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ABSTRACT Objective: To investigate the effect of promoter methylation level of sex determining region Y-box 7 (SOX7) gene on
cells migration and invasion in vitro in breast cancer MDA-MB-231 cells. Methods: Liposome transfection of pcDNA3.0-DNA
methylation transferase 3a (DNMT3a) plasmid into MDA-MB-231 cells, after 24h, 48h and 72h, the expression of DNMT3a protein in
cells was detected by Western blotting (WB). DNA methylation level of SOX7 gene promoter in MDA-MB-231 cells in DNMT3a
treatment group, 5-aza-C treatment group and control groups were detected by quantitative methylation specific PCR (Q-MSP). The
expression of SOX7 in MDA-MB-231 cells were detected by real-time quantitative PCR (qRT-PCR) and WB assay. Detection of
migration and invasion energy of MDA-MB-231 cells by cell scratch test and cell invasion test in each groups. Results: The highest
expression level of DNMT3a protein was found in MDA-MB-231 cells transfected with pcDNA3.0-DNMT3a plasmid for 24 hours.
DNMT3a significantly increased the DNA methylation level of SOX7 promoter, while 5-aza-C inhibited the DNA methylation level of
SOX7 promoter (P<0.05). Compared with the control group, the expression of SOX7 in MDA-MB-231 cells treated with DNMT3a
decreased significantly, while the expression of SOX7 in 5-aza-C group increased significantly (P<0.05). Compared with the control
group, the migration and invasion ability of MDA-MB-231 cells treated with DNMT3a were significantly enhanced (P<0.05), while the
migration and invasion ability of MDA-MB-231 cells treated with 5-aza-C did not change significantly (P>0.05). Conclusion: In
malignant tumors, the low expression of SOX7 is regulated by the hypermethylation of SOX7 promoter, and the silencing of SOX7
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significantly influence the migration and invasion of breast cancer MDA-MB-231 cells line in vitro.
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T Lo 0 S A R RN A TE KT AR, AR, FRE FLI R R
PR EBAE LF RS 0, Y MIgeE X IEE 7 (sex deter-
mining region Y-box 7,S0X7) & Y 17tk E X IEHF % F I
FIRHY L B 2 — B3, ST AE R B 5T R W, SOXT 78 £ Fl 1 b
IR PR RS, AN B i M e e 45, 3 HL 5 e e R it e
HE WEMAEICEST B T3 SOXT LM Ig rh iRk iy
B, AT . RS AGF00 F BRI AL 2 — R
FJa 317 DNA HILfb g, 55 T RE M RE R IEE,
DNA H JL#: %2 fiff (DNA methylation transferase, DNMT) 7E
DNA HUELAE R AER], b DNMT3a 3% 2 51k DNA
ML AL, H DNA H R 8 R A F CpG ZAZ R 1 s
BEFRFE(CpG 7)™, AT EZL IR MDA-MB-231 4
Jiirf, SOXT7 JE[R (1 323k 2 75 32 HLHE R 3 31T DNA F 64k
PN, #E—AEEAIE SOXT 78 MDA-MB-231 4 fifd Ak 2635 2
A RERS TR HE AN RS NT RS R 2268 7, T2 5 FL i 40 i
P T

1 pR 5 07

1.1 ¢ApaEss
MDA-MB-231( H [# iR 2% G4 A ) , B 7L AR 9 20 e,
1 37°C .5%CO, %14 F i) DMEM 33235 (4 10x 10°U/L 75

B3 ,10% FBS, 100 mg/L 55 )%, 3-4d y— LU,
FEARLLH] 1:3; F2H 4-10 RN AEIES T 9250
1.2 #3 DNMT3a EiZFRik

M GeneBank i it DNMT3a % [ (14 4 i3 [X. 8 5L 75 %71
(NM_001320892.1) ,PCR 4”3 , i} ] /5 1 A pcDNA3.0 K %%
SR A, #%E pcDNA3.0-DNMT3a B0 4% % ik # 14 ( Control 41).,
% JH g JBi 14 Lipofectamine 3000 ( 3% [ Thermo 4\ & ) ¥f
pcD NA3.0-DNMT3a [k % 4 2 7L AR MDA-MB-231 4iljfi
IR WB ARG A [F] i 5] 552 (24h  48h 720 ) FYFE YRR, g%
R LR S I [R) A, EAT I 2R 555 (DNMT3a b3
#4). S-aza-C J: DNMT i) , REASAHAL Pty DNMT 14k , 75
Ab B 7L MG MDA-MB-231 411l 24 /NEJG , HE4T IS 20 50 56
(5-aza-C LbBHAH )
1.3 SEH5EIEEE PCR( real-time quantitative PCR,qRT-PCR )

Z [ AL SE AT, i A 1 mL Trizol( 34 [F Invitrogen 2
A ), % RNA $#EH0A & (3 E Invitrogen 24w ) B Ut B 545
B, SRIBCANMLE RNARNA Y & K 2 B I 50 A0 B ik
FFAGI , H | 34 [ Thermo 23 7] , 1355 5% J5 6 cDNA F= 49
F 20 CHRAF# . SOXT JeiN 2 B-Actin ) qRT-PCR 5| ¥ /7
G 1, 5EH# PCR P44 (SE[E ABI A ], ABI 7500 ) 5 il
SOX7 mRNA #ik7K . qRT-PCR (¥ #4{K 2K 10 wL, i
ZF:50°C,2 min;95°C, 10 min;95°C, 15s;60°C , 1 min, {&#f 35
K. SOX7 mRNA [{AHX Fik R 2- ¢ @ FIEFoR.

% 1 qRT-PCR K Q-MSP 3|4/ 5!
Table 1 Primer sequence of qRT-PCR and Q-MSP

Gene Forward sequence 5'-3' Reverse sequence 5'-3'

SOX7 qRT-PCR CAAGATGCTGGGAAAGTC CCGGTACTTGTAGTTGGGGTAGT

Actin qRT-PCR TCATGAAGTGTGACGTGGACAT CTCAGGAGGAGCAATGATCTTG
SOX7 promoter Q-MSP TCGCGGGGTTCGTTTTCGC GACGTTTTCATTCATACGCG

Actin Q-MSP TGGTGATGGAGGAGGTTTAGTAAG AACCAATAAAACCTACTCCTCCCTTAA

1.4 EAREEENFESELE( Western blotting, WB)

B 2-5% 10° 4L A RIPA 78 1L (1190 25 K
EYEARFRAF) JREAE A E 1, R BCA R W&
IR A (AL RARAE AR A BRA RS & Ak . 1%
Hor B e 5% 3] PVDF I F, SR 5% B is 0k 1E 37°C 4%
AT B E A Ih, ZERY, AR RS MR SOXT £
SEREPTIR (sc-20093, E[H Santa /A TH], 1:1000 # %), bt A
DNMT3a £ 5ifEhii (1:1000 5%, sc-20703, 3£ [E Santa 4%
A, RPN B-Actin BT REHTIA(1:3000 ks, LT R ARA: )
PR, 4Ci . TBS-T PR 3 Wm , AR HRP F
TERAEPT R 40 (1:10000 FkE, LR LB AR AR,
37°CHER 1h, N ECL ROt Tk R, MEHEN

2 AR BT FREAT I 53 # (ImageLab B ). SCg 42 3 Ik
JEGET o

1.5 BEALERMEESE PCR (quantitative methylation specific
PCR, Q-MSP)

W AR AR, DNA S I & (2 1H AXYGEN 24 5 )42 4
JfIHEAZH DNA, SR DNA HUEALGH) & (78] QIAGEN A )
XoF $2 Y HE TR 4 DNA R A7 5 iR A SR 8 1 e 4l Ak . it
SOX7 FE[H 5 37 DNA (i FIEA R L5 19, >R H B-Actin JE
PR O B T AL 2 (CpG i ) 5 | RS IE 28 AR S R 1B 1
f) DNA & &, 51918 (Rt s AR R A RD), LR 1,
XM LIS B HE D 24 DNA #5147 Q-MSP 5256, Fhy 2% A 4
T:94°C,455;59°C ,30s;72°C,45s; #4735 MEHR;72°C 5
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BOGHEE R 5-7x 10° A-200, 2R 6 LAk, 24h
J5  HAEIC A BE >90%, W ST ar T BT 6 FLARIKHR , 45T HhAE
BAFLPRI 3 Z°PATL, BRIk 3 IG5 B A DMEM K573t ,37°C,
5%CO, ¥iFEAE i TR 5%, 43 5T Oh 16h B, W4 (CX31,
H A< Olympus A &) TR, I A 4n el g ek &2 3
JEgit
1.7 HREIEZE 000

TE Transwell /N [ R ERFR TR _EANA 4.0 wg/uwL Matrigel
FEFUBE 50 WL, BT 24 fLARH1,37°C, 5%CO, JEFRAa Tl i, in
A 500 L 10% FBS ) DMEM #£% 3£ , Transwell /N H il A
150 WL 4 AR, 48h JE #AT AL 4, iR AE B 5 min J5 R 0
i (CX31, H A Olympus 2\ 5] ) N WREE , FEFLBEHLE I 3 >0
FFHEATHIR, BEJS ] 100 wL 33%BEMaifa,, Wrah & s s vk
Jii, BEBOR T EEPRYL (32 BioTek 2] )570 nm U B '
{H, L RE 3 TG00,
1.8 it FEHE

Oh 24h 48h 72h

B 1 4881 DNMT3a B[ &7 E
Fig. 1 Protein Band Map of DNMT3a in cells
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Fig. 3 DNA Methylation Level of SOX7 Gene Promoter in Cells

SR SPSS23.0 AT HHE 4 HT , R (s ) Fon T 90K},
S t R B , 22 40 A L B A [ I ) 0t L SR TSR 5T
AT A 367K 1 0=0.05

2 R

2.1 DNMT3a & 5-aza-C ¥t SOX7 £ E 5 31F DNA FE KK
FRm

EFLBRE MDA-MB-231 i, Ji5 A 4% 4« DNMT3a JT
i R# Ak pcDNA3.0-DNMT3a J5, 4Py DNMT3a &[4
TR E T, HFBESN N :0h (1.18% 0.16),24h
(5.33+ 0.42),48h(3.34% 0.18),72h(3.86% 0.19), % YL )5 24h,
48h 1 72h 5 Oh L1482, 22 R IAH Gt L (P<0.05), WL 1,
[ 2. % H DNMT #ji35] 5-aza-C 4b ¥ MDA-MB-231 4 fifd
Q-MSP Jrik il ZnH iy SOX7 34 i 3l F DNA F L AL/K -,
I 25 5 R  DNMT3a GE 8 I 2 48 5 SOX7 K Js 3 +
DNA 34k K F [(1.39+ 0.07)vs (1.00% 0.08),P<0.05], T
5-aza-C NI T SOX7 FE[H 5 27 DNA F LAk /K TF-[(0.52+
0.16)vs(1.00z 0.08),P<0.05], WL 3,
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Fig. 2 Relative expression level of DNMT3a protein
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Fig. 4 SOX7 protein band map in breast cancer MDA-MB-231 cells

& 2 LR MDA-MB-231 i SOX7 mRNA K& H RiAKE
Table 2 SOX7 mRNA and Protein Expression in MDA-MB-231 Cells of Breast Cancer

Groups n SOX?7 protein SOX7 mRNA
Control group 6 1.00+ 0.03 1.02+ 0.04
5-aza-C group 6 421+ 0.24° 3.60+ 0.39*
DNMT3a group 6 0.28+ 0.04* 0.22+ 0.05*
F - 1302.184 355.476
P - 0.000 0.000

Note: Comparison with control group, *P<0.05; Comparison with 5-aza-C group, °P<0.05.

22 FLp§E MDA-MB-231 ZHBEs SOX7 mRNA R EHFRIZKF
5 Control 1A H,, DNMT3a 4bH 4 ) MDA-MB-231 4
1, SOX7 ) mRNA M [ F kK B R, 1 5-aza-C

ALFRA] SOXT7 1 mRNA J 8 [ 3R K34 81 S 3G in (P<0.05),
WLE 4 3% 2,
2.3 SOX7 {RRiXREMBIR I MDA-MB-231 HfAEZ 5%
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5 Control ZHAH [, DNMT3a 4bF#2H ) MDA-MB-231 4]
FIE RS FMZ 2R RE ) 1 18 35 145 (P<0.05), M S-aza-C A FHZH K

MDA-MB-231 AR LR MR ZZRE JIAE AR (P>0.05), WL
ENCIEN

% 3 3LBRME MDA-MB-231 fMH)ER NS EEE
Table 3 Migration and invasiveness of breast cancer MDA-MB-231 cells

Groups n Cell migration(% of Oh, at 16h) Cell invasiveness(Absorption/570 nm, at 48h)
Control group 6 42.26% 0.60 0.28+ 0.02
5-aza-C group 6 50.02+ 1.40 0.26+ 0.02
DNMT3a group 6 64.73t 1.70® 0.66+ 0.04®
F 511.423 381.445
P 0.000 0.000

Note: Comparison with control group, *P<0.05; Comparison with 5-aza-C group, "P<0.05.

Control 5-aza-C
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5 $LA%9E MDA-MB-231 4R B SRR
Fig. 5 Electron microscopy of breast cancer MDA-MB-231 cells
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SOX7 LA F 8p23.1, 7 I 4mi% =) SOX7 j&—JH L
BIFE SETRIE R 7, & 377 MR KRR, 5 SOX17 A SOX18 [F]
J& T SOX FE[KfY F KK, SOXT fighg s b i i) DNA
JF5 B9 AACAAT, 8715 PR 9 3R35, 4 GATA-4 Hil
GATA-6 55051 FHOCHRSEIESE , A 2R B 1, SOXT B
PR A ThRE, I H SOXT7 ME A A A SRR E AR
T AH OGS, 4 Wang C I RFFE R W, SOXT 7E Ji & PET
Pt ) Je e T Bt R v 45 T 09 B PR /) £ €, SOXTT B BB Iy
DR T FF R BT 7 A e, TR T80 B PO i g8 2, SOX7
AR b ST BTN B TS I FE bR — o AR, FEFL I &
B HEN A SR AR R, SOXT LA 81 H Ak K B ARk 5
BE PG Z BRI R, Z B2 1Y CER>, DNA H L
JEfE DNMT HfEfbAE R T #4719, DNMT F2245 3 F, B DN-
MT3a DNMT3b Hl DNMTI1, ' DNMT3a §1 DNMT3b 7£
DNA F 34k 1 5k & s F b & #8/EH  DNMT1 M55 T
DNA FIEARIRA I 415+

ST A SE BT T A 7L MDA-MB-231 4f i,
SOX7 L[ iR A B 15 52 L 5 3/ F DNA H B AL & Ainy M
2o KRR ik  FEF LR MDA-MB-231 4fifif rh %4
DNMT3a B %% k#k{& pcDNA3.0-DNMT3a J5 , 45 5 ok I AE %
Yy 24h B, AR N ) DNMT3a 8 1 3R58KF-f iy, s8R 0L e
24h AT G 2T 5 5-aza-C J& DNMT 01§55, REA% 00 i 41 i 7
DNMT [ I SLE RS B 12, 3 3 7 MDA-MB-231 4fififd [4

& /in DNMT3a £ 1 ik it 5 5-aza-C Fiikb ¥ (24h ) 3 i 41 i
P DNMT HHSEE B BE 1 , DT o428 41 A P i P 21 DNAH i
LK, Q-MSP S K25 5L 7, DNMT3a fig % i 3% 7+ i SOX7
FHE 31T DNA FHI3EALK -, il 5-aza-C W B FAIK T SOX7
FE 7 3 F DNA F 34K, 45 41 MDA-MB-231 41 iy
SOX7 mRNA K & 135K F-45 R R, 78 SOXT JEH g 8+
DNA HILAE/KE- T, 4P ) SOXT7 mRNA K 2K 1% ik
B /b, IR SOXT 3B 3l F DNA H (b K S REIGHT , 20
MIPIRY SOX7 mRNA K225 1 338 W 238 1, L se e g 1
LA, 7EFLIR 8 MDA-MB-231 4 i, SOX7 3 M % 1k j& 32 H
B 3§ DNA HUEAKS 145 IR 4, eI, SOXT7
BT R I DR (VP L SOXT 5L DR (9 150 Bk 5% 223k T I,
T RE e IR O M I dndn R R AR R . 7
ARSI Y SERE L, SR FF A AR S R A0 AR 2 S B G 4%
41 MDA-MB-231 4ii il i) i #% IR 22 e )1, L4 R &M,
SOX7 WAL IEH AL T LA MDA-MB-231 2 fifd i) A 41
THEZE,SOXT 25 T L BYE R B,

25 B Jrid  7EFLIR I MDA-MB-231 4iiffi ), SOX7 3[4 g
BlF DNA HI ALK RENE G M5 41 PR 9 SOXT P it 4
SEFRIA, I HiE T AE MDA-MB-231 4iiJifd N 3% it DNMT3a 2
ik, Fhm SOXT7 EH A 311 DNA HIZEAKF, WA B
SOX7 [k 731k J5 , MDA-MB-231 4L [ 1T % M2 22RE f1
MR, UL SOXT Mk Rk 2 5IF A 42 F T ZL Mo
MDA-MB-231 41l iy P ik R
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