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Abstract: [Objective] To investigate the effect of IncRNA RP11-879F14.2 on fibrotic phenotype of cardiac fibro-

blasts (CFs) and the mechanism involved. [ Methods] Masson’s trichrome staining was performed to detect the level of
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myocardial fibrosis in the myocardium of patients with heart failure (HF) and the healthy controls. LncRNAs micro—array
was used to detect the expression of IncRNAs in human myocardium samples. Real-time quantitative PCR (RT-qPCR)
was performed to verify RP11-879F14.2 expression in the myocardium of HF patients and the healthy controls. The recom-
binant RP11-879F14.2 adenovirus (rAd—RP11-879F14.2) was used to infect human atrial myofibroblasts (HAFs). Ex-
pression of Collal, Col3al and Acta? was detected by RT-qPCR and Western blot assay, respectively. Distribution of
RP11-879F14.2 in the nucleus and cytoplasma of HAFs was determined by RT-qPCR assay. According to the results of
bio—informatic prediction, dual-luciferase reporter assay was performed to confirm the interaction between RP11-
879F14.2 and polypyrimidine tract binding protein 1 (PTBP1). Effect of PTBP1 knock—down on fibrosis—related genes ex-
pression modulated by RP11-879F14.2 in HAFs was determined. [ Results] Masson’s trichrome staining showed that the
myocardial fibrosis was significantly increased in the myocardium of HF patients. Consistent with IncRNA microarray re-
sults, RP11-879F14.2 was found obviously up-regulated in the myocardium of HF patients. Over—expression of RP11-
879F14.2 inhibited mRNA and protein expression of myocardial fibrosis—related genes in HAFs. Results of nucleocytoplas-
mic separation and RT-qPCR assay showed that RP11-879F14.2 mainly distributed in the nucleus of HAFs. Dual-lucifer-
ase reporter assay revealed the interaction between RP11-879F14.2 and PTBP1. Over—expression of PTBP1 enhanced PT-
BP1 expression in HAFs, but knock—down of PTBP1 could reverse the anti-fibrotic effect of RP11-879F14.2 in HAFs.
[ Conclusion] PTBP1 mediates the anti—fibrotic effect of RP11-879F14.2 in HAFs.
Key words: long non—coding RNA; IncRNA RP11-879F14.2; PTBP1; myocardial fibrosis; cardiac fibroblasts

Gl

LA 44k (myocardial fibrosis, MF) &0 fJLZH
2 b 20 i B oo R ORI R AT e I 2 1 L o)
WD B A A A Ak 5 A B R RS T, s
MG A s, O i i i S AR 0L RE ) 52 ) E
i, fie 26 5 200 UL RE B A% 1 280 g i R A
S H BT AR - A 5K AR T R R 4
BEL Ji 70) S BU 2T R AL 25 ) PTG 22 0 WILET A 1 i g
{EIFABE ARAS b F5 )7 AR YT IS5 , PRt , BF
GEI O LT i A s BRAE BRAZ AL, R
SR AT TR SO0 T O LA 4R Ak iR T B AR
HE A E X, KEEIESH S RNA (long non—coding
RNA, IncRNA)J&—JAF IR K B R T 200 ni I H
R = 25 5T g it 2 RE 1Y B SR, 5 g A 2 Y
mRNA H L, IncRNA [FJFE i RNA G 1T 8K &
it I 2 s i >k , 28054 5 IH M 3 v 2 R e L 1
AP PR SE P SN T 10%, Rk F A, B
A 1 2 SR A LR S . WEE R B In-
cRNAs FIVE R “Ir A5 57 SR B I 4 5
[F) 7 T4 5 AE R FE e 53 LA R e ) I ) 4 55
ZAZH S 5HEFE BRI 7 B IR In-
cRNAs 5.0 18 i) R A AT 43 IF HS 5001
ALY R AR R R AFRSY IncRNAs I35 .0
WLEF AL A HIAL X T 0 ILEF AR IR T AF 5T
AR ARSCP, IRA Tl O R R S

[J SUN Yat-sen Univ(Med Sci),2021,42(1) :33-41]

BEACD LA 218 IncRNA 63515 , e R O 5
L L H 655 5 38 39 19 IncRNA RP11-879F14.2,
IR L O LA 4E AR R FHAIL R

1 #M#E57*

1.1 BLARRA

I 0 3 5 ORI R #4848 R 10 LA 21
PEAT IncRNA 35 3% 4347 F RP11-879F 14.2 % 1k )
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Table 1 Clinical characteristics of the patients with heart failure and healthy organ donors
HF Patients Hea]l)tirym(r)srgan

Number 22
Gender (F/M) 18/4

Age 48.42+2.83 38.82+2.63
Medical history ~ Ischemic cardiomyopathy, coronary heart disease, dilated cardiomyopathy, cardiac function grade Il N/A
Medication Digoxin, Metoprolol, FuroSDide, Warfarin, Spironolactone, Trimetazidine, Heparin, Norepinephrine--- N/A

N/A, not applicable; F/M, Female/Male

IR FFGORIN IR ZF ML 2.5 o/l EDTA-REE 1
(Gibeo) 5 100x 7 — 55 75 2 IR & P14 K (solarbio) ;
% YL 457 Lipofectamine 2000 | 4% Jii 43 25 i 7] & Al
TRIzol i 7| (Invitrogen) ; ¥ %% 5% 12l 5] & . 2xSYBR
Green Mix ,4xSDS loading buffer 711 RNase free water
(TaKaRa) ; si-PTBP1 ()" JH L 1% ) ; SDS-PAGE HE i
Fic B0 & (34 2 K) s GAPDH L& .COLIA T Pl |
COL3A1 L& (Protein Technology) ; a—F i LAL 5l
7E M1 (a —smooth muscle actin, o =SMA) #iT /& (Ab-
cam) ; BCA & 4 B =ik F & (Thermo) ; 25 [ Marker

(Fermentas) ; ECL. &% ¢ & (Millipore) ; PVDF Ji&
(Whatman) ; 145 % 5K 2 Il (angiotensin I ,Sigma) .
HoAtls A= A 1200 12 S 9 10 532 5 7 oA 2. BT
5191 Invitrogen 22 7 G i, HAR P31 L3 2.

1.3 FEAFE

1.3.1 Masson =& % &  FTHUIGIRIMEFFARIE 1)
O HAIEL, 40 o/ L Z2 R R E 5 , B
WK B R RS AR 4 wm JEEE 1Y 2L
A 85U R, H Masson = 8 4L 83850 &8 40 4L (i
I £F- 4, W56 U LA R0 e T £ E ORGSO, e %

%2 PCR3|#FEFI
Table 2 The sequences of the primers for RT-qPCR

Gene Sequence (5'-3")

Product size (bp)

F, CTGGTCCTGTTGGAAGTCGT

Collal 201
R, CAGATGCACCTGTTTCTCCA
F, CAATGTAAAGAAGTCTCTGAAG

Col3al 240
R, CAAACAGGGCCAATGTCCAC
F, CTGTGCTATGTCGCTCTGGA

Acta2 192
R, ATAGGTGGTTTCGTGGATGC
F, CAAGAGCGCACAGACTTTGA

RP11-879F14.2 239
R, ACAATCCCAGCCTCTTGACA
F, CCAGCCCATCTACATCCAGT

PTBP1 200
R, TCTCCACGATGATCCTGAGC

GAPDH F, CAAGAAGGTGGTGAAGCAGG o
R, CCACCCTGTTGCTGTAGCC
F, GTCCGCGTGCTCGCTTCGGCAGC

U6 160

R, GTGCGTGTCGTGGAGTC

F: forward primer; R: reverse primer.
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F12 Bi 50 o, M T 25 em® R S0P, 15
BT 37 C AR BN 5% CO, Hi3rffih iR, B
FE24 h i, B — R E ARG IR . TR0 A
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43 5 4% T 2H R 9 BF rAd-IncRNA RP11-879F14.2
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X IR YL IS T 37 °C 5% CO, RS- ff P 1 5% 24 he
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X B si-PTBP1 43 5l % Y« 2 HAFs v, Jf-7E 37 C.,
5% CO, 55 F2 48 th Ak 2k 55 9% 24 b AN, PEAT )5
SR E

1.3.4 IncRNA RP11-879F14.2 #= PTBP1 & 41 % %
e E & AREIRATIRGE B R, Bk R -
879F14.2 A1 PTBP1 [ B Mz DNA %€ [1] 5 fE $] pAd-
Track—cmv 251 - . R 5 0% pAd-Track-RP11-
879FK14.2 . pAd-Track—PTBP1 AL A B pAd-
Easy—1 2L R BJ5183 1 fb 27 832 2 KA i
HATRRE A . #:4 ,% RP11-879F14.2 , PTBP1
F14) 2 B s 2 IO FH B ] il Pac T4, I Yo
FI| HEK293T 40 il vh 4705 2 B 8 AN 3G . [l
il #5 rAd—GFP VE % IR 28 2R R 55

135 MRALEABHREARNEH SHOWREN
PRy L B RP11-879F14.2 1 8 41 3 )t 2 i 4R
5 iR pGL3-RP11-879F14.2 (3 T pGl3—promoter
#HAR) . FH AL HLACI6 40,5 AC16 40 i3 (20 il

LR X107/ REFL 12 FLAR) 55 4 1.0 weg TEAL 5O
F WA TR, 500 ng pAd-Track—=PTBP1 LA} 1 ng
pRL-TK (Rl B9 R B NS TR ) . e e
24 hF, {Wfﬁﬁk&%ﬁ'ﬁ?ﬁ@ﬁ(ﬁreﬂy luciferase, FL.)
T B 02 G Z il (renilla luciferase , RL) 58 &, 7 Ff
5t B U H (FL/RL) 28 {6 AT [ B RP11-879F14.2
5 PTBP1 [RIWZ5 A RET .
1.3.6 5B &% PCR(RT-qPCR) % i TRIzol ¥
FEHUE RNA JG , 2 2 1.0 wg, FH Oligo (dT) A EHAL
S1935%% 5k 1 cDNA . LA Gapdh 7 R N H 2 1R,
AH N B 51 90K RP11-879F14.2 . PTBP1 KX £ 4k 4k,
AHICHE R Y RNA 357K 1E vii A7 Quantitative
PCR System ( 32 [ Applied Biosystems) #£ 1T PCR JZ
N7, LA 24 g i RP11-879F 14.2 M 41 4 A AH 56 3k
PRI R AR 2k 7K
1.3.7 &9 %9% 97 i 7 (Western blot)  fEALFH S
) HAFs /1, in A RIPA 28 [ 24, vk - 246 I 0
LA, B 5 T4 °C 10 000 Xg 5% 3 B0 15 min,
B R B S ST AR A R . I 4x
SDS loading buffer,99 CAI# 10 min {2 (1 AR P
SR J5 HEAT SR VN s Tk e 58 S FBL UK o 5% B PVDF i
PN A 5% WiRg 4= 15 2 56 4 75 5 PVDF
JE, 0T 1 b, 43 00 AE R 9 — BT anti-COL1A1 (1:
1 000) . anti-COL3A1(1:5 000) . anti-o.—SMA ( 1:
5000) .anti—-PTBP1(1:2 000)4 “CI¥ & 1 % , TBST
PRBE, INA —H1(1:5000) ZEHEFFH 1 he ECL A
R A BEOE B3, L GAPDH(1:5 000) N2 H,
Image J F148 I BEAEL -0 BT 8 L FR R AN 5 &
14 FHitFEFH*

JH SPSS 25.0 Geit 3R A i AT 40 B o TR BERELA
KPR bRt 22 38 AT VORI M Bk i, it
T — 2 GORMER 52 TE A A1 0 HJy 22 551 , 4R H AR
K ¢ K6, S 2z FARETE ¢ K6 56 n Bk FIAS 6 s 2220 84
LA, 45 1 BEGORMIR 2 IE 400 0 HoJr 25 55 1
% FH One way—ANOVA BEFT 087, 31 A Bonferroni 5
EHY e RGBSR T 40 (8] P N HE 32, [ 2 H Kruskal Wal-

2 % X
2.1 IncRNA RP11-879F14.2 fTE B E AL

ik
Masson Je {25 R | SR XS AU AR 1L, O



511 ¥

245 PTBP1 S K AEIES S RNA RP11-879F14.2 & MO WLAF 4 AL IR VE 37
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KR, 55 230 11262 4~ IncRNAs £ 245U |
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= & F HAFs B 4
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154
I
= 104
&
5 =
0-
Healthy HF

controls patients

W
T

HF patients —log,,(p value)
w

log,(Fold Change) B

Healthy controls

FE A A% (B 2B .C) .
2.3 IncRNA RP11-879F14.2 #il %l HAFs H £F 4
HEXERRIE

Sy E— R SGE RP11-879F 14.2 X} HAFs 21 4k 1k,
TR, FR AR FH E4H R N B rAd-RP11-
879F14.2 7£ HAFs i % 35 RP11-879F14.2 , ik 1 £
I 2 4 Ak AH 5 FE K (Collal | Col3al . Acta2) H) 3%
ik, rAd-RP11-879F14.2 3¢ 1k 1 4% {0, 58 6 2 14
(GFP) 7~ rAd-RP11-879F14.2 B 7543 4k HAFs
(#13A) . RT-qPCR %58 W~ , Ii0s 55 7] 58 43 I
T RP11-879 F14.2 7£ HAFs Hh it 3k | [Fl A 5] &
HAFs Hv2F 4 Ak A 5 35 R 3R 38 W 25 BRI (1K1 3B)
Western blot 25 5 /K, £ % ik RP11-879F14.2 11y
HAFs H Collal . Col3al il a —SMA [ 3 ik i} 3 F%
flR(E3C).
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A: Masson trichrome staining (Scale bar: 100 pwm). t=6.639," P=0.002 vs. healthy controls. Data are shown as mean + SD, n=5. B: The Volca-

no Plot figure shows the representative dysregulated IncRNAs in the myocardium of HF patients. Red and green pots separately present the upregulated

and down-regulated IncRNAs over 2—fold, n=5. C: Detection of RP11-879F14.2 in the myocardium of HF patients by RT-qPCR assay. 1=3.333,

D P=0.001 7 vs. healthy controls. Data are shown as mean + SD, n=22,26.

1 IncRNA RP11-879F14.2 7E 10 395 A LA R IL 1558
Fig.1 Upregulation of IncRNA RP11-879F14.2 in the myocardium of patients with heart failure
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Relative IncRNA RP11-879F14.2 expression

0.0 =

Location of RP11-879F14.2 in HAFs before (B) and after Ang— Il treatment (C). Data are shown as mean + SD, n=3.
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Protein/GAPDH ( Ratio)
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o
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1)
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200 =

_.
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S
1

100 =

N
S
1

Relative RNA level (% total )

() =

IncRNA

Ang—1II treatment

I Nucleus
I Cytoplasm

Gapdh U6

RP11-879F14.2
A: Up-regulation of RP11-879F14.2 in Ang— Il —induced HAFs. ¢ =4.964," P=0.007 7 vs. Vehicle group. Data are shown as mean + SD, n=3.

200 =
I Nucleus
. I Cytoplasm
= 150+
I
&
T
£ 100
sl
Z
==
2
z
= 504
0-
B IncRNA Gapdh U6 C

RP11-879F14.2

2 IncRNA RP11-879F14.2 7 HAFs h 1% R & f &R
Fig. 2 Cellular distribution of IncRNA RP11-879F14.2 in the cytoplasm and nucleus of HAFs

I Vector
B OE-IncRNA RP11-879F14.2
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Col3al

a-SMA

0.

0.

Relative RNA expression(fold change)

A IncRNA

m Vector

mm OE-IncRNA RP11-879F14.2

09 1

5 -

0 -
Collal Col3al

RP11-879F14.2

OE-IncRNA

Acta2 B

Vector RP11-879F14.2

u

Colla] ==

140

Col3a]

129

woSHA | A —

42

GAPDH =

36

C

A: Co-—expression of green fluorescent protein (GFP) in HAFs after infection with rAd-IncRNA RP11-879F14.2. B: Detection of RP11-
879F14.2 and fibrosis—related genes in HAFs by RT-qPCR assay. RP11-879F14.2: 1=12.03, " P<0.000 1 vs. Vector; Collal: 1=6.491, * P=0.000 2
vs. Vector; Col3al: t=3.838, ¥ P=0.005 0 vs. Vector; Acta2: t=8.443, ¥ P<0.000 1 vs. Vector. Data are shown as mean + SD, n=5. C: Protein expres-
sion of fibrosis—related genes in HAFs by Western blotting assay. Collal: t=4.800, " P=0.008 6 vs. Vector; Col3al: t=17.59,% P<0.000 1 vs. Vector;

Acta2: 1=3.554, ¥ P=0.023 7 vs. Vector. Data are shown as mean + SD, n=3.
3 LncRNA RP11-879F14.2 i HAFs f4F 4 (L iH X B E R X
Fig.3 LncRNA RP11-879F14.2 inhibits fibrosis—related genes expression in HAFs
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HAFs th £ 4 ¢ 18 2 B [F R %

FF 51 43 1 45 5 (hitp : //service. tartaglialab. com/
page/catrapid_omics_group) #& 7~ , RP11-879F14.2 5
PTBP1 3 1 A TESS G T, FA i 2 XU 3= il
A5 B SR 45 R SE, 5 PTBPL AR 45 & ] [
i AC16 4i il RP11-879F14.2 Ay Fa i 1 (& 4A) .
Western blot 25 5 7R , BRI B 78 2015 RP11-
879F14 2 HAFsH PTBP 1 R FAZGA T EHNK4B) .
UUERHAFs T PTBP13A, 1] i 1% RP11-879F 14.2
T HAFs rh£F 4 A AR SCEE R 23k A FH (181 4C) .

D WLEF Ak S 5| Kol ) 2l 1 2R
FEAE 3 Bk 2 2 20 M 3 5, 9 ) WL 2T 4 4 i
Ak, A0 AP R (R O i B T 5 R
Ok 2 R DG 7 A4 R AEK , 5 446 ) 8 0 55 L B0 kA%
S A RECD IR A R g R
AT IncRNA Kk i85 F Al RT-qPCR 255, iE
SCRP11-879F14.2 780 5 H & O LA AnglTi5 511
HAFs H 3k ¥4 14 5 ; D RE B 5% & PLAE HAFs Hid
F3K RP11-879F 14.2 A LU & i HAFs rh 47 4k 4k
AH 2 3 PR ) 2k, o T OIE 520 I R0 JIL P s e ik
) RP11-879F 14.2 HA L. AT 4 A VR .

58 2B, IncRNA 780 I & & LA B Z2 s I
B RGER T RAEEZER v RERCH ZF00 i 4

5 S e HE A = =
3 3 #® P PR LA TR A . A R O R 1R A S /D BR
1.5 5 2.0 7
~ s 1 5
% Z 1.5 ) S
g = R
£ 1.0 & R
e 1) = S Y
S N
:% % 109 & Qg ku
< )
% 7 2) E 0.5 PTBP1 57
= £ o — —
A B D
0T 0 GAPDH —] s — 36
pRL-TK + + + + & $Y~W
pGL3—promoter + + - - L \“&Q\b‘.
pGL3-RP11-879F14.2 - - + + 0@’ c{,\q
pAd-Track—cmv + - + - A \\’ B
pAd-Track-PTBP1 - + - + 3
\(/ \/
B Vector+Scramble QS\ & N Q]g\ QS\
mmm OE-IncRNA RP11-879F14.2+Scramble So & Q@‘ oD
J I
2.0 = Vector+si-PTBP1 x%é‘b,\‘\éi:})(% x?/ /\og;.xv
B OE-IncRNA RP11-879F14.2+si—-PTBP1 o‘& 0% Q\ & 0‘&) O’Q\
@ £ A ku
215 2
£ 157 2) .
= : 8) 10) Collal —-| — — — -l 140
= 6
z 12) Col3al _| |
g 104 9) oloa - - S | 129
-
Q 3) a-SMA — —— — 1)
£ 1) 7) 11)
Z 05 4 PTBPT —| e s s s | 57
GAPDH — —— — | 3
Collal Col3al a-SMA PTBP1 C

A: Identification of interaction between PTBP1 and RP11-879F14.2 by dual-luciferase assay. F=24.33, P<0.000 1, " P=0.002 7 vs. group A,

2 P=0.026 6 vs. group C. B: PTBP1 protein expression in HAFs with over—expression of RP11-879F14.2. 1=3.339, " P=0.028 9 vs. Vector control. C:
Protein expression of fibrosis—related genes and PTBP1 in HAFs by Western blotting assay. Collal: F=44.26, P<0.0001, " P=0.000 3 vs. Vector+
Scramble, 2 P=0.017 7 vs. Vector+Scramble, * P=0.000 1 vs.Vector+si-PTBP1; Col3al: F=68.71, P<0.000 1, * P=0.000 2 vs. Vector+Scramble ,
5 P=0.000 4 vs. Vector+Scramble, ® P=0.000 9 vs.Vector+si—-PTBP1; a=SMA: F=16.06, P=0.001 0, 7 P=0.024 3 vs. Vector+Scramble, ¥ P=0.019 2
vs. Vector+Scramble, © P=0.044 3 vs.Vector+si—PTBP1; PTBP1: F=30.41, P=0.000 1, ' P=0.001 3 vs. Vector+Scramble, ' P=0.029 8 vs. Vector+

Scramble, 2 P=0.000 4 vs.Vector+si—PTBP1. Data are shown as mean + SD, n=3.
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Fig. 4 Participation of PTBP1 in attenuation of fibrosis—related genes expression by IncRNA RP11-879F14.2 in HAFs
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