b w5 ok % % R (B % R )

- 616 - JOURNAL OF PEKING UNIVERSITY ( HEALTH SCIENCES) Vol.58 No.3 Jun. 2026
- e
- = -

LncRNA DANCR 7% miR-656/BMPR1A i}
i F158 Js 93 A R S P 1 Ay 1) 55 Vi)

IRECRME KR A, X2 EC
CIEMTT N REBEMZINEE, Wiy Ci I 325006)

[ =] 4@ HiHRKeEES IS RNA(long non-coding RNA , LncRNA) 23k 45 B AR & 1 4i i RNA ( differentiation an-
tagonizing non-protein coding RNA , DANCR) 3595 #/]N RNA-656( miR-656) /5163 & 4= % 14 %44 1A ( bone morphoge-
netic protein receptor type 1A, BMPRIA ) &l X o s J57 928 20 b S & P R IR B RE W . & T - SR 26 6 & RA B BE =R
I ( quantitative real-time polymerase chain reaction, qRT-PCR ) A& {1l ixi i Jfi /25 4H it DANCR ,miR-656 .BMPR1A ¢ 3
KIKE, @R Y s AL AL YL = UST 4H I, 43 UL ER (short hairpin, sh) -DANCR £ . i £ ik ( plasmid cytome galoirus,
pc) DNA 3. IDANCR £ ., B 14 %} B8 ( negative control, NC) sh £ . pcDNA 3. 1 41 ,sh-DANCR + miR-656 ] ] 5 41 . sh-
DANCR + NC #5710 .sh-DANCR + pcDNA 3.1 BMPRIA # .sh-DANCR + pcDNA 3.1 41, 3f: LA kb BE i UST 4
HEE 4L, CCK8 A UST A5 ; Transwell S50k (5% 15 5 B ; 0 2 40 M2 ASCHG: 00 40 L 94 7~ 5 qRT-PCR 467 40
Hfa " DANCR .miR-656 . BMPRIA mRNA %k ; DANCR 5 miR-656 ¥ [i] 5¢ £ 3 3 W 5% Y6 Z i ¥4 iF ; BMPR1A J% %%
PEI% R F [ BRI PESE T 3244 1 ( programmed death-1,PD-1) A2 FHESET-H & 1 ( programmed death-ligand 1,PD-L1) ]
W1t Western blot #5:10] , % % .U87 ,A172 LN229 F11 U251 4Hififg% NHA 4iifitah DANCR .BMPR1A mRNA 33k I #1
1, miR-656 #ik f E AL (P <0.05) ; 525 (941 .sh-DANCR 414 [t , sh-DANCR 41 US7 435 % {228 ER %L,
DANCR .BMPR1A mRNA .BMPRIA PD-1 PD-L1 3k 5 Z &%, FT-% miR-656 635 22 (P <0.05); 5
pcDNA 3. 1 ZHAHLL, pcDNA 3.1 DANCR 41 US7 4l g ## 48 3%, {28 . iT #% %k, DANCR .BMPR1A mRNA . BMPRIA . PD-
1. PD-L1 325K B350, T2 . miR-656 ik K (P <0.05) ;5 sh-DANCR + NC #1520 4H 1t , sh-DANCR +
miR-656 20 UST 4ufuist % {328 sF# %, BMPR1A mRNA BMPRIA PD-1 PD-L1 %&ik & 800m, TR .
miR-656 323k L (P <0.05) , DANCR ik F LG22 X (P >0.05) ;5 sh-DANCR + pcDNA 3. 1 21 4H
k., sh-DANCR + pcDNA 3.1 BMPRIA 2 U87 4l i35t % , 728 £ %, BMPRIA mRNA BMPR1A PD-1 PD-L1 32
IR EERI TR W AL (P <0.05), miR-656 ik DANCR £k R LI L (P >0.05), DANCR,
miR-656 ELA A F1HF R, %% :LncRNA DANCR #75 miR-656/BMPR1A #fi ik 35 figi e 5 55 40 A £ 8 Ao B 38,
P 9 A PR AT R R

[ X% ] LncRNA DANCR ;miR-656/BMPRIA %1 ; B ¢ S5 88 4 1L 5 G B SR 5 AT & Jre

[HhE4%KE] R739.41 [SCoktREmm] A [XEHE] 1671-167X(2026)03-0616-08
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Effect of LncRNA DANCR on the immune microenvironment of glioma cells by regu-
lating the miR-656/BMPR1A axis

WANG Ouyang, ZHU Penglei, LIN Jie, WU Hao”
( Department of Neurosurgery, Wenzhou People’s Hospital, Wenzhou 325006, Zhejiang, China)

ABSTRACT Objective: To investigate the effect of long non-coding RNA (LncRNA) differentiation an-
tagonizing non-protein coding RNA (DANCR) on the immune microenvironment of glioma cells by regu-
lating the miR-656/bone morphogenetic protein receptor type 1A (BMPRI1A) axis. Methods: The ex-
pression levels of DANCR, miR-656 and BMPR1A in glioma cells were detected by quantitative real-time
polymerase chain reaction (qRT-PCR). The U87 cells were transfected or co-transfected to form the fol-
lowing groups: sh-DANCR ( transfected with sh-DANCR ), overexpression ( pcDNA 3. 1) DANCR
(transfected with pcDNA 3.1 DANCR), NC sh (transfected with negative control sh), pcDNA 3. 1
(transfected with pcDNA 3.1 vector) , sh-DANCR + miR-656 inhibitor ( co-transfected with sh-DANCR
and miR-656 inhibitor), sh-DANCR + NC inhibitor ( co-transfected with sh-DANCR and NC inhibi-
tor) , sh-DANCR + pcDNA 3.1 BMPR1A ( co-transfected with sh-DANCR and pcDNA 3.1 BMPR1A) ,
and sh-DANCR + pcDNA 3.1 (co-transfected with sh-DANCR and pcDNA 3.1 BMPR1A). The un-
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treated U87 cells were used as the blank group. The proliferation of U87 cells was detected by CCK-8;
invasion and migration were detected by Transwell assay; apoptosis was detected by flow cytometry; the
expression of DANCR, miR-656, and BMPR1A mRNA in cells was detected by qRT-PCR ; the targeting
relationship between DANCR and miR-656 was verified by dual-luciferase; and BMPR1A and immune
escape factors [ programmed death receptor 1 (PD-1) and programmed death-ligand 1 (PD-L1) ] were
detected by Western blot. Results; The mRNA expressions of DANCR and BMPR1A in U87, A172,
LN229 and U251 cells were significantly increased, while the expression of miR-656 was significantly de-
creased compared with those in NHA cells (P <0.05). Compared with the blank group and sh-DANCR
group , the proliferation rate, invasion, migration number, DANCR, BMPR1A mRNA, BMPR1A, PD-1,
PD-L1 expression of U87 cells in the sh-DANCR group were obviously reduced, while the apoptosis rate
and miR-656 expression were obviously increased (P <0.05). Compared with the pcDNA 3.1 group,
the proliferation rate, invasion, migration number, DANCR, BMPR1A mRNA, BMPRIA, PD-1, and
PD-L1 expression of U87 cells in the pcDNA 3.1 DANCR group were obviously increased, while the
apoptosis rate and miR-656 expression were obviously reduced (P <0.05). Compared with the sh-DANCR +
NC inhibitor group, the proliferation rate, invasion, migration number, BMPR1A mRNA, BMPRI1A,
PD-1, and PD-L1 expression of U87 cells in the sh-DANCR + miR-656 inhibitor group were obviously in-
creased, and the apoptosis rate and miR-656 expression were obviously reduced (P <0.05), while the
expression of DANCR was not obvious (P >0.05). Compared with the sh-DANCR + pcDNA 3.1 group,
the proliferation rate, invasion, migration number, BMPR1A mRNA, BMPR1A, PD-1, and PD-L1 ex-
pression of U87 cells in the sh-DANCR + pcDNA 3.1 BMPR1A group obviously increased, and the apop-
tosis rate obviously decreased (P <0.05), while here was no statistically obvious difference in miR-656
expression and DANCR expression (P >0.05). DANCR and miR-656 had a targeted negative regulatory
relationship. Conclusion: LncRNA DANCR improves the immune microenvironment of glioma cells and
inhibits the malignant behavior development of cancer cells by regulating the miR-656/BMPR1A axis.

KEY WORDS LncRNA DANCR; MiR-656/BMPRI1A axis; Glioma cells; Immune microenvironment;

Malignant behavior development

M BUR IR T AR 2 R G, A i A e
W PPN R T o DA A R Y 75 % LA
b R CEHRERE AR AR FARY

M2 ST 240 M v B A FHAIL R
1 #MR5ET*

R IR AR T R A TR R YT T 1 AR
i EL I R 48 A AR A N R R T R
HE & () o FBL D Z I a7 R KAEE
Zwfi% RNA (long non-coding RNA , ILncRNA ) AJ J&75 5t
SO (3 JE RGBS, B AR M B OB . LneRNA
AT B AR A 4 i RNA ( differentiation antagoni-
zing non-protein coding RNA, DANCR ) /£ 5 LncRNA
GG  TE 2R he vh s BE2aA , 15 g it e &
ERIZER S Yu %51 B9 e W, DANCR 78 J5 5 788 4
JorhE ek, HAE5H/KF- 5 DANCR Rk £ IEAHX,
PATACE M 2 ARG, /) RNA (miRNA) 2 —28
#5121 ~22 nt BIAESES /)y RNA, B DL# ) mRNA R
%] mRNA 3'-4E &11% X ( untranslated region, UTR) [
AL IF Y R E N, 517 2 NI A O, A5
ORI " o A% B, miR-656 ik 75 b 22 i
B A R AHA P B T, S AEEEk
H: 8 5K 1A (bone morphogenetic protein receptor
type 1A, BMPRIA) 3k £ i A1 %™, {H I miR-
656/BMPRIA i & 7552 DANCR 845 HE i 5 0 it 28
JBE TR % R i R DL A, AR A B N LneRNA
DANCR 5 miR-656 fA7EHE [ 455 L, ORI 9E B
TEFRSY LncRNA DANCR #5757 miR-656/BMPRIA #i

11 FZAR S

Bl 2 I J5T 98 2 I & (UST ., A172 LN229 il
U251) FI1E % A\ B JE I 5 40 ig ( normal human astro-
cyte, NHA ) Ity H 2 [E ATCC ( American Typer Culture
Collection) 4 ifd )& , 5% | Roswell Park Memorial fiff 5%
JIF-1640 77 [ 10% (AR50 550) I 4 1, Wit
2R TE 37 CHI 5% (RT3 80 CO, 1B SR b3 %
L)

cDNA & il & (dit %5 RRO37A) 1 H H A
Takara /A 7, i 8t DANCR T 2H 2§ /& (sh-DANCR) |
1 #2315 DANCR 4 #/K& ( pcDNA 3. 1-DANCR) i
ik BMPRIA 21 4 & ( pcDNA 3. 1-BMPRIA ) |
miR-656 AUY) \miR-656 1 77 K HCAH N B 14 Xf Hit
[ negative control( NC) sh 25 #{ & pcDNA 3.1 NC
il NC By, 240 e T D ) 25 PR
7], CCK-8 i (#t5-:C0038 ) My [ b 5t R E R
A BRA T , FE R (345 :354234) 1 [1 % [E BD Bio-
sciences /A ), 4 fi 58 Y (0K (L5 . C3886) K An-
nexin V-FITC/PI i T- K5 I 15 & (415 : K2350 ) 1t
H 2 [E Sigma-Aldrich 2\ &), BMPR1A $ii{& (it 5.
ab219403) FEFFTESET- 24K 1 ( programmed death-1 ,
PD-1) $i 4k (4t 5 : ab137116 ) KA P AL T HLAA 1
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( programmed death-ligand 1, PD-L1) 7 & (it 5.
ab237726 ) ¥ H ZL[E Abcam 2y #]

Synergy H1 4TI REMEARLIE A 3¢ EAA BSR4
PR W) 80 2 6808 3 H A4S Olympus 23 7], Ji 2040
By B 258 Thermo Fisher Scientific /3],

ZSOIERPIR CHTTREZY L) N TN S R (ST AR
FHAHLYE ((SFE KY-2025 01022 )

1.2 SERT 96 E it 3R A 4 X RN ( quantitative
real-time polymerase chain reaction, qRT-PCR ) #6311l ZH

i+ DANCR .miR-656 . BMPRIA Fik/KF

il 1 TRIzol {38 7] DA 4441 28 Ji2 J5 9 40 it 2R o 12 L
4 RNA, % BMPR1A mRNA 1 DANCR #4780, LA
cDNA 5 i SuperMix {7 £ mRNA #435% #cDNA,
B qPCR Master 27 & #E 17520 PCR J2 v/ ;
Ll miRNA qPCR &7 &/ miR-656 ik, Hh U6
FAAE miRNA il () P9 2 &, B-actin H1/E mRNA Al
LncRNA A& () P 4 B8, 2R B 2 ~*4“ 43 #r DANCR
miR-656 BMPRIA Fik/KF(#£ 1),

%1 qRT-PCR 3|4551
Table 1 Sequence of qRT-PCR primers

Primer name Orientation

Sequence(5' to 3")

Forward
DANCR
Reverse
Forward
miR-656
Reverse
Forward
BMPRIA
Reverse
Forward
B-actin
Reverse
Forward
U6
Reverse

GCGCCACTATGTAGCGGGTT
TCAATGGCTTGTGCCTGTAGTT
GTCAGAAAATGGAGTAACCTTA
GTCAGAAAATGGAGTAACCTTA
TAGTTCGCTGAACCAATAAAGG
GTCAGAAAATGGAGTAACCTTA
GCTAATATCTATAATC
GAGGCTATCTTCATAGAT
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT

qRT-PCR, quantitative real-time polymerase chain reaction; LncRNA, long non-coding RNA; DANCR, differentiation antagonizing non-protein

coding RNA; BMPRIA, bone morphogenetic protein receptor type 1A.

1.3 4if 20 S Ak B

L U87 4 idb A7 g sl 4% gu /320 - R H] Lipo-
fectamine 3000 iz 5¥] ¢ sh-DANCR. pcDNA 3.1
DANCR NC sh, pecDNA 3.1 J5i ki 43 51 5 e 24 iy, 5f:
UK bric A sh-DANCR 41 . peDNA 3.1 DANCR 4 .
NC sh 4 .,pcDNA 3.1 4 ; Lipofectamine 3000 &5}
sh-DANCR 43 Jjl] 5 miR-656 # il 7] . NC #1 ] 7] |
peDNA 3.1 pcDNA 3.1 BMPRIA L5 S 4, 3f
IR A%iC A sh-DANCR + miR-656 1] i %] 41 . sh-
DANCR + NC 411 % 5 £ . sh-DANCR + pcDNA 3. 1
BMPRI1A 44 .sh-DANCR + pcDNA 3.1 41, L) A& &b 3
(9 UST 4l }25 (140,48 h J5 4T & LR 484281k
1.4 CCK-8 A5 4t fifu 3%

PLEEFL 2 000 21 i 4252 Fl 7E 96 FLAR I Kx 77
N, 7E A B S 0 A2 40 P in A CCK-8 3 71l
Synergy H1 JAR{UKG I 450 nm I K F B 6% BEAE
I TIHA 0 s 7 .

1.5 Transwell SCEGRGINAN LTS 258

fi IR AT FE BT Y Transwell 248 #4742 A4
B, b5 TS VR A O O A TG I i R R kR
(5 x10° M), &4 10% B34 1ML (fetal bovine

serum, FBS) By 5% 52 5L A HB, LAE S 40 il 12 2%,
24 h J5 FE R, T E R 22 R 40, OF
0.5% (BT /380 b S et B 5 DULET 4%
1RZEM A0 M AL B S B TR IR TR SRR
AR, AR
1.6 P =CAn M ARSI 40 g 94 T

WYL I A8 h W AR, I IR £h 2% gk
AN, BEOCAET K2 10l B (A (R 45 K
HH V-IEIRYOCER LN BE ) 1 ARE & I
R A A o T A AL R T3
1.7 qRT-PCR il U87 4fififd ff* DANCR \miR-656 ,
BMPRIA 21k /KF

K752 ) 1.3 /A,
1.8 I&UF DANCR .miR-656 [H# 0] 3¢ 5

¥ DANCR B Fr BE (1% 5 miR-656 f A 1
LD vERES] PmirGLO {4, 44 -y DANCR-Hf
H:= A1 (wild type, WT) , [ J5 # F Mut Express II it
AR g A AL K AR AR, TRl A A B 5
Birp, fiy 44 4 DANCR-%€ 25 #Y ( mutant type, MUT) ,,
JI DANCR-MUT .DANCR-WT DA Az ZE 5 1) NC mimics
Il miR-656 mimics F5e G ARG, Fifd /= K6 A X9 't
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R MG
1.9 Western blot £l BMPR1A PD-1 PD-L1 2§
FbKF-

A T3 5 B P DT TE 125 ( radio-immunoprecipitation
assay ,RIPA ) ZLfif 2 v il 73 25 BB H L, 7E 4 C TR U
12 000 r/min B5.0> 20 min, WedE 3, o A — s gk B
1% ( bicinchoninic acid, BCA) FEfAE REH. &H
St UK B IS e B E i b P i
Jii5 BMPRIA .PD-1 PD-L1 —¥i7F 4 CIF&E L%,
FEREDE S =K 5, 5 BUR i AL Y (horse radish
peroxidase, HRP) tRic Y —Hi7E & I T F . ]
g B 4k 2% % % (enhanced chemiluminescence,
ECL) R7n 8 5 45407, JF ] Tmage] B4 & & 53
B A5 AL o

110 GEit2=5ar

KM SPSS 26. 0 e it £ & A B
JEFHRTEE R & 5 F7%, P41 LR ¢
R 3 20 20 ] LR R 205 22 530, i — 20 i
HER ] SNK- #:36, P < 0. 05 K}y 22 54 Si 2%

2 HR

2.1 4l DANCR miR-656 . BMPR1A mRNA ik
K

U87 \A172 LN229 F1 U251 Zfiffu% NHA 4 s rp
DANCR .BMPRIA mRNA ik i 234 i1, miR-656 %
IREEREAR(P <0.05,3% 2) . 4T UST 4 ffarh LA
AR R IR 25 R B E AT £

£2 ILEAMIH DANCR miR-656 . BMPRIA mRNA fik
Table 2 Comparison of mRNA expression of DANCR, miR-656 and BMPR1A in cells

Group DANCR miR-656 BMPRIA mRNA
NHA 0.94 +0.10 0.92+0.10 1.02 +0.11
LN229 1.51£0.16" 0.66 £0.07 " 1.41+£0.15"
U251 1.55+0.16" 0.62£0.07" 1.47 +0.15"
A172 1.62+£0.17" 0.58 £0.06 " 1.57£0.16 "
ug7 2.03 £0.21" 0.42£0.05" 2.03 +£0.21"

Data are x s, n=6. * P <0.05, compared with NHA cells. DANCR, differentiation antagonizing non-protein coding RNA; BMPR1A | bone mor-

phogenetic protein receptor type 1A; NHA, normal human astrocytes.

2.2 #5240 UST 4 i rf i 20 B s e R AR Ak

525 1 41, sh-DANCR 41 # I, sh-DANCR £
US7 41 i 344 58 % B & PR AR (P < 0.05) 5 5 pcDNA
3.1 4UAHH, pcDNA 3.1 DANCR 4 35 3% i 25 488 i)
(P <0.05) ;55 sh-DANCR + NC #1151 4 AH F., sh-
DANCR + miR-656 111 il 77 25 3 58 % i Z Hhn (P <
0.05); 5 sh-DANCR + pcDNA 3. 1 £ #f Ik, sh-
DANCR + pcDNA 3.1 BMPRIA 4 34 5 2% I 25 14 0
(P<0.05,%3).,
2.3 K4 UST difirhizsE R AL

523 11 40 . sh-DANCR 41 # It, sh-DANCR 41
UST 4 iz 28 . iE B i F AL (P <0.05);5 5
peDNA 3.1 ZH4H I, pecDNA 3.1 DANCR 41532 iF
BB (P <0.05) ; 5 sh-DANCR + NC 1)1
FIZHAH L, sh-DANCR + miR-656 #j1 il 57| 41 12 28 . i
BB Z 1 n (P <0.05) ; 5 sh-DANCR + pcDNA
3.1 444, sh-DANCR + pcDNA 3.1 BMPR1A 4{2
2 TREDERIN(P <0.05, & 1.2,%4),
2.4 4 UST A TR ANk

525 14, sh-DANCR 41 #f ., sh-DANCR 2H
UST 4t Jifd 8 1= %t 2 3 Jin (P <0.05) ; 5 pecDNA
3.1 ZAH L, pcDNA 3.1 DANCR 4198 7~ % I 22 A%

(P <0.05) ;5 sh-DANCR + NC #4171 20 4H [t , sh-
DANCR + miR-656 11 il 51 2H i T~ % il ZE REAIK (P <
0.05); 5 sh-DANCR + pcDNA 3. 1 # #H Ik, sh-
DANCR + pcDNA 3.1 BMPRIA 2H JJf T~ 3% i 25 [5G
(P<0.05,K13.%5),

R34 UST 4NN FE R KA Ik

Table 3 Changes in proliferation rate of U87 cells in each group

Group Proliferation rate/%
Blank 94.22 +4.51
NC sh 94.11 £4.49
sh-DANCR 47.52 +4.82%
pcDNA 3.1 94.24 +4.49
pcDNA 3.1 DANCR 125.34 £6.85°
sh-DANCR + NC inhibitor 47.67 +4.79
sh-DANCR + miR-656 inhibitor 72.14 £7.31¢
sh-DANCR + pcDNA 3. 1 47.72 +4.81
sh-DANCR + pcDNA 3.1 BMPRIA 72.54 +7.38¢

Data are x +s, n=6. a, P <0.05, compared with the blank group;
b, P <0.05, compared with the NC sh group; ¢, P <0.05, compared
with pcDNA 3.1 group; d, P <0.05, compared with the sh-DANCR +
NC inhibitor group; e, P < 0. 05, compared with the sh-DANCR +
pcDNA 3.1 group. NC, negative control; sh, short hairpin; DANCR,
differentiation antagonizing non-protein coding RNA; BMPR1A, bone
morphogenetic protein receptor type 1A.
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2.5 £%H U8T 4Hfifih DANCR . miR-656 . BMPR1A
mRNA #ik
523 1 44 . sh-DANCR 41 # It sh-DANCR 41
U87 4l i DANCR .BMPRIA mRNA ik i Z &%,
miR-656 ik B EWNN (P <0.05); 5 pcDNA 3.1
ZHAH [, pcDNA 3.1 DANCR 4 DANCR, BMPRIA
mRNA 3k W I, miR-656 3k W F R (P <
0.05); 5 sh-DANCR + NC #J il 3 20 #0 kb, sh-
DANCR + miR-656 #3541 BMPRIA mRNA ik
2 B4 N, miR-656 ik W F FEAL (P <0.05),
DANCR ik 5 T4 it# B X (P >0.05); 5 sh-
DANCR + pcDNA 3.1 A L, sh-DANCR + pcDNA
3.1 BMPRIA 4] BMPR1A mRNA ik i &1, miR-
656 & ik . DANCR Rk EZ R L HIFEE X (P >

0.05,5%6),

Blank NC sh sh-DANCR

pcDNA 3.1 peDNA 3.1 sh-DANCR+NC
DANCR inhibitor
sh-DANCR+ sh-DANCR+ sh-DANCR+
miR-656 inhibitor peDNA 3.1 pcDNA 3.1 BMPR1A

NC, negative control; sh, short hairpin; DANCR, differentiation antago-
nizing non-protein coding RNA ; BMPR1A, bone morphogenetic protein
receptor type 1A.

E1 WL UST 4iiEi ik

Figure 1 Observation of invasion changes of U87 cells

2.6 IiF DANCR .miR-656 [ [a] 3¢ %

DANCR \miR-656 Tl 25 & o5 UL 1] 4, %%
Yt miR-656 44 5 DANCR-WT [197¢ % 2 g 1
i NC #3415 DANCR-WT R#{E(P <0.05,%7) .

Blank NC sh sh-DANCR

peDNA 3.1

peDNA 3.1 sh-DANCR+NC
DANCR inhibitor
sh-DANCR+ sh-DANCR+ sh-DANCR+
miR-656 inhibitor peDNA 3.1 pcDNA 3.1 BMPRIA

NC, negative control; sh, short hairpin; DANCR, differentiation antago-
nizing non-protein coding RNA; BMPRIA | bone morphogenetic protein
receptor type 1A.

B2 WA UST 4fiuiT R AE 1k

Figure 2 Observation of migration changes of U87 cells

2.7 444 UST 4Hifuh BMPRIA PD-1.PD-L1 %
FikIKF

525 14, sh-DANCR #H # It, sh-DANCR £
US87 4 ifl BMPRIA PD-1 PD-L1 & 43 ik 25 B M1
(P<0.05); 5 peDNA 3. 1 4 #H I, pcDNA 3. 1
DANCR 41 BMPR1A PD-1 PD-L1 %5 [ 3 ik li 2% 48
f(P <0.05); 5 sh-DANCR + NC #1 i 5 26 AH I,
sh-DANCR + miR-656 541 BMPR1A (PD-1 ,PD-
L1 HAZFE R FHWIN(P <0.05) ;5 sh-DANCR +
pcDNA 3. 1 44 #H I, sh-DANCR + pcDNA 3.1
BMPRI1A 4] BMPRIA PD-1 PD-L1 %5 [ % ik i & 4
Jn(P<0.05,85,%8),

F4 UST MIRRZE TBEE

Table 4 Changes in invasion and migration numbers of U87 cells

Groups Invasion count Migration count
Blank 112.46 +11.34 102.61 +10.47
NC sh 108.94 +11.27 105.81 +10. 62
sh-DANCR 70.88 +7. 18" 51.46 +5.24%°
peDNA 3.1 111.74 +11.20 104.55 +10.53
pecDNA 3.1 DANCR 150.54 +15.21° 145.84 +14.75°
sh-DANCR + NC inhibitor 71.44 £7.21 52.37 £5.31
sh-DANCR + miR-656 inhibitor 108.72 = 11. 044 91.48 +9.25¢
sh-DANCR + pcDNA 3. 1 71.67 £7.20 52.53 £5.29
sh-DANCR + peDNA 3.1 BMPRIA 109.34 +11.07° 91.66 +9.28°

Data are x +s, n=6. a, P<0.05, compared with the blank group; b, P <0.05, compared with the NC sh group; ¢, P <0.05, compared with
peDNA 3.1 group; d, P <0.05, compared with the sh-DANCR + NC inhibitor group; e, P <0.05, compared with the sh-DANCR + pcDNA 3.1
group. NC, negative control; sh, short hairpin; DANCR, differentiation antagonizing non-protein coding RNA ; BMPR1 A, bone morphogenetic protein re-

ceptor type 1A.
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PER  RZEMERCR , SBURH LT RN 4
B2 JEUIRA F) A A2 38 A% RN ERIE DR 38 LA Be AN S B A 35 O

10 104 10
10° 10° 10°

=10 =100 10 o 10] 361 Dl e o . .
” M ” SRR OB BT AR 25
: : RS S = \ SIS R S
ool 3 B : 0 : TR T AR M R R b A7 B IR P RCR AL
10° 10" 10> 10° 10* 10° 10" 10> 10° 10* 10° 10" 10> 10° 10* [11] N = = 2 Sy
Annexin V-FITC Annexin V-FITC Annexin V-FITC /:—E’T?Eq E,:J_Lﬁ% ’ '[‘l:[: 4 ﬁ‘wﬁﬁgﬂ*ﬁ%ﬁ E,(J {nﬁm
Blank NCsh sh-DANCR
i O
10* 104 10*
10° 10° 10° NN
_ {5 ; RS UST dAnffass AN A TR
& 10% ~10? & 10%
Table 5 The apoptosis rates of U87 cells in each group
10! 10! 10!
ple 100 ; 10° Group Apoptosis rate/ %
10° 10" 10> 10° 10* 10° 10" 10* 10°* 10* 10° 10" 10* 10* 10*
Annexin V-FITC Annexin V-FITC Annexin V-FITC Blank 12,51 +1.28
pcDNA 3.1 peDNA 3.1 sh-DANCR+NC
DANCR inhibitor NC sh 12.63 +1.29
10 104 10
- i - sh-DANCR 37.82 +3.86%"
D107 SR . D107 peDNA 3.1 12.58 +1.28
10! 10! ﬁ ' 10!
4 ¢ pcDNA 3.1 DANCR 7.67 £0.79¢
107 1o 107 107 0 CIor 1o 107 T 100 108 Tor 0% T0r 10¢
Annexin V-FITC Annexin V-FITC Annexin V-FITC sh-DANCR + NC inhibitor SRR
S DATCR EhDATIGR e DGR sh-DANCR + miR-656 inhibitor 21.04 £2. 18"
miR-656 inhibitor pcDNA 3.1 pcDNA 3.1 BMPR1A
NC, negative control; sh, short hairpin; DANCR, differentiation antago- sh-DANCR + pcDNA 3.1 37.74 +£3.82
nizing non-protein coding RNA; BMPR1A, bone morphogenetic protein
receplor type 1A. sh-DANCR + pcDNA 3.1 BMPRIA 21.17 £2.24¢
2 i 5% s
3 W% UST iR T AL Data are x £5, n=6. a, P <0.05, compared with the blank group;
Figure 3  Observation of apoptosis changes of U87 cells b, P <0.05, compared with the NC sh group; ¢, P <0.05, compared

with pcDNA 3.1 group; d, P <0.05, compared with the sh-DANCR +

SLaA NC inhibitor group; e, P < 0. 05, compared with the sh-DANCR +

3 -F'I-.Lb pcDNA 3.1 group. NC, negative control; sh, short hairpin; DANCR,
differentiation antagonizing non-protein coding RNA; BMPRIA, bone

?Lill 25 T RE R i UL IZ]:I*[Z?}%I 2 R 555 R morphogenetic protein receptor type 1A.
% 6 UST Zijifi DANCR ,miR-656 . BMPR1A mRNA k7 {k
Table 6 Changes in mRNA expression of DANCR, miR-656, and BMPRIA in U87 cells

Group DANCR miR-656 BMPRIA mRNA
Blank 1.05 +0.11 0.98 £0.10 0.94 £0.10
NC sh 1.06 £0.11 1.02 £0.11 0.98 +0.10
sh-DANCR 0.45 +0.05%" 1.67 +0.18%" 0.55 +0.06%"
peDNA 3.1 0.97 £0.10 0.92 +0.10 1.05+0.11
pecDNA 3.1 DANCR 1.55 +£0.16° 0.57 £0.06° 1.72 £0.18°¢
sh-DANCR + NC inhibitor 0.48 £0.05 1.64£0.18 0.58 £0.06
sh-DANCR + miR-656 inhibitor 0.46 £0.05 1.08 +0.11¢ 0.88 +0.09¢
sh-DANCR + pcDNA 3. 1 0.47 £0.05 1.62+0.18 0.56 £0.06
sh-DANCR + pcDNA 3.1 BMPRIA 0.42 £0.05 1.59 0. 11 0.83 £0.09°

Data are x +s, n=6. a, P<0.05, compared with the blank group; b, P <0.05, compared with the NC sh group; ¢, P <0.05, compared with
pcDNA 3.1 group; d, P <0.05, compared with the sh-DANCR + NC inhibitor group; e, P <0.05, compared with the sh-DANCR + pcDNA 3.1
group. NC, negative control; sh, short hairpin; DANCR, differentiation antagonizing non-protein coding RNA; BMPR1A, bone morphogenetic protein
receptor type 1A.

%7 DANCR.miR-656 [ ): %

miR-656 3'UCUCCAACUGACAUAUUAUAA S Table 7 Verification of targeting relationship between
‘ | ‘ | | | | | | | | | DANCR and miR-656

DANCR-WT 5'CUAUUUUCACAAGAUAAUAUA3Z' Group relative luciferase activity
NC mimics + DANCR-WT 1.07 £0. 11
DANCR-MUT 5' CUAUUUUCACAAGUAGGAUUA 3' miR-656 mimics + DANCR-WT 0.62 +0.07°
NC mimics + DANCR-MUT 1.03 £0.11
DANCR, differentiation antagonizing non-protein coding RNA; WT, miR-656 mimics + DANCR-MUT 1.06 +0. 11

wild-type; MUT, mutant.
. . Data are ¥ +s. n=6. a, P <0.05, compared with the NC mimics +
5 L A E B ,
4 DANCR.miR-656 Z5 & i 41 DANCR-WT. NC, negative control; DANCR, differentiation antagoni-
Figure 4 Binding sites of DANCR and miR-656 zing non-protein coding RNA; WT, wild-type; MUT, mutant.
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A, blank group; B, NC sh group; C, sh-DANCR group; D, pcDNA 3.1
group; E, pcDNA 3.1 DANCR group; F, sh-DANCR + NC inhibitor
group; G, sh-DANCR + miR-656 inhibitor group; H, sh-DANCR +
pcDNA 3.1 group; I, sh-DANCR + pcDNA 3.1 BMPRI1A group. NC,
negative control; sh, short hairpin; DANCR, differentiation antagonizing
non-protein coding RNA ; BMPRI A, bone morphogenetic protein receptor
type 1A.
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Figure 5 Expression of BMPR1A, PD-1, and
PD-L1 proteins in cells
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Table 8 Changes in the expression of BMPR1A, PD-1, and PD-L1 in U87 cells

Groups BMPRI A/ B-actin PD-1/@-actin PD-L1/B-actin
Blank 1.24+0.13 0.83 +0.09 0.77 +0.08
NC sh 1.27 +0.13 0.87 +0.09 0.71 +0.08
sh-DANCR 0.65 +0.07>" 0.41 £0.05"" 0.34 £0.04>"
pcDNA 3.1 1.25+0.13 0.85 +0.09 0.75 +0.08
pecDNA 3.1 DANCR 1.68 £0.17¢ 1.37 £0. 14° 1.14 0. 12¢
sh-DANCR + NC inhibitor 0.68 £0.07 0.48 +0.05 0.36 +0.04
sh-DANCR + miR-656 inhibitor 0.92 +0.10¢ 0.78 £0.08" 0.64 +0.07"
sh-DANCR + pcDNA 3. 1 0.65 +0.07 0.46 +0.05 0.37 +0.04
sh-DANCR + pcDNA 3.1 BMPRIA 0.97 0. 10° 0.72 +0.08° 0.66 +0.07°

Data are x +s, n=6. a, P<0.05, compared with the blank group; b, P <0.05, compared with the NC sh group; ¢, P <0.05, compared with
pcDNA 3.1 group; d, P <0.05, compared with the sh-DANCR + NC inhibitor group; e, P <0.05, compared with the sh-DANCR + pcDNA 3.1
group. NC, negative control; sh, short hairpin; DANCR, differentiation antagonizing non-protein coding RNA ; BMPR1 A, bone morphogenetic protein re-

ceptor type 1A.
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