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FGF20{#|BMP4NEZFA 'S LIREFSH
AN ZRRRAE K RIME B AR

Mk EAeT OBREA AR KA
(CEBEZEEE 22 R, H17T 361000; 28 ERNR 22524658, 181 325035;
SRR B S — R B 25 S, Tk 315010)

= PRAT 4 #m i & K B F-20(fibroblast growth factor 20, FGF20).4 - ALAE K BLA #4714
A, Aa AR R AE R A . Bk, AR § ERAFGF202-& S ILanfefe X 694 TAE AdLsl. i
B30 AE 8 10 umol/L5t 7 B _E B & (isoproterenol, ISO)#] #L & AX, & WL4m JWNRCMs 48 h, #J#S L4m
JOAE KAER! | 5+ F) B 2 NRCMs 451 4T 100 ng/mL % 0% & FGF200A & 50 ng/mL & 0% & B H 5 &
% & @ 4 (bone morphogenetic protein 4, BMP4)3k 4L 2248 h, F+44 B 44 4L M 5 9 AT FGF204L 22 47 &
# £ 7 & ik A F (differential expression genes, DEGs), & £ # /TGOFKEGG'E 4& 547 vA ZPPI M
S, 1S F 3 ik LASSOFRandom Foresti# 213 t 4% & £ F 2 H (Core-DEGs), 3+ £
HATROCHAT. /e, 128 & @ JR 95 Bp i VA ART-qPCRERIEAZ & £ F 2L F 49 & iA, TUNEL# &
3o L gm e B T L. 45 R R, FGF207T 47 IS0 5 498 LA X 4§ AFRANP. BNP& ik
LB, JEEFGF20 4 S iLgm e fle KARIPAE R . 45 KM 5 5 AT &I, H5IS0Z8481k, FGF204 2 /5
£ RN EFREAE. GOFKEGGE o R i, 2R AL AR T RETEESNA
AR A B TAZ TB I, 2GS F 3] FR A 16 ik & R IBmp4# Core-DEGs, HL X AUCH 1. 5
Y45 R &R, FGF20T 47 41 1SO% - ¢ BMP4& A LA Bou iLm i 8 =; W BMP4i#k 7% & FGF20-3
Wugm ORISR AR AP A A% 00 B 4 55, FFAERANP. BNP& @ K-F LA R SAL@ A T3 % . $X,
FGF20:# 1T 37 4| BMPALE fif s AL 4m e )8 = 3t fn 2 & lém B fle K.

(97 FGF20; D ILANMEAE K BMP4; T s 4, MLas 2% S 5k
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Abstract

lar mechanism still unclear. Therefore, this study is aimed to explore the molecular mechanisms of FGF20 protecting

FGF20 (fibroblast growth factor 20) has a protective role in cardiac hypertrophy, but its molecu-

against cardiomyocyte hypertrophy. NRCMs (neonatal rat cardiomyocytes) were stimulated with 10 pumol/L ISO (iso-
proterenol) for 48 h to establish a cardiomyocyte hypertrophy model, and then co-treated with 100 ng/mL recom-
binant protein FGF20 or 50 ng/mL recombinant protein BMP4 (bone morphogenetic protein 4) for 48 h. Transcrip-
tome was performed to identify DEGs (differential expression genes) between ISO group and ISO+FGF20 group.
DEGs were subjected to GO, KEGG enrichment analysis and PPI (protein-protein interaction) network construc-
tion. Machine learning algorithms were employed to identify Core-DEGs (core differentially expressed genes), fol-
lowed by ROC (receiver operating characteristic) analysis. Finally, the expression of Core-DEGs was validated by
Western blot and RT-qPCR analysis, and TUNEL staining was employed to detect cardiomyocyte apoptosis. The re-
sult showed that FGF20 alleviated ISO-induced cardiomyocyte hypertrophy, evidenced by decreased levels of ANP
and BNP proteins. Transcriptome analysis identified 42 DEGs after FGF20 treatment compared to ISO stimulation.
GO and KEGG enrichment analyses revealed that 42 DEGs were associated with multiple immune regulation and
apoptosis signaling pathways. Notably, Bmp4 was identified as the Core-DEG by two classic machine learning al-
gorithms (LASSO and Random Forest) and its AUC value was 1. Furthermore, FGF20 inhibited BMP4 expression
and cardiomyocyte apoptosis induced by ISO. However, activation of BMP4 counteracted the protection of FGF20
against myocardial hypertrophy, resulting in increased levels of ANP and BNP proteins and cardiomyocyte apopto-

sis. In summary, FGF20 exerts a protective effect on cardiomyocyte hypertrophy by suppressing apoptosis through

the inhibition of BMP4
Keywords

rithms

It AN 2R v 7 S RAT , BRI RO I
BRI BEIA 3.3/, O IR CRONI 2 R
RAET-HE BEER R, OUUIE KR AR Z O I
P AL RIS BEHERE, 2 3 800 MR = R R
MR PET R BB R K P, O UIE K S O
JRLXF A1 s 7 74 T R HE ) — R A A o
JULEH 23 E A, AR R (8 7 A i S B0 IR D R 2R AR
I R ORI T O L 58 DR O I W 5
TRINRE AL, BRA RO S EE TP, T
Oy LAE K B A WL o BEERE S 4%, H AT R VA
I7 b R AT = O LR K R4 X Ve R 259 . TR,
X O WUREK B R R LI AT VR NI FE R 2 A 21T
TBITHE S R 25, CORCNIRIRIATT iR 75 AR P IR ) 2
7] G

FSCAT 2 4 Y A K [K] F- (fibroblast growth factors,
FGFs)E—K 25K KE. HEmnEE%
A B B AR ) 2 THAS R AT 59, BbAh, KEHF
FUAUE S, FGFs A& i O UL K T TEIR T K7 o 5,
FGF18HIFGF213%8EA RUZR MR 0 IWUAER , S5 O Ik
i RETskThag, 2 R CUURTYER 7Y, FGF20

FGF20; cardiomyocyte hypertrophy; BMP4; apoptosis; transcriptome; machine learning algo-

& MARIHTUE IR AR 42 5E HOR Y, 5 FGFOMTFGF16
JL[H 20 B FGFOE KR . FGF20 8 W10k A IALE i 46
S LA B 3808, IFGR201HF 78 F BRI &
ARGV, Wia AR G040 a4 0o (|
BEE BT TR, FGF20MIESEAEH A B« BK
AL BT IR LA B S i 9 5 2o R Hh L B E
BRI EARE R, FGF207E LI
WEA —ERIL, I H TSRO R E G
JULFRAE DT, SRT, FGF204E Co LR K H 0 4 FH A i
AARIE . PR AT I, 1R e S
(R L JULIE R 1 FGF20 B AT H 2 (R R4 F 1), R
FARGy 7B A A

A 8 E e A 1S O M) JE AR 0 WL 4l A
NRCMs(neonatal rat cardiomyocytes) A4 28 HiL )
Co LR B KA T | I A 2 S L0 e R UV A
22 S R R AR LA, R BOAL &% o 21 S T ik
OB A, B J BEAT AH . (1) S B0 B e (BT 1) . PR,
ARWHFC B AER FUFGF2008035% O LA L AE K H 7311
FAMLHL, U9 FGF20877 76 O ULIE K S Rt 2 Bt
A -
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Fig.1 Flow chart of this study

1 MRFEE
1.1 ##

SHE EIRER (185 15627)4 T £ E Sigma-
Aldrich/A ] ; FGF20H 4 85 (1 (185 : 2547-FG-025)114
T3 Novus A 7] ; BMP4EZH 2 (%5 HY-P7007A)
T2 EMCEA 7]; DMEM(Dulbecco’s modified eagle
medium) SRS FRHE (192 11995065). 1G4 L35 (fetal
bovine serum, FBS)(T% 5 : 10270106). [z 11§ (%
51 25200072) BERR £R 2% TV M (phosphate buffer
solution, PBS)(#% 5 : 20012027)T 3 [H Gibco /A 7 ;
HHEERIRAT (S P1400). =3 RIPAZA
(535 : ROO10)W T AL i K E R AR A A ; RNA
FERGAA & (B35 : R701D)W T 1 i 0 g e A= M BB
A A BR A 7] 5 PVDFJE (555 - ISEQ00010)1 T3
Millipore A 7] ; 495 (525 : BD232100)14T-3&
BD ] ; ECLEEE (575 : K-12045)8 T35 [H Ad-
vansta/A 7] ; 5% 8 H FFEZME (5 : PO015). DAPI
et (P25 2 C1005)0E T B3 = KAEVH A GR
/2] ; TUNELIRF & (B85 - G3250)04 T35 [E] Promega
N, ANPHUA(HE S se-515701; 1:100)0% -5 [F Santa

ruz//A ) ; BNPHUA (525 - DF6902; 1:1 000)IT-IT.75
SRV AR O R A ] Bel-2Pidk (5 : 68103-
1-Ig; 1:1 000). BMPA4HIAR(EE S 12492-1-AP; 1:1 000)
T i = AP AR B A 7] GAPDHATU A (B 5
ab9485; 1:1 000). BAXHLIA (525 : 2772; 1:1 000).
BAX$UA (TS 2772; 1:1 000)8) T2 [E CSTA ] ; 4
PTHRP anti-rabbit IgG(¥¢*5: HS101; 1:10 000)F1 i Ht
HRP anti-mouse IgG(f%5 : HS201; 1:10 000). BCA
FAHEERFE S DQUI-0NW Tt 44
VBRI B BR A A .
1.2 L¥zh)

H A 1~3 K1 SPFZ SD(sprague-dawley) K ff
FUR, B R KSR et , shynta FIR s i fe
P0G [ ) s 2 B s AR B R 5L 2 A (e
20230424002).
1.3 EROAZEFE(NRCMS)IREY., 155 K SEIR AR

¥ 1~3 KB E RRARE T 75% L BEHIZIEH
BJa, TEJCEA A0 T BYECAL SR O 2 JF 0ol
75, ARE BT 1 mmx1 mmx1 mm K/NFZHZRIER,
1E 0.08% kB2 pP i h T 37 CCHERRE /1 e 8% -4y
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BRI

YA Z U AL 5E 42 (R ZI81K); 2 500 t/minZE i
205 minfGWERAHME, NN 58 35775517 10% FBS.
1% 455 7)) IR T35 5], 13200 H i 5 E 137 °C.
5% CO.ZH A5 7756 TH M EE60 min LARR 23 0o WL T 4
Yf; BUREFRIL B, B OISR e, BT
KRB E B O AN IR, AR S Y T B
TEEFRILAF ; 24 h)i5 5 335 77 58 & Brdu ) #T i
BeFRdk, FAT S SRR

NRCMsC LA g% 75 T DMEME: 7225 (77 10%
Mg 1%H -8Hz)+, HET37 °C. 5% CO,MH
R FRF Y. NRCMs O VLRI A K 2 60%~70%,
f§ 110 pumol/L ISORIEL48 h LA 22 i ity .Co AIL4H
JEKARERY | IF: [H] I NRCMs ) 5145 F 100 ng/mLEE
“H % 1 FGF20LL 2 50 ng/mL i 41 & [ BMP4 3t Ab 3
48 h.

1.4 FEHR%ZENIE(Western blot)

SIS AW G, W2 RE IR AL S AR AT TA (1) PBS
TEYE, M =R RIPAZAR R AL 2 2R . BCA
B E AT I E BN E, A& B MR
95 °C& 10 minffi & A48 PE. HUS & (30 pg)d ik
17 SDS-PAGEHLIK 73 B 5 , P8 B SR A %
2 PVDFIE I ; 5%/ AR 49 =i B0 2 h;y I
B — 40 (R BEEL ] 1:1 000) 4 °CM4F P B ;
TBSTHE3¢K; FRIIARTRL —H1 (FoRE LG4 1:10 000)
R E2 he TBSTHE3K G, ¥ PVDFE T ECLEE IR
(ATRANBIRFE 11 HLA 78 70T 5T Hh &5 R B 2960 s, P
Rt R RG R R4 H & B 4 BUG IR T 4>
T o
1.5 SERFHEEPCR(real time qPCR, RT-qPCR)

SIS AL FR AL R G, W AR IR AR S AR AT T4 1
PBSiHEYE, IIAZ12 mL RNA-easy Isolation7& 75 41 /i)
R, HBBACH AR ET T RIS R E.O
B, R EWIT A e AR R, AR R
0 B LS FE E 10 min. 4 °C. 12 000 r/minf
15 min, B EJZEIER, HIMASFER AR, ER
A EH e /R A AR E 15 min. 4 °C. 12 000 /min
B0 15 min, 3 GRS RNAVTIE . IINFERT T
B T75% BT, 5B AT RNAYTIE Bk, i
4 °C. 8000 r/minf 0> 5 min(HABBEL 2K). =
IR, IINGE £ [ RNase-free ddH,O 5 i€ 1 minfii
RNAVTIE 7870 %, BT EERNA. S RNAZ IS B
DNAJG, F %55 HcDNARMR . IIA1 pgffJcDNA

R 10 uL SYBR A2 0.4 pLXf M. 514 (10 pmol/L).
KB K £ B 20 pLy G4k &, BB E S G A
RIFHEAT PO E B PCR. R4 CHETH RIS H B R 3R
EE. SIMFHU R . Bmp4(rat): forward, 5'-GGG
AGG AGG AGG AAG AAG AG-3/, reverse, 5'-TGG
GAT GCT GCT GAG GTT-3"; GAPDH(rat): forward,
5'-GGC AGC CCA GAA CAT CAT CC-3', reverse, 5'-
GCC AGC CCCAGC ATC AAA G-3'
1.6 [R{IKinEEFEEFRICH AR (terminal deoxynu-
cleotidyl transferase-mediated dUTP-biotin nick
end labeling, TUNEL)

SEIG AL BREE TR, Wi K577 IS H PBSTEBE, IIA
4% %2 5% PRI 55 3 8] 5E 25 min, PBSPE37K. JIA100 pL
HEMKIER (10 mg/mL), i N H 10 min/5 PBS
PE3UR. MIAN100 WL, = IRBOE A T
H 10 min, 25 MAIE &) 5 N AR R (H T pL rTdT
fitf 5 WL IR A4S WL P16 2% v R A 1 1K),
FE37 °CHGZAF NI E 60 min. 23R RVAK R,
TN 20% SSCER B AFIF H 15 minfF 1k,
PBSWE3IR. MADAPIZ: R} % i 7 B30 min AFR
CA A%, PBSIEBE 3R I & 1R 65 K
A A, A O S s g T W s, JER)
H ImageJ 4 53 HT Z Gik NRCMs i T4 DLk AT 43
7o
1.7 HFRENF

B 46 # Ff NanoDrop ND-1000%f NRCMs &L
RNA M4 5 & & AT 4%, it Bioanalyzer
21005%F RNA [ 5¢ 5 4 BEAT e i 5 A5 FH B i i HhL 9K
BB I6AIE . 18 ] oligo(dT)BERRAS T 3R A
PolyA(Z EBRHR )FImRNA, JE¥ AL miE &M T
BB T 4T Wil & HEAT v Bk, PR e S g
MIVEF N A 0% cDNA . Fl i PCRAG B Beok
/INA300 bp+50 bpfJcDNA S, )5 1% illumina
Novaseq™ 60003l J7>~F & #H 47T =i &= 7, 459 3
FASTQ# 30 ) J5 4 B4k (Raw data). 1 FIFASTQ#
4 (https://github.com/OpenGene/fastp) %] Ji 4 £ 4
BT AR (BFE R Rk =R T A RR G &7 51),
{i i} HISAT2(https://ccb.jhu.edu/software/hisat2)
W7 o LE e 2K B M (Rattus norvegicu) 3k
M, 133 bam AR G, {8 H StringTie#F (https://
ccb.jhu.edu/software/hisat2) X} 3 P& 8l % e A ik 47 40
%% 3F | FPKM(fragments per kilobase million)#47
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o BRI R oy b AR RN R I AE R &
] 56 il
1.8 ERERERRES

] R A 4.3.0) K FPRM 348 5 4
TPM(transcripts per million)#% X\ FEE1T log, 75,
f8 FH Limmatl @k 47 22 5 50 Hr , 07k Hh 22 e 3Rk 2k (A
(differential expression genes, DEGs). 5HE 7 FE /T
() &5 REAT AT AL 23 4, P390 )48 F Pheatmap B, A1
gaplot2 /A0 il 1 22 S B DT () B Ak L]
1.9 GO. KEGGEE 771 K% PPIM4EH)E

8T REA: H clusterProfiler % DEGsiE{T 3
AAK (Gene Ontology, GO)IhfE & &AM L AR 5
FER4H T #H41 (Kyoto Encyclopedia of Genes and
Genomes, KEGG)if % & £ 70 Hr, K5 25 Rtk A7 vl 41
ot

¥ DEGs‘3 N\ STRINGTEZ654f /% (https://www.
string-db.org/) ', *f HH AT 5 (AR EAE H (protein-
protein interaction, PPT)M 25434, MIBRINAL A 1,
13 B PPIEUE 1 RAF A TSV XU, FIH Cytoscape
3.9. VR 14 2 (R PPTI 45 347 P 44K, o
1.10 #1285 5] XROCHZ 534

147 F glmnet X DEGsiE4TLASSO Al 4 7347, £
FERGERAU G B TIOI 22 S0 i R 4 OB A R 4
¥ Ji5 187 F§ Random Forest/f0 #4) 2 BEHLARAMRAL AL | X 47
BT HET , G BT 100 5 R R B AR AR
&, BOMBEIVERHMEE R R RGO ZE SRR
F pROCH N 4% 0 22 5 FE Rl AT (receiver operating
characteristic, ROC) 43 #t AR 5l Ha2 Wi 2R
L1 it ot

i H GraphPad Prism 8.0%F 34T 1T 04T,
ST R LA S £ bR v 22 (k) TR SRR, A
ANOVA (analysis of variance)*f % 21 [A] 22 57 11T #
K 2= 07 Z2 50, P<0.050 %R % 7 A 4t % =
o

2 HR
2.1 FGF20T]ZEZISOES A LA RAEAE A

N T AR I FGF204E O JULZH I AR K AR FY
AW 5T 8 5 53 Bl NRCMs#: F ISOLL & 1SO 4 Jf:
FGF20%1 148 h, i J5 {3 F Western blothsill Lo JLAE K
FeAR0 558N IR BK (atrialnatriureticpeptide, ANP/NPPA)
KA (brain natriuretic peptide, BNP/NPPB) ) &

7K. 2407~ , ISOF &2 i ANPHI BNP
()8R A KF, 1 FGF2040 2 ) w] B 2 31 il ANPAI
BNPHER H K. LA RS REN, FGF200] 235
LZH ALK .

B 5, AT 5T 0 ISO+FGE204H DA B2 ISOZ # 47
BT . P |loga(fold change)[>0.585. P<0.05
R, IR 2] 424 DEGs, H A5 280 N i
FER A4 B IEK (ISO+FGF20 vs ISO)(E2B Al
2C).

2.2 FGF20iF{THIDEGsHIGO. KEGGEE 7 #h
AR PPIM 45 38

KRt , AW I 424 DEGs#ET GOFI KEGG
EEMT. GOFHTSEE R EIR, HISOULA L, FGF20
AbFE f5 DEGs & % & FEE /N RN A (microRNA, miR-
NAY SRR PUER . B 7R [k
s RS . RN BRIE RS . AT A R T
SRR B R . RSO I MAPK R S R [ 1
R O TS B I % . R R T2 38 5
42 . SMADR H1E 58 3 B R 115 518
B P A7 T U 4% S5 A2 WL #2 (biological process, BP) I,
3 H.5 Dixdcl. Hmgb3. Ccl4. Cxcl3. miR132.
miR 15581 Bmp4%55 BRI AH K ; DEGs 402 53 (cell
component, CC) 3 %2 & 7L T Joa I . 2R A4 o e
JRIEAMIN . 0 R3S R WLBhER (40 E 42, 2 i
JERRIX . WUR A4 BRARIFIREEE STV, 1T
WS B A A TV R AT A I 25 45 R 41 i 25 55 ; DEGs
#1543 T Ih e (molecular function, MF) = 2 & £ 15 %
RECARTEYE . (55 2R BE RS SR E O
A+ mRNABEEEFO PR GE . Rz REA
HEEREYE . SUMOIEZIGE % . BMPRZ AL &
CXCREWIH T 2 & FAE K R 73 % F (E
3ARIE3B).

A, KEGG7r 45 SR & W], FGF204b 7 JS DEGs
FEEEET YRR IR F SR HE T2
WA EAE . WidEiE B S 4R A 2 AR B A
HAEA . NF-«Bf5 5. @R HE5EE. s
HE A FEEREFEEY G R -RIR K E = R B
JRZ . BERNH 2 BEACE . SERE 1 microRNAs
FIERFET &5 i@ s, 3 H 5 Slc7al. miR155. Pfkfb3.
Dse. Myo7a Tnntl. Ccl4. Cxcl3. Bmp4H
LOC10035966855 5 KA K (K 3CHE|3D). #—#
MR I, FGF2014% ) DEGs & /5 £ 4 5 )%
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(A)
ISO - -+ + + + Group
FGF20 — — — — + + Ldlrad3 1SO
AABR07063638 ISO+FGF20
1.0
GAPDH “--T‘- © 05
I o 0
aeiio ’ =05
a8 % # Z8 AABRO7048653
g2 . 2 %" Zmiz2 -1.0
93 S5 -15
15 1 |
<< S
158 + +
- SO - + +
FGF20 = = + FGF20 - - +
©
Down (28) = None (26 934) « Up (14)
6J1SO+FGF20vs1SO 1 = 1
1 1
1%
1 1 ¢ .
241 P
= L (2 '
= 1
& .
o | AABR07066693
7, 1 AABR07030200
3 [}
L) r
N AABR07024833
LOC100910732

0
log (fold change)

A: Western bloth& il JE K H: K ANPFIBNP R [ 334 S 52 #4045 “P<0.05, 5CONZAHLL; *P<0.05, HISOZAH L. B: ISO+FGF202H FISOZH

ZHIA) DEGs A E . C: ISO+FGF204 FISOZH i 4H. 18] FIDEGs Y K 1L &

A: Western blot and quantitative analysis of the protein levels of hypertrophic genes (ANP and BNP), “P<0.05 vs CON group, *P<0.05 vs ISO group. B:
heatmap of DEGs between ISO+FGF20 group and ISO group. C: volcano plot of DEGs between ISO+FGF20 group and ISO group.
B2 FGF20i#I1SOIE SHY AL 4B X
Fig.2 FGF20 inhibited ISO induced cardiomyocyte hypertrophy

CUIEE ) R AR E N SV APS R R A= G S I
e 2 B TR T (CAn s 2 4 A48 ) T 0 AR ) A ) R A
PTG 5 8 B 1 97 ) TR 45 ) A S I A i AR A5 5
g, $E7R FGF20-Co LA M AR K A4 4 FH 7T e E
HiAZEaZESamETEUIMc. SRR, &
W 70% 424 DEGs 5 N\ STRING % #2 /2 - F] FH Cyto-
scape 1] FL4L J5 15 2 PPIM 2% & (KI3E)
2.3 Bmp42FGF2202ZE L ARARAE R B9tZ OB F
K &2 187 (LASSO regression) [ H #x

#K (random forest) 2 £ ML FHLAS 5 > SHIEXT 424~
DEGs#TICA 1%, AR HAZ 0 22 53 FE ] (Core-
DEGs). LASSOi%#% lambda.mins 7445 5] 54N
MEFER, 439 N AABR07024833. Adgrel. Bmp4.
LOC100910732. Tetn3(E4A). BENLARAMELET10
ANFEAESEER , 435 Dse. AABR07066693. Mt .
Ferl2. Bmp4. Ccl4. Hmgb3. AABR07052529.
LOC100910732F1 LOCI100911319(& 4C). P HLAL
LIE1S 2] —MZ0 ZE 75K Bmp4(E14B). #E—0 %
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[ miRNA-mediated gene silencing

[] Response to chemokine
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I Neutrophil migration

I Negative regulation of fibroblast apoptotic process
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SriTrIsZ K. D: KEGGHE #4Hr =i . E: DEGs/PPI

A: bubble plot of enriched GO terms. B: chord diagram of the enriched BP (biological processes) in GO analysis. C: chord diagram of enriched KEGG

terms. D: bubble plot of enriched KEGG terms. E: PPI network of DEGs.

E3 DEGs#IGO. KEGGH LA R PPIMLEH3E
Fig.3 GO and KEGG analyses and PPI network of DEGs

MR, FGF207] &35 40 BMP4ZRIXA , I H 5.0 L4
HAE A FESRNPPA(YFRANP). NPPB(S FXBNP)E 1EH]
K(FEADAIEIAE), LR, STBMPATEAH 7T £ 4
HEATROCH T G &I, FL 2R T [HIA (area under curve,
AUC)H 1(E 4F). Rk, L B4 R, Bmpd &k
FGF20 R #E CoVAH M AR LR FH A% O R A
24 ZOEREFRSLINIE

B 5, AHE 5048 H Western blotFll RT-qPCRA 4%
O 72 S 3L BMP4HAT IR AE . &5 R WoR, 1ISO] LA

# I BMP4F) mRNAFIE (3R IE/KF, 1 FGF20
ARFR N AT 2 R 1 BMP4R mRNAFIEE (4 3Rk K
(B SA~E5C). &HE5Hrst RIER FGF204% T
DEGs'E £ TP T2, K SEAHE SO B KN 1 0L
MR PE TR . 45 R oK, FGF20 0] #IH] ISO 1%
ST bR BAX/Bel-28 i (B 5F). 5 b[RIET,
TUNELS2H; 45 & W, FGF20 1 #ll#] ISOi% 5 [ 0>
LA 08 T2 (EISDATEISE)

NT HE— S IAE BMP4Z 752 54 % FGF20K)

M



1342 BRI -
(A) (B)
555555554320 5 5 5 4 2
= LASSO Random forest
. 14
o 1.5 .
Q
§ : 2]
S F £ 07
Q Q
S 1.0 7 3
: $ 7]
£ “
m
2
T T T T T Bmp4
- 4 3 2 -l
log lambda
© (D)
rf Top 10 genes
LOC100911319 : -
o
030 LOC100910732 )
=] AABR07052529 o 8
Hmgb3 o % 4
Celd o 2
Bmp4 o %
Ferl2 o <~
Mt o § 3 —
AABRO7066693 o =
Dse e}
T T T T T T T T T
20 30 40 50 0 005 010 015 020 2
Trees MeanDecreaseGini I1SO ISO+FGF20
(E) » - (F)
o5 g’
AF“’"L::\"@;“VACC“*OS“ ?C“E\%\“@hif’c\sgc\:s\ NP g
148807052529 100 Q) BN QN L PN QN 1.0 1.00 -
448r07066693 0.611.00 Ny Ny NN NQONN\ B 08
Bmp4 ru7zro.xxw.oo///,\\/’,/ 0.6 0.75 -
Cel4 u:-owoxx100,’,\\’/,, 04 >
Dse 034051097078 10 4 NN L O L/ || =
Ferl2 054087096052 053 L0 I NN I @ I L 02 2 0.50 -
Hmgb3 |-0.68-0.92 0.80 0.780.78 0.71 1 00\\”/, 0 &
LOC100910732 075 0:88 -099-089-0.970940.851.00 I NN\ | | o2 J
LOC100911319 [0.51/0.860.53-0.79-0.76-0.77-0.520.50 1.00 Qg QY Ny 0.25 AUC _BMP4=1
Mt11-0.76-0.72 0.92 0.74/ 0.92 0.88 0.651-0.93-0.52 1 ()l)"/ 04
NPPG -0.68 0.65| 0.88 0.46{ 0.68 0.65|-0.67-0.62 0.50/ 1.00 ,' 0.6 0 -
Nppb -0.50-0.93 0.85 0.91 0.76/ 0.82/0.94-0.89-0.81/0.71/0.87 1.00, 0.8 (.) 0'2'5 O'éo 0.';5 1 .bo

Tetn3 -0.85-0.850.98 080 1.00 0.910.82-0.98-0.79 0.92/0.51] 0.80, 1.00|

[ aaaaaa— |
-1 -08-06-04-02 0 02 04 06 08 1

1-specificity

A: LASSOIZHR RV SEI5 1 (1 1m] V7 2R O AR RIS SCIRAIE - 28 o B: PR LA 2 > SE0E R R DR (R 20 R o € 2 T BELARMR O RAARE 2 220
D: Bmp43RiEN/MEEE . E: BMPAS5ANP. BNPIUAHGHES 7. F: BMP4IIROCHIZE 43 H7 «
A: regression coefficient path diagram and cross-validation curves in LASSO logistic regression algorithm. B: the Venn diagram of genes identified by

the two machine learning algorithms. C: the identification of feature importance based on random forests (rf). D: violin diagram of Bmp4 expression. E:

correlations between BMP4 and ANP, BNP. F: the ROC curve of BMP4.

El4 Bmp4ZFGF2020E DAARERE X B9t D B
Fig.4 Bmp4 was identified as the Core-DEGs of the protection of FGF20 in cardiomyocyte hypertrophy
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Fig.6 Activation of BMP4 reversed the protective effect of FGF20 in hypertrophic NRCMs
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