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CCK-8 i&ml & MMI. R @ fe &M . KA LT R 5= 3 A i X 20 B AR AR ) 20 Jg, 38 78 Fo OB o1 0L, R R S0 J2 BP i
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Abstract: Objective To explore the regulation of the sensitivity of multiple myeloma (MM) to borte-
zomib (BTZ) and the influence of Circ-CDYL on miR-223-3p/PHD finger protein 19 (PHF19) axis.
Methods Serum samples were collected from 118 MM patients in Yancheng Third People's Hospital,among
which 60 patients did not receive any chemotherapy treatment (BTZ-sensitive group) and 58 patients received
BTZ treatment and developed chemotherapy resistance (BTZ-resistance group). The expressions of Circ-
CDYL,miR-223-3p and PHF19 in the two groups were compared. The mRNA levels of Circ-CDYL,miR-223-
3p and PHF19 were determined by fluorescence quantitative PCR (RT-qPCR), and the activity of MMI1. R
cells was determined by CCK-8 method. Clone formation assay and flow cytometry were used to detect cell
proliferation and apoptosis, while the expression levels of apoptosis-related proteins (PCNA,Ki67,C-caspase
3) and PHF19 protein were detected by Western blotting. Meanwhile,double luciferase reporting experiments
was used to detect the targeting relationship between Circ-CDYL and miR-223-3p/PHF19. Results  Circ-
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CDYL and PHF19 were highly expressed in serum specimens of BTZ resistant group and MMI1. R cells (P <C
0. 05) ,while miR-223-3p was low expressed (P <C0. 05). Down-regulation of Circ-CDYL expression signifi-
cantly reduced the median inhibition concentration (IC;,) of MMI. R cells to BTZ, inhibited the proliferation
activity,down-regulated the expression levels of apoptotic proteins PCNA and Ki67,and up-regulated the ap-
optosis rate and C-caspase 3 protein expression levels, with statistical significance (P < 0. 05). Inhibition of
miR-223-3p or overexpression of PHF19 could partially reverse the sensitivity of MM1. R cells to BTZ after
Circ-CDYL knockdown (P <C0. 05). Double luciferase reporting experiments showed that miR-223-3p could in-
hibit the expression of Circ-CDYL and PHF19,and Circ-CDYL and PHF19 were target genes of miR-223-3p.
Conclusion Knocking down Circ-CDYL can increase the sensitivity of MMI1. R cells to BTZ through miR-223-

3p/PHF19 axis.
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Ve L B (BTZ) & — i 85 11 6 A 410 161 5
Ve AL I7 25 %) 22— BTZ ] DL g3 MM Ry i
Je FETT - AH T AL 9 78 3k A Mt 2 P bk HA
SERORZ B . Bk, B 5T BTZ Wi 2591
X 25 MM & 1697 BA BURE L. HRk RNA
(CircRNA) & —ZFEIE ) RNA 437 76 N I8 0E (2
& MMND [ % A F0 Ak 22 o vk b i B 224 . 0 0 i
2 i 96 4 6 AR T 25 0 1 SO S DI S T Ak T 2L
U BESE R R . Cire-CDYL & — Ff 3 & B Y Cir-
cRNA, & # {iE 55 75 MM 41 21 fil 1l 2% bR A v 52 5
ik MM BA B (932 W7 R B0 A0 . AR
1M HAj A 2 Cire-CDYL & /5 MM (1 1if 25 #1
WA 5. BF 5 R, miR-223-3p 7 MM Ji 8 41
it R A FARRRR A S 5 MM 4 i 344 58 A 1
PRI H S BTZ B BUREEAH 7 sah, R e
52 BT B miR-223-3p MR BB 5 CircRNA £
A B AE . 1 F % % W, PHD 48 & (1 19
(PHF19) j& miR-223-3p 19 T lif #8 B [ 2 —, w ik
PHF19 R e S0 F A oy 400056 Mg A5 A Bk
MM 3 R Y7 8 A BT, AR EERER
Cire-CDYL % 3 & #1 Cire-CDYL/miR-223-3p/
PHF19 N 35 4P RNA W2 7E BTZ iiit 25 v iy 8 45
PEF s T T 1 MM 25 AL . R i 25 MM HR &
J7 1 I R S BE S K
1 #MH5H%
L1 My A Y dcgE 2018 4F 10 A & 2021 4
10 A FERIRT 4 = AN REE Be (RLR 8 FRAS ) 3% % 3R
7 E 118 i) MM (& A9 I35 b A . K oK 3 AT 3R
Y 60 0l B E 1 BTZ U4 . % BTZ 1697 7 2k
TRI7 i 5P 58 i) MM & VE BTZ T 254 . HiF
Bz b 2SRRI i MM ., In i R E & E
A A AT 5T B AR AR AR B 48 B 2 B 4 it o
(2021023) .,
L2 4. B2 M 5EH FEAR MM 40 R
MMI1. S 41 g (%% 2. C1713) f1 it BTZ 41 L &

PHD finger protein 19;

multiple myeloma; bortezomib

MMI1. R 408 (485 .C181 1) ¥ B i WHELAB,
RPMI-1640 g [ #IX Procell($8 5 : PM150110) ;BTZ
W E bR (47 5 B34605) &0 A 35 2
(HPLC)>=>98% ; Lipofectamine™ 3000 %% YL 5 W A
2 [H Invitrogen (4585 :1.3000015), Beyozol £ RNA
3257 W B F ¥ Beyotime (45 5 : R0011) ; Quanti-
Tect Reverse Transcription & #| & (1% 5. DXT-
205314) .QuantiTect SYBR® Green PCR Kit 75,
204145) 1y A % E Qiagen; CCK-8 & #| & (1% =,
CKO04) #1 Annexin V-FITC/PI i #| & (% 5 . AD10-
2) ¥ [ A A [\ {4k %5 LucPair™ Duo-Luciferase
HS Assay i& # & W H 3£ [E GeneCopoeia (1% 5 ;
LF005) s PHF19 34 5 40 iy #% $t Jit (PCNA) (Ki67 ., 5§
P4k It 2 R K 4 2 B2 5 1 3 (C-caspase 3) \GAP-
DH —¥1 & — 9t H 3 [# Cell Signaling Technolo-
gy. FEFRE 4 M &R BT A Cire-CDYL 4 & ¢ RNA
(shRNA) [ 18 955 8 2% & (sh-Cire-CDYL) #1845 B 1
XA shRNA 1912 955 7 #/K (sh-Cire-NC) , A & miR-
223-3p Ml 57 Canti-miR-223-3p) .miR-223-3p FL 4
(miR-223-3p mimics) . [ 14 XF i (miR-NC) ¥ 1l B
GenePharma; pcDNA-PHF19 5 20 1855 5 8K B 3£
Invitrogen,

1.3

1.3.1 4550y % MMI1. S fil MM1. R 44
ffi 42 A F RPMI-1640 K5 37 5 (& 102 i 4 1ML - 100
U/L %8 2 X 100 mg/L § 8% £, T A0S B 5 5
F(37 °CL50 COHKEFE. MMI. R 40 i 75 5% Y i
i/l 10 nmol/L BTZ kb #f 24 h. R 5 5% e 1f 0l ¥
MML. R 41>~ C 4. sh-Cire-C 2 . sh-Cire-CDYL
2 | sh-Circ-CDYL + anti-miR-223-3p 20 1 sh-Circ-
CDYL+ peDNA-PHF19 4. H v, C 4 K% Yy, sh-
Circ-C 4 # Yt sh-Cire-NC 12 95 75 2k &, sh-Circ-
CDYL 4 % Yt sh-Cire-CDYL 12 %5 & 2% {&, sh-Circ-
CDYL+anti-miR-223-3p 4% 44 sh-Circ-CDYL 185
3 (& M anti-miR-223-3p 18 %5 B 3k &, sh-Circ-
CDYL+ pcDNA-PHF19 2 # 4% sh-Circ-CDYL 12 %4
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B S pcDNA-PHF19 T 4118 95 % 2k 1. 40 g 3%
7 48 h J5 M1 T J5 e ik 58 4l 1 98 0 5 i PCR(RT-
qPCR) I % %% Bl 7 % (Western blotting) 4 I %% Yt
1.3.2 RT-qPCR &l K40 32 ) £ 1 0 43 o ok 41
Bog RNA, H- #4744k, 2R J5 i 13 QuantiTect Re-

verse Transcription i 7] & & B <cDNA., X GAPDH
KNl QuantiTect SYBR® Green PCR i #| &
Bk 9 1 cDNA #:47 PCR §744, 51 9 ¢ 5l
W 1. W 4AF:90 CHZEYE 2 min, 94 ‘CAEYE 15
$.65 “CiB k 30 5,70 CHEf 30 s, HLEGFR 40 . R
Ja s aE 272 AT A B KT

1 514 7 51
I ET 514 b EEY)
GAPDH 5'-ACCCAGAAGA CTGTGGATGG-3' 5'-TTCAGCTCAGGGATGACCTT-3'
Cire-CDYL 5'-ACCCACTAGTGCCTCAGGTG-3' 5'-CTGTTGAAGTCGTGGATGT-3
miR-223-3p 5'-CGCUAUCUUUCUAUUAACUGACCAUAA-3’ 5'-CGCUAUCUUUCUAUUAUGACUCCAUAA-3'
PHF19 5'-ACTCGGGACTCCTATGGTGC-3' 5'-CCTCCGTCAGTTTGGACATCA-3'
1L.3.3 Eamaill SAMEaevimigE i 15 circ COYL-B A B/ 28 B (WT/MUT) 20 M J

(PBS) #h i 3 Y i A 20 2 ik 8 (5 28 10 i 400 1 7))
PEIBCR AR B A AR BT b T A R -
S8 TR 045 Tk 2 58 e (SDS-PAGE, 10%0) HL 3k » HL 3K 43 5
JE¥: % & PVDF [, L 5% i g 2 45 B 01 JCRSE . v
% A PHF19 . PCNA Ki67 ,C-caspase 3 — i (Fi B
FEHCT = 40004 °C I 5 3 3 i A BRAR 3 S840 ) 1t A
W ZHERBEE 1 h 5, TBST Pk 3 W &5 i
ECL &Gk B W 5 . /25 1 i 454 . L GAPDH
KNSR Tmage ] BAF 50 B & 4540 K BEME . 3T 53R
SEEROE. ST

L34 QUIE AW RIREHIE M BTZ(0.1,
5.10,20,40.80.160 nmol/L) X} 5 4141 Mi kb 24 h, ¥
B 10 mL 9 CCK-8 15 4L P 120 min, F 490 nm P
A LI IOG B CAVE . 22 20 JL 0 3 B AR R 50 26 B
() BTZ ¥ B Ry BTZ 2 H0m il i (1G5, )

1.3.5 wERMRER fHARLENY MML R 40
PL 500 A~/ LAY %5 BE 452 AT 7S fL AR AR AR B B SR AR
(37 "C,5% COOHHISR 2 JH . i I 45 dh 500 40 i ik
A7 e 40 J5 00 20 e R R AT H

1.3.6 M-I R Annexin V-FITC 4
AN PR T4 5. WCSE 5 414 L, PBS 3% 3 1K,
% H 1 X Binding buffer ¥ £ 0 48 fg ] g% 1< 10°/mL
1 41 B 90 B2 45 A Annexin V-FITC, 86 . % i
BFHE 10 min, A PT Y@ (10 p L) #EFT P (0, K2y
15 min J5 R F 3 2K 20 1 AR 00 240 At 0 T A 100

1.3.7 MEOCRMRAAFEH S8 Wi B E Ry
¥ % StarBase (https://starbase. sysu. edu. cn)
TargetScan(https://www. targetscan. org/vert 80/)
M miR-223-3p. circ-CDYL 8 PHF19 py45 4. #%
R %L YL ik 7] TurboFect Transfection Regent 4 B
# anti-miR-223-3p BF4E AL (WT) & 248 B (MUT) %%
O 2R il 4 15 5 DR JBRE 2 B ik e 0 L v S TR] I R
il cirec-CDYL.PHF 19 mimic ¥ A MM1. R 41 Jis, 3£

PHF 19-WT/MUT 4ii i, 5 3% 48 h 5 B 2.
K PBS VR4 ME, 3¢ BRI S Bl A 1 X
4 2% W . R 7% 10 min, 3 000 r/min Z.0> 5 min, %
HERUE 2R Tl 2 4 56 BRIAG 0 48 59 0 10 5 A T 1 35
W G M .

1.4 it SRA SPSS20. 0 #4: 4 B ¥t it
PR &£ Fon, WAL A] EL AR ST RE AR ¢ K
B, 2 R F KL, WO HL 3 R A LSD- K
5. DL P<<0.05 BESAESI¥E L.

2 & R
2.1 CircCDYL . miR-223-3p fl PHF19 7£ A [A] il i
PRAFIAN N h g RS AL 5 BTZ SR H A

BTZ iif 24 41 Cire-CDYL 1 PHF19 mRNA k8] &
Fh#, miR-223-3p Rk WAL, Z R B ARIT ¥ E
X (P <<0.05), L% 2, 5 MMIL. S 20 i Ik %%,
MMI1. R 4 Jfi Circ-CDYL #1 PHF19 mRNA 3 ik Bj
W FF i, miR-223-3p RIE W B FEAL. 22 R WA Gt
B (P<C0.05), L5 3,

x2 Cire-CDYL , miR-223-3p #1 PHF19 mRNA

EREMFRAR R FRIE
209 n Cire-CDYL miR-223-3p  PHF19 mRNA
BTZ %4 60 1.03240.29 1.0240. 27 1.05%40. 30
BTZ 2540 58 1.7540.54 0.42+0.13 1.6840. 46
t 9.065 15. 295 8. 841
P <0. 001 <0.001 <<0. 001

x3 Circ-CDYL,miR-223-3p #1 PHF19 mRNA

EXREMEPHRIEERL
EN IS Cire-CDYL miR-223-3p PHF19 mRNA
MMI. S % Jfg 1.03=+0.06 1.0940.03 1.0240.04
MMIL. R 4 1.86-40.12 0.3840.04 1.75+0.11
! 10. 715 24.595 10. 802
P <20.001 <20.001 <0. 001
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2.2 &4 MMIL. R 4% 08 55 sh-Cire-C
() 40 B AF B . 55 Y2 sh-Cire-CDYL ) MMI1. R 41 fl
Cire-CDYL #1 PHF19 mRNA # ik 7K 3 B &5 F& A% .
miR-223-3p KRB B A m. EFHA LI FE X
(P<C 0. 05); 5 sh-Cire-CDYL # [t %¢, sh-Circ-

CDYL+ anti-miR-223-3p 4. sh-Circ-CDYL + pcD-
NA-PHF19 2 PHF19 mRNA ik 7K 2 B B [FF A%
(P<C 0.05), sh-Circ-CDYL+ anti-miR-223-3p 4H
miR-223-3p FKIEW B T (P<<0.05), Wk 4,

x4 £ MMI1. R 4k Circ-CDYL.miR-223-3p #1 PHF19 FKix (x +£+)
24 5 Cire-CDYL miR-223-3p PHF19 mRNA PHF19 % 14
c4l 1.0440. 06 1.0340. 05 1.0540. 02 0.87-0.08
sh-Cire-NC 41 1.0540. 04 1.0440. 02 1.0140. 06 0.9440.07
sh-Cire-CDYL 4] 0.3140.03 1.8240.10° 0.3740. 04 0.414+0.05°
sh-Circ-CDYL+ anti-miR-223-3p 41 0.284+0. 04 1.4740.09" 0.5940. 06" 0.68+0.06"
sh-Circ-CDYL+ pcDNA-PHF19 41 0.3240.03 1.7640. 11 0.66-0.05" 0.7140.05"

¥ : 5 sh-Cire-NC 20 %5 ,* P<<0. 05; 55 sh-Cire-CDYL 4 F#5," P<<0. 05,

2.3 MML R 4IfEAIEEE T REARBHEL 5
sh-Cire-NC 4] It #¢ , sh-Cire-CDYL 41 % MMI1. R 4
WXt BTZ 9 IC;, A ¥5 T2 A 35 W i B AR 240 B 04
TR T, 22 F WA 2R B L (P<<0.05) s 4l g
JHT- 8 A PCNALKi67 9 8 H Rk KB T,
C-caspase 3 A RIKKF L, 2RI HGIF¥HE XL
(P<<0.05), 5 sh-CirccCDYL % It %, sh-Circ-

sh—Circ-NCZR

sh-Circ—CDYLZH

CDYL+ anti-miR-223-3p 41 & sh-Circ-CDYL + peD-
NA-PHF19 40+ MM1. R 4ififg % BTZ 9 IC,, . &£ 7%
T B 257 W) b 3 00 A0 RO T SRR AR, 2 R A S
27 (P <0, 05) s 4l it PCNA Ki67 2 1 7K ¥
L, C-caspase 3 KT, ZR ¥ AHRIT¥E
X (P<0.05), LA 1.2 firge 5. 25 LRI AL Cire-
CDYL A] 42 MMI. R i % BTZ 80 .

sh—-Circ—CDYL+anti—
miR-223-3p%R

sh—-Circ—-CDYL+
pcDNA-PHF 1948

REFB WA EE MML. R 4 aEHEER

1
sh—Circ—CDYL+anti— sh—Circ—CDYL+
NC¢R sh-Circ-NCZR sh-Circ-CDYLZH miR-223-3pZH pcDNA-PHF 194
103 10 10° 10°
107] e 1023 W 102+ 102 3 . w _1021 m‘ -
10'4 10"+ 10" 3 10' 4 ) 103 % ;
"1 Y i e 104 "1 b *
- o g AR ok AT
10° 10" 102 10° P . ) 1 2 3 0 Py
T V= 10° 10" 102 10° 10° 10" 102 10° 10° 10" 10% 10 100 10" 102 10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
B 2 mABEALNEZH MML. R @B T
5 &4 MMI1. R #8a 1C,, 40 R E A 70 A T aE 4l
1C, EVETE AR 2 it T 2
2150 v ! " PCNA Ki67 C-caspase 3
(nmol/L) M %)
NC 65.2645.78 165.234+12.18 4,98+0. 46 0.7640.09 0.95+0.07 0.33+0.04
sh-Cire-NC 4 62.1546.02 174.35415. 64 5.98540. 65 0.8240.07 0.84-+0.08 0.3640.04
sh-Circ-CDYL 2 23.154+2.08" 98.37+9. 65" 21.35+2.87" 0.25+0.03" 0.36+0. 04" 0.79+0.05"
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HERS %4 MMI1. R 4058 1C,, 4 R & SE 7008 T B8 Sk i
1C; SV TE A R 2 T 2
215 ’ PCNA Ki67 C-caspase 3
(nmol/L) M (%)
sh-Circ-CDYL -+ anti-miR- ) \ \ )
39.1143.62"  124.62+11.20 14.34+1.23" 0.59+0.04" 0.6740.05 0.4840.06
223-3p H
sh-Circ-CDYL+ pcDNA- . ) ) . ) )
41.6844.25"  129.76410. 34 15.02+1.19 0.62+0.03" 0.60+0.04 0.55+0.04

PHF19 4

¥ .5 sh-Cire-NC 20 %5 ,* P<<0. 05; 55 sh-Cire-CDYL #{ F#5," P<C0. 05,

A vonn Bran s 1
C—caspase 3 ,Hw s
o |
HA—E KK AL FE NC 4], sh-Cire-NC 4] . sh-Circ-CDYL 4 . sh-
Cire-CDYL+anti-miR-223-3p 20 1 sh-Circ-CDYL+ pcDNA-PHF19 4 ,
3 Western blotting #&ll & 22 MM1. R 40 i PCNA
Ki67 0 C-caspase 3 EH K

2.4 miR-223-3p 5 Circ-CDYL = PHF19 # & /£ H

miRNA MatchGenelD MatchGeneName GeneType TargetSite

hsa-miR-223-3p° NM_004824 CDYL CIrcRNA

chr6:4956655-4955574[+]

AT AEYIAE B S A Rl O 25 R iR E Cire-
CDYL 5% PHF19 $1 f£ 7€ miR-223-3p [ H #ME I 17
SCE 4, MM R 4 A% 398 ' 28 il 4 2 366 DR 55 06
25 9% A X miR-NC 1% %, miR-223-3p mim-
ics 7 YL B S8 97 4] CireCDYL-WT =% PHF19-WT J&
B Y 966 & G M (P <<0. 05) , fH % Cire-CDYL-
MUT ¢ PHF19-MUT [z k7 th 19 %€ Ot 3 g % M 722 fk

B (P>0.05), L35 6., 45 R £ miR-223-3p A
4l Cire-CDYL ,PHF19 153k

Alignment Class A Cl (o
Target: 5' guuUAUACUU-A-GAACUGACC 3' 7mer- 1 0
m8

PO L =nnnnnn
ACUGu &

miRNA 3' acCCCAUAAAC

Predicted consequential pairing of target region (top) and Sl(e Context++ Context++ score Weighted Conserved branch
miRNA (bonom) score percentile context++ score length

Position 1399-1405 of PHF19 3' UTR 5' .. .UCCAGAGAUAUUAGA- -AACUGA

111 ms -0.24 -0.24 4.764
hsa-miR-223-3p 3" CCCAUAAACUGUUUGA
B 4 EYER Eﬁﬁa\#ﬁmiﬁi‘mu miR-223-3p AT 5 Circ-CDYL 5% PHF19 & &
=6 WMRAEBREERZLER (2 L5)
Cire-CDYL PHF19
2151
WT MUT WT MUT
miR-NC 4 1.0240.05 0.98+0.08 1.0340.07 1.0240.03
miR-223-3p mimics 4 0.37+0.03 0.95+0.07 0.4340.02 0.97+0.05
t 19. 308 0. 489 14, 275 1.485
P <£0.001 0. 651 <<0. 001 0.212
3 i3 it Circ-CDYL M PR circ0075517 , 7E i 988 % A= Fil

JigRe 52 % e B AL YT T 24 M T 80 MM i 22
MEEEZ, BTZ & MM 1 — 2 fbyr 259 . BTZ
i 25 1 5 30 MM AR y7 26 OAY 3 DL R sk, 3
FRB B R R AT BTZ i 25 049 20 F HLH T MM (1
BITR O E

CircRNA [HF 4 50 45 44 1 2 A RNA 5 3 {41
PE L FE FUAZ A M b 5 s 20k B R AT i AR P AT AR
NFEE AR AR AR . BFSE & L. Z R CircRNA A
£ MM ﬁﬁiéﬁﬁﬂ’aﬁw K, 5 1, circPSAP A 8 45
AT A A S WL 4 () 3aA L JE MR e MM 4l
Ff 358 TR BTZ fsrE

KEVHA ZMRE. R BN, Cire-CDYL 76 41
JifJeE 4 28 vh e 3k 1R 5 TR R E I BSR4
S Cire-CDYL & 8 UE BA AT 3 3 39 il miR-
1180, Hil 55 H X} yes #H 3¢ 2 (1 40 il . I & 9 3 MM
R gHl . SR, & F CireCDYL 5 MM Tiif 24 )
AHOGE i o WA GE . AS B 5E 45 RAUESZ . Cire-CDYL 75
fit BTZ MM B % 11 3% #1 MM1. R 20 i (fif BTZ 40 g
ZohE ik 20K Cire-CDYL 1 £k g5 MM
X BTZ U E A O i — 2 0F 5 8w @K Cire-
CDYL W] B i % MMI1. R 40 i %t BTZ 4 1Cs, » 7] s}
e B = 7o O 15 e N T e D e
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ik Cire-CDYL #] 2 # 4 5 MMI1. R 40 ffdx BTZ (1%
AT 5% 8 b AR W A5 B A 43 3 T T miR-
223-3p 7£ Circ-CDYL J¥ 8l Hp () &5 & 0L 5. B UE T
Circ-CDYL 5 miR-223-3p Z [A] i 7 T-45 & . UL Ah.
AR A B il miR-223-3p A #4333 % @K Cire-
CDYL f MM1. R 4i jifg %} BTZ f{ s (P <<0. 05),
CircRNA A YE R miRNA [ 48 2 5 & fh 4= 9
7R 4 s cire- ATP10A 4E & miR-6758-3p. miR-
3977 %44 miRNA 1936 45 845 H T i mRNA, #
M MM 4 14 A4 Y . B Ah . cireRNA-102231
38 2 8 ) 25 g e HT-29 40 g miR-145, 9% ABCBI,
E 171 AT A s e . L RS $R R 5 Cire-CDYL
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