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[ Abstract] Background and purpose: Gastric cancer is one of the common malignant tumors in the digestive system, but its
pathogenesis is not clear. Diaphanous-related formin 3 (DIAPH3) plays an important role in the occurrence and development of a
variety of tumors, however, its role in gastric cancer has not been reported. This study was to investigate the expression of DIAPH3
in gastric cancer and its effect on the proliferation, migration and invasion of gastric cancer cells. Methods: Gene expression profiling
interactive analysis (GEPIA) database was used to analyze the expression of DIAPH3 in gastric cancer. Paraffin embedded tissues and
paired adjacent tissues from 62 patients with gastric cancer were collected. The expression of DIAPH3 in gastric cancer was detected
by immunohistochemistry, and the clinicopathological correlation was analyzed. Western blot was performed to detect the effects of
knockdown or over-expression of DIAPH3 on the protein levels of DIAPH3, cyclin D1, E-cadherin, vimentin and N-cadherin. Real-
time fluorescence quantitative polymerase chain reaction (RTFQ-PCR) was used to detect the effect of knockdown or over-expression
of DIAPH3 mRNA. Cell proliferation was detected by cell counting kit-8 (CCK-8). Cell migration was detected by the wound
healing assay, and cell invasion was detected by transwell chamber experiment. Results: GEPIA database online predicted that the
expression of DIAPH3 mRNA was higher in gastric cancer than in adjacent non-cancer tissues (P<<0.05). The positive expression
rate of DIAPH3 in gastric cancer was 70.97% (44/62), which was higher than that in adjacent non-cancer tissues (16.13%, 10/62,
P<<0.01). Compared with the high differentiation group, the expression of DIAPH3 in the low differentiation group was higher
(P<<0.05). Compared with the group without lymph node metastasis, the expression of DIAPH3 in the group with lymph node
metastasis was higher (P<<0.05). The cell proliferation activity, cell migration rate and cell invasion were lower in the interference
DIAPH3 group than in the negative control group (P<<0.05). The cell proliferation activity, cell migration rate and cell invasion
number were higher in the over-expression of DIAPH3 group than in the over-expression control group (P<<0.05). Following over-
expression of DIAPH3 and interference of cyclin D1, the proliferation activity of gastric cancer cell line was lower compared with
over-expression of DIAPH3 group and higher compared with over-expression control group (P<<0.05). Following over-expression
of DIAPH3 and interference of vimentin, the cell migration rate and cell invasion number of gastric cancer cell line were lower
compared with over-expression DIAPH3 group and higher compared with over-expression control group (P<<0.05). Compared with
the interference control group, the expression of E-cadherin protein increased, and the expressions of DIAPH3, cyclin D1, vimentin
and N-cadherin decreased in the interference DIAPH3 group (P<<0.05). Compared with the control group, the expression of E-cadherin
protein decreased, and the protein expressions of DIAPH3, cyclin D1, vimentin and N-cadherin increased in the over-expression
group. In knockdown or over-expression of DIAPH3 gastric cancer cell lines, the mRNA level of DIAPH3 decreased or increased
significantly (P<<0.05). Conclusion: DIAPH3 promotes the proliferation, migration and invasion of gastric cancer cells. The role of
DIAPHS3 is associated with up-regulation of cyclin D1 and epithelial-mesenchymal transition.
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P BEARTIIRITEYT . I7 RRRERIT,
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1.2 RS EEIRXA

BEMIE (HGC27., AGS. SGC7901,
MKN28 ) 40 [ [ Rl B 80 35 532 ) (i 22
D32 PR/ v B R 22 BE L AR e B R 5T e 4
MR L, BRI R SGCT7901 . HGC277E
T 10%FBSHAL (HHE100 UmL, #HEER
100 pg/mL ) [ HiDMEME; FR 3P 555, AGS
165 10%FBSHIRFTF 12K 35 3 b 5%, MKN28
E 5 10%FBSHIAPLRPMI-164085 F2 5, e
TECORFUM BN 5% . 37 CHYMER IR B A h 1S
It o RS R AL A 2 [E Hyclone A H], Opti-
MEM TG i 7 55 3% W W V0 2% B 2B 0 A IR
A, B4R MiEFBSIA H 35 [ Gibeo A H), A
FEIL, A TR 1 € E Thermo /A F], RIPA
240 . Western blotild #] & 2 = KRAY)
ARAERAF, BEFIALipofectamine 20000 H 35
[ Invitrogen/y 7], TRIzollly H 3% & Technologies
NTA], 2x SYBR Green PCR Master Mixl
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LR YRR A R A FlR A L, DIAPH3
PR B (siRNA) . T B (NC)
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(1:300), T4 CUKFERELHR. KA, =
M ACE D he WINLFESR P, 37 CRET
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ATCACCCT-3's FHINCH Bt5'-UUCUCCGAAC
GUGUCACGUTTACGUGACACGUUCGGAGAA
TT-3', F#si-1 7 B5'-GCCUGGAUAUCCAAC
UUAATTUUAAGUUGGAUAUCCAGGCTT-3',
FHisi-2 B 5'-GCUCAAACCUUCGGAUUUA
TTUAAAUCCGAAGGUUUGAGCTT-3', cyclin
D1t H Bt 5 -AAACACGCGCAGACCTTCG
TTGCCTTGCACTGCGGCCACC-3', vimentint
e H Bl 5'-ACCAGCTAACCAACGACAAAGC
CCGTGCCAGAGACGCATTGTCAACA-3', 1R
P2t MET AR R A R, LR EEIR,
FIH.
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180 min; HEMESEER)E, BEREUL, THUE T 5%
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15 min; FEREE ZH (1 :5000) 1 h;
TBSTUYEM3 W, #K15 min; HAILFEOL
(‘electrochemical luminescence, ECL) 5., DA
GAPDHNINZ, Z5RUIAFRLLEEL] 5 GAPDH
JKEEME AR
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BB AR Bl o fLA b, 4% bRy
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PR FR24 h, MRS WE W 2 =GR,
T 4% 1) Z2 5 F S 20 4[] 22 730 min, PBSUE
20, AN mL 0.1%%5 5 Ye i 24U,
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Fig. 1 Higher expression of DIAPH3 in gastric cancer tissues

A: GEPIA database was used to analyze the DIAPH3 mRNA expression levels in gastric cancer tissues. P<<0.05, gastric cancer tissues (n=408) vs
normal tissues (#=211). B: Immunohistochemical staining of DIAPH3 expression in gastric cancer and para-cancerous tissues

2.2 BEAAPDIAPHIR ZKTESIGKFES (P<0.05) ; S5TChEEHRAMLIL, Ailkess
FFAEROHE X A DIAPH3 M H K- & (P<<0.05) o

B LU AR SRR, SEh ikl WDIPAH3EE RG-S BB . AR R B
AL, KL AP DIAPH3E UK PR EFm CREHENE (P>005, #£1) .

F1 BREALAPDIAPHIRIZKTESIGRFEFFENXR

Tab.1 Relationship between DIAPH3 expression and clinicopathological characteristics in gastric carcinoma

DIAPH3
Clinicopathologic parameters Case (n1=62) P value
High-expression Low-expression

Gender
Male 37 24 13 0.198
Female 25 20 5

Agelyear
<60 19 15 4 0.358
=60 43 29 14

Tumor diameter D/cm
<5 20 12 8 0.189
=5 42 32 10

Differentiation
High/moderate 29 15 14 0.002
Low 33 29 4

Lymphatic metastasis
+ 35 31 4 0.001
- 27 13 14

2.3 EREBMEBEMAMEDIAPHIEHKRMN 35 BRI M HGC27 . AGS . SGC7901 701

mRNAR X MKN28 ([E2) . ZEHGC27FIAGSHiffurf, #%
Western blotHIRTFQ-PCREZL 45 4 i 7w TR B, si-DIAPH3-141 fllsi-DIAPH3-2

TEARE B A P DIAPH3 2 1 it FIimRNA [ & ADIAPH3E MR AImRNAZ L B KT T4k
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YRR (P<0.05) , ASHFI 8 BUHOR i 1Y
TR B AT R S DI RESE 5 . 7ESGCT7901
AMMKN2840 il rh, ¥ Y« DIAPH3 it ki )5 ,
i FIRA T DIAPHI R A& W& & T X a4
(P<0.05, K2) .,
2.4 DIAPH3i& 313 cyclin D1BIRILIRH BE
o f R 1 R

CCK-8SLINA5 R W, 5P I L,
si-DIAPH3Z4{HGC27 F1AGSHI i i) 18 5 1% 11
FTFW (P<0.05); S5XF ML, DIAPH3 S
FIRHSGCT7901 FIMKN2 8 4 iy () 1 5 1% 77 i
Eann (P<0.05) . Western blot3L 5545 5 i

SGC7901 HGC27 AGS MKN28

DIAPH3

GAPDH

NC si-DIAPH3-1 si-DIAPH3-2 NC  si-DIAPH3-1 si-DIAPH3-2

N, SEAMEXTIRA EE, si-DIAPH34HHGC27
MAGSZNIfeyclin D1 [ £ ik i B E AL
(P<0.05) ; Western blotFIRTFQ-PCRELZE4Y
RExR, SXHEAME, DIAPH3+si-cyclin D1
HEHFRA T R ENN, SDIAPH3A L,
DIAPH3+si-cyclin D141 [ ik i B PR A%
(P<0.05) ; CCK-83LEZE R B, SXfIaLH A
Ft, DIAPH3+si-cyclin D1ZH 40 U555 7 ik 1
# (P<0.05) , 5DIAPH34HAHt, DIAPH3+si-
cyclin D1ZH i EsE s 1 B 3% FI% (P<0.05) .
IS B4R, DIAPH3 M3 cyclin D15
ISR A s (EI3) .
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Fig. 2 Efficiency verification of DIAPH3 in gastric cancer cells after knocking down or over-expressing DIAPH3

A: Expression of DIAPH3 in four gastric cancer cell lines analyzed by Western blot. B: Expression of DIAPH3 mRNA in four gastric cancer cell
lines analyzed by RTFQ-PCR. C: Western blot analysis of DIAPH3 protein expression in HGC27 and AGS cells after interfering DIAPH3 expression.
D: RTFQ-PCR analysis of DIAPH3 mRNA expression in HGC27 and AGS cells after interfering DIAPH3 expression. E: Western blot analysis
of DIAPH3 expression in SGC7901 and MKN28 cells after over-expressing DIAPH3. F: RTFQ-PCR analysis of DIAPH3 mRNA expression in
SGC7901 and MKN28 cells after over-expressing DIAPH3; *: P>0.05, compared with NC group; ****: P<0.05, compared with NC group;

**: P<<0.05, compared with SGC7901 group
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Fig. 3 DIAPH3 promotes the proliferation of gastric cancer cells through enhancing the expression of cyclin D1

A and B: Effect of interfering DIAPH3 on proliferation of HGC27 and AGS cells analyzed by CCK-8 assay. C and D: Effect of DIAPH3 over-
expression on proliferation of SGC7901 and MKN28 cells analyzed by CCK-8 assay. E, F and G: Western blot analysis of expression of cyclin D1
in HGC27 and AGS cells after interfering DIAPH3. Expression levels of cyclin D1 were normalized to GAPDH. H, I and J: Western blot analysis of
cyclin D1 expression in SGC7901 and MKN28 cells after over-expressing DIAPH3 and interfering cyclin D1. Expression levels were normalized to
GAPDH. L and M: Effect of DIAPH3 over-expression and interfering cyclin D1 on proliferation of SGC7901 and MKN28 cells analyzed by CCK-8
assay; *: P>0.05, compared with each other; **: P<<0.05, compared with each other

25 DIAPH3EZIEMT{R i BEMERTERESR
YR AL & 59256 Fltranswell/N 28 SE5G 245 H i
N, ST, si-DIAPH34IHGC27
MAGSYI M IT R AR 2R B & T %
(P<0.05) ; SXIHEZIAHIL, DIAPH3: R A4
SGC7901 FIMKN284H Jfd (1) #% FIZ 24 M BE 1134t
R (P<0.05) o EMT/2 I 7 3 U5 i i o7 4
MIARAHR B R B B AR Yol i, AEiX—
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WIAERE . =7 IR Mgt 40 0 &/ S 114 7 6 ) o
B AT — 4538 15 Western blot 324845 TEMT
PR AT FRL, 2R ER, SXTRAMLL,
T4 DIAPH34IHGC27FMAGS 4 Jifi ' E-cadherin
HH TR R EH S, N-cadherinfllvimentinfg
Rk B Z R (P<0.05) 5 S5XFRAM
v, DIAPH3t#iAZHSGC7901 FIMKN28 4 fifg

HE-cadherinfE [ i 7535 0 F PG, N-cadherin
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Fig. 4 DIAPH3 promotes the migration capacity of gastric cancer cells

A-D: Effect of over-expressing DIAPH3 and interfering vimentin detected by Western blot and RTFQ-PCR. E-G: Effect of interfering DIAPH3 on
migration of HGC27 and AGS cells detected by the wound-healing assay. H: Effect of over-expressing DIAPH3 and interfering vimentin on migration
of SGC7901 and MKN28 cells analyzed by the wound-healing assay; *, **, ***: P<(0.05, compared with each other
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Fig. 5 DIAPH3 enhances gastric cancer cell invasion

A: Effects of interfering DIAPH3 on cell invasion of HGC27 and AGS cells detected by Boyden chamber assay. Morphologic comparison of cells
penetrating the artificial basement membrane was shown. Scale bars represent 50 mm. B: The number of invaded HGC27 and AGS cells was
measured under the microscope. C: Effects of DIAPH3 over-expression and interfering vimentin on cell invasion of SGC7901 and MKN28 cells
detected by Boyden chamber assay. Morphologic comparison of cells penetrating the artificial basement membrane was shown. Scale bars represent
50 mm. D: The number of invaded SGC7901 and MKN28 cells was measured under the microscope; *: P<0.05, compared with each other
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A-C: Western blot analysis of expressions of E-cadherin, N-cadherin, vimentin and DIAPH3 in HGC27 and AGS cells after interfering DIAPH3.
Expression levels were normalized to GAPDH; D-F: Western blot analysis of expressions of E-cadherin, N-cadherin, vimentin and DIAPH3 in
SGC7901 and MKN28 cells over-expressing DIAPH3. Expression levels were normalized to GAPDH; *: P>0.05, compared with each other;
**: P<0.05, compared with each other; ***: P<<0.01, compared with each other
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