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R 7). RPMI-1640 $5 5373k DMEM #5511 H
DUZEYE R PHAT PR 27 5 JIG 45 L3 W B 22 [ Gibeo
3 3 B sl GR & AT SYBR Green 1 § 3 [ Ther-
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1.5.1 %4 F % 48545 R M (reverse transcription . siRNA #4JF4 8 :5'-CCUACUGCAUAGAACCA-
#&1 PCR3I¥FFIRRE &4
Tab.1 PCR primer sequences and reaction requirement
Genes Primer sequences (5'-3") Annealing temperature (°C) Cycle (RT-PCR)

hsa_circ_0002938 ( divergent )

hsa_circ_0002938 ( convergent )

GAPDH

T = === =

: TGTCCCGCAATAACAGCGTA
: GTGATGATGGTTGGTTCTATGCAG
: TGGAAACGCACCCACTTACA
: TAGCACTTTGGGCATCGGTT

: TGATGACCCTTTTGGCTCCC

55 30
55 30
58 22
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ACTT-3" (1E [n] ) A1 5'-GUUGGUUCUAUGCAGUAG-
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GUCACGU-3" ( IE In] ); 5'-ACGUGACACGUUCG-
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K 2 90% Filt GIRAS I, FHTCH 200l B30 Sk 7E 40
ff b ) 3 A5 H 2k, TG PBS PRIk 3 1, Z:bRilE
BN, I 3k TG ML 3 B FE Rk S B FE A TR
R 0,48 h FEZSGAIE s F (< 100) UL A
Fo sl B DL IF A . SR PR o B ) e ) I 9
AL TR MRS R

1.5.6 Transwell 52354 M| hsa_circ_0002938 *+ &
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#r W1t circBank .miRanda FlI starBase % /2 Tl
A BE 5 hsa_circ_0002938 #H 454 19 miRNA, F] i
TargetScan (4% WUl 5 miRNA 255 9 T i 48 5k
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FIH Cytoscape B4 X 145 W9 25 - 45 AT WAk . 3 —
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miRNA $EE P T GO Fl KEGG {55 & #5001, )

A0 TN 3 R 1 AR 2= T R, I8 ggplot2 ™ 40 %
iR AT .

1.6 Zit=41 R SPSS 26.0 fl GraphPad
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i FLJy 2255 PR T R DL B + ARiE 2 R X
KB 734 hsa_cire_0002938 357K -5 £ 1l A
FRRRAE A4 AH S 5 19 4[] 22 5 LU AR FH B ST AR AR o
K s A= A7 23 B R JH Kaplan-Meier 15, 20 [A] AR 7 32 1Y
BRI Log-rank #5465 22 A R 73 A2k FH Cox F 5 X
B Al ARETE DL P <0. 05 &S Gt X,

2 HR

2.1 hsa_circ_0002938 7f B/ AL FMF IR
3% hsa_circ_0002938 fyJEAS KL CRIMI [9%5 8 ~
13 SN TR ) B 0 1, Sanger I FEB64IE T H R4k
SN (1A (B) o ffi RS 908 34 B, cDNA
FEAS e DU B PR AR B SR AR, i gDNA FEAS ok DL 4™
By LM SR AR S T B BT, cDNA AT gD-
NA FEAL AR U 2434 795 (B 1C) |, B A 5%
A FEAR RNA 51438, RT-gPCR Kl | 45 i
B L 2 R SR 4 4 P hsa_cire_0002938 [ 3235 7K
S GER R, BRH L hsa_cire_0002938 ik /K-
EFESEIL(1=12.97, P<0.01,[& 1D) ., 7£4 £
41 i & (SGC-7901 \BGC-823 \MGC-803 1 HGC-
27) "1, hsa_circ_0002938 At Ze ik /K-35 i Fak A= b A
B RO R4l GES-1(P <0.05,[8 1E) , £5 |- hsa_
circ_0002938 7t 5 Ji5 41 2L F A0 i A (1) 32 35 .3 T
PR T e B R A R R b R R

2.2 hsa_circ_0002938 Rtk FS5EEEEIRRK
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0002938 [~ 33) K K PAE Jy 3 L6 ¥ 1R B o1
hsa_circ_0002938 =ik 2 AR F B 4L, AH G 43
Wréts 5 @R, hsa_cire_0002938 & % ik 5 TNM 43
(P=0.013) Flibk L 455688 (P =0.002) AHC, T 5
PEG (P =0.371) AEH (P =0.736) i HAZ(P =
0.096) fiisEg # A7 (P =0.689) LI (P =
0.098) ., Lauren 43 % (P =0.384) }x HER2 (P =
0.655) Fh T i H MK, W 2. BAF W as R
BN, 5RER KA A E, hsa_cire_0002938 15 ik 4
FE Y 2 AR JCE R A A7 )R] B g 4 e, B AL ) 22 5
A5 %3 X (Log-rank test; P =0.009;[&2), LA
E R UL B4 hsa_cire_0002938 &£k
BETE A RAHK,

2.3 CoxXpmIFRB L HENH LI HKCox
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Fig.1 The expression of circular RNA hsa_circ_0002938 in gastric cancer

A: Schematic illustration of the hsa_circ_0002938 formation from the CRIMI gene in the chromosome; B: Sanger sequencing was utilized to certify

the back-splicing junction; C: Identification of hsa_circ_0002938 in SGC-7901 by RT-PCR; D: Relative expression of hsa_circ_0002938 in 45 cases of

gastric cancer tissue and paired normal adjacent tissues; E: Relative expression of hsa_circ_0002938 in different gastric cancer cell lines and immortalized

human gastric mucosal epithelial cell; a: GES-1 cell; b: BGC-823 cell; c¢: SGC-7901 cell; d: MGC-803 cell; e; HGC-27 cell; P <0.05, " *P<

0. 01 vs GES-1 cell;#P <0.01 vs para-cancer group.
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Fig.2 Relation between hsa_circ_0002938 expression and

the prognosis of gastric cancer patients
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7901 F1 BGC-823 4y H, 43754 Y4 siRNA-hsa_circ_

0002938 F1 si-NC, RT-qPCR 45 5 7k, siRNA 4] rf

hsa_ circ _0002938 FE Ak T si-NC 20 (¢ = 6. 648,
7.253, P<0.01,[& 4A) , 21 hsa_circ_0002938 1
B AN P BB R, CCK-8 S 25 B oR, 5
si-NC 4HAA L, B hsa_cire_0002938 J5, SGC-7901
1 BGC-823 4IHI7E 48 72 .96 h i W W JE 1
ERRAL, ZR A G FRE X (P <0.05 5 P <0.01,
K 4B .C) , F K hsa_circ_0002938 A] i ] & I
3 BRI T o
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Fig.3 Forst plot of multivariate Cox risk regression analysis

of gastric cancer patients
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Tab.2 Correlations between hsa_circ_0002938 expression and clinicopathological characteristics of 45 gastric cancer patients[ n( % ) ]

Expression of hsa_circ_0002938

Clinicopathological features n High Low X value P value
Gender 0.799 0.371
Male 28 17 (60.71) 11 (39.29)
Female 17 8 (47.06) 9 (52.94)
Age (years) 0.114 0.736
<60 19 10 (52.63) 9 (47.37)
>60 26 15 (57.69) 11 (42.31)
Tumor diameter (cm) 2.779 0.096
<5 23 10 (43.48) 13 (56.52)
=5 22 15 (68.18) 7 (31.81)
Tumor location 0. 161 0.689
Gastric fundus/body 21 11 (52.38) 10 (47.62)
Gastric antrum/ pylorus 24 14 (58.33) 10 (41.67)
TNM stage 6.161 0.013
I +1 20 7 (35.00) 13 (65.00)
m 25 18 (72.00) 7 (28.00)
Histological grade 2.732 0.098
Well/Moderately differentiated 16 7 (43.75) 9 (56.25)
Poorly differentiated 29 20 (68.97) 9 (31.03)
Lymph node metastasis 9.375 0.002
Negative 18 5 (27.78) 13 (72.22)
Positive 27 20 (74.07) 7 (25.93)
Lauren classification 1.914 0.384
Intestinal type 19 7 (36.84) 12 (63.16)
Diffuse type 14 8 (57.14) 6 (42.86)
Mixed type 12 7 (58.33) 5 (41.67)
HER2 0.200 0.655
Negative 36 19 (52.78) 17 (47.22)
Positive 9 4 (44.44) 5 (55.56)
A L5F 7 si-NC B SGC-7901 C BGC-823
si-circ0002938 ° 8r -e si-NC © 8r —e si-NC
_§ T; & si-circ0002938 TE = si-circ0002938
2 1.0F o 6F o 6fF
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= E E
cIN - I
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4 BHAE hsa_circ_0002938 i & 2 40 B 7 A 1 B S0
Fig.4 Effect of knocking down hsa_circ_0002938 on cell proliferation of gastric cancer
A: The knockdown efficiency of siRNA was measured by RT-qPCR in SGC-7901 and BGC-823 cells; B, C: Effects of hsa_circ_0002938 knockdown

on the proliferation viability of SGC-7901 and BGC-823 cells; * P <0.05, ** P <0.01 vs si-NC group.

FE L, B A% hsa_cire_0002938 J5 SGC-7901 #1 BGC-
823 AT B R (1 = 14. 02, P=0.000 2; ¢ =
15.35, P=0.000 1), ULIE 5A,

Transwell iF 8 FIZ 22 L5 25 R B R, 5 si-NC
ZHAR L, @A hsa_cire_0002938 J&5, SGC-7901 4 g

FRIE A% A0 it 501 =2 2% 40 5038 sk 2 (¢ = 10. 03,
11.17, ¥ P <0.01) ; [f#¢, 2 BCC-823 i rh . i
{I% hsa_circ_0002938 £ 1) 41l iy 25 5 K4 B i /D F si-
NC41(t=9.47, 6.91, ¥ P <0.01, [& 5B), LJ
b S5 UL i iGhsa_cire_0002938 1] #1jl il '5 i 4H
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Fig.5 Effect of knocking down hsa_circ_0002938 on cell migration and invasion of gastric cancer

A Effects of hsa_circ_0002938 knockdown on the migration activity of SGC-7901 and BGC-823 cells x 100; B: Effects of hsa_circ_0002938

knockdown on the migratory and invasive abilities of SGC-7901 and BGC-823 cells x200; ** P <0.01 vs si-NC group.

ML) R AR 2B HE T
2.6 hsa_circ_0002938 S 5 EEH R B EN &
F) FH cireBank , miRanda Fl1 starBase % #i£ JZ T
hsa_circ_0002938 W] GE 4% 4 /Y miRNA | i@ i Venny
BB A £, f 1% ) hsa-miR-342-3p FlI hsa-miR-
503-5p {F ¢ 1% miRNA (& 6A.B), il i Tar-
getScan (4 7 FR I miRNA ] 45 (1% 1 i 48 56 [, OF:
FIH Cytoscape X444 i hsa_circ_0002938-miRNA-
mRNA TAER %5 ([ 6C) . KEGG M1 GO & £ Hr
45 R 7R hsa_circ_0002938 TN 4L KL [H] 5 Z2 Rl e
AHIC AR T 22 2 s AL £ 1 8 ( MAPK) (Hippo X
Lo Wnt {5538 % 255 A0 5C (18 6D) , Hal fEZ 5 1E 1%

P A AE A R 2 T LA R 8 22 R T A TR
B 1 5 2 Fh AR )27 T RE (8] 6F) .
3 iFig
T T AR R A SRR BE R 1 S B
AT IR N DS A B B K o fR T2 2
MR SRR R, SRS B IRIZ I C o TP, B
ARG S R M e R e, e 822 . B,
TRAFZ Y 9o AL A0 R e b OB R 28 43+, 4R
TR R S AU A VR T A e B B
circRNA V2 —2#8 Hy Sz 1) 59 432 7 A= 1 4 5k 9 U5
PEAE SRS RNA  HUR 9 PR AR 2540 i A 40 v B
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Fig.6 The interaction network of hsa_circ_0002938 and its functional enrichment analysis

A; Intersection of the databases of circBank ,miRanda, and starBase; B: The predicted binding site between hsa_circ_0002938 and miR-342-3p/
miR-503-5p; C: The regulatory network of hsa_circ_0002938/miRNA/mRNA ; D: KEGG enrichment analysis of the miRNA target genes; E: GO enrich-

ment analysis of the miRNA target genes.
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The expression and function of circular RNA

hsa_circ_0002938 in gastric cancer
Li Xiaopeng'”, Liu Sihan®, Zhao Yijie*, Li Shumei’, Yin Xiaolei'
('Dept of Gastroenterology , >Dept of Medical Records, *Dept of Radiation Therapy,
*Dept of Gastrointestinal Surgery, The Fourth Hospital of Hebei Medical University, Shijiazhuang 050035)

Abstract Objective To investigate the expression and biological function of circular RNA (circRNA) hsa_circ_
0002938 in gastric cancer. Methods 45 pairs of tumor tissues and para-cancerous tissues from gastric cancer pa-
tients who underwent tumor reduction surgery at the hospital were collected. Human gastric cancer cells SGC-7901 ,
BGC-823, HGC-27, MGC-803 and immortalized gastric mucosal epithelial cells GES-1 were routinely cultured.
RT-qPCR was utilized to detect the expression of hsa_circ_0002938 in gastric cancer tissues and cells. Chi-square
test was used to analyze its association with the clinicopathological characteristics of patients, and the Kaplan-Meier
method was employed to assess the relationship between hsa_circ_0002938 expression levels and patient prognosis.
The effects of hsa_circ_0002938 on the proliferation, migration and invasion abilities of gastric cancer cells were
detected by CCK-8, scratch wound healing and Transwell assays. Bioinformatics was used to predict the miRNA
and its downstream target genes that hsa_circ_0002938 might bind to. The competitive endogenous RNA regulatory
network was constructed and the functions of the target genes were enriched. Results The expression of hsa_circ_
0002938 in gastric cancer tissues and cells was much higher than that in para-cancerous tissues and GES-1 cells (P
<0.05). By contrast, patients in the high hsa_circ_0002938 expression group had significantly shorter 2-year pro-
gression-free survival than that in the low expression group after surgery (P <0.01). Moreover, knocking down the
expression of hsa_circ_0002938 reduced the proliferative, migratory, and invasive abilities of gastric cancer cells
(P <0.05). Bioinformatics predictive analysis showed that hsa_circ_0002938 could bind to hsa-miR-342-3p and
hsa-miR-503-5p. The downstream target genes of miRNA were involved in several cancer-related pathways, like
mitogen-activated protein kinase ( MAPK) , hippo and Wnt signaling pathway. Conclusion Hsa_circ_0002938,
which is highly expressed in gastric cancer tissues and cells, is closely associated with poor patient prognosis.
Knockdown of hsa_circ_0002938 inhibits the proliferation, migration, and invasion abilities of gastric cancer cells.
The study reveals the potential role of hsa_circ_0002938 in the progression of gastric cancer, offering new insights
into its prevention and treatment.
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