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SPAG6 E[F RNAi (BfREHEHME R EXT SKM-1 2888 1= /9520
WMER GRER,E A FME RALT R KL Ak (400016 T, T KEERICAE R 25— PR LR PR

(HZ] HY g SPAGo-shRNA 1855 R A 0] TTER SPAG6 FE[H] 5555 SPAG6 FERITTER X A
B R AR 58 255 AE (myelodysplastic syndrome , MDS) 4 fifi#k SKM-1 20 ffi 3858 S T sgmm . itk %
THIFHEE 3 2551 % SPAGE A1 shRNA Jiuky 3Rk #iA, He% YL 293T 4 il J5 15 31| 7] 238 SPAG6 L[
RNAI (MR fE kAR . 4 SKM-1 41 it , F1) 7 = 40 I A G 0 5% Y 0%, qRT-PCR )2 Western blot 5 {IF
SPAG6 FE[ITHLACR , ik A 41 . CCK-8 YLK SPAGO JE R TT R XS SKM-1 4 i A= K i 2 M, i =X
AR RIM A A T, &5 iy it SPAG6-shRNA 2 35 5 2 1A, It 2 20 A AR A6 D 5 G R 3 7
60% L) I~ qRT-PCR % Western blot Kyl 45 5 i /R SPAG6-shRNA3 1855 2 24 il R AT i = , A e A
Mo SPAGE B T-HUG, THHL SKM-1 24 Jfd i 15 78 W I 52 40, #2224 (60. 18 +0.37) % , 5 B % i
YA L G G4 X (P <0.05) . T34l SKM-1 4 T-% K7 (16.32 £5.80) % , 5. % & F B
X HRZH[ (4.28 £0.88)% ,P =0.024 ] Ko (A% BRZH [ (3.08 £1.50)% ,P =0.019], &5 SPAG6-
shRNA 18555 5 2 AR B A AL SPAGE JER 3R 7K, il SKM-1 41 it 34 7 Atk L 7=
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Construction of lentiviral vector for SPAG6 RNA interference and its influence on

apoptosis of SKM-1 cells
Yang Bihui, Zhang Yulin, Wang Li, Luo Xiaohua, Chen Liping, Yang Zesong, Liu Lin ( Department of Hematology,
the First Affiliated Hospital of Chongqing Medical University, Chongging, 400016, China)

[ Abstract | Objective  To construct sperm-associated antigen 6 ( SPAG6 )-short hairpin RNA
(shRNA ) -expressing lentiviral vector targeting SPAG6 gene, and investigate the effect of SPAG6 gene
silencing on the proliferation and apoptosis of myelodysplastic syndrome (MDS) cell line SKM-1. Methods
Three kinds of shRNA-containing plasmids for interfering with SPAG6 gene expression were designed,
constructed, and transfected into 293T cells to obtain lentiviral vector expressing SPAG6-shRNA. Then, the
lentiviral vector was transferred into SKM-1 cells, and the transfection efficiency was detected by flow
cytometry. The interference efficiency of SPAG6 gene was determined by quantitative reverse transcription
PCR and Western blotting, and the most effective shRNA-containing plasmid was screened. Cell proliferation
was examined by CCK-8 assay, and cell apoptosis rate was detected by flow cytometry. Results SPAG6-
shRNA-expressing lentiviral vector was successfully constructed, and the average transfection efficiency was
higher than 60% . Quantitative reverse transcription PCR and Western blot results showed that SPAG6-
shRNA3-expressing lentiviral vector was the most effective vector for knock-down of SPAG6 gene. After
SPAG6 gene interference, the proliferation of SKM-1 cells in the interference group was inhibited significantly,
and the inhibitory rate [ (60.18 £0.37)% ] was higher than that in the negative control group (P <0.05).
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Meanwhile, the cell apoptosis rate of the interference group [ (16.32 +5.80)% | was significantly higher
than that of the negative control group [ (4.28 £0.88)% , P =0.024] and that of the blank control group

[(3.08+1.50)% , P =0.019]. Conclusion

SPAG6-shRNA-expressing lentiviral vector can effectively

down-regulate the expression of SPAG6 gene, and significantly inhibit cell proliferation and promote apoptosis

of SKM-1 cells.
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a4 R 255 1E ( myelodysplastic syndrome
MDS) & — 4RI T 22 RE 3 il T/ #H 40 0 e B v R
PRI, LA TG I ETE P I 290 R sl 2 K ey RS [ 2
B6 2 A I 9% (acute myeloid leukemia, AML) %% {k b 4
fiE o ERTIZ R HLE A 2 T RIS
MRARL AT T B, (BT RO B8 HAE i PRIG A
/N AR LA By TR AR SR © 245 7R MDS (1)
T I HELAH AR 35 2 e BRI PR s H 2
SRR 52 42 B MDS A 19 e A o Rk, 38R
MDS Hy AL, SHARRIGYT TBORA EEE L.

T HH 2 i ) 6 ( sperm-associated antigen 6,
SPAG6) T~ 1999 £E4k B YR B ww. R, BRI Sy Tt JH: 2 g
R R RN Ar 44 . BLEESE SPAG6 J& T -
S2HLPTJE ( cancer-testis antigen CTA) ZiGEH— G, AJ{E
S BIRE S BE SA T ROV E AR L SCHk [ 4 ] A, R T
SNP s i 4% AR (single nucleotide polymorphism arrays )
R IL SPAG6 FE[R i T MDS 35 10 5 4L Ak b [y 5
SE A% 1A (uniparental disomy, UPD) [X 45, 1 7£ [F] — &
BXTRL T A0 b AR B[R] i R R R T 45 R
7 SPAG6 FEHI7E MDS 45 CD34 ™ 21 fifg v 4 15 B .3
0 BT L s, SPAGE T REME KBTS MDS &
FPLT A S SRRE ] AT AL 18 B A
FHYRL K K RNA (shRNA) AR MDS 4 fifd #k SKM-1
Y g SPAG6 [ F3k , LA SPAG6 X SKM-1 4 fifg
HFE N TR RENE , O R — 2P B H SPAG6 L[N E MDS
A AR TR BE RS A 5 R0 B8 S I A

1 #ESHE

1.1 #4

5 5 7 2K R4, 46 pGC-GV Ak, it i
pHelperl. 0 J pHelper2. 0 (1 b JLAEH AL A HOARA
BRI &AL T, DNA % 422 il S BR il 14 N VI Hpa 1
Xho 1 W (1 NEB 4 ; DMEM . RPMT1640  Jfi 2F 1fi 7%
(Gibeo A ] ) s RNA $2 B0 & L 7% s il 0 & e it
PCR i 7¥] & ( TaKaRa 7\ A ); Lipofectamine 2000
(Invitrogen 7\ A ) 5 BRI 421877 £ ( Qiagen 24 H] ) 5 &

PRGN & BCA € 7R & (Beyotime ) 5 4
LN SPAG6 % 37 B Hi 4K ( Abcam 24 ] ) ; S ¥t A
GAPDH Z sifhiiAk iR it F b Wi bnic il - ht fe —
$1(Beyotime ) ; SPAG6 Nz GAPDH | T ii#5|4) ( TaKaRa
2D 3 A MDS 4iiffakk SKM-1 21 i 4 R4 e 22 B
R [ 5 = B M v o) S04 A 1

1.2 Fik

1.2.1 s F: SKM-1 #0410 293 T 4 fif1 433 T
E10% R4 I 3E A 100 U/ml 35 855 £ 19 RPMI1640
S DMEM 58435323 ,37 °C,5% CO, M F1e FE 1Y B
FRH R TR, 2 ~3 d AR T R O EOH 20 i R AT
SEHG .

1.2.2 1@ 8iAm g s A4E GenBank A
SPAG6 J75I{5 &, LA RNAI 7EZe 3K 1% 1T 3 45 RNA +
PLEE P8 S 1 25 TE R P IME I EXT IR (R 1) o )
it siRNA $E 73145 BOAUE DNA ZEA%H R , 1R JOE B
5 DNA, 5 Hpa | and Xho 1 XUEGY) 5 1928 118 955 55
BRI, A B2 S KA FF A DHSa, PCR i
TEPAPE SR T TIN Y S22 o B RREE % 293 T 4 M, %
YUHl 24 b, AR B A0 BRI 293 T i ffg,
JHEEAMECH 6 x 10°/mL, F5 41 i %5 & ik 70% ~ 80%
BH4#% Lipofectamine 2000 i FH {5 B 3E 47 e % YL 293T 41
Milo FULfs 48 h WA AN bR, B v 45 15 2 =
RIS BE AR WL, 73 28 e DR AFAE iR B B, - 80 C
KPR AF . B 1 SR T2 LA B 1 0 i 5
R

x1 ®ITH 3 ZTHET

gl FFI(5'—=3") GC &t (%)
SPAG6-siRNAL CATAAAGAATATCCTGCAA 31.58
SPAG6-siRNA2 AGCTCATTCTGAGAACCTA 42.11
SPAG6-siRNA3 TGATGCTAAATTGAAGCAT 31.58
NC-siRNA TTCTCCGAACGTGTCACGT 52.63

1.2.3  SKM-1 4iffg)ads  HOMEUH A K iY SKM-1
AMIB ST 8RR T 6 FLAR R, FEFLANEC R 5 x 10° 4 B
F%24 h, SR TR S XS BR A . SPAG6-
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shRNA & NC-shRNA 123535 DL Y & 5 ( MO1) {5~
100 43 B G% 40 20 S B 1 o REAL 240 B, B 1 35 m A
ZKWSEN S pg/mL Y polybrene, B FRAHNIEF 10 h
Ji ST B G R, R A 6 KU W AR T SR
LA EFIRNE O, IR i A M AR A SKM-1 4
A GO

1.2.4 qRT-PCR #&jil] SPAG6 mRNA [+ 5%
YL S5 6 R A3 BIWSCER T3 41 K B4 % B SKM-1 24
JItd , TRIzol 257 $2 B B RNA #3238 4% 538050 & U B
W H S 52 eDNA R HTRE S 5 1 9 i 17 € & PCR
PN, B E 3 MR L. SPAG6 5|4 Liif: 5'-
CCTTTCAGCTCTCAGTCAGGTTTC-3', | ii#: 5'-TCTTC-
ACGTTTCATCCTTGTCCTT-3", 4" 1 J X < & 119 bp;
GAPDH 3| ¥ F . 5'-CTTTGGTATCGTGGAAGGA-
CTC-3", Fi# 5'-GTAGAGGCAGGGATGATGTTCT3' , 4
R B 132 bp, 38 2810295 C 1S 1 30 s,
95 CAPES 5,62 CiR Kk 30 s, FLif 4T 40 MEER, LA
27 8Y9E 1A SPAG6 mRNA [{AH XA R

1.2.5 Western blot #;jlll SPAG6 %K 4315 B
R A M T, AR i S B B ORI & BT A
RIPA f PMSF, ¥k I 24f#% 30 min, B.0 U4 FIE R,
BCA ) /& 8 AWk B, HX 50 pg S H#E47 10% 1Y
SDS-PAGE HiykJ5 54743 PVDF JiE |, 15 5% Wil 4k
W5 TBST S B 2 hy 43l mA 121 000 bt A
SPAG6 Hi A 1: 1 000 4t A GAPDH #ifdk 4 CHEE
T, TBST P43 ¥k, 3L 45 min J5, 5 HRP FRric iy 1L
FhuR =P 37 CHEF 2 h, TBST P, Jr ik F i,

ECL fb2= Aotk i 8, Quantity One 34347 JK EE (A,
L SPAG6/GAPDH Fu{H 267~ H B8 B A 2k
1.2.6 CCK-8 iEkuimanfusgss AKREREW
SKM-1 4ilfd, JHEAN AN 5 x 10°/100 wL, $F1F 96 L
Mo SEIG 4 K % BEAH 43 51 in A SPAG6-shRNA3 [
NC-shRNA 18558 81k, R % 6 K, CCK-8 1Lk
U230 B o B 5 5 1, L i AL CCK-8 45 10 L, 21 fifg
LFA N T 2 h J5, FEE PRI 450 nm 74 40
D(450) fH . Ff4 A I3 g 4n il =%

YA AR = [1 - 52541 D (450 ) {H |/ %F B4
D(450) {4 x100% .,
1.2.7  ERYL @M TG 5 6 R4l
Jif,PBS ¥ 3 ¥k, .07 B, 50 pr PBS &, KA i
P 5 W N = P2 G )| B AVE 2SR G =
NS P ZE K IRA], B8 S min J5, K36, T, 8%
K EE I RAEENL
1.2.8 A o AAS I 20 g 98 1= JRYL IS 6 K,
WA AN, 4 CPBS PEU& 2 kG, FE A T Binding
buffer ZZ i 1, it A 1 L Annexin V-PE }¢ 5 uL
7-AAD EEGHCE 15 ming A0S M A0 B 0R T
1.3 %it¥s%

SR SPSS 17. 0 Seit 8/t 45
xxs Fon,2 HIRTHLECR T « K

S, TR BRI

2 H#R
2.1 mpLER
H4 3 SR E LA PH M v b o3 S 2 A 100 ), E S A g

A8 2 T YL P SR A IE 8, TP A1 A8 (181 1) 6
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A ;SPAG6-shRNA1 12 j& & 2 4k ; B: SPAG6-shRNA1 12 3% &2 4k ; C: SPAG6-shRNA1 1% j& & 4k ; D : NC-shRNA 12 J&

FHAR A R BAR AT L 55
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37 H AW £ = FE KB K ¥ ¥ R Vol. 37, No. 4
2015 4E2 H 28 H J Third Mil Med Univ Feb. 28 2015 4717
100
3 |
g4 il M2
= 60 62.20%
CRN
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A F#H48 SKM-1 2wt & B ( x40) ;B FH#48 SKM-1 2m it 38 S IE( x40) 5 C 1 i X, 20 B A A ) 35 3 2k &
2 SPAG6-shRNA {BmEH it SKM-1 /5% 6 X GFP Rik RS E

2.2 SPAG6-shRNA 12 % & # 4k 42 SKM-1 2m e, o ¢4 3%
Fe &

14 SPAG6-shRNA 18 9 5 2 (4 5% A MDS 4 fifd b
SKM-1 &, 2t M ist ™ WA ] LK e R IR a0l
AR, a2 A0 R A I % gL 2R B AE 60% DL
(E12) . kW] SPAG6-shRNA 185 5 H AR U 55 Y 1
SKM-1 #fijfid .

2.3 qRT-PCR % Western blot -] 3 #t 32,5 49 f i
qRT-PCR % I %5 ‘R & 7~ , SPAG6-shRNA2
SPAG6-shRNA3 18955 75 2 AR e A 51 %Ik SPAG6 mRNA
Fik K[ (0.23 £0.03),P <0.001;(0.12 £0.02) ,P <
0.001 ] ; Western blot £ Il 45 & & 755, £ X 3 A~ s 1)
SPAG6-shRNA 12 55 7 8 14 AH X T BH P Xof B 4. (0. 60 =
0. 03) HJREA RN SPAG6 45 143k [ 437124 (0. 52 +
0.02),P=0.01;(0.19 +0.01),P <0.001; (0. 18 +
0.01),P <0.001 ], H:r SPAG6-shRNA3 ¥ %E A it 55
RCEARXT S e, B e R R (T 3)

151

lﬂg

/ -

{_% 1.0

=

Zz

‘é 0.5F

=1 a

g a

0 @
1 2 3 4
215

1 2 3 4

- Sy - — «SPAG6(50x10°)
. - - . «—GAPDH(37x10°)

1. M 5 B8 40, 2. SPAG6-shRNA1 12 J% & F # 41,
3:SPAG6-shRNA2 1% 5% & F 4% 248 ; 4 . SPAG6-shRNA3 1% 7%
AFF#4 A58 E % RT-PCR #] SPAG6 mRNA 4 &
a:P <0.05, 5 A M xf B8 20 tb 4% ; B: Western blot # i)
SPAG6 & & & ik
E 3 SPAG6-shRNA 2% F KT HIREIE

2.4 SPAG6-shRNA 12 & & H AR JEAK SFxF SKM-1 4@ fit,
LS SR
CCK-8 il & R o , T4 A M G AR 22, A= 1
A A 2 S , A o 232 55 BA X BR 2 e 28 0] R A
MR ZERA G (P<0.05,5%2)

%2 SPAG6 EET 3 SKM-1 4k sMETE

QRN (n =4, % +5)

25 D(450) M (% )
25 6 BR A 0.95 +0.05 0
[T B2 0.90 +0.02 10.70 £0.20
T4l 0.43 £0.06 60. 18 +0.37*

a:P <0.05, 5 [ M af 1R 20 b A%

2.5 SPAG6-shRNA 1% % & 2 4k 3t SKM-1 48 i 8 =49
#

80 R 2 S AT R T I A 4 i 2, AT B
S8 /0, A LA FRAS N, AT LR T/ (L 4A
B) . Hif QYL (8 1 /s B Y 21 35 43 4 i AR TE | AR AR /)N,
LT 2 AN T, 45 A SR, A% N8 SR i, A% [ 4 | g 2
(El4C.D),

it 22 B R A I 45 R R, B JE A 6 R,
SPAG6-shRNA F#i4H SKM-1 4 JaT-% 4 (16.32 +
5.8) % , T A N IR AL S5 B BE 4 [ (3. 08 +
1.50)% F1(4.28 £0.88)% ,P <0.05, & 4E .F .G,
A} SPAGO F K T3 nl 55 SKM-1 i 1=,

3 g

FIRTXT SPAG6 & P IAIRIE ELACA R, LITERTSE
K SPAG6 1l 5 PF6 AH B F 4 135 HE & /Y 1E % 15
BN R R R R X  H B AN A LA fie
BEFEHT, e 5 P B S b AW Y
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10*
107 4 100 =
a 1. o
3 107 Z 0
~ et ~ ‘
10' - 103
10° 1 ® 100_7‘.2
10° 10" 10> 10° 10* 10°
Annexin-PE

2 e 5.12% ®
100 10> 10° 10* 3
Annexin-PE Annexin-PE

A BB AR £ AT T AT R4 SKM-1 2afie( x40) ;B F 48 £ 245t F TH#H4 SKM-1 2g e ( x40) ;C. %F B 48 SKM-1 4m fen 3% K,
FELR(x40);D: T2 SKM-1 safesm KA &£ R ( x40);E ~ CoR X le A 4w 2 & xF B2 | [ M aF 1820 T 320 20 e 8

T—HES’

E 4 SPAG6 EETHxt SKM-1 4 AE T8 200

IR HE SR — R i I - 22 3P e, AT AR e A
PERITHIHERR o MR YA YT R AE R LR AR
7 PR AT, 7E MDS 597 5 IS T — s i
Jt 07" Steinbach 45" 7 PRl ES HR AR G 6 Ak
i 2R I B s 2R ], I SPAG6 JL[H 5 WT1
S DR SRR W) S e, T TR R 2 50 A G Ml AR A b 4
I IE R HEAKF i 12 35k R T g ELAIE 988 R0 I n] AR
R LT APE Al K TS FI B 48 bR, MDS 5 2Pk
T 72 1 1095 [F) 8 3 2 M, 45 & 3R AT R A I S 5
KIL SPAGO i BL7E YL o fR R 5 1y UPD X 5§, H7E
MDS FR 35 o 36 3k 5 1F X BRI 35 0, E e A
SPAG6 YE M fiefia i 2 5 MDS (1) & 4, 75 MDS A9
AR EEEMEM. BT SPAG6 05T KRR
FRT mRNA FIE 2B KF R R, T3¢ T SPAG6
IR B L XT e 240 M 26 ) 2547 o B RIS o 20 AR
I, RNA T4t (RNAD) £ Ry SPAG6 7E [ g Hh (1) ik —
iR TG

RNAi J&45 5 H rSEF [R5 ) mRNA PR 5 1%
PR it I ik, 15 e S e it i (1 I ) R TR R TR 1 3
o TERZIEERTURBA H1, RNA THHE AR C 294
TR R — R K A S e BE PR iy 58 TR/ IR AT
TRENEIT S 25T K e 25 W0 s i 06 55 7 T A BIFSE
RNAG R FAARALHE TURL, s 2 1805 1 AL i 5%, 18
S B A RT LUK SR SE R S b 38 £ & s R g ik

AR BIFE AR, HO T I A0 A B P 4 S5 A
Gy Y ) AN IR A A v e e R R AR g R
J RNAL HORFYHE 3 1> SPAG6O-shRNA 1875 75 484K , 1l
ey N MDS 4iififi % SKM-1 Zififi, F|H] qRT-PCR J¢
Western blot & IF T 3¢ 2k 5, 45 5 B 7/~ lenti-SPAG6-
shRNA3 L2 SPAG6 mRNA S 2K /KP4 B P ) BR
HYTR AL, THRCRI R 2P pF5E A,
SPAG6-shRNA % 8 i) SKM-1 4 Jitd 45 X5} B 4 & 7h A=
KR8 , A0 F R TR R R . DL 5 SR
SPAG6 S [X W] B8 38 #2852 M) 240 M 1) 0 12 1fi {2 i SKM-1
M A Ko Bt A FFE i SPAGe Jk A AT fE 5
TRAIL % S B T A A 30 (E IR 40k
R FH AL i AN Bt , FRAT DR 7 J5 22 5 g vh i — 2P
Cvaflos

25 LR AR WFFEAL 22 1) SPAGO-shRNA 2955 RE 2%
R T) AR T SKM-1 40 i )y SPAG6 ik, I iiE B
SPAG6 HE[K A A ek SKM-1 4 A=<, 30k P8 121
S0, A BT BT MDS & AR 1 43 F-HILEI, T2 MDS
FPNR AR BUHT AR, B — T SPAGE 1
MDS KA PRI BEE T LB Al o

S Xk -
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