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Preliminary screening and analysis of differentially expressed circRNAs in
esophageal squamous cell carcinoma

ZHANG Dehai', FU Zheng?, WANG Jian', WANG Guojun', HUANG Junxian', CHEN Xi* (1. Department of Thoracic Surgery, Jintan
Hospital Affiliated to Jiangsu University, Jintan 213200, Jiangsu, China; 2. College of Life Sciences, Nanjing University, Nanjing
210023, China)

[Abstract] Objective: To construct a circRNA profile of esophageal squamous cell carcinoma (ESCC) and analyze differentially
expressed circRNAs. Methods: Samples were taken from 3 patients with esophageal squamous cell carcinoma who were hospitalized
in the Department of Thoracic Surgery, Jintan Hospital, Jiangsu University from June 2018 to February 2019. The circRNA expression
profile was constructed by high-throughput sequencing technique, and the circRNA differentially expressed in 3 pairs of esophageal
squamous cell carcinoma tissues and adjacent tissues was detected. The biological functions and related signal pathways of these
circRNA were analyzed by GO and KEGG techniques. Results: By comparing the expression levels of circRNA between esophageal
squamous cell carcinoma and adjacent tissues, 905 differentially expressed circRNA were found, of which 404 were up-regulated and
501 were down-regulated. hsa_circ_0004390 was the CIRC RNA with the highest up-regulation factor (FC=7.9712), and novel circ_
0012687 was the one with the highest down-regulation factor. GO and KEGG analysis showed that these circRNA may be involved in
biological processes such as cell cycle, cell components and protein binding of cancer cells, and signal pathways such as Hippo and
cGMP-PKG. Conclusion: The expression profile analysis of circRNA in esophageal squamous cell carcinoma showed that the signifi-
cantly differentially expressed circRNA could be used as a potential biomarker of esophageal squamous cell carcinoma.
[Key words] esophageal squamous cell carcinoma; circRNA; differential expression; biological function; high throughput sequencing
[Chin J Cancer Biother, 2020, 27(9): 1012-1017. DOI: 10.3872/j.issn.1007-385X.2020.09.008]
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I, SR A8 A 2O 0% 2R FL2 W ESCC /94> s
W RN IR PR B ST ) S, PROR RNA (circular
RNAS, circRNAs) A& —JE A5 5/ 33ty [ FR 55 A7 (4]
G HRFE LD T, O ARE T N & Rt e,
KR RIFYER B, circRNAs 2 55 1 6035 & Ff b 8
TE 9 22 B N 2959 1 R IR MLHIEY. cireRNAs 1) =1
FesE 1 v B A2 2Ry S 1 R A SR A AR
TR B FAEAE R AR W hs &4 5 TH ) B
3. AR i vy 18 5 Y B R AL 8 ESCC [ cir-
cRNA #F ik il , # & circRNA 1E N 4E Wb £ 108
AE , LA AR IR X ESCC o3 # LI 1 R A% , 58 47 o xS
HAEAT WA o

1 MR5EE

11 AR %

W4 2018 4F 6 H %2 2019 4 2 A fEVLI7 K2 Mg
Iz R B i A BHE B iR T 3EAT ESCC TR 3 i i
098 e B e 55 R R, SR e 55 AH 43 PR B IR i 4 K
T 5em. REFILEE TRAHLARERNEAFE
H, CRAFAE-80°UKAE N« B B3 HORE A AT Al Y
o3 B 2212 A4 L 2 B 2017 4F [ B pi s ¢ B2 (Union
for International Cancer Control, UICC) 13 [F] i J7 Fé
£ 2> (American Joint Committee on Cancer, AJCC) 2
8 W B i TNM J3 I b v 7l 5 e TNM 234 g
B NFNHEBR bR A < o3 A B AR AT T8 2 s R 20t
JRT ALY S i . B G HAh R e A S 5 B E A
RIS 5 S8 T3 TS I B A2 5 30 39 P9 AR A5 FH A 5% 4
AR . I TT RIS T R WA R OF
HARENTI R ZHE & In BRI E R 2
fLAE
1.2 ¥ATllumina # R M 5> 3% BL ESCC 48 £2 circRNAs

1 3% ESCC HZAMAR &1 55 L LM A < i
A RAE B 5 K UK 8 ia 22 b 50 v R B0
BHEA IR A 7 9258 =, 2461 A 7] 4T circRNAs /5

WEWT . FEA IS I8 AR AF 2 BRI RS 00 1 B gk
1T o ABFFEEE T Mlumina B2 M 71 & FH XK i
W 7 (paired-end) 1 77 7% , AN HE 43 BT & %1 1 cir-
cRNA , F g3k 159 ¥ 1 circRNA, it — 45 = & ESCC
Y cireRNAs RIL T
1.3 A9 850

Mo I 6 2 53 R K ) cireRNA BT 1 3 R A4k 43
T (gene outology , GO http://www.gene ontology.org)
T 3 [R5 PR A R4 543 AT (Kyoto encyclo-
pedia of genes and genomes , KEGG; http://www. ge-
nome.jp/kegg) « GO ‘& £ 7 M J7 1% H SR 4 A= W Ak
b DR (A S SR B A R L 4 s 53 R )
TIREEIE . loglo(pE)R/RGO K HEHEE ™
A2 72 3RIA cireRNA FH G EE R (1) 2 7 1% . KEGG 4
T = A2 22 57 3R I8 cireRNA 1) 73 FH ELAE A s B [
AT
1.4 circRNA &9 §f it A= 2 St & A5 H7

{8 H find_circ F1 CIRI2 P F 4 /4 % circRNAs #f
AT Y5 X 03K 45 52 cireRNAs 1945 AT & 9F
KD RFH M . H TPM (transcripts per million) X %
FEACH E AT HT cireRNA [P R IE =T IH— b Ab B,
M 7 5 £ 50 (fold change, FC) fI# 1E J&5 1 2 3 7K °F
(padj/qvalue) PJ > 7K P 34T PEAlT , Xf 22 57 circRNA
1T 2 6 NHLEAAG LY F EH G, {8 H pad)
<0.05 i % circRNAs; 24 6 MHIUEA T ALY 27 8
S, % qvalue<0.01 #llog,FC>1 fiffi i »

2 %R

2.1 EHBEFeHE R RE L

AR ILAEZE T 3 4 BB BRIk B %, B
HWHEAE O GR DT CUE &, B2 6 2t
141, FE RS TE L D 63~71 %, AL A% 66.7 5« FEE Y
SNT2 3.

#1 ATEEENFBRENERIRAER

Tab.1 The basic clinical information of patients for high-throughput sequencing technology

Age Gender  TNM staging Tumor location

Degree of differentiation Pathological type

71 Female T2N1MO
66 Male T2NOMO
63 Male T2NOMO

Middle segment

Middle segment

Middle-lower segment

Low Squamous-cell Ca
Medium-low Squamous-cell Ca

Low Squamous-cell Ca

2.2 circRNA M| 5 #4698 £ 947
TR (- DA T B AEFEA RGN ILHE
FKIEHFFIE . circRNAs ik & E H Abr £~ , WA

BB AR IRNRE B NMEZRH K. 5K —
MNHBREAR, B — 47403 — circRNAs. 45 5 TR
72 T RIE M circRNAs GE [X 71| ESCC ¥ 2H 241 AH 4T 1

are
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Note: Based on the cluster analysis of logl0(TPM+1)

ET: ESCC tissues; AT:adjacent normal-appearing tissues
1 ZRFKIA circRNA B LD E
Fig.1 Hierarchical cluster of differentially expressed circRNAs
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ET: ESCC tissues; AT : Adjacent normal-appearing tissues
2 ERFIA cireRNAs B AL [E
Fig.2 Scatterplot of differentially expressed circRNAs

2.4 % B & circRNAs 89K Z 5

X HhAR 3 circRNAs K B 1 o0 A, y SlARER
6 NANFEIFIFEA , z 5AC R circRNAs £ H , K E A
CBE 3) v a] WK #5843 cireRNAs #5435 A7 76 0~20 000 4>
AT R K B 2 ]
2.5 ESCCALF £ % ik 89 circRNAs

BN I AR E « 24 6 ANLSUREA 1 4 23 By

HAEY)#E LR, 8 F padj<0.05 Kk circRNAs ; 24
6 N ZIREAR T A W - E R I, i A qualue<0.01 1
log,FC>1 K 0fiik . {8 FH LA b Aw v i il Fr 2 i
R I 905 A~ % 7 KL K circRNAs, H Rk _FiAR)
B 404 A VRIEH T A 501 4. X7 FRIEM
circRNAs K732k B T 40 & 7 87 42, Ho bl 10
fir 2 15 I ) circRNAs & 5 10 2 32 75 T I8 1)
circRNAs I, % 2. H 7 hsa circ 0004390 & I i

circRNAs HRIA R K (FC=7.9712) , novel_circ

0012687 #& F i circRNAs 1 3 1A 1% % & K ) (EC=
5.8796).

The distribution of length in per 5 000 nt

ET:ESCC tissues; AT : Adjacent normal-appearing tissues
3 E2FKiK cireRNAs K ESHRE
Fig.3 The length distribution of differentially

expressed circRNAs
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H5r 1 CC3 o0 T IhfE : MP) , AL KR NTERE B iZ ARAE R
KU ke R ) A 5 B AN B o ke I 5 IR S ) B A
KEGG 45 % (B S Fin , PR on (5 5l % 2 FR, 1
RN E A, B IR /NGRS I 38 % AR R Y 3 PR AN
2/, mEER AR qualue TEH . 75 GO 7
MrHh, ESCC H Z 55 3R 12X B circRNAs 5 41 iy & 31 .
B4 7y B E 45 A A 0% . 7E KEGG 1@ #% 7
H1, ESCC 1 2 53 % A [ circRNAs 5 Hippo 15 5 il
#% . cGMP-PKG 15 5 il i FI 45 B8 715 5 1 % 25 i i
HX.
3 g

circRNAs J& — K7k 1) E 4 i RNA 42 1, 73 1
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B E PRGN, A Z RNA SN EERE W, RIE TR
5E » NGy BEMRS . UT4E K cireRNAs I FIALHI L2
KM, o EEM IR R 2 B EY P
it 2 49 /N RNA (microRNA , miRNA ) ¥ 45 (I 7E H .
circRNAs & 7 miRNA Z5EAL e, B AR 7 7 miRNA

254, HET AR R miRNA X HLHE L A 4 11 T, A2
ST O #E A DR AT R 2. cireRNAs £E i &
fIfE A2 T2 %0, BT 2 A7 ) IE circRNAs £
fiirfEt o B SR R RIE SR 2 5 TR Z
T AW 22 Th e -

%2 ESCCALAHFTIL LFMTEBKEAIET 101 circRNAs
Tab.2 The top 10 upregulated and downregulated circRNAs for ESCC

Upregulation circRNA Log,FC Chromosome Downregulation circRNA Log,FC  Chromosome
hsa_circ_0004390 7.9172 chrl novel circ_ 0012687 5.8796 chrl6
novel_circ_0032733 7.1067 chr3 hsa_circ_0073222 5.8705 chr5
novel_circ_0024471 7.0489 chr21 novel_circ_0031240 5.6521 chr3
hsa_circ_0057123 6.8441 chr2 novel circ_ 0027846 5.4361 chr2
hsa_circ_0063865 6.6923 chr22 hsa_circ_0058773 5.4087 chr2
novel circ_0026808 6.4316 chr2 novel circ_ 0046536 5.3536 chr9
novel circ_ 0035252 6.3692 chr4 novel circ 0021318 5.3019 chrl
novel circ_0026352 6.3195 chr2 hsa_circ_0002339 5.2153 chr7
novel circ_0024480 6.1833 chr21 novel circ_0025171 5.1742 chr22
novel_circ_0026918 6.1594 chr2 novel_circ_0001981 5.1707 chr10
Enriched GO terms
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Fig.4 Histogram of GO terms of circRNAs target genes
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H A ESCC 5 circRNAs i #f 72 1t &b F 2 25 B
B AR BRI 2. KH4) circRNAs 7E ES-
CC  RAFFRANF I FERIEH , Wihsa_circ 006793412,
circ-DLG1™ . circRNA _100876"* .  circ-PRKC",
circFNDC3BUSFIFRAR-TTBK2!"/E ESCC g 4 41
2 IEKT i e T ESCCHIRAEMEE. thE
—#4) circRNAs 7£ 8 B i K F5 I B2 RAE H
i cir-ITCH™. ¢irc0043898!" /1 hsa_circ_0030162" 7%
ESCC i 2 2 3Rk 7K1 S 35 AR 98 55 2 21, #0076
T ESCCHIRARMKIE. MRS, L XN
circRNAs FIESCC Z [AlRIPARfE 1 1KH5 , v circRNAs
YENESCC 7 FAEWhs EWFRAL T SLI0AKHE -

Statistics of pathway enrichment

‘Vascular smooth muscle contraction |
Ubiquitin mediated proteolysis 4
Tight junction -

Thyroid hormone signaling pathway +
Small cell lung cancer-
Phosphatidylinositol signaling system + Q value
Pancreatic secretion - W 100

Lysine degradation +

Insulin signaling pathway -

Insulin secretion 1

Hypertrophic cardiomyopathy(HC) - Gene number

Hippo signaling pathway - -3
Gl b droitin sulfate/dermatan sulfate - -6
Dilated cardiomyopathy - ®9

<¢GMP-PKG signaling pathway - e12

Cell cycle+

Calucium signaling pathway +

Arrhythmogenic right ventricular cardiomyopathy(ARVC) 1
Adrenergic signaling in cardiomyocytes 1

Adherens junction 7

0.080.100.120.14

Rich factor

E5 KIFEEKEGG EEA=E
Fig.5 Scatterplot of KEGG terms of circRNAs target genes

N T RN FL ESCC 45 cireRNAs [ 0B, -4
5 ESCCiZ WA Tl A 5% f4 circRNAs , AN 78 M =1
8 52 T+ AR A i ESCC 41 SURIAH 415 IF 55 41 41
(IFC KT RE AR, #4987 ESCC cireRNA ik i, L& I
T 905 /™ 5 R IK Y circRNAs, H /404 A~ F A F
501 MRIET M.

hsa_circ_0004390 /& I i circRNAs 77 3R 15 5 4
B KM circRNAs(FC=7.9712) , JLhi T 1 5 etk , ok
PR T IR M R 52 44 &£ [A] (lysophosphatidic acid re-
ceptor 3,3LPAR3) . W MR =5 £ Fh A4 5 it
T2, AT RE S A M L A AR 280 %, i@ It 6 FhAS [+
) I I T e TR 52 A T A R s A T R R BV
Tl NE R i ik LPARS g ik 11 Jizs 6% bR oo 40 B (1) 3T 7%
novel_circ_0012687 5& T I circRNAs H' % 1A i # i
K ) circRNA (FC=5.8796) , hi. T 16 5 4+ fu A , K F
T WUER &5 B 8 11 2 K (smooth-muscle myosin
heavy chain, MYH11) , % i~V 1 LVLER 5 1 EE 4, J&
TAEGUERE AFKE. MYHIEKRIE S S B e 1
Ja AN R R, LA FE N Hsa cire_ 0004390 nov-
el circ 0012687 50 ESCC & A=k 441t T iEYE .

GO 73 MR Bl 2 R K IA 1 circRNAs 5 41 g T g
%, B ESCC 5 circRNAs FIHF 7T BT At (1 40 g
Dfe SIS IE 71X — WM A, $ o o] DLt — B AE
S H PR 1K 2 circRNAs 1T A . KEGG 70 HT R
X E circRNASs [ AH I8 B 59 iE A ¢ . L i Hippo

5 R A AR KN B KN TR R
BEAVEF, 500 REZH BRI 255 22 Bl R A 0% .
J& 1 ESCC 5 circRNAs [ 5t & 4 K B circRNA
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