PAAAAIZAN O, 24FAAFAATT 10%,
SAFAEAERAE 1%, & HATE AR R g R
H1 T DIPG A B R DXl Pl o3RI (Y E 2,
T g A B SCEA AR SRR, PRI IR i g 6
R FAKIRYT B BHRTOUIGAYT (B07) Bef k4%
—EMER, RGBT G MR SRR R IR BT 32
IR AR 7 & BRAT % DIPG A 806y T-BE .

BF9E 7 % BRL 80% i) DIPG £ # #57 H3 412K 114
N H3F34 (H3-3A gene) B¢ HISTIH3B (H3 clustered
histone 2) FYVRAHMIZEAE , fdi 15355 27 o7 1 2 1R 5 A% i Y
Bizig, BPH3K27M %45, B4R DIPG H H3K27M YR
WAL IR K B DI BE T 2Bk 2SI, (H R S AR TR M B
INGE T EAERE ], PR I A R A 4 R A T TE T BATE N Y
[ A A 22 A AT AR 3R 6 1 5 RE A8 B) #4591 H3K27TM 2L
I LI R A 2 U5t % B0 ) SR, ORI T VR 45 A SR S i
Z % (bromodomain and extra terminal protein, BET) il
R0 4 R A UK P B 7 (cyclin-dependent
kinase 7, CDK7) # il 7) * Lh K 41 & 11 & & Wk Ak i
(histone deacetylase, HDAC) il 5] ) 45 5 W iskt 4 #E [i)
/NGy RERSTE I PR R 8L h A 20A T DIPG, JH6 T
DIPG f) 2% W 5t 1% B8 [n] 36 97 B S % o v HDAC 1 il 551
panobinostat £ K 36 [ & fh 25 i B A5 1) (FDA) ki
T2 ks g5 fiayT ', 24 BET ##l 51 fl CDK7
I E HEA BRI IGTT R G RS Y SR, B
JIT A 1A BN & 3R AR 1K 109 I 3558 391 i 25 9 1 T LLS
DIPG #iijfd = /- £ X} panobinostat i FRAF M 241 ; BET 1 il
FIAE P DIPG 40 F= 27 A BRI E N, JFAE TR %
AOANMEREAE T 1™, S o ofs Bkl LR 7 16 PR 7 FH

1% % A (survivin) [ BIRC5 (baculoviral AP
repeat containing 5) Kt H Zw %, & 0 T H &E A
(inhibitor of apoptosis, IAP) ¢ & Ji 5t "' . B9 b
survivin [ 5 R IR SITHTZS . R KSR . e
SR AR AR A G, HEAE 22 e rh i B nT VA e
S W As 22 U W AR bR A L TR survivin S 4
I YMIS5 e A Tl RIS

ABIF 58 45 G i Si 41 43 B R 24 ) P i % <548 DIPG AJ
AE MY AL IR 7 WG, IR BEAT RSN IR, B TE N JE Sk
DA I AL ] 47 4 B8 A B Al

1 RESHE
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1.1.1  Ziffe  DIPG JE 40l SU_DIPG13 1 SU_DIPG17
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FH 9€ [ 1 4% K 2% Dr. Monje 7>, ¥12k H H33 H&EH
K27M 75 (% DIPG 35, &3 5 P AEAR SN i
SRR
1.1.2 4if5553L DIPG B33/t $E . Neurobasal-
ABEFRIL (10888022, FE[E Gibco) ., DMEM/F12 85774k |
HEPES 2%t (15630-080, 3¢ [H Invitrogen) . PR
AW (11360-070, 32 [ Invitrogen) . &4 77 & 5 R
(11140-050, 2 [H Invitrogen) . GlutaMAX-I (35050-061,
2% [ Invitrogen) . B-27 (12587-010, 3£ [# Invitrogen) .
NF R KT (AF-100-15-100, 2 [ PeproTech) . A
AR HE A i A K I F (100-18B-100, 35 [# PeproTech) |
AR A K T AA (100-13A-50, F%[E PeproTech)
NIRRT BB (100-14B-50, 36 [ PeproTech)
T2 (07980, MlZ K StemCell Technologies) . i B i .
B (15240-096, J[E Invitrogen)

/NER A2 T 40l (mouse neural stem cell, mNSC)
B R B s . BRI & T A5 92 5 (NeuroCult
(Cat05702, fil % K
StemCell Technologies) . 52 Bz 4 it AE < P 7 (315-09-
100, 3% [ PeproTech) . FR Ak P 1% £F 4 40 i 4 4 R 7
(450-33-50, ZE[E PeproTech) . FFZ . HHEHTEF T,
1.1.3 AT ik BT FH 25 9 2 38 4 ek 95 [ L3 e
V8 ¥ K& JE WE 5% Bt Dr. Charles Keller 1 ¥, 3 43 )\ 3£ H
Cayman Chemical Fl Selleck 2\ F] 43K . Matrigel . 2847
E#i 2 R (poly-D-lysine, PDL) . PBS (GP200603, i,
WA R YRR R A A ), HBSS, 25 11 2R W .
TRIzol, TrypLE. DNATif. CellTiter-Blue (G8080, [
Promega), CellTiter-Glo (G9243, %[ Promega), BCA
BrE I & . SR & . SYBR Green, EdUIR
&, TR & . SDS-PAGE BRI (i 48 R A Rk
HIRAA), survivin Bifk (71G4B7, & [H Cell Signal
Technology) . F¥. T= 45 ¥4 5 4 4% #4) 4k BH3 (1) 4% #1031 1 551
ABT-737. F&#E 142 (casein kinase 2, CK2) i 5]
CX4945 (£ Selleck)
1.1.4 /MR HAEJE 48 Wil BALB/e /MR 2 H, HHFRT I
Y A8 30 K 27 12 2 B S 3 s W) B 288 SPE s i W)
il P ATIE5 SYXK (97) 2018-0027, A& 7= n] iE 5
SCXK (¥*) 2018-0007, Jir A7 55 5l W) AR OC 454 45 3Rk 15
VS A R A o S B Bl ) ol RN A B B S v

NS-A proliferation kit mouse)

1.2 Sedrik
1.2.1 ZifasEsR  DIPG JRACAHAE 37 cCHE F-FE # FILEE % .
mNSC M H A 5 48 h i BALB/c /NN SR EC. 2 H/NVER
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Wik ab B, BN, B, RS EJRE, RiFRmb )
4 5 1 TrypLE 7 37 °CHR3% 14k 11 min, #5.0J5 HBSS 5
B, 40 wm BRI PE, B0 5 mNSC R SR I H R 5 R
0.1 mg/mL ) PDL A B FLAR 37 °CHi & 2 h, ZEIR/K Pk IS
T mNSCH; 5.

1.2.2 DIPGH 484 8 il DIPG IR 21 K 6
i) X B v 0E W K 4 21 9 mRNA I J¥ (mRNA
sequencing, RNA-seq) 4>k A& LML= ™, R
fd DESeq2 | T 73 #r 22 7 &£ ik X (differentially
expressed genes, DEGs), A% P{H (adjusted P value,
padj) <0.05. |log, 2% 51f%X (fold change, FC) |=1 M¥5
HET L . R AL ggplot2 22 il B S . KL, R
pheatmap 22l # & . JERE L5 HT (Gene Set Enrichment
Analysis, GSEA) #4724 4K (Gene Ontology, GO)
A idE % (Pathway) Z3 #7 . GO 43 #7 0 5 2 ¥ id 72
(biological process, BP). #AUfifiZl4) (cellular component,
CC) AF3iE (molecular function, MF); Pathway 74T
AFE A SR H A HR 4 (Kyoto Encyclopedia of
Genes and Genomes, KEGG), BioCartaiIREACTOME.,
1.2.3 /N HRAMAGTE R 4 F
44 DIPG FIHAW R e B i A #E AP S R, ik
P T4 1) /N1 BEAT DIPG J5A 40 M 1 2% 43 0 15 0 56
HE. PEFE—LE 2 2875 DIPG Wil i A HE [l /o311 BH
PEXT AR, ALFEHE /N THZ1 . panobinostat, AUY922,
PR-171. flavopiridol %5 167

P 0.01, 0.1, 1. 10 wmol/L 4 MRFVEHSE, DAY
AR A A4 (MOCK) 1 — W 3t 7 A (dimethyl
sulfoxide, DMSO) AbHZH Sy PR XS IR, Bk B
3N AL, 384 LR SLAIH 1 5004~ SU_DIPG13 4 fifd
JInZ5 b 3E 72 h, CellTiter-Blue #:I 4HJiU 5 11 .

[ i DL S8 ) /N4y 746 0.01, 0.1, 1. 10 wmol/L
W2 R 5 BET #0157 JQ1 5 HDAC 411 il 7] panobinostat i
TTH AT, JQI Fl panobinostat 1 7 12 ¥ Bk 40% 1l
W% (inhibitory concentration, IC), HJIC,.. [RIFELIAMY
AR FR ) MOCK 41 F1 DMSO Ab B2 g B %o
1.2.4 29N thZeilsE X T 2RI EGTE R 259
Gy PR S A2 EE (0.000 1, 0.001, 0.01, 0.1,
1 pmol/L) 2=l Z5¥ SNtk . 96 FLAAEFLAHHR 5 000 4~
SU_DIPGI3 4fiffl, kBRI E 3 NESL, MM2572h
J& CellTiter-Glo £ il 41 ff1 3% /5, FH GraphPad Prism 8 #k {4
2 25 S 2k
1.2.5 Western blotting 2444t 3 SU_DIPG13 4il i1 48 h
Ja, WOEMMER E EPAE P, Bl F B, TUEH
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A K O3 6 BE 50 (phenylmethylsulfonyl fluoride,
PMSF) B H 2 W WA, JFAEUK F24% 30 min, &
o W BT IR R B0 A T, BCA IR G0 R DU 2 1
W IFE i, Bl SDS-PAGE BERE, HFEM LFE 10 pg,
100 VHUE ST #ATHIK, 2 IR T 2 R ER .
R1im LK (polyvinylidene fluoride, PVDF) [ J] F fi
WAL G L, 90 min JFHRH, A 5% ZFIMiEHEH  (bovine
serum albumin, BSA) #Z K E MW 1 h)g, —¥3 (1:
1000), T4°CHERPEKR. MEEHANNS, TBSTHE
s, 40 (1:5000) FiFE2h, TBSTYEMS B,
1.2.6 SCHF & B PCR 254 &b B 24 h J5, W4
SU DIPGI34IER EEPE T, B.l, F LW, 500 ulL
TRIzol (AT B UUIE 76 W B IMA 100 pL 5405, R
HIRA], #'E 2 min; 12 000 xg. 4 °CES.L> 15 min, WL
FIHWR R EPE T B MA 2 pL . 250 WL i
A RNEE, JRAIHE 2 ming 12 000 xg, 4°CES.0> 10 min;
W, AT mL A 75% 2B, 7 500xg, 4 °CES.L
2 min, EEMAE; fi120~30 wL DEPC KIE MR ILTE, &
it R SRR &% RNA JUf% 58 cDNA, SYBR Green
SR RE i PCR (real time fluorescent quantitative PCR,
qRT-PCR) iz £l RNA %3k 7K V-, BIRC5 Ml GAPDH 7|
PPN . BIRCS L5119 5-AGGACCACCGCATCT
CTACAT-3', T iiF51 4 5-AAGTCTGGCTCGTTCTCAGT
G-3'; GAPDH L i# 51 ¥ 5" TGACTTCAACAGCGACAC
CCA-3', T34 5-CACCCTGTTGCTGTAGCCAAA3',
1.2.7 2540 4 MO 35 58 A1 TR S2 e 1% B MOCK.,
DMSO &b FH L AF Jy X HEZH, 152 1 25 Wy b B 20 Ry S 6 24
Sy kI SU_DIPG 13 4l (4 14 58 AR 127K o e 25kt
FRANM 18 hJm, SCUR LA AT BRZH 5 A BdU, i &
JE M 10 wmol/L, 37 °CHF T 6~8 h o W AE 240 it - 31 1k b B
YL, 4% 2 5 H R [ e IR iR AL B, APC ()T,
O E R 30 min, U4 (CytoFLEX S, 5[
Beckman Coulter) K205t iG . 24440 PRAIME 48 h
Jo . WSO SR ZH AU R A, I A0 By A
Annexin V FIll L A E  (propidium iodide, PI) [A]Hs) X} 4
MO (s, G IRIEE 5 min, U240 SRS 10 200 A 0 T
K-

1.2.8 ME/NFFRAEGRIE A M2 R/ T
K VERE 4B T IV B 43 IR A T B2 R 5 25
M, I A ] CaleuSyn 2.0 % 14 3 55 4H A 8 B
(combination index, CI), CI<l. CI=l. CI>1 /3 H|FE/R2
AN 1] 7N 53 —FAE X VR BE R AEAE D A L S ]
FhC R A0 A K R
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2 B#R

2.1 DIPG MR 412 i §% % 8l 53 BF

R TS 5E B0 DIPG B [n) A YT SR M, T RS2 i A
B 28 & 4% 14 8 491 DIPG i 41 4RI 6 {51 Xof S ity 1 % ini 41
211 RNA-seq 3048 17 DEGs 43 # ', ffi 6 H4 2 3194
DEGs, {4 1 020753 vh i 2 1 1 299 TE iR
i PR (F1A. B) o X bk 3 K 4 5l g 47
GO 43 M Fl Pathway 73BT, FH T %28 5 5 T 235 K 5% 5%
A B B9 B 9 A OC AR ) 2 Th RE s fE S R B (] 1C,
D). DIPG "' 3% b A3 K 35 BA7 A T 40 M /0 3 A
MEE, S5 . MM LRSS MmIGE; BE T
PRI N E A T b, DR E EES SR MES
VLKA B 22 8] A 455 e e i 22434

2.2 DIPG J5LACAN L IR 2 fd 7 53 O

L DIPG g e s 4l o A 4 2R O Bkl Hepkik iy 1026
66 THL /Ny (B 2A) o 3% 10 2847 16145 BET 11l
. HDAC 5] . 24 1 A L B Mg 4 ) 5 (histone
methyltransferase inhibitor, HMTi) . ZH £ 2= H JEAb g
il 7] (histone demethylase inhibitor, HDMi) . 4H ffd J& 1
25 30 I 7] (cell cycle inhibitor, CCi) . X 25 25 ¥
(metabolic drug, MD) . #{ B #1 #l 5 (kinase inhibitor,
KI) . mTOR #I#l3] (mTOR inhibitor, mTORi) #lif
JiIF) (signaling pathway inhibitor, SPi) 4%,

% DIPG FAC I iE SU DIPG13 %t |34 66 4> [iv) /]y
OrF HEAT RSN A PR G RE B A [ N T
o3I T 250 4 AW T AR BE SU_DIPGI3 4iJif 72 h
ZJE xS e Ry 2 (1812B) o 45 R, 7E0.01,
0.1. 1. 10 pwmol/L ¥ B 2544 9 il 5 ik 50% F 4 i) /]
SFABIAE 2, 30 1LAI224 . FZ LT wmol/L ¥ & R X
AR A A IR KT 50% AT AR, SRAS AT G bR E
B LA /N1 5 R AL 5 AN B X B/ 710 AR
40 AN, W R 2 YMIS5 . AUY 922,
THZ1, CDKI1/2 inhibitor M . PR-171,
panobinostat, flavopiridol, LY2874455, INK128 #1JIB-04
(E12C) . 11AN/INFF B T THZ1 1 TIB-04, e A
e RIS (1) 10 CDK7 M50 THZ1 A [R28 /N 124
Ptk AT Wi R (NCT04247126)

dinaciclib .

2.3 BIRCS5 B /Ny 1254 YM155 %) DIPG [ $RIAE T
TEILA/NrFRSESE R F, BIRCS. CDK2. CDK4,
PSMBS. PSMBY #£ DIPG ' 5 1 & % 15 (log,FC>1,
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padj<0.05) . i HUF R IE K )y BIRCS W) /N5 F YM155
i A7 DIPG FP R I8 ik, I H 5 1E 3 i 41 215 S 4 i
BIRCS 1E DIPG I | 4 /Y 1% $ fc =5 (log,FC=4.64, P=
0.018; & 2D). M4, YMI55 54 SU_DIPG13 41 il fiy
IC fe/IN, HAE 1 wmol/L ¥ B 0 AU R B bl (3%
1), B, 3T X BIRCS KA #- AT 5 LL 5160 1E

T 55 3 qRT-PCR HI Western blotting ¥ Il YM155 7
W ANXE BIRCS F3K R4 . YM155 kb B SU_DIPG13 41
JitJ5 BIRCS 1) % 35 78 mRNA F1 2 [ 7K -2 52 21| B & 717
Hil (E3A. B). P47 HE YMI1S5 76 2 1> DIPG J5 AR 4
Jift SU_DIPG13., SU_DIPG17 FI% HE £l ifg mNSC ) i & -
M R s, 24> DIPG JRE AL 40 H i 1C,, (0.004 .
0.007 pmol/L) i ik T mNSC (0.03 wmol/L), YMI55
ARSI AT DIPG 4H A 5 & e (813C). iff—
# 38 1 EAU Al Annexin V/PI b ic B2 2 19 77 35 43 51 93
YM155 2b ¥ DIPG Je AR 40 i 5 6 R A AR T s . 45
B R, 5 MOCK 1 DMSO 41 # t , YMI55 1E
0.005 wmol/L A1 0.01 wmol/L & FF T~ ¥ BE % & 2 3
SU_DIPGI3 #Hffit7t (K3D), Rt (K3E).

2.4 DIPG J5ACHN LI 8 1) 53 AL i 15 4k

AT f# P DIPG I6 ¥7 H HDAC 3 31 57 A4 35 #5414 i 25
I BET 1 il 351 & fiE 35175 5 40 M 35 % 403 0 ) ) AR
TfF 9 75 2024 07 36 1 LRl 1 0 47 25 4 2 55 HDAC ) il 541
panobinostat I BET #Ifil 7] JQ1 (1 £H 75 i i

TE4L A e, 66 Fh 25 W) AE 0.01, 0.1, 1,
10 wmol/L ¥ £~ 73 1] 5 ¥ & 2 1C,, 11 panobinostat 1 JQ1
AT A, JF o BIH SR R 2 L JQL 41 A B v A
panobinostat 21 7§ V& H1 45 > /INr T AE N [R) e T 1 e
AR AR E I E 2. SRS DUA— 2 e 2 panobinostat 21
5% JQ1 1% DMSO H il 3R 55 10% VB Mbrife, it HA
EAEUNRMHIE RN FA S (E4A),

A TS UELL FA GRS R I SE P, 7E panobinostat
HFIQL A rh & Pk | — AR AE DIPG Bl it il o iy 4
[HDAC #7515 B 20 /i bk &4 988/ 195 -2 JE ) (B-cell
lymphoma/leukemia gene-2, Bcl-2) #IHl#] . BET i 5
5 CR2 W5 ] 78 24> DIPG S AR 40 i gb AT AR oh 2 A4
Hil . Hosp ABT-737 AU T 45 1) S B 25 44 35k BH3 A5
PLIHIF, FEFT Bel-2 "5 CX4945 J&—FhAg %0y . wl
R ¥ ATP 35 4ok (1 CR2 AR 0 43 51003 4 4 e JiE
FAF T RS2 R RIS MR, R L 45
7R, BR7T SU_DIPG17 4i i} panobinostat 5 ABT-737 1Y
AR A K20, A A CIE/NT 1, Ui
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ZHONG Qing (1970—), head of the Department of
Pathophysiology, and director of Key Laboratory of Cell
Differentiation and Apoptosis of Ministry of Education, Shanghai
Jiao Tong University School of Medicine. He was appointed as a
Guangqi Endowed Chair Professor, Shanghai Jiao Tong
University. He is currently chairman of Cell Death Branch of
Chinese Society for Cell Biology, and vice chairman of Organelle
Branch of Chinese Society for Cell Biology.

Prof. ZHONG dedicates to figure out how autophagy regulates
cell fate. He has elucidated the mechanism of autophagosome
formation, substrate identification and autophagosome-lysosome
fusion in autophagy that is important to cell fate determination by
biochemical analysis. More than 40 high-level papers have been

published in PNAS, Mol Cell, Nature and other journals, which

has been cited more than 5 000 times. He has been supported by
General Program of National Natural Science Foundation of
China and National Basic Research Program of China, and
served as an editorial board member of many international
academic journals.
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The research team led by Prof. ZHONG focuses on the biochemical reconstruction and mechanism of autophagy. His team cloned a
series of key autophagy regulatory factors and elucidated their interaction in the process of autophagosome formation, substrate
selection and autophagosome-lysosome fusion. His team also deeply elucidated the biochemical mechanism of autophagy, successfully
reconstituted membrane fusion system in vitro, simulated the fusion of autophagosome and lysosome, and further explored the function of
autophagy in lipid metabolism. In recent years, the research field of Prof. ZHONG's team also involves the new mechanism of oxidative
stress-induced cell necrosis.
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