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Expression of forkhead box protein D3 in gastric cardia adenocarcinoma tissues
and its effect on biological behaviors of SGC-7901 cells

YANG Yang, WANG Xinchen, NIU Yunfeng, GUO Wei, LIANG Jia, GUO Yanli, DONG Zhiming (Pathology Laboratory of Hebei
Cancer Institute, the Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, Hebei, China)

[Abstract] Objective: To investigate the expression of forkhead box protein D3 (FOXD3) in gastric cardia adenocarcinoma (GCA)
and its effect on the biological behaviors of SGC-7901 cells. Methods: A total of 49 pairs of GCA tissues and corresponding para-
cancerous tissues that surgically resected from June 2014 to December 2016 were selected from the Biological Specimen Library of the
Fourth Hospital of Hebei Medical University. qRT-PCR was used to detect the expression of FOXD3 in GCA tissues and corresponding
para-cancerous tissues, as well as in gastric cancer cell lines (BGC-823, SGC-7901, HGC-27, MGC-803, and NCI-N87). pc-DNA3.1-
FOXD3 or pc-DNA3.1 was transfected into SGC-7901 cells. Cell proliferation assay, clone formation assay, scratch healing assay, and
Transwell chamber invasion assay were used to detected the effect of FOXD3 overexpression on the the proliferation, clone formation,
migration, and invasion of SGC-7901 cells. The mRNA and protein expressions of epithelial-mesenchymal transition (EMT) related
molecules before and after the transfection were detected by qRT-PCR and WB. Cell cycle changes before and after transfection were
detected by Flow cytometry. Results: The expression of FOXD3 mRNA in GCA tissues was significantly downregulated, and it's
expression was closely correlated with clinical stage and lymph node metastasis of GCA patients. The expression of FOXD3 in gastric
cancer cell lines was lower than that in normal cell lines (all P<0.01). FOXD3 overexpression significantly inhibited the proliferation,
clone formation, migration and invasion of SGC-7901 cells in vitro (all P<0.01). FOXD3 overexpression could up-regulate the

expression of E-cadherin and down-regulate the expressions of N-cadherin, f3-catenin and vimentin in SGC-7901 cells (all P<0.01).
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Overexpression of FOXD3 could arrest the cell cycle in the GO/G1 phase (P<0.01). Conclusion: The expression of FOXD3 in GCA

tissues is significantly downregulated, and its overexpression can inhibit the biological behaviors of gastric cancer cells. FOXD3 can be

used as a tumor suppressor gene to provide new ideas for tumor therapy.
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J B A & e Y457 Lipofectamine™2000 A1
MTS R 5741 H 5% [ Promega 23 7 , DNA 4l AL 857 &
T E 45 Qiagen A ], B4R MIEE H 55 B BIA ] , i
i . TRIzol \RIPA Z4 W « 10x 3% . SDS-PAGE #H
AT S>3 EAEZ PRI B AL 2R E A
], S 2O E B 5 A i E 2 M. (quantitative real time
PCR, qRT-PCR) {1 H 3% [ ABI 2 7] , S fi N bR
%2 (E-cadherin ) « % J¥ & [ ( vimentin )  f# £ 5
% 7 (N-cadherin) . B 15t 22 H (B-catenin) & B L 3hEEH
(B-actin) B 5 5 BE LRI B B 3 5m R AR R
A A IR A F], B SRR C I Eh i 1gG)
T [ € [ KPL A 7]
1.2 fmfe 7 A28 SUAR R 4] & B R B A FHIc R
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MGC-803 Jz NCI-N87 HH iyl Jb [ B} R 2 2 DU 1= e i
BIF 0 BT P LA 70 % BE A T AR A SEER P FH B R AR 2
Sk B T A 2= AR 2 58 DU I AR P bs A, BUH 2014
6 H 220164 12 H WA I 49 6 GCA &3 T ARbx
A R Y R P2 2 TR T A ARG 0l | TR AT 181 5 55 1
444 A PE S I, AL AR RS 63 %5 (49~83 %), AT
B H 2R R kb DA R A R 9 55 2H 2R CBE i R ki 2%
3~5cm) . — AR ARLRAE T WA A T H
RNA, 5 —#B 4> b5 A 2 H-E YL {0 J5 20 95 B 22 i 40 23

JREL 2 Wi 350 GCA ZH 4. 9 B 22 40 20 MK R WHO
FRAEEAT , WO B3 (IS R B B R . AWt FL 2200
JE B ALK 2 56 DU B B A B 25 DA 2 e [F) s (fe B
Y05 :2020k-1147)

1.3 gRT-PCR %4 M GCA %8 42 & @ i F FOXD3 £
EE 823

HY 49 4l GCA 35 9 S 55 2H 43, I\ TRIzol ¢
fif T I P &) 3R 2% 7 53 W B 5 4 L FH PBS P, TN
TRIzol 78 432 faFs NEP & . i TRIzol 71 i 13
PEEUVHA R 5 R4 s (BGC-823.SGC-7901 . HGC-27+
MGC-803 [ NCI-N87) H1 ] it RNA . 4% & 101 4% 5 i
F G HEAE TR B S RNA I ¥ 5% B cDNA J5 #E 47
qRT-PCR "1 . DL B-actin /F NHARLIEHI NS,
BEHLIEEL 10 45138 55 1 8 4124 cDNA VR A J5 17E v 4l i
Feak I XHIE A (Pools) « qRT-PCR 5|15 %1 : FOXD3
7 51 %N 5-GACGACGGGCTGGAAGAGAA-3',
T 51 % N 5-GGGCAGCCTCCTTATGTCA-3'";
B-actin L3 51 %A 5'-ACCGAGCGCGGCTACAG-3',
51 ¥~ 5'-CTTAATGTCACGCACGATTTCC-3',
qRT-PCR #3425 4 : 95 °C A% 14 10 min; 95 °CAE P
15 5,54 °CiE /K 30 .72 °CHE{H 30 s, 3L 35 MEHA
72 °CIEAH 7 min J5 4 °CRAFY G W o [Nk 3] )
BTG ENL N 1ZH 2 H FOXD3 il B-actin [ Ct1H
ZE LR F A 2 BV 2 A Ct=Clyoxpy Clpein» A ACt=
A Ctgy= A Cigpgspann» A 274238 H 3 R ARG
RikE.

1.4 iR AEMRFFpcDNA3.1-FOXD3454SGC-7901
ta fig,

FR A 13 5256 % B FOXD3 & 1A & f ik Y SGC-
7901 ZH M FEAT fE S STUS . FH 20 P R A P T A TR
Ja B SIER T 6 LR , 2 iR Lipofectamine™2000 it
B AT e G o oy A HEAT 9256 - SGC-7901 41 g
¥ N\ pc-DNA3.1-FOXD3 AR 8 #ifA pe-DNA3. 1
CPRRZED o
1.5 MTS % %o Fo 52 %9 a% 5% 3242 FOXD3 *F SGC-
7901 4@ .38 74 5% /) 69 %) ¥

MTS SZ5 - % 4% J5 ) SGC-7901 41 Ay 4k 48 % Mt
F5F%24 h, R IHA UG EAT 96 FLAR (1x10°AN/4LD
BEAH 6 AN AL B 4l MG BE J5 53 1) T 0.24.48.72 1
96 h 7EREASFL AN MTS K55 (500 pg/ml) , 4% 4L 5% 7
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2 h, f o H B BRSOk WA L AE K 450 nm 4 1)
I %5 B (D)H, B DB ARZR A M 3 FE 7K S

i B TR RSB < 5 Y J5 K SGC-7901 20 i 4k 8
FUBEF% 24 h, JEBGH A THEUS B 5> 10° 4> 4H i 35 57 2
FhT 6 FLAR, 37 cCHEIR G R A F I & 1 A5,
4% %2 5 H R 15 W T E 20 min , 0.1% 45 SR G
20 min, )67 WAMUEE T UH B TR B (550 A4 i
TERIATERE) , P E e R . R =
o B R AT I 5% 100% o
1.6 @RI A A 5% 3 F= Transwell 12 £ 55 35 46 )
FOXD3 3+ SGC-7901 %@ it it 4% A2 & 4% /) 69 %

A0 MR IR G S - S5 I SGC-7901 4 Jfa 4%
SR G IR 24 h, SRR AL THEUS B 5x10° /41 R
)Rl T 6 FLAR, I 5 24 h 5, F 200 pl 7% 90 4% W =k
e B 45 R LR TE BRIIR , # BROAS 1L 35 1 1640
R IR 4k s 8% 7% , fEXIIR 5 04 12 A1 24 h il & %I IR 58

FEFFTH AT A 2 . T 7% % = GG RIR %
JE-12 824 h IR T8 B AR aA R TR 98 2 < 100%

Transwell {2 28 S50 « i 44 Ji5 (1) SGC-7901 4 fitd 4%
S H AR IR 24 h, R B A THEUE A S LT
1640 5 72 240 M . 7 Transwell [ b = o Fi 4l
50 pl matrigel JIiZ,37 °Cid . ¥ 1x10° 40 f e b 22
Hobm, R = INNE FBS {774, 37 °CIEIR M & 4
Yk SRR 24 h, BUH /NS o O b5 Py 00 41 P 45 0 B
2% K T A8 P[] o2 fS G £ 20 min, THECSE IR,
LA B) 22 5
1.7 qRT-PCR &4l if % ik FOXD3 * SGC-7901 %
e s EMT 47 & 4 mRNA K-F 89 %7

qRT-PCR 72 £ ll #% 4% FOXD3 i & i Jii % Ji5 »
SGC-7901 4i Jff #' E-cadherin. N-cadherin . B-catenin £
vimentin % [X] mRNA [ K& 0. LR AR 1.3
5 T

#1 (¢RT-PCR3|¥IFFRARERYKE

Tab.1 qRT-PCR primer sequences, annealing temperature and product length

Gene Primer sequence Annealing temperature (#/°C)  Product length (bp)
E-cadherin F: 5'-CGAGAGCTACACGTTCACGG-3' 59 162
R: 5'-GGCCTTTTGACTGTAATCACACC-3'
N-cadherin F: 5'-“CAACTTGCCAGAAAACTCCAGG-3' 59 205
R: 5'-ATGAAACCGGGCTATCTGCTC-3'
Vimentin F: 5-CGCCTGCAGGATGAGATTCAG-3' 58 175
R: 5'-TCAGGGAGGAAAAGTTTGGAAA-3'
B-catenin F: 5'-“ATGGCTTGGAATGAGAC-3' 50 189

R: 5-AACTGGATAGTCAGCACC-3'

1.8 WB k4 M if % ik FOXD3 %t SGC-7901 4m ft, #
EMTARE ST & & R %0

R AR DO SRR S A EA
Pt 0 ) 750) LA % Bt TR Mk 411 1) 7] ) RIPA ZRAA V00 4 ff s
1T, FR B S B . 38 3d BCA & A 2 &l
EHAERAE, EELSEAIKE. 5550 pg EH
FEAR, i@ it SDS-PAGE 73 85 8 )5t , LA 80 V LU He
JEFREAT HLPK , 30 min Ji5 BL 120 V EE K 1 b B % iR BL
AN 43 3 5 1 B A % 82 25 PVDF i, 5% B i 0%
VWA 1 h, In— 3t (%Pt A\ E-cadherinN-cadherin
vimentin. B-catenin /& B-actin [1] 5. 58 FE HTLAA ) , 4 °CHE
PRAEA, - H TBST Z2 b 3 4%, 4K 10 min;
THUEEIRME 1 h, TBST 22 MiiEEve 3 Wk, BE K
10 min. FEAL 2R MG e HAIE B S 43 AT R
AT
1.9 AKX fmie R4 & % FOXD3 *f SGC-7901 4
FELJE 2R 649 %5 o

ARG 7% 48 h 5 , FHANE EDTA (M RBEHE L THEL

THEE 25 N 1x10°4ml. 70% . BF 4 °ClE 2 it i,
4 °C N &5 min JESCEEAHAL, T4 11 PBS Hek A 3 1K,
IINBETS 1 34 W5 T 4 °CHE Y6 1% 5 30 min , it 3
YHRAIIAL T GO/G1.S~G2/M B K4 i F o HL A5
1.10 %t it

AW T T SE ST A 3R, AT L R
Fi SPSS21.0 A3t 47 43 #t . FOXD3 7E4H 4 R 1A
18 B LA K 5 I PR 993 B8 52 % (8] 1) ¢ 28 3541 FH o 467 3
VYo H a5 B M (25q, 75q) 7 » S FH R FTRS 36
BEATEI 53 M7 o 5 & 15 75 90 A (0 2 50 %Rk LA
XEs RN, IR A LBCR FASLREA e K56, 241
&) LR H R 2 77 2 73 M. B P<0.05 8¢ P<0.01 %
INESE ARG R L.

2 & R

2.1 GCA#22 % FOXD3 mRNA 8 % 1% 55 & % 32
FFAERY K A
qRT-PCR s 5 &5 3 (B 1D &8, GCA H 2 h
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FOXD3 mRNA ]38 1A 7K 1 & 2 1% T H A7 L (1) Ji
52 41 41(P<0.01) . FOXD3 mRNA #it /K5 GCA
BFIRARERHEFIC R N 2. TITHIVHIGCA B34
211 FOXD3 mRNA ) KA 2L T 1T + 1T B
BEHL(P<0.0D) s KAEMES I H GCA BEHA
Z1rH ,FOXD3 mRNA FiA 7KV B BAK T Jo itk B2 45
% B (P<0.01) ; FOXD3 mRNA [ % ik K F 5
GCA B3 IR V1R K o 10 72 B 35 oK R IO IE
(¥1P>0.05) .
22 BEMAL A P FOXD3 FAK A K FMET kX
FOXD3 # SGC-7901 %@ ity

qRT-PCR 246 45 5 (& 2A) o, F B4 &
SGC-7901 .BGC-823 .MGC-803 .\HGC-27 LA & NCI-N87
H1FOXD3 mRNA [ 3 1k 7K ~F 33 & 2 AL T X AR ZH (3
P <0.01),SGC-7901 i H Y] FOXD3 mRNA FiA 7K
B, Wik F SGC-7901 41 A 347 )5 SEHF 5T

+ E4H J5 R % A& pe-DNA3.1-FOXD3 # 4% SGC-
7901 40 J5 F qRT-PCR A A% Je sk 2, 45 R (& 2B) 2

7~ > pc-DNA3.1-FOXD3 #% 4% 41 FOXD3 mRNA [#] £ 1A
KPS FEALA LL B B R, B 2ZE 5 R SR L
(P<0.01) , 1X —&h F RS I8 I A Uk 2 i mT LASRAS
FOXD3 i 1A 1 SGC-7901 4l »

1.5 1
"6 o %0 o
g«
=}
a% 1.0} . e
[}
g‘m ® L] o
o2 os} y
20 .
RS [ ]
& 0
Para-cancer Cancer
"P<0.01

1 qRT-PCR %M FOXD3 mRNA 7£ GCA
RHEFEARRRIEA
Fig.1 Expression of FOXD3 mRNA in GCA tissues and

para-cancerous tissues was detected by qRT-PCR

2 GCAHAF FOXD3 Fik7KF 5 49 il B E IR RIRFFAER X 5
Tab.2 Relationship between FOXD3 expression level in GCA tissues and clinicopathological features of 49 patients

Case Expression level of FOXD3 mRNA
Index
(n) M 25q 75q VA P
Age (t/a)
<63 25 0.275 0.792 0.515 -0.720 0.472
>63 24 0.303 0.129 0.572
Gender
Male 44 0.274 0.093 0.543 -0.694 0.488
Female 5 0.313 0.202 0.624
Lymph node metastasis
Yes 38 0.239 0.068 0.435 -3.187 0.001
No 11 0.518 0.461 0.866
Pathological differentiation
Well 6 0.509 0.239 0.734 -1.128 0.259
Moderate-poor 43 0.272 0.098 0.513
TNM stage
[+10 13 0.551 0.276 0.741 -2.853 0.004
+1v 36 0.203 0.067 0.455

M: Median; 25q,75q: Interquartile range

2.3 FOXD3id & £ 474 SGC-7901 2@ fiL b 34 54 7% 7y
MTS 256 25 5B (E 3A) R, # 4§« FOXD3 it %
IKFURL 72 hJE , SGC-7901 £ Jifd (1 184 5 /K ~F- & 2 A%
T B e JHUORE IR X R ZH 4HAR[C0.70. 1D ws (1.10.1),
P<0.01]; 70 P& 2 Bk SE 36 45 3R (I 3B) &R, B e
FOXD3 it %3 i ki () SGC-7901 2 fift , L v B 2 R
S A T A Y A TUORL (196 R ZH 4 P [(2.9+0.1)% vs
(6.8+0.4)% , P<0.01], 15 B FOXD3 i 3% 1 1] LAk 55

SGC-7901 41 . i 4 5 g
2.4 FOXD3 it % ik 47 4] SGC-7901 m itn & i 4% B AZ

E3:1d

Y1 R & A 5256 (B 4A) BoR , # Y FOXD3 it
I FURL 444 () SGC-7901 40 . , 40 i kIR B &
R EAL T X HRZH[12 h: (4.620.5)% vs (9.6£0.9)%,
P<0.01;24 h: (6.5£1.4)% vs (18.6+2.0)% , P<0.01],
Ui B FOXD3 it 214 1] Bk 55 SGC-7901 4 i 113l #%
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/7. Transwell 12 2852506 (B 4B) for, ¢ FOXD3  0.01], ¥t B FOXD3 i % 1A ] LAY 99 SGC-7901 4H fity
I Rk ORI F AR ) SGC-7901 4, Ho o AN A RIMRZERESD.
b T 641 [(391.2421.8) vs (416.0+£11.7) />, P<

>

FOXD3 mRNA

Relative expression of

Cell proliferation (D, )

B
L4r
12} g 2501
1o} §< 200 ok
ok £e 100l
0006T - ¥R 157
0.004} i o8 1o}
0.002} X £ os
. *k I k% Kk E '0
0 | o N
X o) NIPA T4 © %]
goo A9 bt 2 - B A7 *p

hY >
()
9 QG&

"P<0.01 vs Pools group
A: The expression level of FOXD3 mRNA in gastric cancer cells;
B: The expression level of FOXD3 mRNA in SGC-7901 cells after transfection
&2 qRT-PCR;E#M FOXD3 mRNA HIFRIEKF
Fig.2 The expression level of FOXD3 mRNA was detected by qRT-PCR

1.5

—e- pc-DNA3.1-NC
s pc-DNA3.1-FOXD3

24 48 2 % pc-DNA3.1 pc-DNA3.1-FOXD3
Time (t/h)

"P<0.01 vs pcDNA3.1-NC group

3 MTSE(A)FEER B SLE (B) 1M FOXD3 mRNA 1T =ik Xt SGC-7901 40 AT 5E A 1 A9 2200

Cell scratch healing rate (%)

Fig.3 MTS assay (A) and clone formation assay (B) were used to detect the effect of
FOXD3 mRNA overexpression on the proliferation of SGC-7901 cells

25 [ -e- pc-DNA3.1-NC
20 | = pc-DNA3.1-FOXD3

pc-DNA3.1 pc-DNA3.1-FOXD3
Time (t/h)

“P<0.01 vs pcDNA3.1-NC group

4 {RBAXIIRAA L8 (A)F0 Transwell R 22 3258 (B) #43M FOXD3 i3 FRiA%T SGC-7901 LHARANTE R AR L 6E IS (x100)
Fig.4 Scratch healing assay (A) and Transwell invasion assay (B) were used to detect the effect of FOXD3 overexpression

on the migration and invasion ability of SGC-7901 cells (x100)

2.5 FOXD3 it % A 2F SGC-7901 40/ f EMT #8547 # Y FOXD3 i 3 ik J5i KL 44 1) SGC-7901 4H i

E5F mRNA A& & &K K-F8%0h

E-cadherin mRNA [ ik 7K F & 3 T+ = [(5.240.4) vs

qRT-PCR 523645 W (B SA) B, 5xF B L, (1.0£0.1) , P<0.017, 1 4 ffL 1 N-cadherin B-catenin £/l
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vimentin mRNA ] 32 15 B & B#AIK (3 P<0.01) . WB
AL EMT A K bn & T HE A RIE K, 45 R (K

A
o
a
é 6 *%
= Bl pc-DNA3.I-NC
° I pc-DNA3.1-FOXD3
o
5 4
=
.S
g
= 2F
g
]
° *% ol *k
=
s o= : :
2 T (o e
6,0 ‘6’0 BN %’

5B RIR, %50 T I EE 3R IAKF 5 qRT-PCR SL40 45
R—5.

pc-DNA3.1-NC pc-DNA3.1-FOXD3
E-cadherin s  Sm—
N-caderin . W

Vimentin S— —

prcatenin R A

“P<0.01 vs pcDNA3.1-NC group
&5 qRT-PCRE(A)F WB A (BN FOXD3 i3 &A%} SGC-7901 48fE = EMT #5547 E-cadherin N-cadherin
B-catenin # vimentin mRNA F1%& B FIAK FHIE M
Fig.5 q qRT-PCR(A) and WB (B) were used to detect the effect of FOXD3 overexpression on mRNA and protein expression
levels of EMT markers E-cadherin, N-cadherin, B-catenin and vimentin mRNA in SGC-7901 cells

2.6 FOXD3id & i 3 SGC-7901 %@ el J&) A 69 %5 »fa

T A P ARG I 25 B (B 6) 5 R, pc-DNA3.1-
FOXD3 % YL 4040 il S ~ G2/M 3 40 g Fr 15 Eb 4] 2
FAR TR [ (45.0+1.4)% vs (55.7+1.7) %, P
<0.01]; pc-DNA3.1-FOXD3 % 4% 41 41 i GO/G1 3 48
BT o5 b B R T R 4L [(54.941.4)% vs
(443+1.7% , P<0.01], 1 B it 3 18 FOXD3 % [A] 7]
{8 SGC-7901 4t i J& #ARH ¥ T~ GO/G1 .

pc-DNA3.1 pc-DNA3.1-FOXD3
180 720
150 600
5 b5
g 120 v‘é 4801
g2 904 £ 360
5 ©
O 60- © 2401
30 1201
0. uﬁuummgib,, 0 .y
3 128160192 224256 0326496128 160192224256
DNA content DNA content
6 SRICLMREARMEN FOXD3 3 &A% SGC-7901
44 B HA RS2

Fig.6 The effect of FOXD3 overexpression on
SGC-7901 cell cycle was detected by Flow cytometry

3 %W i

W E R B R E K TR GCA AR R 2
L Th S, JUH AR A E b T RS A A S
X o TCITE5 M) Rk v 5 800k T 50 1 e R VR e &
AEHLHIAT A7 E 0, (EBR R B8 22 19 F 72 #8748 1) B

A HE S — P T 40 RS . FOX 2 [ AT DAE B2 i
IR 40 A PR R ot R 3 R D g 4% ) L Ak 35 TR 1)
F I8 T 2 5 i 6 o e O T L 38 K 1R 2 5 R,
FOXD3 /& FOX £ F F R 2 —, J& T FOX % 3 [A]
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