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Loss of Myeloid-Derived Growth Factor Leads to Increased Fibrosis in Mice After Myocardial Infarction HAN
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[ Abstract] Objective To investigate the effect of the loss of myeloid-derived growth factor (Mydgf) on the
transformation of cardiac fibroblasts into myofibroblasts after myocardial infarction (MI). Methods Two adult mouse
groups, including a wild-type (WT) group and another group with Mydgf knockout (Mydgf-KO), were examined in the
study. The mice in these two groups were tested for their cardiac function by measuring left ventricular ejection fraction
(LVEF) and left ventricular fractional shortening (LVFS) (n=10). Quantitative real-time PCR (qRT-PCR) (n=3) was
performed to determine the mRNA expression levels of myofibroblast markers, including a-smooth muscle actin (a-
SMA), periostin (postn), type VI collagen (col8al), and connective tissue growth factor (ctgf). Western blot (n=3) was
performed to verify the protein expression levels of a-SMA. MI modeling was performed on the WT and the Mydgf-KO
mice. Postoperative LVEF and LVES (n=10) were then measured. The hearts were harvested and Masson staining was
performed to determine the infarcted area (n=10). The heart samples of Mydgf-KO and WT mice were collected at d 7 and
d 14 after MI, respectively, to verify the expression of myofibroblast markers (#n=3). Results Compared with WT mice,
LVEF and LVES in adult Mydgf-KO mice showed no significant changes (all P>0.05). However, the mRNA levels of «-
SMA and postn were upregulated, and a-SMA protein expression was also increased (all P<0.05). After MI, compared with
WT mice, LVEF and LVFS in Mydgf-KO mice decreased, and the infarcted area increased significantly (all P<0.05).
Furthermore, mRNA levels of a-SMA, col8al, postn, and ctgf were increased in Mydgf-KO mice. In addition, the a-SMA
protein expression level was upregulated and a-SMA-positive fibroblasts were increased (P<0.05). Conclusion Mydgf
deletion promotes the transformation of cardiac fibroblasts into myofibroblasts and aggravates myocardial fibrosis after
ML
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e &4 A K HF-B(transforming growth factor-f,
TGF-B)"4 ., CAMFFIEIE NI 5% (musclebind-
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JUURCET S 20 0 TR R & e s 1 K (iroquois
homeobox protein, IRX) #F il & &5k & 11 H 34 A 1 H
TR A SR A 7 Ll R R B o 2T AR A i JRE ™
195 G K (C190rf10) % B9 1Y & B8 IR 1k 4 K X 1
(myeloid-derived growth factor, Mydgf) X ¥ fix 4 K
SF205 I A g A 3 25, 2 h B Bl TR S 20 i L B
ARSI B BT SR A B, Mydgik IR R
JIAE /N B TUREBE 5 2 B0 Y B R A 2T AR IR 1 2L 1) K
T L O MENC A D RE RS, SR Mydg T fE 5.0 UL 4
AR . AT IR R Mydgfii R 76 O DAL f5 2 7542
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1.1 SEezh¥

HUAT-(6 ~ 8J)) i HF A= U EC57BL/6) /N R (24 ~ 26 g)
(LRI IWT/NG), ok A b st 4eiid A e gh ) 23w, If
HHAAT5SCXK(57)2021-0011, Mydgf-flox/)s fil 5 Ella-
Cre/MREE = AERE, SWT/NRE B RS 8 Mydgf-

KO/N R BE MydgfAE R Y1, 2, 354N F) o JlAESPF
e Mydgf-KOMEYE/NRL (6 ~ 8JAilY, 24 ~ 26 g) i L IfEF )
PSR = T, R U AL E 5T . shl it
P2 CLAS BIE 5t PRI 22 Bre. O 1L AR ) 5 o S 0 28 52
5 3 ) 8 BN P 2 D1 S A HE, L HES FW-2022-
0053,
12 FERAFSNEHE
1.2.1  F&2KA

Massonif fl & (Sigma, 32 F ) ; f % EhUik
(Invitrogen, 3¢ [H); St Mydgfhiik CEME, 116 ); bt
a- P LIS E F (a-SMA) HiiK (Abcam, 2 FE A F]);
DAPIZH IR el (A2 1, AE50) 5 BERE AR AL (UVP,
Yel) s K AL, AT ALOPR R, T8 D ; WO RE R
T AR BT ( Zeiss, T8I ) ; iBlot 2 T4 EI R 4t
—20 °CIE GRS 7 K48 (Thermo Fisher, 3£ E ); =80 °C
P AR VR VKA | 4 CARIRVKAE (/R HED o
13 SRWHE
1.3.1 Mydgfdf R 2R IE

PEIUSAE Mydgf-KO/NEL10 H, 5T HE [ 3 e 7 2
fift BB EUDNA, PCRELIK X BIWT (87 bp) 5 Mydgf-
KO(355 bp) By HLIK &4l o BEBURAEW T/ Mydgf-
KO/NR, 413 H, 50T % 2 PCR(quantitative real-time
PCR, qRT-PCR) £l Mydgfity mRNAZK -, Western blotf
M Mydgfif) 8 1Rk B . qQRT-PCRFIWestern blotkil /5
LR ILL3.7H11.3.8/N T
1.3.2 A B LR SEAR A

2 VEHL iR Mydgf-KORUAFR /N E 89/ B RS
MEWT IR 5 /N 20 L, 4 B 3 WUIMOR B0 B, 420 53 4h
17 S GO UEFEASAY . I 1 T 5 = 1R SRR, U 4
B BURIHESS, BTIFACOER3 . 4l =Z [R1A B2 Bk, Sl i
INBRUR I BT B, 5% O U, R e B T 5 N 7-04%
Gk, GRS KT DL 25 LU O LA 2 i & A &
1, BT . 885 A1 B B B Bk, 155 LR F A
SUEHRE RN . AR A AR TR, MR A
19 HAN A SR
1.3.3 SIEAR B 3 IR

BN RS BRI, BETERAES o IERTAR
PAKOD WUAEAE B AR 5 552, 7. 14, 21, 28K, BUMydgf-
KO AR /N BB X BEW TR 85 /Bl (n=10) , R H Vevo
2100/ 751X (VisualSonics, T R) B4 0 &= Kl D i,
F AN RS % 38 153X (left ventricular ejection
fraction, LVEF) fll /= % J& il 45 /5 % (left ventricular
fractional shortening, LVFS) .
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1.3.4 SEAZATARGIE S A

$19 AW T/ 5 19 H Mydgf- KON e AR F AR
(n=3) LA SO HUEISE IR 557K (n=3) . 5514 K (n=3) . 5
28K (n=10) B4 FE, R FHAREL BT FT TF g jis , 48 L0,
e K A S A 3, A Y) R JREBE R 5 um, DLAR)Z
200 pm A [E] B I CARR AL B0 ARIE LI |, B0 RN
£E5 ~ 72
1.3.5 Massonf &,

DAL 528K, 4 M 10 AWT 5 Mydgf-KO/M il
O ELHEE Fr | IS KoKk Ak; SR 4 U0 R il s 7R 2.5% 5
B R BTV H IR £212 ~ 18 hy Je ()5 ik KUK
AR TR 570% . 80% . 90% = Fh JG/K 2, BV Wi 15
s PR B — 2R (PR I 3
S5 R HLEA T EBCR 4R, I Image JHPF 53 B e iU iE
e A WA BT, T Ay Y AT € ) Do E 2 S TR Y 5 43
1.3.6 HRRAEE

DIUEBE I 557 K, 45 B3 K Mydgf-KOBUAT /N S L
X FEWT ) 3 708 B O IE A 2, G S Y (0 B0 IE BLET 2
MRS ARG DL . 15 . ik . K1k, EDTAEE K3t
415 #—$HIDAPI(1 : 1000). a-SMA(1 : 250), Vimentin
(1 : 250) W B BN ZH 2R, 4 CHRE; At
WG RIEE 1 hy BOGIEVEE ORAE, TGRS .

1.3.7 Z@/M Pk ( Western blot )

B BRFAR LSO S 257 . 14K 1) Mydgf-KO
BCAE/IN BN HO BRW T TR] 3 /N B (B L T 3 ) A0
HEZH 21, Western blotBa iE S 4T 4E AN R AL AR TS L, o
PRI U A, SR A A AR R B, AV 1, gk
BeRE . B B E RbiMydgf(1 : 1000) . Hdia-SMA(L :
1000), WZGAPDH(1 : 5000), e &l & W B .
Image JER/F 3 BT RS20 AR EE A, LA B A 5 NS
Sl I EEAELIY LA, o B 5571 ARG ik 0
1.3.8 gRT-PCR

BORFAR L0 HUEFE IS 557 K B Mydgf-KO A/
B A X BRW T[] 33 /N B CRE A B 3 ) i O 2R
41, QRT-PCREIE AT AN MRS AR 1 Bl . K Trizol
EHERNA . RNARH s cDNA, PCRIZVFEF 7995 C
10 min, 95 °C 10 s, 60 °C 30 s, JEFR40YK, fifi Jfl2724
THA A mRNARARXS R, B 781 I3k,
14 FitFEFRZE

{# FlGraphPad Prism (8.0, GraphPad#i{4) i1 74%
The BRI EE 3L L, £ 4L R EE 2R 8
{E+hRuERR, LN 2 7 225081 (one-way ANOVA) b4
LA R 22 5, V8 A ST R AR 46 560K FL B P 4 ) 22 57,

F1 IHEELEEPCREFRMES I MR FT

Table 1 Specific primers and sequences for real-time PCR

Gene Sequence Amfiggg&%gdud

GAPDH F:5-CGTCCCGTAGACAAAATGGT-3' 110
R: 5-TTGATGGCAACAATCTCCAC-3’

Mydgf F:5-TCGTGCATTCGTTCTCCC-3' 87
R: 5-GCTCGTTGGTCCCTCCTT-3'

a-SMA  F: 5'-GTCCCAGACATCAGGGAGTAA-3' 102
R: 5-TCGGATACTTCAGCGTCAGGA-3'

postn F: 5-CCTGCCCTTATATGCTCTGCT-3' 297
R: 5-ACATGGTCAATAGGCATCACT-3’

ctgf F: 5-GGGCCTCTTCTGCGATTTC-3' 149
R: 5-CCAGGCAAGTGCATTGGTA-3'

col8al F: 5-ACTCTGTCAGACTCATTCAGGC-3' 131

R: 5'-CAAAGGCATGTGAGGGACTTG-3'

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; Mydgf: myeloid-
derived growth factor; a-SMA: a-smooth muscle actin; postn: periostin; ctgf:

connective tissue growth factor; col8al: type VIl collagen.
P<0.05H 2 A G Lo
2 #R

2.1 MydgfesBRBREE ST

mE 7R, PCREE 45 3R 7 10 H Mydgf-KO/IM R A
S ITE355 bpAb W (F1A) . SWTRHEE /MR,
Mydgf-KO/INR Y MydgflmRNA -5 2 /K V-2 N R (P <
0.05) (EI1B ~ 1C) . X FHT B Mydgf-KO AL/ MR Y
MydgEEPR 2 © 8RR, S8 b X HIZ My dgf-KOJlAF
NEEF IR
2.2 Mydgfik 5k {2 i3t By A 4E LR T 1L

WA 2 @ 7, P A IO JIUREZE AR T /)N BRUA Lo DT BE,
WT/NRLVEF ) (74.724+2.304) %, LVFS A (43.645+
3.706) %; Mydgf-KO/NRAYLVEF } (64.407+2.103) %,
LVFS}(37.326+2.770) %, Pi41[B]LVEF, LVFS{H 2253370
Geit# L(PH>0.05), =B MydgfB I ARSEm /N U
Uiag (E2A) o OHUEESEARET, 5WTIHE 5 /B,
Mydgf-KOBAE/NRNUSET 4E A IEFR S a- SMA I IR
1 (postn) mRNAZKF-FHE (P¥<0.05) (%2), a-SMAZE [
TS5 (P<0.05) (K12B. R2) o X R W Mydgfil K AL
JRCET AE A % 7% R WURLET AR A
2.3 Mydgfikk SERE/NROIUETE B O LA 4L nE

LIS, FEARJGEE2, 7. 14, 21, 28 RA/INRHEAT T8
PRI, WE/NELLIIRE. SWT/NRALA L, MUS Mydgf-
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& 1 PCR.qRT-PCRJ Western blot3&if Mydgfili FR 351 &
Fig 1 PCR, qRT-PCR, and Western blot were performed to verify the Mydgfknockdown efficiency.

A, The bands of - and + are tail samples of WT mice (87 bp) and Mydgf-KO mice (355 bp) respectively, and bands 1-10 are tail samples of unknown mice (Marker:

DL2000); B, the expression level of Mydgf mRNA in WT mice and Mydgf-KO adult mice ; C, protein expression level of Mydgf in WT and Mydgf-KO adult mice under
physiological conditions. WT: wild type (C57BL/6] mice); Mydgf-KO: mice with Mydgf systemic gene knockout. n=3. " P<0.05, " P<0.0001, vs. WT group .
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a-SMA — S— ~-_— 42 kDa

37 kDa

e GAPDH

2 MydgfERSK AR i i 4T 4RI 1L
Fig 2 Loss of Mydgf promotes fibroblast activation
A, Cardiac function in adult mice examined by ultrasound; B, protein
expression level of a-SMA in WT and Mydgf-KO adult mice under physiological

conditions. The samples were all collected before MI modeling.

2 MydgfRtBREHE B 4T 4 4R B e 30 O ILAL 4T 4 4R B
Table 2 Mydgfknockdown promotes the transformation of fibroblasts

into myofibroblasts

Index n WT group Mydgf-KO group
Mydgf mRNA 3 1.0010+0.038 3 0.0442+0.0008"
a-SMA mRNA 3 1.0080:£0.0890 1.8620+0.2108"
postn mRNA 3 1.0020+0.048 2 1.3770£0.1301"
a-SMA protein 3 1.0000£0.1655 1.8470+0.2418"

" P<0.05, " P<0.000 1, vs. WT group. The samples were all collected
before MI modeling.

KO/NRIEE 21128 RLVEFFILVESH (% ( PH<0.05)
(FE3A), MassonZ5 B 7~, RFH28 KAGWT/IN AL
FETRIA b7 Do I 40 B TR (15.0140.74) %o, Mydgf-KO/IN

FUZH A BE T AR 4 (26.57+2.04) %, SWT/NEUZHAR
Mydgf-KO/EURE AL T AR ik 238 K (P<0.001) (K13B) . LA
SRR, B Mydg e O IURESE S O T R AL K
FEFETH A A
2.4 Mydgfiks R O AR IE 5 ALK £ 48 S R RO T2 A,

UL 4, SWT/NEEHM L, Mydgf-KO/INRAE O ILFE
FEHE 7 K, WLCEE 4 48 i br ik W a- SMA L VIS Jig )5
(col8al) . postnFNZ5%E H L K HF (crgf) mRNAZKF-3
11 M Mydgf mRNAJK-F- T (PH<0.05) ([K14A | 4B); 7EL>
WUREFEEE7 . 145K, Mydgf-KO/INla-SMA TR 1 RE /K14
15 (P<0.05) (K14C) 5 S Y A 25 2R /s 7E.0 LR BE
H7R, WM a-SMA 5 Vimentindt @ 47 (5 0 I 41 41
M AN (9.79+40.83) %, Mydgf-KO/NEL 410
(18.49+1.32)%, SWT/NRAAH I, Mydgf-KO/)M i a-
SMA PR B BT 4 4 g3 22 (P<0.01) (J14D) o DA &5
$E7R, B My dgfr e O JIURESE S5 e S 12T A 4 0 AL UL
AT AL
3 iFig

202043 [EI £ Jm R B BEE R, Hodhu 8
P B AL, 0 SR IR AT % 1 48.00% Fl
45.86%; F 0> ML A5 F2ZEHE DR R P Co I | 3 I
A A A AR A T T LER Ak O UREBE L o0 T 3
U AL R A 22 A0 LA T WL B AR,
BEMARBUG B UIAEE, 7EONEE BT, s
JCET AN IUSCET e A ) 5 250 O UREBE X 1) U I 2T 4
A, ASZHRROIEZS 7 R, BTG IELF 4 Akia T ot
TR, A4 MRS X — PSR O E B, %t 2
[ 2 SRR T D LT AL Y SRR

RETERFZE 2, (O IS 5 MydgfxdCoJIE O LA i 7
TR AR X O P R AT A S RS A T, KA E]
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Fig 3 Loss of Mydgf aggravates myocardial fibrosis after MI

A, LVEF and LVFS of WT and Mydgf-KO adult mice; B, Masson plot of WT and Mydgf-KO adult mice after MI. The angular black line marks the size of the infarcted

area. The blue-purple color represents the infarcted area after Masson staining. The five graphs arranged from bottom to top are serial sections from the infarction site to

the apex of the heart at 200 um intervals per layer. n=10. ~ P<0.05,

" P<0.01, vs. Mydgf-KO group.
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[ 4 Mydgfif KR 0B SE I3 R AT SR REF 22 A AR ST 4R 4G
Fig 4 Mydgf deletion promotes the transformation of fibroblasts into myofibroblasts after MI

A, The expression levels of a-SMA, postn, col8al, and ctgf mRNA in WT and Mydgf-KO adult mice 7 days after the MI; B, the mRNA expression level of Mydgfin WT
and Mydgf-KO adult mice 7 days after MI; C, the protein expression levels of a-SMA in WT and Mydgf-KO adult mice 7 and 14 days after MI; D, multiplex
immunofluorescence staining of a-SMA (green), Vimentin (red), and DAPI (blue) was performed for the heart tissues from the WT and the Mydgf-KO groups 7 days after

MI (Scale bar: 20 um). n=3. * P<0.05, " P<0.01,

ERMEZECMER H A", Mydgft m] i o 470 LR
H LY PR B 190 4% 25 ) 2 35 f T s ) 8 97 A 15 0 )
R ARSI B AS RARH™, Mydg o X0y
JULZA 5 B A T 1) 1 P A 552 BRI A /D B BEE P25 5 8T
AN BRAH B, 2O ILRESE I GAT TR A2/ B My d gk [
PRER I, SRR O L U AR T, W RS A D RE R

NRFEMy g AL L WU AL J5 O WLBET 4E 4

P<0.001, vs. WT group.

TR R BV TE AR, ARG R H Mydgf-KO/INRRL, 456
O IURE BEABE AU 1RG0 2 A Ak 3ok o v Jl 2 24 200 MR 2 5
AR 3@ 1 MALHEE FllMasson 4 (K56 /) O D REFIEIR
AR, 250 kB, SWTLA L, Mydgf-KOBC U AL

21 KLVEFFILVES T B, FR30 1 T I 85 i e ) e b 0
Mydgf-KO/NFHEL T KAPRIE AL, % T MydgffeL
JULET 2 Ak v i) SRR FH Y, ARS8 08 Mydgf-KO BLAFE /Iy
BB = W T R3S /N BROAY O IE 4 2, i if Western
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blot fIqRT-PCRYG UE ML ZF 4k 40 MUIR AL AR 1 L . itf—25
RIAMydgf-KO/NLOWUEFLS , O WUZHZ A ILRSCET 448
MibREY)a-SMA | postnZik /K T34 &, $/n ik Mydgffe
PO HEET AEAN MU S I USET AE A . AR AE B DL
T Mydgf-KO/INRU I REBCA WAL, HJEa-SMA | postn&
IRACPARSIR T 50, JEINAE AR BRI L T Mydgfik 28 A= i L
JSCET 24 248 3% Ak B E AN DA AR R 5 IR R, A
MisZm.OIRER A8k, SWTEH H, Mydgf-KO/INRC
WU B S 80 LZH 2L rh WL AR 440 S bR ¥ col8al, ctgf
mRNAFRIBACEH &, BBk MydgfiU UEFE S i i 0
U ST 24 240 2 A LR ET AR A 3 2o AR S5 2 i
et i 985 6 BRW T [R]85 /N BURH EE, Mydgf-KO /IR L
FHFE S5 BREF 4 20 il 4= 4 FF 1 (fibroblast growth factor 1,
FGF1) BRI N (Bl 2 %) . JFHEAWIITE
WIFGF1W.Z % (FGF1, FGF2) i] LMt U LA ML A7 3% , JF:
/DU U BRI A SR AR, I A e 0855 32 s bk = 46
ZERE A (transverse aortic constriction, TAC) AL Bk %
Il (angiotensin II, Ang I1 )i BV O IEE ™, M
AR Mydgf T BB 13 739 FGF LIl Bl 25 4 40 i 7 1k
AR TR AR BRI Mydg it 2 i) BE 1O WLEF 4EAL i) 43
FAHYHLH

g5 b, ARSI AR R R My dgfRe s (2 i 2T 4E 4
L 72 SR URLET AR 20 M, 2 felE 0o JIURE B2 5 0 JULET i Ak
Jil o AAASBIFFE R = Mydg 4 5 2 23K X8 Co I J 41 4t 4t
JRLA SR, DROEIZE o Lk SRR My dg e A5 4 S PEVE O I
BT AE A A, i — 204 FL G 78 g LR T d 4 s DL &
Mydgfi 2 I C UEF A VR LT 2 A5 S5 FGF1AY 3k
A, B TE AR SCHLIM 5 5 22 5L e AT IR A
TRIE o 2527 45 - BoR Ml JIUSLET 4 20 i i v, mT
DIARRFREE E By 1k o0l S AR AT 2H 4L 2K I i 2H 21
Ha), S At it B £ 2 AL I (R R P T 1)

* * *

EETBFAY o ERRSHESOE . T, WA BFr
L S . TR RIS, AR T S 4 B
S AR, 2R AN ST II E S B R B R S, 0 4 R ST
FEOEMPEEE T, XUR G ST IE R A B 2, 3T 55T 2 AR
ANPEBEGEIR, IS ST TSI HAE B MR L AT AN 525
WEE, ERBATOTTIOHE G, SO MBS S S
B, FrfifEd O R ORI AT, X EEE R IRA ST
IR ZSE R, JFIR X TAEM A 5 .
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