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Effect of long non-coding RNA FGD5-AS1 on high glucose-induced myocardial cell
injury through regulation of the miR-195-5p/PIM1 axis
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Abstract Objective To investigate the effect of the long non-coding RNA FGDS5 antisense RNA1 (IncRNA FGD5-AS1) on myocar-
dial cell injury induced by high glucose levels through regulation of the miR-195-5p/Pim-1 proto-oncogene (PIM1) axis. Methods The
rat myocardial cell line H9¢2 and human myocardial cells were randomly allocated to the control,model,IncRNA FGD5-AS1 overex-
pression, miR-195-5p inhibitor, negative control,and IncRNA FGD5-AS1 overexpression + miR-195-5p mimic groups to determine the
expression of IncRNA FGD5-AS1,miR-195-5p,and PIM1. In addition, cell proliferation, apoptosis, and pro-inflammatory cytokine levels
of the cells in each group were analyzed. Results Compared with the control group,the protein and mRNA expressions of IncRNA
FGD5-AS1 and PIM1 and the survival and proliferation rates in H9¢2 and human myocardial cells in the model group decreased (P < 0.05),
and the expression of miR-195-5p, apoptosis rate, and production levels of tumor necrosis factor &« (TNF-a) and interleukin-6 (IL-
6) increased (P < 0.05). Overexpression of the IncRNA FGD5-AS1 reversed these pathological changes in model group cells, whereas
upregulation of miR-195-5p could weaken the effects of overexpression of IncRNA FGD5-AS1. Conclusion Overexpression of IncRNA
FGD5-AST enhances the expression of PIM1 by downregulating miR-195-5p, thereby inhibiting high glucose-induced myocyte inflamma-
tion, promoting survival and growth, and alleviating apoptotic injury.
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A BOETFDCM™ | K B AF 2 FRNA FGD5J X
RNA1 (long non-coding RNA FGDS5 antisense RNAT,
IncRNA FGD5-AS1) 20 {IURE B8 SO i s AH 5 i
PR A T R s DR A2 AR R O o A 9
R RN HOKF 254 TR, iRk
Ao Ve W A WL A K I
miR-195-5p ] #IncRNA FGD5-AS1E ] F i, & 5
e RNA FGD5-AS 1 3 %H il 48 S i 0 L
M 9 3805 . miR-195-SprEDCMA BLC UL 25
J3 223K, 1 lmiR-195-5p ] 2k 35 o0 Dy RE P A
Pim-1J538 3£ A (Pim-1 proto-oncogene , PIM1) /£ 4 T
B JAE YT T E RORE RN IR FRAIL, i 3R
IRPIMI AT I 2 G 22 5175 i Il L Je A i T 5 4
S 4045, 388 5 el DMK B JL 20 i o T 3 G
D IREY  H RstarBase U 5 & FIncRNA FGD5-
AS15miR-195-5p[#] \miR-195-5p 5 PIM 1 [AI FE L4 &
AF A5, HAE M IneRNA FGD5-AS1A] g3 12 ## 77 miR-
195-5p/PIM LI % e Bl 75 5 9O LA L 43 o A B
G P03 2 A A 5 7 R B O WL R HOe2 B A0 LA
I ST HDCM AN AL, B0E e A

1 MR5FE

L1 FiR

L1 40 Rt R RO LR EHOe2 A L4
J (DU Vi B8 A A BB A BRA R 5 34 bl [ 2l
99%, 41t 520190314, B BB LB b4 (DFrg) A1 PR
25 Al ] 5 IncRNA FGD5-AS13d 2 3k ik \miR-195-5p
inhibitor \mimics K H B XS R (g 75 L DA P
PHE A A BRZS 7)) 5 e 22 880 ] 280 52 i 7 52 PCR
(real-time quantitative PCR,RT-qPCR) Tl & . TR 1
W s & [ R AR Rk (i) Iy A BR 2
)] 5 Andy Fluor™ 59447 ic EdUZN At 38 5 43 #7328 571
& O ME R AT IR A s FLRR I E 8 (lactate
dehydrogenase , LDH) 3% P45 M5 & WG 2 il
e A DR I 35 8 R B B AR SR AE T 17—
(tumor necrosis factor-o, TNF-ou) i B 52 328 W B0 72
(enzyme linked immunosorbent assay , ELISA ) 17| & |
KB B FLAE A 2R -6 (interleukin 6,1L-6) ELISA
R & MTTIGH & (st Z R E R RA A 5
TUNELA U170 & HRPFR 2 K BT A — 9t bt
K flanti-PIM1,Bax .Bel-2 \B-actin— #i . % ¥ Aan-

ti-PIM1 ., Bax .Bel-2 \B-actin—4i (35 Abcam /A )
112 EZELE LA RT-qPCRIX (F 5 Z-gene-
sig-q32, M AE YA IR A | 5 4 B ShEgbs o B
X (A15-UMR-9600 , AL A KA ES A BR A | 5 (8
TR e (S MFS3-N, M i B bR A
FRZSF]) 5 /RS B pk B2 (HU5:165-8033, 36
Bio-Rad/A F]) ; Tl LAR & ek (H5-GloMax 96,
P AE YRR A IR AT o

1.2 Jik:

1.2.1  FgEEDCMAA S| 21 B AR 8 I 43 20 b 38 - P fi
R IRHOC24H M N0 LA I, A5 405 2 Rl F244L
M K5 3%, BE AL 20 8 X B2 AR 2 IncRNA FGDS5-
AS1id 354 \miR-195-5p inhibitorZH | BH X HEZH |
IncRNA FGD5-AS13 % i5+miR-195-5p mimicsZ , Xt
HELH AR LA 5.5 mmol/L A AR A 35 2 56 1E 7 15 9%
I XoF FECZEL A/ 1 5 2H A4 L35 DA 5530 mmol/ LA 26 4 1Y
B R SR, LIS S DOMAAR S 4 A 5 01
[7i] Bsf >R FH B J52 423000128 71 #E 47 43 2H 5% 4% : IncRNA
FGD5-AS13d £ 35 2 5% JeIncRNA FGD5-AS1id 6 1k
JFUkE , miR-195-5p inhibitorZ % 4¢miR-195-5p inhibi-
tor , B X B 2H 5 Y 25 33 50k FllmiR-195-5p B P4 X
M8, IncRNA FGD5-AS13d % $5+miR-195-5p mimics
H 5 YelneRNA FGD5-AS 133 3¢ 15 Uk MmiR-195-5p
mimics , %F & 2 FIAS 5 20 21 it DL 45 18 iR B AR 30001
FIAL B, 252 NI b B4 W AT I L5256

1.2.2 K045 20 40 idincRNA FGD5-AS1 miR-195-5p
FIPIMIE 35 : $2 U AH A0 ERNA | [ 5% SR 1545
HRDNA , 55 55 R S0 AR T-qPCRENR L H 5 9
1R %), 77qPCRIZ I ,B-actinfH] FIncRNA FGD5-AS1
PIMINZ: IR, U6JT TmiR-195-5pi 2 I, 274 4944
o B B AR R, 51 9 LR L

1.2.3 ARG 45 4 40 1 G 17 0 - (1) MTT: K HOe2
TN LA B 53 G AR e T o6 L , 1 IR 1.2.2
DT AT IMTT TAERIF 2 hm i e 4541
YHMIOCAE , TR 20 MEAE 1 22, 4 MIAATE 22 (%) =28
BG40 FRZH AN R (X HRZH ARG EE x 100,
(2) Edudfe (@, IEduisd 0% 5 1.2.270 23 21 A 3R 1
S35 h, ATEduf 8, VRIS 1TDAPL (4, L)
PN B R A A5 A L SR, T Image ) 3R € &=
2 4 A0 ML Edu FHPEECS SRR T A MRS SR 20
HAFE 3 (%) =EduBH M4 0550 40 .S x 100,
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&1 PCRS|#1575l
Tab.1 PCR primers sequence

Gene Sequence (5°-3")

IncRNA FGD5-AS1

F CGTGGAGAAGAATTGGGC

R CGTGGAGAAGAATTGGGC
PIM1

F TCTCAGGGACAGGCACCATT

R GCGGCGAAATCAAACTCATC
B-actin

F GCGCGGCTACAGCTTCA

R CTTAATGTCACGCACGATTTCC
miR-195-5p

F GGGGTAGCAGCACAGAAAT

R TCCAGTGCGTGTCGTGGA

U6
CTCGCTTCGGCAGCACA
R AACGCTTCACGAATTTGCGT

1.2.4 K 0 4% 28 40 1t 9 T 17 450 : DATUNEL €838
FIWEE1.2.270 43 2 A0 B 1 45 ATH9e2 K N0 LA
ML, 10% B 151 7, DAPIYS (8, 2 I Sl I R A 45
ZH 20 B S, i Image JER 22t 25 2 AH ML R T (R
TUNELFAYE) %505 SE, THE i g 1235, 4 T
2K (%) =20 MLJH T 50/ 40 SR x 100,

1.2.5 K600 4% 2H 40 I LDH K 48 P 40 it F FTNF-o,
1L-672 35 7K - e B 1.2.270 73 2 A B8 19 45 41 H9c2
FNO WS FRI L4 °C .1 000 t/min#f.0>10 min,
SR FHLDH{E P4 A6 0 38 70) & A6 il 1 3 rh LDHIE P 7K
-, R HELISATGR @A TNF -0 S IL-67KF-

1.2.6  F 0 E I 16 K I 45 4 HOc2 20 M PIM AT I T
P IR  FEEUL 2.2 /0 AR B (9 45 4 H9 2
RN VA RSB P 00 L B2 I A 1, B4 20
e L RERLK BRI, B A B JS B RN AR (I PIMIT
Bax Bel-2fl N S FIB-actin, AN B —$t . —HiiF
7,0, 188, HImage Pro Plus 6,084 b2 4H &
R BEAE, 1R AR NS Zeak K, AR ik K=
KA/ NS E A K

1.2.7 WU 2R Pl 4 A 25 DX S5 39 3 HEHO 2 A
LA HIlncRNA FGD5-AS1XfmiR-195-5p .miR-195-5p
X PIMEHE 18] 4 - HOe2 K AU LA 43 S AR5
FEAh 96 FLAR , FF P A Y 548 BImiR-195-5p53 i Fil
23 37 R IncRNA FGD5-AS13 26 ik ik 24 Yy 3]
HOC2H AL LA rh , BF A= Y 582 RIPIMT 37 -UTR

A5 B4 S FImiR-195-5p mimics M LR PR AL
EE YL HIH O ML, 24 h/s WA 25 4 4,
DLOSUE S 2R il i 4t 35 PRSI 350 & F il LA & ot
RIS H 0 2 5 2H ARG 28 AR X TG
1.3 Geiteeadr

K HISPSS 24. 03K A A T4 1+ #r o i A3 £ 34
FHx £ s8R, R TR 32 5 22 o0 M i AT 22 24 18] 22 5+
Fb A2, R FHSNK-q 6 56 i — 25 Fh 2l M 22 5%, P <
0.05 R 2= A G2 Lo

2 HR

2.1 45 ZHH9C2F A O L4 ffilncRNA FGD5-ASI
miR-195-5p \PIM1 335 /K - L4

5%t BEZHA EL, AR 41 41 g incRNA FGDS-ASI
PIMI mRNAZZ 35 A, miR-195-5p2 ik T (FP<005)
ERERIZH A L, IncRNA FGD5-AS 15 2235 2H 40 g Inc-
RNA FGD5-AS1 .PIMI mRNAZ 5 F} 5, miR-195-
5p#é ik [ I (FP < 0.05) ;miR-195-5p inhibitorH £
HfilncRNA FGD5-AS1ZR A LG 1T 25 7 (P> 0.05),
PIMI mRNAZ 5 TH 55 (P < 0.05), miR-195-5p 3 5 %
ik (P < 0.05) 5 B4 X5 HE 20 21 fglncRNA FGD5-ASI
miR-195-5p .PIMI mRNAZ ik JC 48 i1 % 22 F (P>
0.05) .*5Inc-RNA FGD5-AS1id FIAZHAH [, IncRNA
FGD5-AS1i4 281k +miR-195-5p mimicsZ Zf i lncRNA
FGD5-AS13R 35 L Gi 114 2% 7 (P > 0.05), miR-195-
Sp#% ik I+ i (P < 0.05),PIMI mRNAZ ik F& i (P <
0.05) IL3k2,
2.2 ASUIHC24N A AN ML 5 35 103155 1

S R P R HOC2 MU WLAT LA 745
R ETRIEAL (P <0.05) o SHAL HA, IneRNA
FGD5-AS13F 2 ik £ .miR-195-5p inhibitorZH H9c2 Al
N HILE LA 238 3G 5 6T R (P < 0.05), [ XT
HEATHOC2 RO LA ML A7 1 6 38T R TG 2
5 (P>0.05) . 5IncRNA FGD5-AS13d & iA4H H#5,
Inc-RNA FGD5-AS13d % i5+miR-195-5p mimicsZ
HOC2HIC LA AT 8 SEFH AR AR (P < 0.05)
LIEL L F2 23,
2.3 A5 ZHHOC24 M AN O LA Y 58 14 4 B R 7
br.y S QA2

55 %} HR 4 He g, AR ZHHOC2 A A UL 41 e
TNF-o IL-67K - T+ 75 (P < 0.05) . 5 1 8 £ Fb 45,
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IncRNA FGD5-AS13d 2 35 4 .miR-195-5p inhibitorZH
H9C2F AL IL4H TN F -0 TL-635 35 7K - B A (P <
0.05), B XF FEZHHOC2 RN A0 IILAT B TNF -  IL-63
KIS %2 5 (P>0.05) . 5IneRNA FGDS5-

ASTit F K 24 H K, IncRNA FGD5-AS 15t 2 ik +miR-
195-5p mimicsZHHOC2HIA L AN TNF -0 TL-67%34
IR (P<0.05) . IL554.

2.4 A HHC24H M AT WLAH BEPIM 1A 1 T4 ¢

*2 &KAHIc2T A ALAAEINCRNA FGD5-AS1, miR-195-5p & PIM1 mRNA#XTRIEKTE (x +s)
Tab.2 Relative expression of IncRNA FGD5-AS1, miR-195-5p, and PIM1 mRNA in H9c2 cells and human cardiomyocytes in each

group (x=s)

H9¢2 cells Human cardiomyocytes
Group IncRNA FGD5- IncRNA FGD5-
PP miR-195-5p/U6  PIMI1/GAPDH AS/CAPDH miR-195-5p/U6  PIM1/GAPDH
Control 1.00+0.14 0.98 +0.16 0.99 +0.15 1.01 £0.17 1.02+£0.16 0.97 £0.15
Model 0.34£0.11" 2.32+£0.20" 0.30 £0.10" 0.37 £0.12" 2.30+0.21" 0.35+0.11"

IncRNA FGD5-AS1

overexpression

0.95+0.13”

1.06 +0.18”

miR-195-5p inhibitor 0.36+0.12 1.02+0.17%
Negative control 0.32+£0.10 2.35+0.21
IncRNA FGD5-AST1-over- 097 +0.15° 297 +0.19"

expression+miR-195-5p mimics

0.93 £0.13”

0.96 + 0.16”

1.10 £ 0.18”

0.92 £0.13%

0.96 + 0.14” 0.39 +0.13 1.07 £0.177 0.94 +0.14%
0.29 + 0.09 0.35+0.11 2.32+0.20 0.34+0.10
0.33£0.117 0.94 +0.14” 2.25+0.19” 0.38 £0.12”

1) P <0.05 vs. control gmup;Z) P < 0.05 vs. model group; 3) P <0.05 vs. the IncRNA FGD5-AS1 overexpression group. n = 6.

A to F,H9¢2 cells; G to L, human cardiomyocytes; A, G, control group; B, H, model group; C,I,IncRNA FGD5-AS1 overexpression group;D,J, miR-195-

5p inhibitor group; E, K, negative control group; I, L, IncRNA FGD5-AS1 overexpression+miR-195-5p mimics group.
El1 Eduff@@ialHoc2i A HLAATIETE X 200

Fig. 1
BARIKT A

% A A, BRI HOC R LA AEPIMIL
Bel-22 FAZIAF#AI , Baxii A TR (F9P <0.05) .
5B 4 1 %R, IneRNA FGD5-AS1id 36 35 41 \miR-
195-5p inhibitorZHH9c2 A1 A .0 L4 HUPIM1 ,Bel-22E
F I T =, Baxih IR IAFEAIK (BIP < 0.05), BATEXS

Edu staining detection of H9c2 cells and human cardiomyocytes proliferation x 200

HEZHH92A A O LA FEPIM1  Bel-2  Bax# 1 3K 15
TGeiT24255 (F9P > 0.05) . 5IncRNA FGD5-AS13
FERAH AL, IncRNA FGD5-AS15 %35 +miR-195-5p
mimicsZ41H2H AL LA HEPIM 1 Bel-225 4 # ik
i, Bax#E A £ A T (B8P <0.05) W3 .35,

2.5 IncRNA FGD5-ASTXFHOe2F1 A L L 4H ffmiR-
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A to F,H9¢2 cells; G to L, human cardiomyocytes; A, G, control group; B, H,model group; C,T,IncRNA FGD5-AS1 overexpression group; D, J, miR-195-
5p inhibitor group; E, K, negative control group; F,L,IncRNA FGD5-AS1 overexpression+miR-195-5p mimics group.
B2 TUNEL#E&NHIc2F A OALAAEET x 200
Fig.2 TUNEL staining detection of H9¢2 and human myocardial cell apoptosis x 200

#3 FHEHIC2A NDAAMTEER, AR, ATERRLDHFEKE (x+s)
Tab.3 Survival rate, proliferation rate, apoptosis rate, and LDH production level of H9c2 cells and human cardiomyocytes in each

group (x £s)

IncRNA FGD5-AS1 IncRNA FGDS-AST

miR-195-5p

Item Control Model . . Negative control overexpression+
overexpression inhibitor . L.
miR-195-5p mimics
H9¢2 cells
Survival rate (%) 100.00 + 19.11 51.20 + 13.52" 87.93 + 15.23% 93.04 + 14.41” 48.15 + 13.70 59.42 + 14.84”
Proliferation rate (%)  69.85 +9.61 15.46 +5.12" 57.19 +9.30” 63.78 + 8.94” 1532 +5.08 20.53 + 6.14”
LDH (U/L) 186.34£39.15  619.25+45.28" 19936 +37.43”  192.01 +38.16°  625.62+43.51 608.17 + 42.94”
Apoptosis rate (%) 8.91 +2.66 44.67 +4.93" 13.02 +3.30” 10.95 +3.42” 4728 +5.03 38.23 +4.62”
Human cardiomyocytes
Survival rate (%) 100.00 £17.05  49.10 + 12.97" 86.95 + 16.83” 91.50 + 15.36” 47.82 +13.20 54.06 + 14.18"
Proliferation rate (%)  63.21 +8.74 12.15 + 4.03" 51.98 +7.75” 46.02 + 6.92” 11.96 +3.93 15.03 = 4.87”
LDH (U/L) 195.63 +37.52 637414239  210.02+38.14”  202.15+3597"  651.04 +43.45 628.10 + 40.74"
Apoptosis rate (%) 9.10£2.93 49.36 +5.10" 14.12 + 4.02” 12.07 + 3.84” 54.85+5.21 4278 +4.22"

1) P <0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. IncRNA FGD5-AS1 overexpression group. n = 6.

F4 FHHIC2F ADAMMTNFo, IL-6FEKE (x+s, pg/mL)
Tab.4 TNF-aand IL-6 expression levels of H9c2 cells and human cardiomyocytes in each group (x s, pg/mL)

H9¢2 cells Human cardiomyocytes
Group
TNF-a 1L-6 TNF-o 1L-6
Control 5825+ 11.71 44.17 £ 10.64 62.24 £ 12.50 5132+11.22
Model 146.82 + 14.19" 131.48 +13.27" 158.46 £ 16.11" 143.64 + 14.86"

60.89 = 10.28”
55.32 +10.15”
149.24 £ 15.03

135.95 + 13.76”

70.86 + 13.04”
66.02 + 11.87”
163.11 + 15.96
150.32 + 14.61”

52.03 £10.33”
48.92 +11.15”
134.75 £ 13.41

123.84 +12.82"

68.01 = 12.20”
63.59 + 13.16”
150.23 + 15.04

137.98 + 13.43”

IncRNA FGDS5-AS1 overexpression
miR-195-5p inhibitor
Negative control

IncRNA FGDS5-AS1 overexpression+miR-195-5p mimics

1) P <0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. IncRNA FGD5-AS1 overexpression group. n = 6.
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B-actin

B

A,H9¢2 cells; B, human cardiomyocytes. 1, control group;2,model group;3,IncRNA FGD5-AS1 overexpression group ;4, miR-195-5p inhibitor group;5,

negative control group;6,IncRNA FGD5-AS1 overexpression+miR-195-5p mimics group.
B3 & ENmEMIHIc2F MO ALAAPIMY, Bax, Bel-2EB &I
Fig.3 Immunoblotting assay for detecting the expression of PIM1, Bax, and Bcl-2 proteins in H9c2 cells and human cardiomyocytes

5 FHHIc2FNDALAHIPIMI, Bel-2, Bax®EBMAIRIZKFE (x+s)
Tab.5 Relative expression levels of PIM1, Bcl-2, and Bax proteins of H9c2 cells and human cardiomyocytes in each group (x +s)

Group HO9¢2 cells Human cardiomyocytes
PIM1/B-actin Bax/B-actin Bel-2/B-actin PIM1/B-actin Bax/B-actin Bel-2/B-actin
Control 0.93+0.16 0.29 +0.07 0.76 +0.13 0.71 £0.09 0.31 0.08 0.83 £0.15
Model 0.41+0.12" 0.63 +0.10" 0.26 +0.08" 0.19 +0.06" 0.67+0.11" 039 +0.11"
IncRNA FGD5-AS1 overexpression 0.87 £0.14” 0.33 £0.08” 0.71 £0.10” 0.66 +0.08” 0.35 £0.09” 0.78 £0.13”
miR-195-5p inhibitor 0.89 £0.15” 0.31 £0.09” 0.73 £0.11% 0.67 £0.10” 0.33 £0.07” 0.79 +0.14”
Negative control 0.400.11 0.65 +0.12 0.27 £0.09 0.17 £0.05 0.69 £0.12 0.38 £0.12
IncRNA FODS-ASLoverexpressiont 45 0139 05020117 0280097 0214007  064£013° 0412013

miR-195-5p mimics

1) P <0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. IncRNA FGD5-ASI overexpression group. n = 6.

195-5p .miR-195-5p# i) & 5 PIM 1 1) 52 1l

1 o K FK starBase 8088 JFE # 15 Ine RNA FGD5-
AS15miR-195-5pl] \miR-195-5p 5PIM1E] 45 & 7
A, UL R4, 5B AR R miR-195-5p+25 241 LA, Bk
miR-195-5p+IncRNA FGD5-AS1id 2 35 ZHH92 1 A
O WL LA X6 2 6 2% Tl 5 P (i 2 FRAIR (P < 0.05) 5
2R 75 RImiR-195-5p+4° 28 41 5 % 78 AImiR-195-5p+
IncRNA FGD5-AS 1 2 35 ZHHO2F1 AL UL 41 At A1
XF 9 R WG YT gt 25 = (P> 0.05) o 5 B
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Fig.4 Binding sites between INcRNA FGD5-AS1 and miR-195-5p, as well as between miR-195-5p and PIM1

£6 KAHIC2H AL LAEBARRT S HEEME (x+5)
Tab.6 Relative luciferase activity value of H9c2 cells and human cardiomyocytes in each group (x +s)

Group H9¢2 cells Human cardiomyocytes
Wild miR-195-5p+empty load group 1.01 £0.13 1.00 £ 0.11
Wild miR-195-5p+IncRNA FGDS5-AS1 overexpression group 0.30 = 0.09" 0.27 +0.08"
Mutation miR-195-5p+no-load group 1.02£0.14 0.97 £0.10
Mutated miR-195-5p+IncRNA FGD5-AS1 overexpression group 1.03£0.15 0.98 £0.12
Wild PIM1+miR-195-5p mimics negative control group 0.98 £0.13 0.99 £0.15
Wild PIM1+miR-195-5p mimics group 0.24 +0.07” 0.32+0.10”
Mutation PIM I+miR-195-5p mimics negative control group 0.99 +£0.14 1.00 £0.14
Mutation PIM I+miR-195-5p mimics group 0.97 £0.12 1.01 £0.11

1)P < 0.05 vs. wild miR-195-5p+empty load group;Z) P <0.05 vs. wild PIMI+miR-195-5p mimics negative control group.
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