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Functional Analysis of IncRNA663 Regulating CLDN10 Expression and Porcine
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Hangzhou 311300, China)

Abstract: Porcine epidemic diarrhea virus (PEDV) is a coronavirus that causes acute diarrhea,
vomiting, and dehydration in piglets, among other clinical signs, and has caused severe economic
losses to the global swine farming industry. More and more studies have reported that long non-
coding RNAs (IncRNAs) play important regulatory roles in porcine coronaviruses, however, the role
and mechanism of IncRNA 663 in PEDV infection remain unclear. Based on prior transcriptome
sequencing, we identified a co-expression pattern between IncRNA 663 and the tight junction protein
CLDNI10. This study aimed to explore their roles and regulatory relationship during PEDV infection.
The qRT-PCR and Western blot results showed that the expression levels of IncRNA 663 and
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CLDNI10 were up-regulated after PEDV infection of IPEC-J2 cells (P<C0.05) , DSS treatment
significantly reduced the expression levels of IncRNA 663 and CLDNI10 (P<C0.05). Subcellular
localization prediction revealed that IncRNA 663 was mainly localized in the cytoplasm, and RPISeq
prediction revealed that IncRNA663 and CLDN10 were highly interoperable (SVM: 0.98, RF:
0.8). Functional experiments demonstrated that siRNA -mediated knockdown of IncRNA 663 led to a
significant decrease in both CLDN10 expression and PEDV replication (P<C0.05). Furthermore,
structure prediction using AlphaFold3 and ChimeraX revealed potential hydrogen bond interactions
between CLDNI10 and the PEDV spike (S) protein, suggesting a role in viral entry or infection.
Collectively, these results suggest that IncRNA 663 may promote PEDV replication by regulating
CLDNI10 expression.

provide a theoretical basis for future antiviral strategies targeting host non-coding RNAs.

These findings expand our understanding of PEDV-host interactions and
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$& AT ENE TS (porcine epidemic diarrhea, PED)
J& W% AT ME IS 15 9% # (porcine epidemic diarrhea
virus, PEDV) 5|2 () —Fh S0Pk | B 2 fl e AL L 1
J i B . PEDV 2 LGB /I i 900 B b K 4
FEL L7 B DU W LA A B R ™ B B
VS K S REAR  FE TR AT 3K B 100%6 1 g 4
FiE BETRT % PED 19 325K 0SSR 1M PEDV 1R
A S S S0P T ME A BT AT AR S R AR A R
H A, PEDV (1 )84 5 BUw AL 1 K 56 2 i@ At , iIX 78
AR AR B b 2 7 A7 8% 07 45 1 it i i R . R
MAE £ MR AN PEDV (Y 5 &2 &I HLH , X)
T B O O BT S RO B R B
RS, R SR REAE ST B RS 1 o

£ 4% 4E 4w % RNA (long non-coding RNAs,
IncRNAs) J& — i K JE K T 200 4> 4% 4 12 19 T 9 75
RNA 73 TEHE P R 45 A ik LA &K & &
PR R G2 AN R B KRR AR . EAR
K, IncRNAs 75 i 85 8% Gy 3o 18 v Ji & #5100 0 42 4 1
B2 B D B I L HAE PEDV & e 1
F 40 A AR AL E T S BESE R W, PEDV &
¥ 100 21 25 IneRNA £ 35 3% 19 A8 1k, & B 45
IncRNA 7J 8 5 PEDV BUm HLI AR SC™ . BRib 2 4,
METH SR T IncRNA9606 1 PEDV &k 4
W bR A0S AT DL B R GR IR PEDV
M5 . ¥R B E S R G UE T IncRNA
LOC102157897 #1 PEDV g% Ju ¥ 3¢ & , & W] H 3% 3k
AKSF TR R A T8 s AE 3 A0 PEDV L B KT
J1o A WEHENYBE 5 & B IncRNA18850 J& i 4
PEDV & il By & 2L K + , 2 5 #% K + kB (nuclear

factor kappa-B, NF-«kB) {5 5 i #% {2 i#f i 7 & 1 .
AN, PEDV & 4L 1] I i Vero-E6 41 il 4 IncRNA
18850 Y ik , IncRNA 18850 1J fiE 1 1of 41 i) i 5 &
A 35k P T AR 2 0 A

CLDNI10 (claudin 10) #& 1 J2 40 it B B 28 2 1
2, J2 20 M 18] ' %% 3% $ (tight junction, TJ) /) 8 %
PR A0 T S o 5 A0 M 4 R LA S A ] 3% %
VAT ] A %) B R . CLDIN10 Y 3 g AN X
AUIR AR Ay 4 i 1] 55 %85 3 42 1 S5 M 4, iR 5 5 Y
BT FK 43 16 5 20 A2 A 2 4 TR 5 B Y G B 2
AR . HET T CLDN10 B #F 52 8570 , 24
TE P RE A8, BF 92 %6 W], CLDN10 Ay 26 3k 5 % s 2
[ RSN N R U a o | Bl ) S SR S
CLDNIOTER h i 58 h e = A i T ik — 20

S HATE A W) A #57R IneRNA £ PEDV
G AE ok B I AR L B IneRNA 5 H 48 m)
i B 2 ) 2R B AEALE S R G
LTI A D Bl L 25 K B IncRNA 663 5
B9 1% 1 8 A CLDN10 78 PEDV Jgk %t oo 72 o 52 4L
ikt PR T H AT REAAEDIRE G . R T i —
5% IncRNAG663 52 75 3 i i # CLDN10 [ & ik
M52 PEDV B & i, A B 55 248 /N 1 Bz 40
(intestinal porcine epithelial cell line-J2, IPEC-J2) 4l
Jit A 3 IncRNA 663 TP bi A, X Ho ) g AL il #E 17
T I RV AR WA B T B B 15 3 IncRNA
£ PEDV JEZ 1) Dy e AL , A 3 AL H0 i 27 5K W S st
FUIE T b RS S
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1 MB5HEZE
1.1 @ wE

IPEC-J2 40 il & N A 52 56 = AR 47, R I & A
100FBS. 1% ¥ # % R W DMEM (Dulbecco’ s
modification of Eagle’ s medium) ¥ 3% & £ 5% .
PEDV CV 777 8tk i A< 52 56 % 43 25 PR AE , H2 7 20 Jfd
Ja H &5 pgemL ' REE Y DMEM K 5729 % .
1.2 PEDV B

P58 NE R 4 (IPEC-J2) A &4 10 % FBS,
1% H 8% X DMEM K 5238, JF & T 37 °C .
5N CO, M HIRE FRAAR IR . B2 WG =/ 2
24 FLBE TR, S5 B 40 B Bk B 29 80 % i, il ]
MOI=0. 1% PEDV CV777 TE bR YL 40 g 2 h, 57 46t
B 97 LUk 22 45 3R 2 OR [R B R] SR U RNA
1.3 2%DSS 4 I IPEC-J2 4058

T ST 2RV B R 2 94 B IR A SR B 4M (dextran
sulfate sodium, DSS), H 0. 1 g 1y DSS i 5E % it T
50 mL i DMEM #5323t i, Jf 38 £ 0. 45 pum 38 B2 ik
AW g . 255 IPEC-J2 40 i A4 K 2 il 4R
A5 H DSS 4k 35 240 A DLk I8 1 18 Bt B, % BN
[F] 73 2L, Ak B B) 40 551 A 0,12, 24 A48 ho 7 &4

F1 EIMEEEEPCRIIWFTI

sk ) A5 A4 40 P T RINA 32 50, T A3 B A A 412 B
A LA b gt
1.4 RNAREUH cDNA &%

K Trizol 2 2 BURNA , fifi i 5z % stk 5 & ik
11 R 5%, 78 PCRAE P I AGE 5 RNA VW, 764 B
PCRAY 65 CF #E4T 5 min 2 1 28 P 2 07, 45 00 )5 7
B A VK £ P A 5 . K H1 S B9 2R PE RNA 4% 5 3
W L B EC i A PCRAY T, 37 CF #£47 15 min i
% SR UL, 2 46 AE 98 “CJ ML 45 A T #E4T 5 min i)
RAG RN o 389 cDNA TE — 20 ‘C&1F FBfe .
1.5 HHXEEPCRKN

HEH5 NCBI %48 15 $2 fi 1) IncRNA663 (XR_
001302663. 2) \PEDV M ,CLDN10 fit GAPDH £ [H
JF %, 38 1 Primer Premier 5. 0% 3514, 51 ¥ F %1
2% % 1, FIH PEDV {245 /Mg L 40l )5, o
WIAE 0.4,.8.12, 24 h i} F H Trizol ¥ 2 H 40 iy
RNA, Fl i & % 5% & B cDNA, Lk GAPDH h N 2
B, 4T 98 % € B PCR W, PCR B 4 1
95 °C 5 min; 95 “C 10 5360 °C 30 s, 2 40 MG IR 5 5 it
£k .95 °C 15 s,60°C 1 min; 95 °C 15 5360 °C 15 s,
BAFEARRE 3ANEL @ 2 ) B AR
V] B H 1 3 AR G 5 S

Table 1 Real-time fluorescent quantitative PCR primer sequence

#NH 519 F 41 (5—>3") PP BE /bp
Genes Primer sequences Length
IncRNAG663 F: GGACCTCCGGAGCTGTTTTA 123

R: CTTGTGCGTCGCAAACCAA
PEDV M F:AGGTCTGCATTCCAGTGCTT 216

R:GGACATAGAAAGCCCAACCA
CLDN10 F: ACGGCGTCGGAGATCATTG 226

R: ATGCCTGGATATAACCGTCCAG

GAPDH F: ACATCATCCCTGCTTCTACTGG 188

R: CTCGGACGCCTGCTTCAC

1.6 ZEH%EENE(Western blot)

fiff Fi RIPA % i W (radioimmunoprecipitation
assay lysis buffer) 24 ff 40 il J5 , R H BCA & 1 & &
1% (bicinchoninic acid protein assay) X} % (1 i # 47 &
. 20 pg EH AL, 4 1000 SDS-PAGE B
JIE LUK A B R R R ZE 0. 22 um 19 PVDF ), B AE
5% BEARFL hE M S, F4°C F 5 —$H(CLDNI10 Al
PEDV N)EH % . VEWES , 5 A —HiE R ,

I ECL & A i i 7] 6 b €8 4G I 2 11 4%
HSPOOME NS .
1.7 IncRNATPHPEEMTN S RNA-EEHREE
Y€ A

7E NCBI U v, 25 4% IncRNA663 £& K 7 4]
I+ F 3%, A IncLocator 24, %f IncRNA663 .4 i
E L FE AT B A BT . BRI Z AN, R TR A
IncRNA663 5 CLDN10 Z [6] A= 24 15 &, FI 7 2k
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B A4 RNA-Protein Interaction Prediction (RPISeq,
http://pridb. gdcb. iastate. edu/RPISeq/index. html)
I IncRNA663 F1 CLDN10 B AF Al e .
1.8 IncRNA T#iik 54

4 IncRNAG663 5 K J7 31, #] H] Invitrogen
RNAI Designer 84 % 31 3 X} siRNA Fl [ 14 X} B8 /¥
(% 2), ¥ IPEC-J2 20 Ml #2 Fp &= 12 FL A b, R 40
ffl 5 4 ik ) 29 50% B, Rl H jetPRIME 32 57 4%
sIRNAs# YL 2= IPEC-J2 40 e . 48 h 5 W S 40 i ,
iz B8 Trizol I $2 BUAN MY B RNA Jf 525 5 B cDNA,
FI S B 5 22 5 PCR A IncRNA663 T 4R850 .
Nk — R 9 IncRNA663 % PEDV & il 5% i , LA
PEDV /&% IncRNA663 1 3t 41 Al %t & 41 41 fg , 1) )
SEHF 262 B PCR A PEDV M . CLDN10 Ay A8 %
FIKKF,

K2 SiRNAsFEIEER

Table 2 Sequence information of siRNAs

| /4} !
SRNAS J¥ 41 (5'—>3")
Sequences
sIRNA-1 F: GGAUCGAGCUGCUCAUCAUTT
R: AUGAUGAGCAGCUCGAUCCTT
sIRNA-2 F: CCUUCUCACCUCUGUUUAUTT
R: AUAAACAGAGGUGAGAAGGTT
siRNA-3 F: GCGACACUCGUGAAACUAATT
R: UUAGUUUCACGAGUGUCGCTT

NC F: UUCUCCGAAACGUGUCACGUTT
R: ACGUGACACGUUCGGAGAATT

1.9 EAREASETN

M NCBI Protein #§ #i J£ t 4% Bt CLDN10 F1
PEDV S # 1 52 ¥ 4 , Fl | Alphafold3 (https://
alphafoldserver. com/welcome) ¥ 4, i A CLDN10
M PEDV S (18 [ 55 51, 9000 45 55 N 48 550 0 %5
P g R o AT IR W0 B s 45 51, 4k PDB U A
ChimeraX 1. 9 ¥4, #¢ H-Bonds $ Ifi i% B 5 25 1
F R, TEE R A 1 5T R] Y AR, 4R A A S A
FOFARIE
1.10 HE\BHITS5HH

FIFH SPSS 25. 0 A4 X FE A< %4l ok 57 43 B, XF
T 20 (0] A 22 5 LA, (o FH M ST REAS 24 38 5 X T =
H KDL Y H R, SR B R 5 22 53 1 (One-way
ANOVA) , Jf il i GraphPad Prim 9.0 % {4 4 & .
ML R T +s"FR, P<0. 05K /REHFWE.

2 #F R
2.1 PEDV B Fif IncRNA 663 F1 CLDN10 &
kK E

PEDV(MOI=0. 1)& 4 IPEC-J2 41 il J5 , 7E 0.,
4.12 .24 h43 BIAS I IncRNA 663 Al CLDN10 Y% 5%
K. SR FW B PEDV B YL (1 i [A] ZE K,
IncRNAG663 7% 5t 7K -3 28 B4, JF 8 12 hik B0
(P<<0.05), )5 IncRNA663 %55 7K FFE (K 1A) .
CLDNI10 W £ PEDV Ji& Yt 24 h Z ) — 11 2 B Hp &2
PEHT K, 78 24 hik B0 (P<<0.05) (K 1B) , JF H.
Western blot 45 5 & /8, PEDV &4t 5 CLDN10 F ik
FEACE1C) . K T # — P K5 IncRNA663 Fl
CLDNI10 1 % & , 2 B 58 Fl Hl DSS b #2857 1
IPEC-J2 i 18 5 B 52 50 AL | 25 21 1 7R, DSS 4b 3
J&i ,IncRNAG663 F1 CLDN10 ()54 5 K- ¥ & Z 4R
% (P<<0.05), H CLDNI10 % (1 £kt & £ T 1
(Bl 1D~F). £ LR, 7€ PEDV &4 A1 DSS 4b 3
%1 F ,IncRNA663 5 CLDN10 ¥ 3¢ 3 1 A L 1Y 3¢
KA R R OR T A R B — o 1 3R A G HK
PE (A AR OC R S LENA A 1 3 — 2D BT
2.2 IncRNA663 I 28 il 7E i 71 B 1 Z| 85 Fill 4 #7

FTEA G IncRNA663 16 41 il 4 1Y 58 17 15
F ] IncLocator # 4 %} IncRNA 663 5& {37 1 & i 47
M, 455 oK, IncRNAG663 78 40 it J5t . 40 il k% A%
WEAA B2 A1 0 A4 v #8 AT e A7 AE 3R 3K AR 8 6 T 40 g
v i AT ORE ME B K (88.1%) (B 2A) . W I
IncRNA663 5 CLDN10 2 [ (1) 1 7€ A 9 2% G Bk, Fl
F RPISeq &4 %} IncRNA 663 Fl CLDN10 # 2% ] H.
AT fig M B 0 43 B o T 285 2R SR L IncRNA663
Ml CLDNI10 @& & H fE (SVM: 0.98, RF: 0.8)
(E2B) . H&F LR 5, 0 IncRNA663 1] fig i
it 5 CLDNI1O (A EAE I 2 5 R IK R .
2.3 IncRNAG663 T 4R Z B 3L

KT #E— 4 58 IncRNA663 % CLDN10 5% ik
A PEDV &Gy 1Y 52w, AS 6 52 3 31 JF & BT B %
IncRNA663 () = Fl T4 siRNAs, T #0125 45 5
N, S BAPEXT AL (NC 4L M e, =41 siRNA 35 g 2%
FEAK T IncRNAG663 (1 #4 5% /K F- (P<<0.05) , Horpr,
SIRNAT T4 808 K 39.92% , sIRNA2 T2 % K
62.31% ,siRNA3 T4 HH Ny 84. 76 6 (K 3) , Ho v
SIRNA3 B A & i 9 TH80C% /T T 5 220 U g
B E R 5 o
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A. PEDV Jb B A [5] B 6] £ IncRNA663 1 5% 5 /K s B. PEDV b #AS 6] B ] s CLDN10 %% 5 /K57 ; C. Western blot £ il

PEDV & 24 hJ7 CLDNI10 B R A 7K ¥ 3 D. DSS A HUR R I [8] 45 IncRNA663 19 5% 58K F- 5 E. DSS A4k BEAS [G] I 1] £ CLDN10

[ %% S 7K s F. Western blot #ill DSS 4b ¥ 24 h J& CLDN10 iy & 35 K F

A. Transcription level of IncRNA663 at different time points after PEDV treatment; B. Transcription level of CLDN10 at

different time points after PEDV treatment; C. Western blot analysis of CLDN10 expression levels 24 h after PEDV infection;

D. Transcription level of IncRNAG663 at different time points after DSS treatment; E. Transcription level of CLDN10 at different

time points after DSS treatment; F. Western blot analysis of CLDN10 expression levels 24 h after DSS treatment

El1 PEDV &7 DSS &35/ i5 £ 5 488 % IncRNA 663 1 CLDN10 By R %K FE

Fig.1 Changes in the expression levels of IncRNA 663 and CLDN10 in small intestinal epithelial cells of PEDV-
infected pigs

RNA-protein interaction prediction
=3 Cytoplasm (88.1%)
3 Nucleus (3.5%)
3 Ribosome (2.1%) o ) .
3 Cytosol (6%) Rediction using SVM classifier 0.98
= Exosome (0.3%)

Prediction using RF classifier - 0.8

. 0.0 0.5 1.0
Subcellular locations

AL IncRNA 21 g 2 {3 T 5 B. IncRNAG663 Al CLDN10 5 AR F 75 )

A. Prediction of subcellular localization of IncRNA663; B. Interaction prediction of IncRNA663 and CLDN10
2 IncRNAG663 L 28 B 7E i 71l #1 5 CLDN10 E{E il

Fig. 2 Prediction of subcellular localization of IncRNA 663 and interaction with CLDN10
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10= 39.92% 62.31% 84.76% I IncRNAG663 4144453 /K ¥ Transcription of IncRNA663
I FHEACK Interference efficiency

IncRNAG663 A%} 44 51K - M FARECR 1%

Transcription of IncRNA663 and interference efficiency

siRNA-1 siRNA-2 siRNA-3 NC
2151 Group

AT R R IR 22 3 A B35 (P=>0. 05) , AR 8 R 22 52 .35 (P<<0. 05) . T [
The same letters indicate no significant difference (P>>0. 05) ,different letters indicate significant difference (P<C0.05). The same

as below
3 R EEEPCR&EN IncRNA FH &
Fig. 3 Real-time PCR was used to detect IncRNA interference efficiency

2.4 IncRNA663 F#i T8 CLDN10#1 PEDV M & 0.05) . Western blot 25 % i /8 IncRNA663 T3 )5

A Rk K FE CLDNI0 A PEDV N & [ A9 5 B W] 1 F [, $&oR
I FH 52 92 5 72 7 PCR 3 346 78 IncRNA663 IncRNA663 1] fig 76 CLDN10 [ 3 3k ¥ 45 i & ¥ 1E

T JF CLDN10 #1 PEDV M 3 K K . 45 ] 0 5 FE F, [E s, PEDV M 3 K 3635 F1 N & (1 %

RTHL, IncRNA663 Tt 5 . 5 % B4 (NC 41) A KR AL T Bt — 2 R B, IncRNAG663 AT 58 3 1 1

., CLDN10 [ A1 X 5 55 K - (B 4A) f PEDV M # CLDN10 14 2% 35 8] 422 52 Wi 95 25 109 5 1 3o 7%

R AR X B SR oK T (1 4B) ¥ W 2T B (P<

A B C
- - &
S 8 >~ 8 Y"o
E E a &) <
5 5 B-m 5 S
By 6= = £ 6 - < S
o i
X © )
EFERS EES 4T
=g3 g iz PEDV N
353 28
8 §2- T 2 5%24 _t|>_
2 _
£ iR = T v
2 o HSP90
[ [
&0 I 20 T
& & &> &
) )
A A
& &
20 Group 415 Group

A. TG CLDNI10 A3 K3 B. THUE PEDV MARXS#% 58K -5 C. T )5 CLDN10 I PEDV N & 11 i #1572 1k

A. Relative transcription levels of CLDNIO after interference; B. Relative transcription levels of PEDV M after interference;
C. Changes in the expression of CLDN10 and PEDV N protein after interference

4 IncRNA663 F#i 3t CLDN10 %% % PEDV & K00

Fig. 4 The effect of IncRNA663 interference on CLDN10 expression and PEDYV infection
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2.5 Alphafold3%iill CLDN10 44 PEDV SEH
il i1 Alphafold3 il #l] CLDN10 #l PEDV S 4%
A, IF 38 it ChimeraX 1.9 /] f Ak (] 5) , 45 3 R
CLDNI10 5 PEDV S [A] 17 7 7 X ¥ 76 & 8 A 5 A
WL R ZH Z R e fE e 4 G e /1. CLDNIOTE

3 20 M AR P VR Y R T TR T A B A R A
oy HoA EEAEH, H DN PEDV S % A 1l g
i 5 CLDNIO @ #f AR T, 52 W 1 3 40 i 1Y) e
Iy e, M A2 gF HAE IPEC-J2 40 Hh A e 5
Sl

A. FIH] ChimeraX 1.9 %I AlphaFold Hl ) & F &2 5 1) B AR 45 M HEAT = 4 al $ 4k 5 B. B 5 5 5 5 =2 1] () S0 o6 AR F A <

#3{a 8 CLDN10; # {5 8 PEDV S

A. Three-dimensional visualization of the AlphaFold-predicted protein complex using ChimeraX 1.9; B. Zoomed-in view of the

hydrogen bond interactions between key residues. CLDN10 for pink, PEDV S for blue

5 CLDNIOEGRMPEDV SELORSELES AT

Fig. 5 Prediction of hydrogen bonding sites for CLDN10 protein and PEDYV S protein

RIS i

PEDV A2 15 T 40 M i, g 2 ML 25 0l = 2k
— R RIENE , KB —RINPHRENTF.
IncRNA 7 55 5 8 e 19 8 45 b 473 8 5 o 22 66,
5T X S84y T B T 0 4 B A 7 S e 22 AL
HMEAE LS . F 2 E B9 K I IncRNA X
PEDV & il th & ¥ 3% EE I EEN , 25 % %
HEREAMNRIL . YR EFERET L5
T2 0 CUn KB R g S RNA B X% & & ) *f
PEDV (2l sr 84 4/ A 8810 06T — % 7€ PEDV &
Y JE AR O B 28 B AR R AL R B R S e R
A& F HAEML I S 2 2 78 D FRIR AR R

AW 5% LL IncRNA 663 Fil CLDN10 2 it 56 %f
% M H PEDV &4t IPEC-J2 4 g , i 7 qRT-PCR
F1 Western blot & Bt W #& ) 2 ik /K - 7E PEDV &Gy
ERTE S - U g S P i o [ -
£ R 7N 7 N X 70 el 2 LA s
I ) 0 o A 2 AR 2 R R T R b R DGR
B A O — Rl W BB B, S AR AR AR
—IE RN 0B BB ], S TR AR
I 38 24 4 Bh 3z 0k B Bho AR, AR AN
FRMFFE M ERELZR ALY PEDV IR )G,
HF KK B #E LF, X PEDV B Y B A i iFF
F o 25 R FH 808 4 20 i R) 5 O B B 1 R AR
H B R 5 5 I R a0 IR A R F
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58 2 B IncRNA 1] DL oF ] 45 5 2 3% 42 A 50 2R 4K
PLPEDV MY YL S T ik — 25 0 UF HAR S, A
W5 51 A DSS 4k 3% S IPEC-J2 46 i Ji7 38 J¢ [ 1h
e Z WA g5 & BLAE DSS 4b BT,
IncRNA663 F1 CLDN10 [ # 1k 7K V- 15 3% T R, 2
IR B R YR i 18 B B 5 PR Dy T AT g B A P )
EH o Iz R4 L HF T IncRNA663 5 CLDNI10
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