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Vismodegib regulates microenvironment of basal cell carcinoma via BRD9Y-

mediated Hedgehog and PD-L1 signaling
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[Abstract] Objective To investigate how vismodegib (Vis) influences the pathogenesis of basal cell
carcinoma (BCC) via a chromatin remodeling factor, bromodomain containing protein 9 (BRD9), and to analyze
the expression profile of BRD9 in BCC and its relationship with the immune checkpoint, programmed cell
death-1 ligand 1 (PD-L1) and the Hedgehog (Hh) signaling pathway. Methods () A UVB-induced BCC
model was established in SKH-1 hairless background Ptchl™ ; LacZ reporter mice. Then the mice were

treated with Vis, and those without treatment served as control. X-gal staining, immunohistochemistry (THC)
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staining, immunofluorescence (IF) assay, and Western blotting were used to assess the expression and
localization of BRD9 and PD-L1 in tumor tissues and to evaluate immune-cell infiltration. @) In vitro, mouse
BCC cell line ASZ001 (ASZ cells) were treated with Vis or a BRD9 degrader (dBRD9), and BRD9-
overexpressing cells were generated. Cell viability and the protein and mRNA levels of BRD9, PD-L1, Glil,
and cyclin D1 (Cendl) were measured. ChIP-qPCR was performed to examine BRD9 and H3K27ac
enrichment at the PD-L1 promoter, including the promoter-proximal site (P1) and an upstream active segment
(P2). Results (D At the tissue level, BRD9 was highly expressed in BCC, and co-localization of BRD9 and
PD-L1 was observed within tumor regions, with evident immune-cell infiltration. Vis markedly suppressed
UVB-induced BCC formation, reduced the probability of large-volume tumors (by probability-density analysis),
decreased the X-gal-positive lesion area(P<0.000 1), down-regulated BRD9(P=0.024 9), and attenuated
immune-cell infiltration. ) At the cellular level, Vis treatment reduced cell viability and down-regulated
BRDY, Glil, and Cendl1 in ASZ cells(P<0. 000 1). dBRD9 inhibited ASZ cell viability in a dose-dependent
manner and decreased PD-L1, Glil, and Cend1(P<0.000 1), whereas its overexpression increased the
expression of these molecules(P<0. 000 1). In ASZ cells, BRD9 and H3K27ac were enriched at the PD-L1
promoter P1/P2 regions. Treatment with dBRD9 or Vis reduced BRD9 and H3K27ac enrichment at P1/P2
regions(P<0. 000 1). Conclusion In BCC, BRD9 maintains chromatin activation at the proximal PD-L1

promoter and modulates Hh/Glil signaling, thereby promoting immune evasion. Vis remodels the tumor
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immune microenvironment by inhibiting the Hh-BRD9-PD-L1 axis.
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T2A :mCherry ! , i ¥ HUEFE A A G BOF 3, %
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reaction, ChIP-qPCR) 7347 .
1.4 @i h#n

KA 8087 £ (CCK-8, Dojindo, H A ) K6
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20. 00, 40. 00 wmol/L, 4t ¥ i5f [6] &y 24, 48 FI1 72 h.,
BRD9 [ fi# 57 (ABRD9) 4k # ¥ B 24 0.,0. 5.5.0,10. 0,
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BT (P BRDY, PAS-113488, Invitrogen, 3 [¥ , 1: 500) F
4 CHFR R, 552 K PBS PRGN A HRP FRic i —
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JUE SIS SIS Tae
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H 1 ho ECL &G 5 I8 H A 1% & 48k I 2
o
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i F TRIzol i 7] (Invitrogen, € [ ) M\ ASZ 4l jifd
& BB RNA, #% M8 SuperScript'" Il First-Strand
Synthesis System (Thermo Fisher, 3% [ ) 7] & 15 B i
17 R 5% VL, K RNA )% 5% 25 ¢DNA . qPCR |
K F 2xSYBR Green PCR Master Mix(TaKaRa, H 7<)k
144, ffi ] LightCycler® 96 Real-Time PCR System
(Roche, 78 [ ) 58 i 52 B 58 6 f Al . RFASREAS 3
3N ARELZIL, L B-actin fEN NS, K2 4
TR Rk . TS IR A TAY TR
) e A BRA LA, 5 1P L3R 1

&1 RT-qPCR3|I#IF3
Table 1 RT-qPCR primer sequences

Genes Sequences(5’'—3")
) Forward primer : CATCCTGCGTCTGGACCTG
ractin Reverse primer : ATCTCCTTCTGCATCCTGTC
Forward primer : CTCAGACCACGAACGGGAG
BRD Reverse primer : TTCCAGGGTCGAAAGCATCAG
) Forward primer : CCAAGCCAACTTTATGTCAGGG
ot Reverse primer : AGCCCGCTTCTTTGTTAATTTGA
Condl Forward primer : AGCTGTGCATCTACACCGAC
cn

Reverse primer : TGTGAGGCGGTAGTAG

1.9 SpEskiée

B2 R AL 40 R 25 THC A6 38 v 19 i 3 &2 K B Jsiae
82 REE  INA—PURA W RPT-BRDI(PAS-113488,
Invitrogen, 11100)*[1EEH‘TfTJ—PD—LI(66248—1—Ig, Proteintech,
1:200) ; %di-Foxp3 (12653, Cell Signaling, 1:200) 1
FlPt-CD4 (555349, BD Biosciences, 1:100) |, & T i@
&b 4 CIFE IR . WCH IR I A PBS PR % 3 WK, Bt
K5 min, 43 51 5% B AH N B9 9 YRR IE P (Alexa Fluor
488t iC B L BT 1gG F1 Alexa Fluor 594 ¥ i (9 R T
IgG), ZEHRBOEIFF 1 he FK PBSUER G , H DAPT J¢
15 min, PBS Y, 5 )5 38 i 3ot 3 3R 4 W iR
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Vis) &b B 5 #6147 ChIP, 3 & [R5 1E 5 1oG AE hy B XT
HE L 19% R 2 IR ACHE 10 min, 125 mmol/L glycine Z¢ ||
5 min, PBS VRS WA AN, T 5 25 B o 500 0 24
F U S0 5 B Y £ TR S 22 200~500 bp, 7E 4 “C R LA
8 000 r/min 5.0 B [ 7% , & FEA B 1 1% 15 4 Input;
4 CHe ¥ W & 1L %, il A anti-BRD9 (PAS5-113488,
Invitrogen, 2 [# , 1: 200) . anti-H3K27ac (ab4729,
Abcam, & [H ,1:500) ; X H Jill A Protein A/G ;¥R 4k %5
BEE 2 hy K AR ER ik | LiCl Pk & TE v i J5
65 “Cif i 38 Bk, FFAK K RNase A (37 °C, 30 min) |
Proteinase K(55 °C, 1 h)4b B ; #2057 & 4l {6 DNA,
qPCR &2 I8 1. 841X PD-L1 J3 8 % & 3 M A
b9 I BR A BE P2 (-523~-436 bp) .\ i3 B 3T i Pl
(=58~+41 bp) N(+799~+937 bp) ; 5| W1 F5) W35 2.

#2 ChIP-qPCR 35|41 7
Table 2 ChIP-qPCR primer sequences

Genes Sequences(5'—3")

Forward primer: GCTGTAGAGGAAGGCAACCTATGTG
PD-LIChIP1
Reverse primer: TTTGGGTGGGAGTGGAACCTGAGG

Forward primer: ACCTAAACTGAAAGCTTCCGC
PD-L1ChIP2
Reverse primer: CCCAAGGCAGCAAATCCAGT

Forward primer: GCTGATGATGATAGTGACCAAGCG
PD-L1ChIP3
Reverse primer: CCTGAACCCTGTGCTCAAATCC

111 %t o

i F§ GraphPad Prism 10. 0 #1780 H71. 4528
K des 2278, WG 2H 8] F AR P SE AR AS e K 6, 3 2H M
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0. 05 FREFAGIFE X,

2 H#HR
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i BRD9 & ik
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L ASWFFE2E T Preh 1™ 19 57 19 SKH-1 JC B/ RS AL,
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YT Vis 259 T 100, LA 43 B Bz ok Il Je A= 156 10 B A G
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ST /T Con 2l o 2 — 253 1k i g T R A M 36
B SR M B, Vis Al i BRI AR B R Y K
Az DU H/IN B kAR i S B0 S 4 B R
Vis ZH I RE AR IR 25 45 7N (P<0. 001, [/ 1B) , /8 Ho e
AR B R HUME R . X-gal BB 45 R 1
7R, Con 21 J2 il vh ] DL 24> X-gal FHE(S 5 2R 4E /9 BCC
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FEIRLE 1T Vis 28 BHAAE G £ X3 25 sk (P<0. 000 1,
E1C) , #F—25 38 Vis A i BCC B i 7EH -
ARGEENEFIVEAE R AL, 32— 20 A0 e ok Ieba 2
2 BRDO (235 7K -, THC 2347 {75 BRDO 7E Con 2H
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(I 1D)., Western blot 70 #4581, Vis 4L #HJ5 BRD9
FEHFRIBAKFE R E TR (P=0.024 9, 1E) ., L ik%k
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YEIH AR A
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FH BCC 4Hi s 2 ASZ VAl JH: 240 i B M B X SC R85 5
SRR o 4TS O R I 25 SR R | Vis Xt
ASZ, 240 0 55t v JEE RN [ AR I 41 i 4 Bt A BB
] ZE K, HIC, B R T B, 24 .48 Ko 72 h 4 1C,, 23 51
7.326.3. 842 F10. 910 pmol/L([& 2A) , AWFFEHEM 1
BRD9 % [ 7£ /A [A] 7 & Vis 40 B R i R ik 2 1L .
Western blot 43T & 7% , BRDO 28 ik 7K - b 25 ¥ vk 5 7t
T B W AR (P<0. 000 1) ,40 wmol/L iS¢ 4> gl 41 il (&
2B) . 2B AR MK B 4H 2K P46 BRDO T i

53 Glil Ml Cend1 BYFRIRABA, 45 KR Vis L P 2%
T 2 A 9263k (P<0. 001, 181 2C..D) , iR Hn]
REA ] Hh {55530 B F 1 171 ] J54% BRDO 2R3k , 41 il
A 1 Ui (R 1 G B, DI A HE MR A H
2.3 BRD9 f& BCC " 1% 3t it 7% 3t & 5 8 3% Hh 18 5% &
PD-L1 & ik

AW —ARSE T BRDO 1E BCC K A= K JEE R i)
It e HAG S ML . ASZ 400 28 AS [ 96 FE 1) BRDO [
fi# 57 ABRDO A1 24 h Ji5 , 40 B 76 1 S5 AR PE T %
(E3A), $7~ dBRD9 HA — 7 & B i T s vk g .
Western blot 25 3 78 , 5 Con Z4H4H k., dBRDO 4b ¥ i
T 4 BRDY & [ % ik, [ B f Fifi Cend1 . PD-L1 Al
Gli1 45 G T N e % o3 IR I FEIR (P<0. 01,
K1 3B) , 475 BRD AT fE I8 42 )83 4 Jf i) 384 5 5 fe 2
WRAE T . Rt — LK UE BRDO B fiE , A 57 #4
T BRDO & F 3k B I % 4« ASZ 4 g (513C) . BRD9
1 IR I 2 R ASZ 4 )i T BRD9 . PD-L1 A1 Cend 1 25
235 (P<0. 05, & 3D) , RT-qPCR &5 5 41 2 7% BRD9
K HT U4 A5 GlLil Y mRNA 35 i (P<0. 000 1,
3E). 7EMEERN I, R ChIP-gPCR #&:1 PD-L1 i3 5h
T X3S E R . 45 R R TE ASZ 41 i

50 um D

B-actin(42X 10%) — | e e A 0. W 8 |

6004
& 3m v Con P<0.000 1
S . .
£ = Vis )
E £ 400 ]
> 2 £ 4001
g /\ ! g
g [\ B
© N 6
2 17 Y
= " § 200
g oo s——— T WYYV v vy y .y '_
[=] -
E 0 T T i —
0 500 1 000 1500 8000
: 3 0
Tumor size/mm B Con Vis
=
g 2
@
C(_)n - Vis g P=0.0249
PR ; Con Vis e
T
BRDO(67 X 103)— | % w w gl
5
<]
Q.
2
®
[}
4

0-

E

Con Vis

A': Representative gross images of skin tumor burden in Con and Vis-treated mice (n=5) ; B: Probability-density plots of tumor area

and groupwise tumor area analysis for Con and Vis-treated mice (n=5) ; C: X-gal staining of BCC-like lesions in skin sections from

Con and Vis-treated groups; D: Immunohistochemical results for BRD9 in tumor tissues from Con and Vis-treated groups; E:

Western blot analysis for BRD9 in mouse tumor tissues with densitometric quantification (n=3)

B 1 VisxtUVBFSH/NRERMAMERE K BRDI KX

Figure 1 Effects of vismodegib (Vis) on the phenotype of UVB-induced mouse basal cell carcinoma and BRD9 protein expression
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A': Cell viability of ASZ cells across Vis concentrations and time points assessed by CCK-8 assay, with [Cso estimation (n=6) ;

B: Western blot analysis of BRD9 in ASZ cells treated with the indicated Vis concentrations, with densitometric quantification
(n=3); C: RT-qPCR analysis of Glil and Cendl mRNA levels in Vis-treated versus control ASZ cells (n=4); D: Western blot

analysis of Glil and Cendl in mouse tumor tissues after Vis treatment, with densitometric quantification (n=3)

B 2 Visil#l ASZ HfaiEsEH T BRDI K E T FRIE

Figure 2 Vismodegib(Vis) inhibits cell proliferation and down-regulates BRD9Y and its downstream effector

molecules in ASZ cells
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A: Cell viability of ASZ cells after 24 h treatment with increasing concentrations of dBRD9 (n=6) ;

BRD9, Cendl,

PD-L1, and Glil in ASZ cells treated with dBRD9, with densitometric quantification (n=3) ;

B: Western blot analysis of

C: Schematic

diagram of the BRD9 overexpression plasmid; D: Western blot analysis of BRD9, PD-L1, and Cendl following BRD9
overexpression in ASZ cells, with densitometric quantification (n=3) ; E: RT-qPCR analysis of BRD9 and Glil mRNA levels after
BRD9 overexpression in ASZ cells (n=4) ; F: ChIP-qPCR showing BRD9 and H3K27ac enrichment at 3 sites within the PD-L1

promoter after dBBRD9 or Vis treatment (n=3)
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Figure 3 Effects of BRD9 degradation and overexpression on Hedgehog pathway effectors in ASZ cells

3 atig
3.1 BRD9 &R ¥ o9 4R 5 & L

A G AL 2 TR T T Vis 70 BRDO A5 11
G kiR IE K 7F BCC & AR R B E- .. AR
L, BRDO 1 SWI/SNF 4 {1, 57 8 3 &5 4 W 1% % By
WHE, )12 S 5 Y T L e s 0 A5 2 R AR 2
T AR A R A ek H B B Ot S 2R
A3 BE TR S S e ks B AR S b
@7~ , BRDO 78 il - 2L g 45 S A vh g 2

ik, 5 RER R B,
3.2 Rt d EPD-LIEBEETER

PD-L1J& 52 ey ity R A, o Rk H W
TG R AE I A /N2 B s S 2 A A
IR T M AN SR P R IR YT RO R
ULARR , SR T L HIE BT PD-1/PD-L1 B4 1E 2 Ff HEP
e ARV i 7 S SR g 31 s Ak S 2T
O 3R 15 52 B & 4 25 "k*X&}EH(FOOd and Drug
Administration, FDA) #t#E_F 115, W36 57 i (1) 494 2 A
JEEAHTRNMA R R SR, AR T 2L B 98 0 B A e o



2648 i 4242 5 K224, 2025,47(21) http : //aammt. tmmu. edu. cn

c

A : Immunofluorescence assay of skin sections from Con and Vis-treated mice showing BRD9 (green), PD-L1 (red), and their
co-localization; nuclei counterstained with DAPI (blue) ; B: Immunofluorescence assay showing Foxp3* regulatory T cells
(green) and CD4* T cells (red) in Con and Vis groups; nuclei counterstained with DAPI (blue) ; C: HE staining of skin
sections from Con and Vis groups
4 Vis 3B F/NR BCC 51 BRDY/PD-L1 & Foxp3/CD4 B 2 IE 5 St AR &
Figure 4 Dual immunofluorescence staining for BRD9/PD-L1 and Foxp3/CD4 in mouse BCC after vismodegib ( Vis) treatment
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