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Abstract: The abnormal activation of hedgehog (HH) signaling pathway plays an important role in the
development and progression of glioblastoma (GBM). As atranscription factor at the end of the HH pathway,
the final effector of glioma-associated oncogene homoglog-1 (GLI1) is an important target in the treatment of
GBM. The study was designed to evaluate the anti-tumor activities and mechanisms of a novel GLI1 inhibitor
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FL18 in GBM. MTT and colony formation assay were performed to determine anti-proliferation activity of
FL18 in vitro. The effect of FL18 on cell apoptosis was measured by flow cytometry (FCM) analysis.
Transwell experiment was used to explore the inhibitory activity of FL18 in cell invasion.  In vivo experiments,
the subcutaneously transplanted and orthotopic U-87 MG GBM xenograft model were used to study the activity
of FL18 on tumor growth. The optimized dua report gene screening model was used to detect the effect of
FL18 on the transcriptional activity of GLI1. Western blot assay was used to study the mechanisms of action
of FL18. The results showed that the ICs, of FL18 in glioblastoma was in the nanomole level in vitro. It
was observed that 22.5 and 45 mg-kg * FL18 reduced the tumor volume with the rate of 55.4% and 89.8%
in xenograft model in mice in situ. The ICs, of FL18 on the inhibition of GLI1 transcriptional activity was
3.32x10™ mol-L™ analyzed by the optimized dual report gene screening model. By the Western blot
experiments, it was proved that FL18 inhibited expression of GLI1 without influencing the upstream canonical
HH/SMO signaling and cross-talk oncogenic pathway, such as ERK and AKT signaling. The results aso
demonstrated that FL18 significantly downregulated GLI1 target genes such as Bcl-2, MMP2 and MMP9 and
increased the expression of c-caspase3, c-PARP and Bax. These data suggest that FL18 may generate the

anti-glioma activity by inhibition of GLI1.
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FA® S, HH 55 85 32 B /0 W BB R (1 SHH A
5 JIE 2K 11 %244 Patched (PTCH) F1 Smoothened (SMO),
A ST i B 3 DR B I 988 AH 5% 1 350 e 22 A [ R A
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Western blot i 8k 6 i B 3k 52 38 ) 3¢ 3k R B R
HRAR . —HibuikygT+£E Cell Signaling Tech-
nology A Fl; BRAR IS S A PIEGAR ic I 1L 2E HT R T
W H A S A BEARGR A B ER . RN
P e o SO M e e ) B b s Bt g A w] . e
EZEH MYM AERHEAIRAR . —H TR
(DMSO). Fo/K HE . 30% it A0 A & HAh ik 77135 9
] = 7 5 2 A 4l o AR A1 52 56 245 902 FH DMSO e, I
il DMSO {ENEFIXT IR, DMSO 29K & ) R it
0.1%. AL 259 20% PEGA00 5 fif »

X288 ELx800 Mftn{x (3£ BioTek 2 H]),
Olympus {3 & W45 (H 4 Olympus A ), GE Image
Quant LASA4000 8 & ik K A8 s Al (35 HidE
M HEAAF).

YHAmEESE O\ RTUREAH AR 4 fE ik U-87 MG,
O\ BF 4 5 41 B bk Daoy AN 4 B 44 i 98 44
Pk SH-SYBY S0ty B o [ P 2R} 25 e 2 il = 2 B 5
g i Hh oty N R 5 BR 4 R 41 B Ak T98G W H I
EFEEMBEARA A, g SHH B ANH
R A Bk SHH-HEK 293 H A 52 56 % 4 2 I AR ol
SHH-HEK293. Daoy. T98G il SH-SY5Y ffj DMEM
FIR AR 9%, U-87 MG | MEM $57 5:85 5% . i
B yimA 10% FBS & 100 umL ' HH XK.
100 pg-mL " EEFE E KA E T8 5% CO, ) 37 °C
BaRf R . ) 0.25% RER AL AE AR, AR AR
2K

MTT JERMMEMREEE K HE K
Y1 0 P R A S, T Rt M B, 4% 3 000 AM/AL
BeAhT 96 ALAR Y, A4L 100 pulo X HIMAR[EHKE
PF it S AF L35 7700 HE B B 5 R 72 0, f9 4L 100 pL
(DMSO #9K % < 0.1%), Z ikt &Mk 3~5 Ml &
H, M 3ANFPATIL. T 37 CREFRM gk Ll 3E 7% 12,
24, 48, 72 /196 h J5, FF biE, REFLIDA B EE R ] 11
£ 0.5 mg-mL™ MTT [ JE M5 55 77 3% 200 pl. 4k4E
Rt an, 7 L&, ML\ DMSO 200 uL %@ MTT
B ITUE, LR & R IR G IR &) 5, AR AAE A
A 570 nm ZEAE T E R OGEEAE (Aszo), BAVE AT
R Kb ) e B 4 P Dl et FRVZEL, % R A A B2
SXof Jie T8 A P AR R AR 2, I 4 3O R LB 1Cs:
HHIZE (%) = (Aszo mmuma—As7o #2m) Aszo waiieax 100%,
DA LSEIGE A 3 K.

SRR R SEIE  H H A K 1 A e P i T
1R JE, O] AR R, R N U T g
HONBETE 150 A4S, HHERT 6 fLikt, &4l 2

mL. #3824 hJ5, IIAFEVREER FL18, 7T i ZH
MALEY &R EH & 3ANEFL, FL18 F8AEH 14
KRG, FEEFRE, BALHBUA K PBS T 2 X, K
FEE [ 2 15 min, 372 J5 i B T8 R LI N 85"
el 1 mL Bt 10 min J5, iR 2 RMYk, =6
T4 S5 T

RAHER S TEAETIER  FL18 A HR R
RESUAR4HME 72 h J5, K40 i Filv4 11 PBS ¥k 2 1K,
FBEREHE AL, LA 10% FBS [ MEM £ 9552 1178
. 4°C. 800 r-min 41 N B 5min, YN
FE RIEW, TA R PBSHE 2 (X5 E T ) 70% £
BEdh, F-20°CHEE 24h bl b (3ELAAN), 800 r-min™*
20 5 min, WK X OEE. AT PBS E¥E 2 X,
B ES, I Pl 4 (0.1 mg-mL™t Pl. 0.02
mg'mL ! RNase A. 1 mg-mL* # B 0.3%
Triton X-100) 0.5 h, i 300 H i, 7R 4 Lt
%7 10000 M4, A BT AP TS L

BEERBREZESHLE K Matrigel # 5L
0.5 mg-mL™Y, 7F Transwell 4 3: 55 /N3 1IN £
[ Matrigel 10 pL (0.5 pg-pl ™), BEE WK T. 4
JiEE 422 1 4 b fibronectin (5 pg/10 pL), #8% & A K
T&H. £ 24 JLEEFERA A 10% FBS-MEM,
7L 600 pL. F 1 mmol-L™* EDTA W85t %Ak K i
R i, BV T 0.1% BSA-MEM R 9:dtdh, 41
fEECN AT 5.0x10° AN o KE 41 i 2N 2] Transwell
HH LS RN = A, AR/ 200 pul. BHANEIR T 24 1L
R 25, 37°C. 5% CO, H =M NIEE 18 h.
Transwell HUi, JEMLAH HEERE 2 10 min, HE %fh,
KBE, IR AR G AR, H KB G
P T8 7 1, T 400 5% S T iR 2240
MR, M R RS 4 AN ERLET 03E i 40 i
K, FAHSPATR 3 AL, THECFIME. DUR 2RI AR
X H R IR A 2 28R 0. A (%) = (K
R 2 15 2% A i 00— 25 2 2 12 28 20 PR 50 o R 2H 12 22 2
Hil %< 100%.

AN REBHEE R ABERELE BALB/CHR,
A 19.0~23.0 g, #EPE, WA bR R A RHEL
B G IRA T, YAIFS: SCXK (1) 2014-0004. #|
BEAT BRI U-87 MG 5 RH4H iR 4144,
KR, YRR LU 4 RO — 1 2~3 mm®
JaYL, R T BALB/C BRERIBET . A5 MR P S5 14 AR
L3 200 mmP i, CESIPIBENL A AR, R R AL
A FL18 30 mg-kg ' HIEA. AL RIFAE 0 K,
FL18 H MNHEFI 528 7 RITtR4a 2 (B H LIk, #H),
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LRI 31 K. B 2 YAE ARSI RO &=
TERRL (MR AR = K x 58 21 2), TSR X iR A4 AR
[relative tumor volume, RTV =T (452541 e 1A F7)/IC
(O R PR AR AR ] o SRR 25 SRR B P B F AR BE, TS
PR AR, TF R A K IR . B A R 4T
—80 ‘CUKAA PR A7 H T I SEHL A 5%

ARERBABRENRALBEBI®RM %
BALB/c# 5 (fA#E 185~21.0g) H 50 mg-kg & ™
bl 2 B0 1 R v SR S, [ 58 T /0N B R S A
o SR ERE B R RSk S, HTFARTI RSk R
ARYIFFZ) 5 mm. FH 3% H,0, i v U 1 2 1515 7 X1 A4
RER, REN (MXE 2 mm, P40 1.5 mm)
JE R BT L. H 26 S gt pE 88 FahiEd 5 L
& 2x10° 4> U-87 MG BRI i B, #EEHIRTE 3
mm, 1B 0.5 mm, JESSESE 5 min, ¥ 10 min, ¥
ozt t, BYIO4E MU RITAE 0K, TMZ
HMFER G 28 5 RIThea 2y (B H 13k, #H), 4
2§ 5 Ko FL18 HMNEEMEEE 5 RIFMh%42 (FFH 1
K, #EB), AAHREMIGEE 14 K. RHBWILIRK
BAC (MRI) A0 P50 Py b g A4 AR (4 4 A 1T 1) B
0.5 mm), it iR A= KA 2

B AL R AR AL T o R B IR o A48 44 R T
WO A AE KT Daoy 41 A FH IR RS A6 5, T il ik
Y=, %ML 4000 R T 96 FLIR T,
£9L 100 pL, H& 10% FBS. TXFiH MEM 155
FE{E 37°C. 5% CO, s Tk ATH55%. 24 h 5%
Lipofectamine™ 2000 1t B 3 77 2538475 4, pGMGLI-
Lu 35 Jk R SORL IR B2 9 R 9L 0.1 pg, WS pGMR-
TK BRI N4AEFL 0.01 pg, AWK 4NETL, &
T 37°C. 5% CO, K5 #effi s 7. WH, IMARFHKE
AV FL18, fb&PIcH| FH SHH-HEK 293 4 it 3
FEOWH LTE (Zidifik 24, 48 1 72 h W) AR,
ANEIGHI AR EE TS SHH-HEK 293 2 g 43 s 1 b i& ik 47
o Bf 2 G, LU HH B AR O R 2% 1), TR E A
SHHEL . F 37°C. 5% CO, ¥ 7# #1597 48 h J&, 1%1@
L s 2 i 77 6 B 5 R 7 VR R AT AL < 4 i 2R
fiil 25 ul I 96 FL AR, 3 FH 5 FRBEAS I
1A Stop& Glo™ iR AT B MFR 15 FE K 5¢ Kk Hse
JEM XA ST R VORI R, & GLIL 5
Renilla 7 tEAHE -

Western blot &30 434 & B ik M

Y MR (B FL18 KB 5 B4 iR U-87
MG 4iififl 72 h )5, $#EEUEE A, T-80 ChtfF4&H -
KA BCA i, PL—@ iR EEFREEI BSA W HUCNPRIE,

T 570 nm AbIEROGEEAE, hlbRiE 2k, [FE
EMM O EEIFT R EA SR, ZFHARER
PRV 5t 4 R 2 A R VAR

MR PR RS 2K FLAB 1EH 5 R
B M Bg 2L 21 (0o TR ZE AN 45 24 20 % B ATLOE Y 2 R 3 ik
JELHZY), VK EZA#E 1 h, 12000 r-min * B0 HE G,
AEHLE N, T-80CHEfF&H -

SDS- 5% 4 M Ik i % i FELUK R R LR RS L
FRHL L FFEAT SD S5 TA M I e e JC Hh vk 2 2 1 v
¥ K PVDF LS 5% Mg Wk i) TTBS (0.1%
Tween-20, 10 mmol -L ! TrissHCI, 150 mmol -L* NaCl,
pH 7.5) =il Ft AIAERE R 45 G 0000 1 h WG SR 5
MFEE—P 4 CHEER, A TTBSHBEM 3 k. *
JEL e NHREJ5 ) — bt AR (FH TTBS 4% 1 : 5000
PR AR i E AL B bR A0 1 —91), SIS 1h. TTBS
BRI 3 ¥k, N Western blot # 8k ¢ ECL T
HH R G HEAH

BRGS0 IE 500 45 AR A 391 + b e
% (X+9) Fow, IR HTRH Student’s-test 40,
P<0.05 NZ A Gt it % o

5
1 FL18 %8 40 i i A < 4 R

KA MTT K0 FL18 %} U-87 MG, T98G. Daoy
A1 SH-SYS5Y 4 BR4H A KAMHIER (96 h). 453
SR, FLA8 W LA il i 9o 4 M r 8 i, HLAm I 1E 5
GLI1 Rk (K 1A). FL18 Xf GLI1 Rk H= i
iUtk U-87 MG. T98G Fll Daoy USR5, -4
G (1Cs0) TEANEE/R/KF; Tk GLIL RIAHAR
HI4H Pk SH-SYSY U8 7%, 1Cs XN (372.01 +
28.23) nmol -L* (% 1).FL18 £ fi T U-87 MG (/4 1B)
1 T98G (& 1C) 12. 24. 48. 72 A1 96 h J&, HAmH
TEF 230 R U I 800 RAEROE R o 75 L5 &30
BN, B FL18 F& 3G hn, H)/E B &t nog .
f£ 12~96 h Py, BfiE N GEK, FH0H1FE AT 8
2. ZMVER 72~96 h i, HAmEI/E A TREE.

Table 1 The effect of FL18 on the brain tumor cells analyzed
by MTT assay

ICso/nmol -L 71
U-87 MG T98G Daoy SH-SY5Y
FL18 331+012 1247+123 7.09+0.88 372.01+28.23

Compound

2 FL18 xJhNyE &% 2 sk B9 NI 1E FB
EIRTE N SL 36 3 — D R B, FL18 X Ay 41 i 1)
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AR B WS IR . 4 BRI 4 b, U-87 MG
A1 SH-SY5Y FIEETR L R BAIRAL, Hofth 2 R i J8 48
Jio PR Vs 77 6 FE 2L (control) B2 V& T BCEAE 90% LA
o FL18 AbERZH AR Y E H B kb, HBE 7
T, 0HERTE Y A G s . FL18 X U-87 MG
(& 1D). T98G (& 1E). Daoy (& 1F) £ SH-SY5Y (/]
1G) 4 RAMIEEVE T B HCH BOKIE (ECsg) 731
79 0.33+0.05. 6.37+0.62. 6.11+0.86 1 206.04+8.96
nmol-L 7%, HXHEVE R INEIEH S GLIL MRk
AP EA —E A, BDXE GLIL Rk g
fitk (U-87 MG. T98G Fll Daoy) )54 A il i
FEEART GLI1 RABARM A Mtk (SH-SY5Y).
A USTMG TG Duoy SHSYSY

|= -— GLn
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Figure1l Expression of glioma-associated oncogene homoglog-1
(GLI11) in human brain tumors and growth inhibition by FL18.
A: Expression of GLI1 in human brain tumors analyzed by Western
blot. B, C: The time-effect relationship of different concentration
on the proliferation of U-87 MG (B) and T98G (C) cell lines.
D-G: Effect of FL18 on colony formation in U-87 MG (D),
T98G (E), Daoy (F) and SH-SY5Y (G) cdl lines. H, I: FL18
treatment induced apoptosis of U-87 MG cells (H) and T98G
cells (I). Cells were incubated with FL18 for 72 h, stained with
Pl, and analyzed by flow cytometry. n=3, X+s. P<0.05,
"P<0.01, ""P<0.001 vs control group

3 FL18 ¥R B ZHAE MM AT IESIER

K i Al B AR 2 M Ak &4 FLA8 X 7 B4 i
8 U-87 MG 4R A1 T98G £ i I 1= (IS . 7 TG
M) FFIE T, FL18 7 & A st b 3 i U-87 MG £ T98G
MIE TG (Sub G1). 7E U-87 MG 4llfiurh, 5t
M AEEE, 25 nmol-L ™ FL18 1EH 72 h J&, T HL4
AlEE T 25 UL (B 1H); 7F T98G 4 i+, 0.6~
15.0 nmol -L 1 Py, BE 7 E 0, FL18 % S T
VEFI 1G58, 72 h J5 1 T98G 4 8 1~ Hu A5 e ot HE 41 T
=2 815 (K ).
4 FL18 %A% B B 4m p B 4R B IR 2 AR IO HI1E

KH Transwell SEEGAG I FL18 X i ot £F 4 e
U-87 MG #fiffl. T98G ZHfffR22RE /IR m . FL18
AbFE 18 h 5 AH i, BEAE R N, 7 i 2 e
20 % B R/ (B 2A. C). 0.2 nmol -L ik i
F, FL18 %t U-87 MG IR ZZHIMHEIZ A (66.3 +
3.1)% (K 2B), HFEFIE K FL18 X U-87 MG 41 g
B AN H RN T 5%; 1.5 nmol-L 7 kTR, FL18 X}
T98G 4fi {2 &M )y (59.0+1.6)% (K&l 2D), #H
IFi) 71) B2 KT % 24 PR B R 0 i 26/ T 20%.
5 FL18 XRR R BEBEREKINHIIER

NI 45 B o, FLA8 A LLA R il R i #2
R U-87 MG £ K (& 3A. B). 30 mg-kg * FL18

A
Qontrol - -
vy A, = *
B W . & © ' -
N T TR et |
Pt PRy BT 5 SR Y LSS s
FLA8 0.3 nmol 0 1918 300 mmol i 45 Control ~ 0.04 02 1.0
C “400 FLI8 /nmol-L*
(8 i
Control fo- FEAS 0¥ nmob L

plad " S 8: Wmalilg
:ﬂx]_s-ﬁ-{jﬂ FL]#‘Téinm:l‘.L.\‘,Z 00 ool 03 s
*400 FL18 / nmol-L-!
Figure 2 Effect of FL18 on invasion in U-87 MG and T98G
cells analyzed by Transwell assay. Equal numbers of U-87 MG
(A, B) and T98G (C, D) cells were seeded into the upper com-
partment of a transwell system and allowed to invade through
matrigel substrate for 18 h.  The invaded cells were then fixed
and counted. The effect was observed in the FL18 treatment
cells, which exhibited a decrease in invasion compared with
control cells. Photomicrographies of stained migrating cells
were taken under brightfield illumination. Quantification of the
invasion is expressed as the number of invasive cells in four
random microscopic fields per well. n=3, X+s. 'P<0.05,
“P<0.01 vs control group
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X U-87 MG Az /%t 98 B # i %  88.52% (1% 1&
Hig i 5), TIC H 14.53% (% 2).
6 FL18 X432 R JR LR R B 40 B 8 1Y & K HHIE A
HY T FL18 7 2 ik ifi i 57 % 4 B g 318 97 I
RESH IR AR, DR] 0k S5 6 A% AR A 28 A A2 DL 78 4
SR 2 R VRT3 BEE R BRI R R, R R
5 A A AL PR S R 40 ROA G 98 7F 9 0 AN AT/ T
FLU2 SR P UG SR A 4l U-87 MG 17 1%, #
ST AR B R AT R TR B A MR R A . 43 S TR R
TMZ 30 mg-kg 4. FL18 22.5 il 45 mg-kg * 4. %
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Figure 3 The inhibition of U-87 MG on tumor growth by FL18 in the subcutaneously transplanted and orthotopic xenograft models.
A, B: Activity of FL18 was determined in the subcutaneously transplanted U-87 MG xenograft in nude mice. U-87 MG-bearing mice
were randomly separated into two groups. One group received ig of 20% PEG400 as a vehicle control; other group received ig of FL18
at 30 mg-kg * every day (from the 7" day to the 31" day). Xenograft tumor volumes (mm®) were measured. (A) Relative tumor
volume (RTV =Vi/Vy) at given time-points (V; refers to tumor volume at any given time point; Vo refers to tumor volume at the beginning
of treatment); (B) The corresponding tumors for U-87 MG.  C: Tumor volumes (mm %) of U-87 MG in orthotopic xenograft model.
U-87 MG-bearing animals either untreated or treated with FL18 or temozolomide (TMZ), as assessed by MRI.  There was a significant
decrease in tumors treated with either FL18 or TMZ when compared to untreated mice. D -F: T2WI images of U-87 MG glioma-bearing
mice in situ. Each image was obtained from different mice in each treatment group. D: Representative untreated mouse (vehicle
control) (14 days following U-87 MG cells implantation); E: Representative FL18 treated mouse at 14 days dosed at 22.5 mg-kg * after
cells implantation; F: Representative FL 18 treated mouse at 14 days dosed at 45 mg-kg * after cellsimplantation. n=6

Table 2 The antitumor activity of FL18 on subcutaneously transplanted U-87 MG xenograft model in nude mice.  x+s. ~ P<0.01,
""P<0.001 vs control group.  IR: Inhibition rate; RTV: Relative tumor volume; T/C: Inhibition rate of relative tumor volume
No. of

! Body weight/! Tumor volume/mm?®
Compound /chEe’l animals (n) y wergnt’g RTV %/? VJ;’";]?; IRI%
gkg Begin/End Begin End Begin End IR/% gnve
Control - 6/6 209+0.7 226+09 1233+141 25136+12334 - 20.86+1131 - 233+104
FL18 30 6/6 21.2+18 193+15 121.4+7.3 368.1+121.47 8536 3.03+098 1453 027+014"" 8852




XFFEEAE: GLIL #0157 FL18 X i 5t BE2H a8 00 il 4 FH B LA - 1119 -
Table3 Anti-tumor activity of FL18 on orthotopic U-87 MG xenograft model in nude mice.  x+s. ~P<0.01, "P<0.001 vs control
group
1 No. of animals (n) Body weight/g . 3
Group Dose/mg-kg Tumor section Tumor volume/mm IR/%
Begin/End Begin End
Control - 6/6 19.3+0.8 177+ 24 14.8 + 2.28 64.26 + 18.66 -
T™Z 30 6/6 19.2+07 226+ 06 05+08 0.05+ 010" 99.9
FL18 225 6/6 199+ 0.7 216+1.3 9.8+19 28.69 + 15.98" 55.4
FL18 45 6/6 20.1+0.9 24+17 58+25" 6.54+360"" 89.8
A 0.80 - B C
% 060 | FL18/nmol-L"
é ] Control 0.1 05 25 Control FL18 30 mg-kg"'
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Figure4 Theinfluence of FL18 on the HH signaling pathway activity. A: GLI1 inhibitory activity of FL18 was measured by a GL11

reporter assays.
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"P<0.05, "P<0.01 vs control group. B: The effect of FL18 on HH signaling pathway in U-87 MG
Cells were treated with indicated concentrations of FL18 for 72 h.
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Figure 5 The effects of FL18 on biomarkers related to prolif-
eration, invasion, and expressions of regulators of apoptosis in
U-87 MG cells and U-87 MG xenograft tumors administrated
with FL18. Cells were treated with indicated concentrations of
FL18 for 72 h. Mice bearing U-87 MG tumors were randomized
and treated with FL18 30 mg-kg ™, ig once daily continuously for
25times. Western blot analysis of ERK, AKT in U-87 MG cells
(A) and U-87 MG xenograft tumors (B) administrated with FL18;
regulators of apoptosis in U-87 MG cells (C) and U-87 MG
xenograft tumors (D) administrated with FL18; proteins related
with invasion in U-87 MG céls (E) and U-87 MG xenograft
tumors (F) administrated with FL18
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