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WE: BR RIS Sushi EEH N X ZEP1 2 (SRPX2 ) B PR abroxt i i as A M LS b R 400 AS49 41 i Ak
% FrtEmssm . FiE  ARAE R A R SRPX2 J PRLKE XA A 1 i) ASA9 20 i 43 Sy %ok B ZFL 1R B3k 2L, i 53k 2 4 i R

DA 1] B 4L 7] SCE 42 /7 51 ( CRISPR ) -CRISPR AHOCHE 1 9 R 4 HOR R BR SRPX2 FE [, Xof FE 20 40 i o L%
ﬁln?% KRG BEEE SUNE BRIEREEE HL Ik LA K DNA U 3 B3k 2 45 S R B SRPX2 B[], % T =0 4l A
Hori 2 2H 20 R, ARG S A A 2 ZH AN A A L , Transwell /N2 SEE AN 2 HANMUIERERE ST . &R 3l
W BEIE HL UK Bz DNA U 25 5349 St 7 T B 2 40 e A 2 i3k 68 bp SRPX2 JERIFR /381 . 5557 24 h I, iR 4H G/ G, Mt
S HAZHMIL BT 7 LA o AK T X BB, G,/ MM T o L A5 28 5 T X BRAL (P <0.05) 53557 48 h B, RBRAL S 1 41 g
BT i He ) A T X BREH, G,/ M BHANME BT 7 oA 25 155 T X R (P <0.05) 5 1557 48 h 1,2 20 G, /G, BHAnffafir 5 L
B 22 R TG L (P >0.05) o 1557 0.24 48 72 .96 h B, Xof FE 2 R e 53 2 40 JH 194 346 i e 7 B ) [ 1) S 4 3 &2
FhE et (F =244.463 87.198 P <0.05) ;155 0.24 48 72 .96 h B ,2 4140 M5 AL ) L 2% S G263 X
(P>0.05), K37 24 h ik, X R 20 FORs B 2E 50 A% 40 Mo 5500 3914 (24200 £3.899) (6. 800 +1.304) 4~ 1537 48 h i, X
HRZH R R 2L A% A K003 501 (92.200 +6.419) ((48. 800 +2.280) A~ 1557 24 .48 h I, it bR 4 3T % 40 g 5tk % /0
FXIHRLAL (1 =9.464 14.247,P <0.05) , 51 mBRATARIES AS49 40 SRPX2 KL IR filg S 25 100 il 200 i i 12 4% | BHL ¥ 2
LR, SRPX2. PRI AT R J8 A I B8 7 1 A

KHER . & Sushi AL X 2 B RRR ; I s AS49 4L ; 4E etk
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Effect of Sushi repeat containing protein, X-linked 2 gene knockout on the biological characteristics
of lung adenocarcinoma A549 cells

ZHAO Jun"? ,WEN Song'?,YU Faming”, JIANG Dongliang'* LI Shenke'~

(1. Xinxiang Medical University ,Xinxiang 453003 , Henan Province , China ;2. Depariment of Respiratory , Puyang Oilfield General
Hospital ,Puyang 457001 ,Henan Province ,China)

Abstract: Objective To investigate the effect of Sushi repeat containing protein, X-linked 2 (SRPX2) gene knockout
on the biological characteristics of lung adenocarcinoma human alveolar basal epithelial cells A549. Methods A549 cells in
logarithmic growth phase were divided into the control group and the knockout group according to whether the SRPX2 gene was
knocked out. The SRPX2 gene in the cells in the knockout group was knocked out by clustered regularly interspaced short
palindromic repeats ( CRISPR)-CRISPR associated protein 9 gene editing technology, and the cells in the control group were
routinely subcultured. Whether the SRPX2 gene was successfully knocked out was verifyed by polymerase chain reaction,
agarose gel electrophoresis and DNA sequencing. The cell cycle in the two groups was detected by flow cytometry. The cell
proliferation in the two groups was detected by cell counting kit. The cell migration ability in the two groups was detected by
Transwell assay. Results The results of agarose gel electrophoresis and DNA sequencing showed that the cells in the knockout

group were successfully knocked out the 68 bp partial sequence of SRPX2 gene. When cultured for 24 h,the ratio of cells in
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G,/G, and S phase in the knockout group were significantly lower than those in the control group,and the ratio of cells in
G,/M phase was significantly higher than that in the control group (P <0.05). When cultured for 48 h,the ratio of cells in S
phase in the knockout group was significantly lower than that in the control group,and the ratio of cells in G,/M phase was
significantly higher than that in the control group (P <0.05) ;there was no significant difference in the ratio of cells in G,/G,
phase between the two groups (P >0.05). When cultured for 0,24,48,72 and 96 h,the proliferation ability of cells in the
control group and knockout group increased with time ( F =244.463,87.198;P <0.05) ;at 0,24 ,48,72 and 96 h of culture,
there was no significant difference in the proliferation ablitity of cells between the two groups (P >0.05). When the cells
cultured for 24 h ,the number of migrating cells in the control group and the knockout group were 24.200 +3.899 and 6. 800 +1.304,
respectively ; when the cells cultured for 48 h,the number of migrating cell in the control group and the knockout group were
92.200 £6.419 and 48. 800 =+ 2. 280, respectively ; when cultured for 24 h and 48 h, the number of migrating cells in the
knockout group was significantly less than that in the control group (¢=9.464,14.247;P <0.05). Conclusion Knockout of

SRPX2 gene in lung adenocarcinoma A549 cells can significantly inhibit cell migration and arrest cell cycle. SRPX2 gene may

become a new target for lung adenocarcinoma therapy.
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PGt Ae SR FE N B S e Ak Py SO E T
BB A A /N A0 9 () — Rl (5
SR BB 40% Ze A7 . fr Sushi A X iE
& 2 ( Sushi repeat containing protein, X-linked 2,
SRPX2 ) J&— Rl B A BRIR 4K B 2 56 1 SR, nl 52 R
AN AT RS BB AR A W AT O, I A e A AR A
TR o SRPX2 J UL [ s A0 b e 22 B 7
B B R T NI (A e A 2 e
YN TP AR A A B A A SR, SRPX2
5 R AN 1 12 22 AT RS B DIAROCT . H SRPX2
TE N T A0 P B A 2 R PR R RE 1 AR AE o
T, AT S R FH R A A D) ol i (] S o 52 ) 471
( clustered regularly interspaced short palindromic
repeats, CRISPR )-CRISPR #f 3¢ % 1 9 ( CRISPR
associated protein 9, Cas9 ) J [K 4 #5453 Mili i Je
N SE K b Rz 40 A549 21 i o (g SRPX2 JiE
W SRPX2 5 PR X i i s 40 10 A= )~ e 1 9 2
W], A oA I ¢ it i g 0 1) A 280 AR 7 R i TS
PR PR e SEA

1 HRS5HE

1.1 RE T SNER B AR B s A2 Jk
S b Bz 20 L 2R AS49 41 i PR A% TR RS i k]
CRISPR-U lsr Bkl 5 ) M AR DR A IR
Al R4 E IR IR A 5E B R A K 15 3755 ( Dulbeco's
modified Eagle’s medium,DMEM) Neon" %t 2 45 i

Sushi repeat containing protein, X-linked 2 ; gene knockout; lung adenocarcinomaj; A549 cell; biological

M (EEZMHK RIEAZ MK E2) 19 4 3% E
Thermo Fisher Scientific /> &), MM 25 K W H &
Invivogen\ ] , 24t i JE S AGHIN 3550 4 . 4 A 345
£-8(cell counting kit-8 , CCK-8) It [ I 1 24 25 K/
PIEARABRZ ], DNA $REGR ] &0 B b KA
RHEA R 7] 6 208 RE O HLL CO, 18 il 1 57
8 A R A HEE 2R N (polymerase chain reac-
tion, PCR) ¥ 31X . B8 #: /% 1y { 25 [E Thermo Fisher
Scientific 23 7], i 40 ML B H 4~ NIKON 24 7],
fitp W A 25 [ BioTek A R], UKW B Jb 578 —
1087 Wl CRISPR-U™ 33K JFURi [ % /v ] 3 RNA
(small guide RNA, sgRNA) | Cas9 | 3455 43 0, 9¢ Y 55
1 (enhanced green fluorescent protein, eGFP ) 3[R 7¢
AR MU FE L R ] ASBESE T 5 | 6 ik
I A R FR A W 581

1.2 HREEFESE % AS49 g5 T ok
BUF B 10% 4 1L . 100 mU - L7 55 % % Al
100 mU « L™'35%5 % ) DMEM & F 37 C . &1k
B 5% CO, AN T4 . RYE 5 R
Bk SRPX2 FL[RNKG: A549 41l fifd 43 Sk Xof B 20 il et PR 41
I 4 2 SR FH CRISPR-Cas9 J5 72 ¥ SRPX2
XoF R A0 B H AR AR 77

1.3 SRPX2 FE [E 55 Bk i AR 72 40 it R G &

1.3.1 CRISPR-Cas9 LRk A549 4} SRPX2 &
W X B R TG AS49 41 it i A 2R 41 B
M EUS B3 x 10° A4 BTG4, 300 x g
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B0 4 min, F BT, 600 WL RGP R HEA
MIUTHE , SRIG A 30 pg Jo 5 K A CRISPR-U™ 5%
RPTRCIRA], & Mo AR A 3 mL BB G2 il
E2, fifi 4] 100 pL HL %% 46 Sk W% e AS49 40 fil 5
CRPSPR-U"™ 2 3K Ji KL IR A 90, 18 AL T AR i
7, DABER R4 SRPX2 JL[H 31 (5'-TAGTGGCACT-
TACACCTGCACAAATGGAGTGCTTCTTGACTCTCG-
CTGTGACTACAGCTGTTCCAGTG-3", K- i 7 68 bp) .
e UG K A0 e Fh T 6 fLARh kSR 5. B
Y24 h 5, BB T WAL R ROR , S BEA0 M AE I
FRAG fy MFRIR G AE SR 1 40 M AR 3 2 1AL,
Wl &AL RRE 1 mg - LTS R 5% 42
DMEM #3634 455 72 h,

1.3.2  fifij& SRPX2 E [l R bk 58 52 FE 40 i FE 30 IE
5 A FRAR B R X HRZEH FIRRBRZH AS49 203 0
B A 2 96 LAk, & £L 100 >4 e, & 37 C,
TRBE 5% CO, 4G 3740 i B 8 5%, 15 9%
[WEVEPUIE =<1 OB SRR S RV A Teee e S L el |
MR Lo ShRic By B s BEA L5 P2 IR 5] 40% ~
60% I K 96 FLAR N Y BE IR BLA 2] T35+, A0 L
PR B, 2 R FRE 10 min, 1 000 x g 5.0 5
min, V& (QEEAZIR ) o 43 5l S FL/RT (4
14 SRPX2 BL[H1829 bp) #1514 F1/R2 (# 14 SRPX2
FEDN 20 R 751 355 bp ) R Rl bR 4 A0S 2H 40
MIAZER AT PCR 473 , PCR S WK % . DNA iR 1
pL,2 x Taq Master Mix 25 pL, I FUWBI 41 L
XWFEK22 pLo PCR W 45 4:95 C HilAZ 1% 3 min,
95 CAFM: 15 5,95 CiR K 15 5,72 °C HEAH 50 5,30 4~
PEER;72 CLAEMH S min, SRPX2 KRG H)79 AT -
Fl. 5-AATGTACAGTGTTAGGTCTGATTTTG-3'; Rl 5'-
GGGTCCCAGTATACTCGAGC-3', R2: 5'-GTCACAGC-
GAGAGTCAAGAAG-3',, 4 PCR ™ ¥y it 17 35 5 il 5t
IEHLTK , ST AR B UK B . F H Y SRl
HEATIRE (DI, I o AR AR PCR 747 i Ik I 33 A
FPai Ak, # L B SRPX2 Jk PR i) BH 4 Se R AS49
N AR SALAIE IR I TR URAT, 4745 SRPX2 L[
R ASAQ Jifi g 20 i 2R CREBR ) o |l ) M
AIRHEAT BRA R 58 86 PCR 47714 7 1 1) DNA. Il
¥ T AR

1.4 G NMEAER BB xR
AR ROIRES RAF A B K A, DL R FLEY 5 x

10* ANZHH A FEFR T 2 4~ 6 FLATMIAR  , A2 I
3 AL. 2 4> 6 FLARMIAR 53035 5% 24 48 h i), 1]
JREE T AL A A, 1 000 x g 5.0 5 min, 3§ FVA;
IUAZY 1 mL F574 0 R 3 22 i TR e %, B 4
i, 543 1.5 mL B8 ,1 000 x g B0 5 min,
bW A1 mL B0 RT3 4L 70% BT, 5%
BRURATIRA] BT 4 CORF I EE 12 h;1 000 x g 25
> 5 min JUTE A A 5 P FH 7% 1) B35 1R 2k 9% p 5 Rk
%,1000 xg B0 5 min, 7 FiE. A 0.5 mL 4
¥ SR A 7] 5 v A LK P BE ( propidium iodide,
PL) Qe i, 218 JF 70 70 B A M TTVE . 37 Ciltt
A 30 min, fif P A MASCRT FlowJo 1444 il 44
L JE IR S AT O . SRR AL 3 UK, UMM

1.5 CCK-8 XM MRS A E R WU R 4 SO
LT HCA < 40 M, 20 B il 75 3235 31 80% ~90%
BF, P B 2 Tl T A, W IR k9% b i v TR R 4 N
300 x g#5.0> 3 min , 40 M HEONR #1720 4505 94
AN 4 x 107 L1 %80T 5 4~ 96 FLAR
1541 100 wL, 205 FH: 92 0 .24 48 72 .96 h i, 4L
JIA 10 pL CCK-8 {5, & T4 s A h i &
2 h i AR AR I 4 450 nm WOV BE{EL, W%
O FE {8 vy 87 20 M 1 L g ) s, SRIR EE AT 3
U I E

1.6 Transwell /NZESLIGHOMIARITREEE S I
B 2H B s RRZEDO B30 I 4 e, 5 13 i fo R il iR
ERGE IR 2 UK, AR T AL 40 B, 300 x g
B0 3 min, F 13 i SR AL E A AR I,
MR R S x 10° L1 B 100 pl | R 41 f 2
HMF 2 A Transwell #z B %1, FEMA 500 pL
PR B 15% i 4 1035 /9 DMEM, 43 51 T 85 5%
24 48 h Je B /N, R FE R SR A, AR 28 iR R
RN BOHT 24 FLBUINA 40 g - L7 2 H
HE 600 L, ¥ A, [E5E 30 min 57 & @ W,
TIMAMEFR 322 0. 1% 455 25 600 L J4 4 10 min, fiff
FHWERRER 2 0PI W DE R 3 IR, FE AR S A Es 5 1)
EATTE L R R E 2 W N O ot PP T U i =
T s T AL 5 SIS BOF G
Y%, SCEE A 3 R, BUYME,

1.7 Sit=z4IE 5 SPSS 20. 0 #1 Graphpad
Prism 6. 01 375127000 THR ORI +
PrifEs (x +5) FOR,2 LR FLABCR ] ¢ #6595, Z2 41 W] L
BRI 225307, P <0.05 N ERA G Lo
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2.1 SRPX2 EFERMRETEER 4RI L. MR

AN RER SRPX2 JE[ 68 bp Fr81l, Xf HE 414
15 14 F1/RL F1/R2 33 )5 1= W0 51 RN
51| 829 bp 355 bp, MEBRA AN IS F1/R1 F1/
R2 47845 B3 51 RNl 761 bp 0 bp.,

M 1 2 3 4 M

Mr

1500

1000
750
500

250

L:RBRAL, 519 FI/RL; 2 00841, 514 FI/R1;3: fiBR4L, 519 F1/
R2 ;4. %t HRZH , 514 F1/R2; M ; Marker,

E1 2 ZA48k SRPX2 [ i 1B IRAE 5 AL rl ik B i
Fig.1 Agarose gel electrophoresis pattern of SRPX2 gene
amplification of cells in the two groups

2.2 2 /ARGERFEANAE AS49 MRS HLE 4
R T FNE 2, H55% 24 h I, @R Go/Gy Je S
SBT3 AR TR IR AL, G, /M 30 4 i B
o LU T AL, 2 R A ST E (P <
0.05) 1557 48 h Inf, wibRA S WIAMM AT & Lol 2 2%
TR R, G/ M S 4 M P ot L 497) X8 = i T %o
H,ZAARITFE(P<0.05), HiJF 48 h if,
X IR R Go/ Gy W0 M P o L 491 L 85 22 S+
TG (P>0.05)

F2 24 AS49 MAAIETERE S bLER

®1 2HFREHAEEREMmLE

Tab.1 Comparison of cells with different cell cycle distri-

bution between the two groups (x£s)
2415 Go/G, /% S/% Gy/M/%
X} HRZH
24 h 46.350 £0.750 17.550 £0.750  29.550 0. 750
48 h 53.750 +1. 150 22.700 +2.300 13.450 +1.550
PR
24 h 44.100 £0.900*  12.100 +1.800*  37.650 +2.950*
48 h 59.133 +4.153 15.633 £3.239*  17.833 +0. 896"

i SR LA P <0.05,

X IR
20 G,/G
S
15 G/MH]
Eg
24 h3
= 10
=
54|k
50x10'LOX 10° L5 x 10° 20x 10° 2.5 %10 50x10'L0x 1015 % 10° 20% 10° 25x 10°
PI-A o0 PI-A
40 Cn/cvﬁﬂ c”/c‘%ﬁ
Si SH
G,/MH G,/MI
33 40
i =
48 hﬁ 20 >
= =20-
X 10 1
0 L B B T LNEAAA 3 |
50%10° L0x 10 L5x10° 20x10° 2.5% 10° 50x10° 1L0x 1015 10° 20x 10° 2.5 x 10°
PI-A PI-A

E2 2 AFFERREL AR TR
Fig.2 Cell distribution with different cell cycle in the two
groups

2.3 2 ARPREE AS49 IRRIETHAE NROLLEE 4
W2, KEF%0.24 .48 72,96 hitf,2 ZH 20 il i 14 58
AE ST RE ] Y RER 3 S T 3 (P <0.05) o K557
0.24 48,7296 h I} ,2 2 4 Jifd A 08 5 BE ) LUK 25
WG 2R X (P >0.05),

Tab.2 Comparison of A549 cell proliferation ability between the two groups (x xs)
AN FE AE 1 (WOERE(E)

4151 F P
0h 24 h 48 h 72 h 96 h

papicE: 0.192 £0.023 0.334 £0.019 0.594 £0.118 0.861 +0.138 1.132 £0.051 244.463 0.000

PR 0.184 £0.019 0.310 £0.022 0.745 +0.064 0.705 £0.067 1.361 £0. 135 87.198 0.000

t 0.446 1.442 -1.942 1.761 -2.753

P 0.679 0.223 0.124 0.153 0.051

2.4 2 /ARTRRE AS49 BT EE NRIELE 45

LI 3, 5557 24 h B, % BEZF A0 B 41 19 1 7% 4 g
BB (24,200 £3.899) . (6.800 +1.304) 4 ; k5
F% A48 h i, % HR A 0 R R 2H G B A M Bl o3 il ok

(92.200 +6.419) (48.800 +2.280) 4, k¥
24 48 h B, @ bR 4L I RS A0 e B 3 > TR BR AT,
EREHESE ¥ E L (1 =9. 464 14.247,P<
0.05),
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Fig.3 Migration of A549 cells in the two groups ( crystal

violet staining, x40)
3 itig

i TR o A B 2 — , LR AE R i
filidEg g A AR /N it fifidEg ( non-small cell lung cancer,
NSCLC) 5 80% iy ' o MEAFA , B AR JitiHie i 141
NGOG T —E W HE D (B R B A e A8
RIS W5 a ZEAFRAET 20% . AT, B4R
il B A [ T U — E gk BE A T — A
AU, 5 T AR R AR IE R o PR, DEF A
JhRIEE B K A R JRAILAR , ST A 8 A AR A
Jiis i ) S B2 W R T R UG PEAG T B AR
EMER

SRPX2 TEA[ALEGME IR H b Bl Rk, 2]
CER NP SN e R e BN S e 75 )
JB AN RS IR, SRPX2 Al s i
ARG S B, 2 5 b 6 4 M 1 3 9 G B L SRS A
RIS R A AT TANG S B 5t
B, SRPX2 75 A BTk A MR L vh i 3Rk 1B 3 |
I, H SRPX2 Fysd 21k 23575 3 J0 It £ 200 J 9o 4 i
KT R ZE . b, SRPX2 X IfiL 45 AF it B AT FR AR
PEFT20 (0 H i SR A E SRPX2 78 il It 965
BRI o

ABFFEL R Won, 597 24 h i, R4 G/ G,
Ko S AR AT o5 o AR T IR, G, /M B4
JRLEIT i 9] S 35 1 1 0 R 5 1597 48 hint, RBRA S
AR AT i L) 5 AR T X BRZH, G, /M B 40 i iy
o7 FO 5 v T R K5 97 48 h JE,2 4 Gy/G,
SN B 7 G BB G 22 S T e T S W W
AS49 4 i) SRPX2 kDA f R %) 240 i Jo 399 0 A 7 2R

SO, RSN S WIAN M AT EL B R, G,/
M AN 6 B ) S 3 3 v, B s 20 i D A e L 7
G,/M 31, T T 4 p po 38 543 %4, SRPX2 ] fE
T PR ASA9 2 i B AR 1 20 if A3 Y, X 5 SRPX2
E L IR AN R4 v A A AR

HONG %57 f i 5e 21, SPRX2 JE [H ik 8.3
U 74 370 98 T L B . AR AR 5 R R, 2 41
2 PR 35 R 7 i B (1) 7 A 35 2 T R R A B
0.24 48 .72 .96 h If,2 20 41 i A S8 58 AE ) L8 25
PITG T 2F78 5 X R K A549 4Rl Y SRPX2 Ji
PA] i 53 A 552 T 240 L ) 34 5 8 7, SRPX2 7 fif i s &4
a8 A B S BREE FE F  ARE A0 B 0 S B 2
S, SRPX2 B Al 385 AS49 410 o 34 5 Bl 4 il
RS, 41 a3 5E S 56 45 S 7 , SRPX2 X A549 41 ffg
B TG I S RN 5 40 BT D PR T R A A A A R K
TR0 5 ) 2 L P 1 5 T e AT 9 P 1 i S S R
I T A5 T, A YOI 281) 40 e 0 P B [0 2535 (W] B
AR T3 2 A R R SR ] S 3 5 R e S
— IR UESE

BEAN AW FT 4 R B, bR AL A A s B
DTFXT IR, UL B AS49 41 i) SRPX2 J5k [A] a5
FEAR T AS49 4 E R fE J), #2278 SRPX2 W] fig S
Ll iR g ASA9 20 A A B 2k AR 12 2 B it g 1 1
PRI, 0] 68 -5 Ml R g B I TS R A 96, LIN
PR A B, SRPX2. AT AR 1 T 200 L ) 3 2
78, T e A A B B A A 2 kA A TR E
BUGA B R TR M, SRPX2 3 A
R A i g Y 7 T A 5

25 TR, m bR Bl i AS49 4 fifg b SRPX2 %
PRI R A 2 00 o] 240 0 %) 3 A%  BEL 7 40 i J1 59, SRPX2
LR AT RE SN B R TR YT BT A . AR ST Bh T
S et — A Z RN 1 W SRPX2 75 i it g & A &
JE R A F A R A il B s (%) s PRA2 Y R0 90 TRA
TV RS 56 AR08 -
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