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KEGG(Kyoto Encyclopedia of Genes and Genomes) i 47T, AFUMDECsH TR, i — /2@ B Az TAERE
TEM 2R il circRNA_051778 02 WM., &8 circRNA_051778/F kK EAELA-MPEREZA th 7 (3.92+0.48) ¥ DL %/
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[ Abstract] Objective To investigate the expression and clinical significance of circular RNA (circRNA) 051778
in lung adenocarcinoma-malignant pleural effusion (LA-MPE) and tuberculous pleural effusion (TPE). Methods This is
a cross-sectional study. A total of 212 patients were recruited from the Jiangxi Chest Hospital between October 2018 and
September 2019, and their pleural effusion samples and/or plasma samples were collected. The exosomal circRNA profile
was sketched by circRNA microarray. Differentially expressed circRNAs (DECs) were verified by droplet digital PCR. In
addition, a putative circRNA-miRNA-mRNA network was constructed, and Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analyses were performed to predict the functions of the DECs. The
diagnostic value of circRNA_051778 was evaluated by binary logistic regression and receiver operating characteristic
curve. Results The expression level of circRNA_051778 in the LA-MPE samples was (3.92+0.48) copies/100 ng cDNA,
while that in the TPE samples was (21.53+2.22) copies/100 ng ¢cDNA. Compared to that in the TPE samples,
circRNA_051778 was significantly downregulated in the LA-MPE samples (P<0.001). The potential targets of
circRNA_051778 were enriched in positive regulation of GTPase activity, cytoplasm, protein binding, and cancer-related
pathways. The area under the curve (AUC) for the combined assessment of circRNA_051778 with liquid-based thin-layer
cytology (TCT), erythrocyte sedimentation rate (ESR), and tuberculosis antibody (TBA) was 0.98 (95% confidence
interval: 0.97-1.00), with the sensitivity being 88.0% and the specificity being 100.0%. Conclusion Exosomal
circRNA_051778 is downregulated in LA-MPE. According to the findings from the GO and KEGG analyses, exosomal

circRNA_051778 may play a role in cancer development and has the potential to serve as a marker for differential
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diagnostic of LA-MPE and TPE when it is used in combination with TCT, ESR, and TBA.

[ Key words] Circular RNA  Exosome
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0.22 pm Mt g 1M 5%, 7325, B0 500 uL, PRAET-80 CYK
e
1.3 SMEERE

B B RYFEAS (PEFEAR7 mL, LI AEA500 uL) il
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100 nmol/L od#14J, 100 ng(PE) 850 ng( 1. ) cDNA. fii
QX200 Droplet Generator(Bio-Rad, 36 & ) A= ik,
i H & 4 20 uL mixF170 pL Droplet Generation Oil for
EvaGreen(Bio-Rad, SE[E ), K intifi % 2 96 LA 1, HI%H
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FOEMR S E%E TR T i Bio-Rad QX200 L HLA: I
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circRNA FHME R FEAR 43 5 5 9 9738 | 4lifbIf-32E4 7 Sanger
WF . HET ik se25 5, R Hdd-PCRAMHT A7 PEAILIN A
AHTDECsHIFE DU, MPCRAYIAR R EABI R 25 L, {4
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IER 5141 pLA110.5 uL cDNA, PCRZ/F495 °C 3 min,
SRIGTEYS C 155, 60 °C 15 sH172 °C 30 s, TEIR3SIK, Feki

72 “CHEAS min, FFXF 44y 4T Sangeril 7 o
L7 EMERFESH
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Discovery) Xy mRNAs#47GO(Gene Ontology) Al
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Table 1 The clinical information of the subjects
Index LA-MPE (n=100) TPE (n=112) p LA-MPE-P (n=15) TPE-P (n=15) P
Agelyr., Xts 62.16+15.86 48.05+21.10 <0.001 63.20+2.63 54.67+3.84 0.08
Sex/case (%) 0.16 0.43
Male 58 (58.0) 80 (71.0) 9 12
Female 42 (42.0) 32(29.0) 6 3

LA-MPE: lung adenocarcinoma-malignant pleural effusion; TPE: tuberculous pleural effusion; LA-MPE-P refers to the LA-MPE patients who provided

plasma samples; TPE-P refers to the TPE patients who provided plasma samples.


https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/
https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi
https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi
https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi
https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi
http://ophid.utoronto.ca/mirDIP/
http://mirwalk.umm.uni-heidelberg.de/
http://mirwalk.umm.uni-heidelberg.de/
http://mirwalk.umm.uni-heidelberg.de/
http://bioinformatics.psb.ugent.be/webtools/Venn/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/

B IR AMBAARSRIF ) circRNA_ 05177875 il iy P 5 1k oy flae B0 RN 485 b 1 o0 i R PP IO 3808 AR FAE R 1257

LA-MPEZ (100451)) v, T4l 5 UL (50.0% ), N2F
N3 Btk D25 e i 2, i hb % e 2 M 1b
(70.0%), M98 G LAV 9 F £(98.0% ) o LA-MPE-P4]
(15f) b, T28 . T4l 2 (3405/15), N2 R Be )itk T 25
R Z(10/15), M1aiZ AL i L% 55 (8/15), e
IR LIV G ok 3 (13/15), M ARRT R (2/15) (£2) o

®2 FRHEREHE
Table 2 The pathological features of the subjects

Index LA-MPE (n=100) LA-MPE-P (n=15)
Topography/case (%)

TI 20 (20.0) 1

T2 16 (16.0) 5

T3 14 (14.0) 4

T4 50 (50.0) 5

Lymph node metastasis/case (%)

NO 8(8.0) 1
N1 20 (20.0) 1
N2 28 (28.0) 10
N3 26 (26.0) 3
NX 18 (18.0) 0

Metastasis/case (%)

MO 2(2.0) 2
Mla 22(22.0) 8
MiIb 70 (70.0) 2
M2a 6 (6.0) 3
Grade/case (%)
I 0 0
il 0 0
m 2(2.0) 2
\Y 98 (98.0) 13

LA-MPE: lung adenocarcinoma-malignant pleural effusion; TPE:
tuberculous pleural effusion; LA-MPE-P refers to the LA-MPE patients who
provided plasma samples; TPE-P refers to the TPE patients who provided

plasma sample.
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2.4 cricRNAsRIXIE

LA-MPEZH HFRIC B cRN As 4 S i 1 G 123501 4
(7.43+0.08) pgf(22.13+0.24) pmol Cy3/ug cRNA, TPE4]
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cRNA. 3713 6171 circRNAsHI F ki, 7 6334
circRNAs /3 Z RN T 6 MEA BN [F] 2 1A A5 2 (B
[%S2). eAh, #HXF T TPE, LA-MPE 45236 circRNAs |
P, 214 TR (FFEIS3) o circRNA_406246 . circRNA_
100759, circRNA_025016. circRNA_012889F/IcircRNA_
10210114 I &k b 25, 4350 b R21.384% . 13.324% .
10.38175 . 8.7515 F18.691i%, TfiicircRNA_ 007850, circRNA_
400019, circRNA _051778. circRNA_004121F/lcircRNA _
4036581 F PR I ., 70 3 FJH2993.87%. 93.69%.
92.93%. 92.83%71192.95%.,
2.5 ERFRikcircRNAsHIIEIE

i dd-PCRFISangerill /¥, 7£131"LA-MPEFITPEFE
ARHEHIE T _FiR10-DECs9#5 DUEL. Ikt EIS4fis, 5
TPEFH Y, R A circRNA_0517787ELA-MPEH g 2 T 1724
86.6%(P<0.001), #E—27E212>(100LA-MPEA
L2 TPE) A R A TR, 45 R, circRNA_051778
MR IK K AELA-MPEFEA 128 (3.92+0.48 ) 5 DL %K/
100 ng cDNA, 7ETPEREA 1 7 (21.53+2.22) #% D1 %{/100 ng
cDNA (ZA4E I 5 P< 0.001) (K1) o LA, circRNA_
0517787 E il F 35 L5 rh kK- (0.961.16) ¥4 DA
50 ng cDNA, 7EMlZ5 A% 5 MK R (1.71£1.80) #5 D15k
50 ng cDNA. fili i 98 &8 & 19 1l A1 P E Hh i) S0 i 44
circRNA _0517787K-F-AHL(EI2A), izt 5 fIPEME A
HicireRNA_051778 131k b HAE 1M R FEA () 32 38 = 4 £
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circRNA_051775R 5161
Fig1 The expression of circRNA_051778 in 100 LA-MPE samples and
112 TPE samples
In the scatter plots, the straight line represents the mean. The abbreviations

are explained in the note to Tab. 1.
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Fig2 The expression of circRNA_051778 in matched plasma and PE
samples from the lung adenocarcinoma and tuberculosis groups

A, Exosomal circRNA_051778 level in the malignant PE and plasma

samples of lung adenocarcinoma patients. B, Exosomal circRNA_051778 level in

the PE and plasma samples of tuberculosis patients. In the scatter plots, the

straight line represents the mean. PE: pleural effusion.
(E2B).
2.6 circRNA_0517785¥BE E I ThRE TR

W52 2, circRNAs |4 miRNA R Z TG (MERs),
Al DME I miRN AR 2 4 478 I miRNA, #7957> 60%1
mRNAZKIA ., K, B4 K57 T circRNA_051778
AR circRNA-miRNA-mRN AR HAFE R4 . M 3
MERsH H. M7 FI 2, circRNA_051778 19 1] fig ¥ b
miRNA JmiR-6762-5p, miR-762, miR-4697-5p . iR-
4739 HImiR-4640-5p. circRNA-mi-RNAFHEAF FH 254
BFPEISS s o 45 R ok, A 5T 1] miRDIP Al miRwalk %X
P PEFIN_E A miRNA M FEmRNA, B A F 25 51 s,
miR-6762-5pf7 6 758 " mRN AR, miR-76247 11 653/1~4{
b5 miR-4697-5p/ 8 8821 #UhR . miR-473974 12 545~ #!
5. miR-4640-5pFH 9891 AR, X FIAmRNAMASAE 5153
2852 EmRNA (KFE[S6) o X s A mRN A AT
GOZIT, 43 T4 RE W AEY) i #2 (BP) F 2 5 % T GTPlE
TG RIE T | A5 S5 7 S MANR NS S5 5 A,
B AR R AN 2H 201, Jr T PR (MF) £ 8 E £ TR
FRZE A . A58 8 A 25 A I &R/ 70 2 R 2 B
PE. REBHmRNAEE T 57T, 922 M EmRNA R
ETEM D, Ml —E R mRNAE £ T 5 H B4
Ao EERTTIBP. 40415 (CC)RMMFUNFE3 iR .
KEGG/HMT iR, RS mRNAXT LY [H & 4 T3~
B, 234N R AR S R, AR OIS FARER

REfE5 . MR E S TIRIRME S . AMPKIF 5 A
PR AR 10 s A 13FPERREAH DT80 %, G4 /N A it 9
AR /INAH AR 9 s 65 4% AH O B 7 5 S b o i
FA™ 2 B AR 0 E R O LA LAY R R R S E
% IRBRAEZ M, M RAF 5 E . HUR IR (5
IR IE T80 [, TR 22 B30 PR o, 4R T R A AF OC 1) % o, T
1574~ 18 2 5 A Al B AN PRI 3R o
2.7 LHIMETER

ARBFSEPEAL T circRNA_051778 . 21 40 Jifg T 4 3
(ESR) . VLW 4l 2= 4 A (TCT) . 453tk (TBA) .
PR 2B (ADA) . ZLERI 2R (LDH) | 5FP e A= b
EHI(CA199, CA153, CA125, AFPFICEA) LUK ik )5
HERZEME . WE4FT/R, LDHIZWIMEA &, T
TCTHIAUCH0.88 (95%CI: 0.08 ~ 0.93), X 7 W] H ELA 4%
EiZ WA . Ak, circRNA_051778HJAUCH0.82
(95%CI: 0.76 ~ 0.87), SSESR, TBA, ADA., Ifil 7 =i ff i £
WP A= bR S AR LG, A A RIS W . Y RE R
1.74% U1 %2/100 ng cDNAR}, circRNA_051778 145 S 1l
URE S R 92.9% F143.0% . 24 3 (B4 N 51 20.48% DL £/
100 ng cDNART, BUEM: 5 599.0%, {H4F 7 AL
44.6%. ScircRNA _051778864 b JHIF, TCT. ESR.
TBA%S H A2 Wi B 53 5 i 42 & . TCT. ESRFITBA
HA G AUCH140.96(95%CI: 0.94 ~ 0.99), ScircRNA_
05177840 G )5, LI AR bR & B AE7E, AUCHE—L38 N
%20.98 (95%CI: 0.97 ~ 1.00), VU 6512 W AR Ak
SEPEST 51 488.0%F1100.0%, AL 470.250, 24 FUNIA%
FN0.9620F, FiFME A F100.0%, 1HHURM H40.2%.
circRNA_051778, TCT, TCT, ESRFITBAlK A, TCT,
ESR. TBAFlIcircRNA_05778Hk 4 IIROCHHIZE an Kl 47 .

3 it

PEZ AP B A1 T 8 UL A I ARE-AR, A48 B 1A
AN, pH. 4T HEL . LDHAE AT B Tis W, 1t
Sh, PEH MR A AR 9 . BUTBABUIAR MU . 454
FF B FITESRAGAS I AT LAAD 78X i il A& A0 2 K. R
M7, 33 SEAG A PR R AR I IR A I RS PER
F oG SR BRSO FE M T DAE SRl 25 4%, (HPERS 5%
YRR 1 o e PR Z6 AN 63% F155%") i RSy M
PRI AR PR AR R . miRNAP *HImRNAR
B4 A7 AR K P BT LA o Ay b 3R 00 B e g ) SR, D%
T B P AMMA cirE RN As IS W i U 2 B/

AT X il B Al 25 4% FR 2 T PEHR circRN As 635 1%
PEAT 43 M % B A X T TPEREAR, LA-MPEicircRNA _
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Table 3 The top 10 enriched biological process (BP), cellular component, and molecular function (MF) Gene Ontology terms for the 2 852 predicted

mRNA targets of circRNA_051778

Classification GO ID Term

Number of genes  Number of select —Ig (P)

Biological process

GO: 0007165  Signal transduction 2490 230 (5,10]
GO: 0043547  Positive regulation of GTPase activity 2490 135 (5,10]
GO: 0006468  Protein phosphorylation 2490 100 (2,5]
GO: 0035556  Intracellular signal transduction 2490 95 (5,10]
GO: 0007411  Axon guidance 2490 41 (2,5]
GO: 0007169 Transmembrane receptor protein tyrosine kinase signaling pathway 2490 28 (2,5]
GO: 0060291  Long-term synaptic potentiation 2490 15 (2,5]
GO: 0042177 Negative regulation of protein catabolic process 2490 14 (2,5]
GO: 0051968  Positive regulation of synaptic transmission, glutamatergic 2490 10 (2,5]
GO: 0021795  Cerebral cortex cell migration 2490 7 (2,5]
Cellular component
GO: 0005737  Cytoplasm 2638 922 (15,20]
GO: 0005886 Plasma membrane 2638 673 (2,5]
GO: 0005829  Cytosol 2638 587 (5,10]
GO: 0005654 Nucleoplasm 2638 478 (2,5]
GO: 0016020 Membrane 2638 395 (5,10]
GO: 0005789  Endoplasmic reticulum membrane 2638 163 (2,5]
GO: 0000139  Golgi membrane 2638 119 (2,5]
GO: 0016324  Apical plasma membrane 2638 68 (2,5]
GO: 0014069  Postsynaptic density 2638 47 (2,5]
GO: 0030027 Lamellipodium 2638 46 (5,10]
Molecular function
GO: 0005515  Protein binding 2492 1476 (15,20]
GO: 0005524 ATP binding 2492 276 (2,5]
GO: 0004674  Protein serine/threonine kinase activity 2492 86 (2,5]
GO: 0004672  Protein kinase activity 2492 78 (2,5]
GO: 005096  GTPase activator activity 2492 65 (2,5]
GO: 005516 ~ Calmodulin binding 2492 52 (10,15]
GO: 0005089  Rho guanyl-nucleotide exchange factor activity 2492 23 (2,5]
GO: 0003707  Steroid hormone receptor activity 2492 20 (2,5]
GO: 0017112 Rab guanyl-nucleotide exchange factor activity 2492 13 (2,5]
GO: 0008331 High voltage-gated calcium channel activity 2492 7 (2,5]

05177853 T iH . LKA, S5 EAEAA L, Il 4% 8 3
PEREAR HicircRNA_051778 /K-l & T i . WFFT W,
I S U e 7 i % A2 (5 30 a5 M3 o, AT AR 22 o S
5 2 0 A RE RN 5 ) Bz AN B 98 35, e 4T BORIA TR
F A, TR G B AT TR A4 B BB (6] Jg 4 i 7 A v K
FMMP-1, MMP-9., FI4HHIS 3 (IL)-8FIL-18, X LE[H ¥
S b MR ML 5 25 HE I 7 25 4% 1 PE Hh R T 21 11
circRNA_051778 = ZE 5 17 32 Jik 14 ffa ] iz 4t a2
circRNA_051778 KT L BE R KL 4 23 ] (BCAT2)

HAM T (chr19: 49298318-49303095) . BCAT2) 4 it 2K
HITE SCHE R IR (BCAA) A ARl iR A vh A 45 AR,
T 15 B 5 Az R B 5 28 40
circRNAs | £ miRNAZE &7 5, 1 /E ymiRNA
1545 (miRNA sponge) B35 4+ PE N JERNA (ceRNA) 5
mRNATES 45 G miRNA, IMJE T mRNA e M | e
FUBHPE, S22 IR0, AR HE 5 miRNAFF 751 B Ab
AY8mer, 7mer-m8Fl6mer{i; /5 % %, miR-6762-5p, miR-
762, miR-4697-5p. miR-4739 HImiR-4640-5p &
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Adrenergic signaling in cardiomyocytes

43 (2.74E-06)

Cholinergic synapse

Oxytocin signaling pathway

Thyroid hormone signaling pathway

Pathways in cancer

AMPK signaling pathway

Cell adhesion molecules (CAMs)

Estrogen signaling pathway

Insulin secretion

cAMP signaling pathway

PI3K-Akt signaling pathway -

MAPK signaling pathway

Fc gamma R-mediated phagocytosis

Aldosterone synthesis and secretion

Morphine addiction

33 (0.000 27)

34 (0.000 46)

37 (0.000 82)

28(0.001 11)

25(0.001 22)

24 (0.002 39)

23 (0.003 28)

25 (0.003 33)

34 (5.36E-05) 0.001
0.002

41 (0.000 14)
0.003

85 (0.000 33)

47 (0.001 29)

73 (0.001 73)

56 (0.002 34)

—_ L

2 3 4
Gene counts (P)

B 3 circRNA_051778492 852 M M mRNASE A K AT 157 B & = £ HKEGGE I
Fig 3 The top 15 significantly enriched KEGG pathways for the 2 852 predicted mRNA targets of circRNA_051778

cirRNA_051778(W#E45 . W58 3R], miR-6762-5pif it i
T Rho AR i 41 - 48 & A= kA, DATTTFE A 3 s o AL 4%
ANTE, FELE AR b PTRE R AR T 2LV E R, iy
miR-762F WA Tl A R, KA miR-7627KF- A
A A /I 2 i 5 6 240 B X 1S BB BE 5, miR-4697-5pTEHE
it i R TR, AR R IR A AR S v 105 miR-4739
AT B R AR U N RAH
miRNASE NI/ NYAEGRIIRNA, 7E5 555 /K774
DR ek, 18 i AR m RN A B ) B & A5 Y AR
W54 5E T 2852 mRNASEN FiR5FmiRNA 2L [
RS . GOMTERM, GTPHEFS MEAH S IE N FAMI3AFI
RGS#EW it By FUIRe A S5, X KW circRNA_
051778 A B RAIETEAE W) PIBE . KEGGHH IS & 4 T5
A% SRR A DCIE B, iX U] T circRNA _0517787E 4

it R SRR T YRR

5TCTLRAAM A 5 5 A0 L, Sh iR circRNA
051778 % LA-MPERMITPER X2 Wi i . oI
A ADA . LDHEUME LY FRE%), TCT . ESRAI
TBABK Sl Y P4 S 2 Wik i o, 3 5 DAFE IO A 98 45
RAF G, WicircRNA_051778 A IR A, {1
AR BE AT, AUCKHE150.98 (95%CI: 0.97 ~ 1.00),
TR B R SN 2 100.0%.  ER AN HABSE bR 30A
— L HERAER RIIL, IR PR IS A 1 2% X BEULA-MPEDX
TPEMG I HEA TiX LeAG I (1 A ZEE . 5 TCTAHILL, circRNA_
051778TEAMIMA Hh i FR 8 PERE B, AN T B, i A K
Wtk AEFis i, B TR I ) R O AR R, T CTHY
FEHI 45 SR T A7 3 A R AR ot AL B S

AWFFAFAEIUA SR BR P . R4 — e JFUR PR R 1
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Table4 Area under the curve of commonly used diagnostic methods and their combined use with circRNA_051778
95% confidence interval
Diagnostic index Area Std. Error
Lower bound Upper bound

ESR 0.76 0.03 0.70 0.83
STB 0.69 0.04 0.61 0.76
PTB 0.63 0.04 0.55 0.70
TBA 0.75 0.04 0.68 0.81
TCT 0.88 0.03 0.08 0.93
ADA 0.68 0.04 0.61 0.75
LDH 0.59 0.04 0.51 0.66
circRNA_051778 0.82 0.03 0.76 0.87
ESR+circRNA_051778 0.90 0.02 0.86 0.97
TCT+circRNA_051778 0.96 0.01 0.94 0.99
TBA+circRNA_051778 0.89 0.02 0.85 0.93
STB+circRNA_051778 0.85 0.03 0.80 0.90
PTB+circRNA_051778 0.82 0.03 0.77 0.88
ADA+circRNA_051778 0.84 0.03 0.78 0.89
LDH+circRNA_051778 0.82 0.03 0.76 0.87
ESR+TCT 0.94 0.02 0.90 0.97
ESR+TBA+TCT 0.96 0.01 0.94 0.99
ESR+STB+PTB+TBA+TCT+ADA+LDH 0.96 0.01 0.94 0.99
ESR+TCT+circRNA_051778 0.98 0.01 0.96 0.99
ESR+TBA+TCT+circRNA_051778 0.98 0.01 0.97 1.00
ESR+STB+PTB+TBA+TCT+ADA+LDH+ circRNA_051778 0.98 0.01 0.97 1.00

ESR: erythrocyte sedimentation rate; STB: serum tumor biomarkers consisting of CA199, CA153, CA125, AFP, and CEA; PTB: pleural tumor biomarkers
consisting of CA199, CA153, CA125, AFP, and CEA; TBA: tuberculosis antibody; TCT: thin-prep cytology test; ADA: adenosine deaminase; LDH: lactate

dehydrogenase.

100

iy

50

Sensitivity/%

B circRNA 051778

m TCT
- ESR+STB+PTB+TBA+
S TCT+ADA+LDH

" M ESR+TBA+TCT+circRNA_051778

50
(1-Specificity)/%

100

& 4 circRNA_051778, TCT, TCT.ESRFITBAELA, TCT.ESR.
TBAFAcircRNA_051778B & HIROCH £
Fig4 The ROC curves of circRNA_051778, TCT, the combination of
TCT, ESR and TBA, and the combination of TCT, ESR, TBA, and
circRNA_051778
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U B ETETEF SEAT A AR HE Y FA 2 AR £ 58 L)
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