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[Abstract] Objective To investigate the effects of over expression and low expression of antisense transcripts of

circular RNA cerebellar degeneration associated protein 1 (CDR1as) in Balb/C mouse bone marrow mesenchymal stem

cells (BMSCs) on factors related to osteogenesis and angiogenesis. Methods BMSCs were cultured and identified in vi-
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tro. The lentiviral (LV) vector containing the overexpressed and silenced circRNA CDR las genes and the control lentivi-
rus were respectively transfected into mouse BMSCs, and stable cell lines were screened. The cells were divided into
the circRNACDR las over expression group and the over expression control group, and the CircRNACDR 1as low expres-
sion group and the low expression control group. The components were stained with Alizarin Red S and alkaline phos-
phatase after 14 and 21 days of osteoinduction; qRT-PCR was used to detect the target genes circRNA CDR las, osteo-
genic differentiation markers alkaline phosphatase (ALP), runt- related transcription factor 2 (RUNX2), osteocalcin
(OCN), osteopontin (OPN), osterix(Osx), collagen I (COL-1), and the mRNA expression levels of vascular endothelial
grown factor (VEGF) and angiogenin-1 (Ang-1). Results The results of alizarin red staining and alkaline phosphatase
staining showed that the extracellular matrix calcium precipitation and ALP staining area of the over expression experi-
mental group was greater than its control group, and those of the low expression experimental group was less than its
control group. As the number of days of osteogenic induction increased, the calcium precipitation and ALP staining in
each group also increased. RT-PCR results showed that the mRNA expression levels of circRNA CDRlas, ALP,
RUNX2, OCN, OPN, OSX, COL-1, VEGF and Ang-1 in the over expression experimental group BMSCs were significant-
ly increased (P <0.001). In the low expression experimental group, the mRNA expression levels of circRNA CDR las,
ALP, RUNX2, OCN, OPN, OSX, COL-1, VEGF and Ang-1 in BMSCs were significantly reduced (P < 0.001). Conclu-

sion  Over expression of the circRNA CDR1as gene promotes the osteogenic differentiation and angiogenesis of BM-

SCs. Low expression of the circRNA CDR1as gene inhibits the osteogenic differentiation and angiogenesis of BMSCs.
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SR A AR A - R 40 M 525 SRR, RERS
Uf w5 B A R AR S B BB ] TR B T A0
(bone marrow mesenchymal stem cells, BMSCs ) Z& A~
[Fi) 1) 335 B35 5 i mT o3 A s R 00 L g T 40 i
5, P BMSCs 76 B 21 40 T 3% p 22 5 A5 S Fh 1 24
JEL 4 R T AR N B TR A ZH DD R miRNA -
378a LLAE I 7 2 A 1) IE 305 A BMSCs AT 5
B K LA VEBE 99 IE TR ] BT T 40 i R
G0 AT Ao B RNA (circluar RNA, cir-
cRNA) /N2 MR 5 8 1Y S S s ) (anti-
sense lo the cerebellar degeneration-related protein 1
transcript, CDR1as) , JE— M RRER ) A gR S RNA , 7E
HHLVBE PR B ERET . BESE R AR B
SKIRFEEEE T, circRNA CDR 1as i1 cirRNA-miR-7-
5p-Wnt5B i #7E BMSCs HY BUAR/ BUE 73 Ak h A 44 5C
SEAE S . ARSI i R A 5K IA Y cireRNA
CDR las 15 %% 7 % J¢ %2 /)N Bl BMSCs , £6; 1 BMSCs 7
AH DG BCE I8 R 1Y 3K K P, LR 5T cir-

cRNA CDR1as X BMSCs i A 45 /5 FH fR 5
FEJN W HBE TS A 5 16 52 1 Bt B4 a2 S el

1 M#ArEE
1.1 EZMHAME

4 J& ¥4 SPF 9% Balb/C /NS, BEHEASFBR , 15 ~ 25
g, W T i B B K2 s i SE g8 bt R ATHIE S
SCXK (BT )2016-0003 , 5% 46 255 5t 2= B R 2 25— iy
J& 15 5 3 ) S 36 10 B 2 B s AL (Bl e B o A%
1 H %5 . TACUC20170706-04 ) .

i B DMEM 15 3% 3 (Gibeo, 35 H ) 5 i 4 1M %%
(Gibeo, 2 ) ; Balb/C /)N il BMSCs 175 5 /0 fb 1s
7% 3 (Cyagen, H1 [ ) ; 5L & 1 PCR 519 & W (1
MR TR E] L D RO sk iR & (Takara, H
A ) ; Real-Time PCR i 5| & (Takara, H A% ) ; 1 5 7Y
CCK-8 (Bioss, dt 5% ) ; %¢ 1 % fit PCR { (QuantStu-
dio™ 6Flex, Thermo, 35 [ ) ; i 2C4H M9 4% (BD facsar-
ia, 2 [ ) ; B0 AL (5810R, Eppendorf, £l [ ) ;
B A (Thermo, 32 [E ) 5 O H 2R A5 B HU5E (Olym-
pus, HAS) 5 58 AH 22 10 U (Gie <, 1818 ), CCK-8
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R & (Bioss, FED , R L (AL R EA A, P
E ), B 5 12 Bl (alkaline phosphatase , ALP) (Jt 5U
FHEAT, PED) R EE (S IR R
BRAFL, HED .,

1 2 35 circRNA CDRlas 18 %5 7% 3€ B circhase
BE JE 1) mmu_cire_0001878 1 & i5 19 )F 4, i
B ZRARTCLENIE : CMV-circRNA-EF1-ZsGreen1-T2A-
puromyecin, 1 F K BF M XT B ZH 19 AR TR MV -
circRNA -EF1-ZsGreenl -T2A - puromycin , J& — > %%
L2

I ¢ 3K 21 FIAIR 26 15 % B4, 4 R A R AR e 14
i hU6-MCS-Ubiquitin-EGFP-IRES-puromycin , &
F 3K circRNA CDR las 12 %5 # #1457 %1 1: 57 -TCT-
GCCGTATCC AGGGTTT - 3° , & % 5 circRNA
CDRlas 2 ¥ 7 #1 25 J¥ 51 2: 5° -TATCCAGGGTTT
CCAGTGG-3’ ; Ik £ ik Xf 41 ¥ 51 . 5° -TTCTCC-
GAACGTGTCACGT-3,

12 Fik

12,1 4IRS % BRI Balb/C /N R
Jei SHAE B LA BE | 75% £ TR IR S min, TCRR 2%
PEF o3 8 BB RN BCH B 25 7 v T o, A OB
DMEM 5¢ 4= 15 7% & (&% 10% JIf 245 1L 3% . 0.5% 4k %5
£ .0.5% T K 1% A AT il 3 86, B0
(5 min, 1 000 r/min, 22 °C)J5 A 58 455 77 3 d B
Y M TR R D, B ACIE B R4 72 h
97 40 28 K 2 85% ~ 90% I, 0.25% I i T Ak 1%
o B 348 BMSCs Jin ARE S MRk B ik CD29 i
CD31 - g A At A SR

122 185 &Y BMSCs K5 3 4% BMSCs 4% 41 Jitd
BE RS x 10U T 6 fLAR , 4H LK 2 60%
FE A B MR 18 BH 5 0 Y B 7 B e IR
Y185 AR YA 43N cireRNA CDR1as i3 %3k
ZH (3 F IR LK 4 ) Nl circRNA CDR1as {2 ik 4H
(IR RTINS B0 2 ) LA B 43 3 A X6 I 1) I 4 % R 4L
BEFLEE YRR BB 1 mL, BB FR46 0, 24 h )5 e
W, 2 mL/ALEE 35 B 4k 22 55 57, ¢ 6 i B W 4K
72 ~ 96 h FE YL ML .

1.2.3 G AR R I % e il e 45 2 A M 8% 5
72 h i, JREE T A B 20 AT RS 0 % 2L e
B YL J5 1G5 2% 45,98 R [ (enhanced green flu-
orescent protein, EGFP) FIRBEE L R B A 2H 4
Jif WS B S5 e BT X 10° AN /mL 18 40 i 255 2 43 1) 432 b
PO B AN IR 37 24 h, 3R A B B WL &K
EGFP 4

124 CCK-8FiM 4ttt 4540 BMSCs 5444 72 h
J&i L $2 JE1 000 /L1 20 16 5% B 2 b 2 96 FLAR , KE
FE24 hm, s LIRS AL A 10 pL CCK-8
W L2 h 5 ODuso . {H , 5% 24 hAGI 1 VK, 3%
SLIM 10 d, o 0995 75 4% YL 5 % BMSCs 3455 152 1]
125 PERLAYA K4 BMSCs H YL 72 h i ,
A SR, AT 14 21 dE ., Z28H
T2 1, 2K P i, 96 3R AT L VR Y Al K Uk
U (R E A 25 0 BT LSRR A 2 Xk

1.2.6  BEPEBERREE YL S BMSCsH 472 h )5,
WETET14.21 dJF 3@, 2 mL 4% 2 5 P
30 min, ZZ1E /K YE 3 38 , Fi¢ HATT I A B ol 1 il 4 €
W, BEEIEE 20 ~ 30 min, B2 B0 E FUPHEE , 7%
TRR/K R 2 30 , 31 5 R 22 I I SRS U X 45
1.2.7  qRT-PCRAGIHHE UM A A OCH A KL BM-
SCs % % 72 h J&i , Trizol 742 B4 41 6 RNA , ] & v
JE 5 A, fli B Takara 336 5% 538 5 & W45 3208
RNA i}y ¢DNA, L) 20 wWLAK R 4T qRT-PCR, [
O 2295 °C 305,95 °C 55,60 °C 34 5,40 MEER,
6 I 4% 2H circRNA CDR1as JE I, 5B 20 10 45 S b
&Y ALP , Runt #H ¢ 3% [A 2 (runt-related transcrip-
tion factor 2, RUNX2) . ‘B 45 & (osteocalcin, OCN) .
‘B M 2 (osteopontin,, OPN ) £ 45 25 #4) % 5% [H -+~ (os-
terix, 0SX) . I i Ji2 & 11 (collagen-1, COL-1) , DA
T 5 R S b 7 ) I 4SS N B A K L F (vascular
endothelial grown factor, VEGF) | Ifi. & 4= A & -1 (an-
giogenin-1, Ang-1) i) mRNA 3K /KF, SL 50 2 /0 &
3., qRT-PCRFFHAIH L1,

&1 RT-PCREIY)FHI
Table 1 Primers sequences of RT-PCR

Gene Primer sequence (5°-3")

F: AAGGTCGGAGTCAACGGATTT
R: GGTTCACGCCCATCACAAA

GAPDH

F: TTTCTGGTGTCTGCCGTATC
R: GGAAGATCACGATTGTCTGGAA

circRNACDR 1as

F: GGTGGGTAGTCATTGGCATAG

ALP

R: GTTGGTGTTGTACGTCTTGGA

F: CAGACCAGCACACTCCATA
RUNX2

R: CAGCGTCAACACCATCATTC
OCN F: GCTGTGGCCGCACTCTGC

R: AGAGTGGGGCTGGCCGCTC
OPN F: CCCATCTCAGAAGCAGAATCTT

R: GTCATGGCTTTCATTGGAGTTG
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&R
F: AGAAGCCATACACTGACCTTTC
03X R: GGTGGGTAGTCATTGGCATAG
F: TGGGGCAAGACAGTGATCG
oLt R: GGAGGGAGTTTACAGGAAGCAG
VEGE F: ACATCTTCAAGCCGTCCTGTGTGC
R: AAATGGCGAATCCAGTCCCACGAG
Ang 1 F: GACACCTTGAAGGAGGAGAAAG

R: GTGTCCATGAGCTCCAGTTGT

circRNA CDRlas: circluar RNA antisense to the cerebellar degenera-
tion - related proteinl transcript; ALP: alkaline phosphatase; RUNX2:
runt - related transcription factor 2; OCN: osteocalcin; OPN: osteopon-
tin; OSX: osterix; COL-1: collagen-1; VEGF: vascular endothelial grown

factor; Ang-1: angiogenin-1

20210625-CD29-FITC

1.3 it F oM

S 05 B P 46 1 2 SR A SPSS 25.0 #E4T 4
B A5 B, 3 PR ST A ¢ K 3, 45 2H A
() 2% 3K LI A 27T, S B DL ROR L P <
0.05 FE5FAH G 28 X, g1t E f# H GraphPad
Prism #4241

2 &% R
2.1 BMSCs3¥ /A %%

AR RIFE 3R 2 AR BAR, A KRR
THE R bR 5 9L =X 20 B AR G 00 A A 3 T R S v B R
CD29 PHPEZRIL(93.1% ), 1M CD31 FPERIX(2.4% ) ,
54 BMSCs [ R AR5 (1) .

300 350 400 450

a: the third generation BMSCs are mostly long spindle -
shaped and grew densely in a whirlpool shape with a den-
sity of 85% (X 100); b: surface markers of CD29, CD31.
BMSCs: bone marrow mesenchymal stem cells

Figure 1  Cell culture and identification of BMSCs

Count
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2.2 BMSCs #£ 4 5 &

BU MY 72 h 5, R FHHOE SR £ 6l
B S HET EGFP & (5L RY 41 i , DAPT 4 (4 )5 4
MOA% B8 5t 0 A9 W RO S 4 M i i, 45 41
2 f0 A Y e T W I 2 S (0 R O XK 4 ARG
EGFP k0%, i Feak S0 e 5 Ye 0 88.7 % , 1
FIRXT R Ny 77.3% 5 AL R 3K 5250 4 55 e Ko
81.9% , K 23k XF HR £ hy 68.8 % , VU £H 55 e K 22 57t
TG 2= X (P> 0.05) (F2),
2.3 CCK-8 & fitr Z Ao

FR A T OD {1, 225741 4 20 40 B 2B 1 i £k 15, 2%
RL“S”IE , 4 AL AN AE 1 d .2 d 38 58 sk R B % Fl, 45 41
YR A s MO g T 22 5 (P > 0.05) ,7 A 2
B, 8 d I 2 3G 5 R R IR 2% 53 ~ 10 d, i 3R
K S I 40 A0 R R A N MR T R AR IR (P <
0.05) , T I % 3 S 56 21 40 Jifa 344 508 0% IR T IR R 3k
X REZH (P< 0.05) (K 3),
24 HELFELER

Bl B E 5 S R I, R AT G 45
5 AH N 2, B B — 5 4 1 AR Oy A HtR S 2
o Rl I [A] BN sk 3 8 S A 2T 45 4 Ak IX Jk
KT 3R TR %) BRI 28 3K 552 56 2 20 68 45 4k X

rrrrrrr

e b 1 BMSCs By 577 FI% 2

T HXT R (K 4) .
25 AP &R
it IR S A ALP G 8 [ FR 2 T i SRk % IR
4, R R IA SE IR 41 ALP Y2 6 1t B/ F H HR 4,
Bl & R 5 R B SE N, #5241 1Y ALP %4 44 T AR
BHHER(ES),
2.6 AZARRCE B e A8 % R B mRNA &4
circRNA CDR1as i) mRNA ik /K, 7E{ 5
S 2 7 cireRNA CDR1as Y 6 35 i 3 PR (P <
0.001) , 73k 28 35 5% 6 20 v Jb 2 3 755 (P < 0. 001)
RUNX2 ., ALP., VEGF . Ang-1,0SX ., COL-1,0CN
OPN 1) mRNA &3k 7K P78 o 3k S0 95 41 vp iy T H:
XPRRA 22 5 A it FE L (P <0.001) ; RUNX2
ALP ., VEGF | Ang-1,0SX, COL-1,OCN FI OPN [7
mRNA KRR35 52 90 21 I T 0T RR A,
ZRAGI#E X (P<0.001)(E6).

33t ik

AR A TR E ST, circRNA B 4
LRI Lo A0 B s 3 A D7 T A TR I i
I R 1/ . &/ SN =¥ | VAN W (2 v O A
circRNA CDR1as # /# /)N RNA (microRNA , miRNA ) -
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a: flow cytometry detection of lentiviral transfection efficiency of BMSCs; b: observation of BMSCs using confocal microscopy (X 200).

BMSCs: bone marrow mesenchymal stem cells

Figure 2 Lentiviral transfection efficiency of BMSCs
B2 BMSCs 8 5% YR

**: compared with the over expression control group and

3r . .
CircRNA CDR 1as over expression i
- . P low expression control group, P < 0.05. BMSCs: bone mar-
—— Over expression control
oL CireRNA CDR 1as low expression row mesenchymal stem cells; CDR 1as: antisense to the cere-
—= Low expression control bellar degeneration-related protein 1 transcript

Figure 3 Growth curves of BMSCs detected using
CCK-8 assays
B3 CCK-8 6 Il 18 )5 7 4% 4 J5 BMSCs YL &K

Cell activity (ODuso)

0 1 ]
01 2 3 456 7 8 10 11
Incubation time/d EIEE gf

7 A1 miRNA-671 B 8 #5 , W5 & 38 i @ BR circRNA 7 ARS8 1 LA B 2R A A O X, B G cir-
CDR1as )5 R R B X5 40 i % 45 A 5] 09 50 384 1 cRNA CDRlas & /) i, BMSCs 7 DL # ] circRNA
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CircRNA CDR1as over expression

Over expression control CircRNA CDR1as low expression
. .

Low expression control

During the same period of time, compared with the control group, more calcium salt deposition areas were found in the cirRNA CDR las over ex-
pression group; compared with the control group, less calcium salt deposition areas were found in the cirRNA CDRlas low expression group;
(x 100). CDR1as: antisense to the cerebellar degeneration-related protein 1 transcript; BMSCs: bone marrow mesenchymal stem cells

Figure 4 BMSCs alizarin red staining results for each group
El4 44 BMSCs PR Y (L5

CircRNA CDR1as over expression Over expression control CircRNA CDR1as low expression Low expression control

N &y

During the same period of time, compared with the control group, more alkaline phosphatase staining areas were found in the cirRNA CDRlas
over expression group; compared with the control group, less alkaline phosphatase staining areas were found in the cirRNA CDR las low expres-
sion group; (X 100). CDR1as: antisense to the cerebellar degeneration-related protein 1 transcript; BMSCs: bone marrow mesenchymal stem cells

Figure 5 BMSCs alkaline phosphatase staining results for each group

B 5 452 BMSCs fifi 1t i B Fifg e (0, 235 SR

CDR Las X186 T 200 i a0 s il 75 356 R 22 308 1) 5%
Wi, A I W5 Gt 51 cireRNA CDR1as i BMSCs JiE -
AL A ) SR RS 52 B A B S SR DA
R R circRNA CDR1las 75 B 240 21 T. 7% v 19 0 55
B o AT, 200K it 5k 5K K 3K circRNA
CDR las £ X #1725 24018 9% 53 5% Y« 2 BMSCs 1, 38 i)

it X A0 ARG ) % AL ) e Y 5 DO A e Y KR
TGttt 22 5. WO R AR B AT SR 5] BMSCs
REYL T2 hm A BE A K FLUIE SR, 2 AR A
& Hfii £ 55 /0N, Fi I AT R0 9 BE X 4 i 4 28 TS
SR A COK-8 2k K il 46 45 3R B, cir-
cRNA CDRlas 32 3835 52 50 2 A I3 56 32 3 ~ 10 d
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= Experimental group
30 = Control group

mRNA expression
o

&~

0

PR L TS @
5 Y’@@ NENSNIN S

\od
& - I

&

lial grown factor; Ang-1: angiogenin-1

= Experimental group a: circRNA CDRlas over expression
= Control group

groups; b: circRNA CDRlas low ex-
pression groups; ***: compared with
the control group, P <0.001. cir-
c¢RNACDRI1as: circluarRNA antisense
to the cerebellar degeneration - related
proteinl transcript; ALP: alkaline phos-
phatase; RUNX2: runt - related tran-
scription factor 2; OCN: osteocalcin;
OPN: osteopontin; OSX: osterix; COL -
1: collagen-1; VEGF: vascular endothe-

Figure 6 mRNA expression of osteogenic differentiation and angiogenesis related genes for each group

Bo A5 AR A S SG3E  mRNA ik

BT H T B 4H 1T cireRNA CDR1as {16 2% 35 52560 4
Y L3 5 3 3 ~ 10 d IR T XS B4, 4R o Gk
circRNA CDR1as 7] i JF BMSCs 448 , 11 {K 3 i cir-
cRNA CDR1as A #IJI il BMSCs 3474 .

B BB A R A A A B R A I
BT S R AR AL RS AU A2 B B A A A
BMSCs Hrid 8 HIRR XA B FH KB T
AH O B AR I A5 3 R R [R) 3R K F- o Peng
SGEUBIETTHR A a0 S BT 20 R ) B Ak
], OSX 1Y) mRNA ik /K VB4 circRNA_33287 [
b AR E INB R . Xu 55 FE B BB AL
iE H TP HE T circRNA_0011269-miRNA #8475 4%
B2, TR IZ N 4% th R T 31 miR-122 5 F1] F 3L
P E BHR S AUE T miR-122 5 circRNA_0011269/
RUNX2 [ #E [8] 5 2 5 FRIE S cireRNA_0011269 f) 5
eIk ] LU E RUNX2 [ 2 25 100 1 1 o i A
ALP Fl RUNX2 S J 8 40 M i) L 3 An s iy, e 1
R A0 43 AR BE 1, RS RT LK BMSCs 9 #H 56
= S PN B el [ 70 A 3 7 2 N N M
g5 R it R IR S Il 58 circRNA CDR1as /£ H
T BMSCs I}, ALP Fi1 RUNX2 % mRNA f4 % 3k 7K 3
A3 BT AR B, OCN J& 40 M 1) 24k Y
M A bR 75 0, R85 S B i 00 L e R R e
ARG OPN T IZAF7E TE M, 58 1k
YE R, i 2B o (4 A Ak R0 BB 20 M 4 TR B
OSX & — FlREIR 1Y 1B 43 A 5 sk DR, AR iR
= N B U i ik, & BB BT 75 I A
KHFB . COL-1 H B 4 M 430 , 76 il B 4t
T B B B 28 B BR , 3R 38 76 M 2k 2 i

MrBel'o', A S OCN, OPN ., OSX . COL-1 ) mRNA
RBAOF L Rk 1 s MALRRA 2T
R #a 34, $2 7R 3 F 3K circRNA CDR1as fiE #F BMSCs
0 8 oAb . VEGF AT 42 UE I 457 P K2 40 i 34 A A
B AT B, A2 A A ) DS R AR Ang-1 TE
W 51 i A £ M AR 0 af A R R A T L
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