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Lineage Tracing Evidence of Pericyte Transdifferentiation into a Pathogenic
Fibroblast Subpopulation after Myocardial Infarction

GU Qianyu, CHEN Haiting, XIE Jun*
(Medical School of Nanjing University, Nanjing 210093, China)

Abstract This study aims to investigate whether pericytes can transdifferentiate into the pathogenic fibro-
blast subset F-Act after MI (myocardial infarction) and to elucidate their role in adverse ventricular remodeling using
a double transgenic lineage tracing system. Cspg4“““*"** knock-in mice were generated using CRISPR/Cas9 technol-
ogy and crossed with Rosa26™-dTomaie-loxP-GEPT renorter mice to establish a tamoxifen-inducible pericyte lineage tracing
model. Myocardial infarction was induced by permanent ligation of the left anterior descending coronary artery. Heart
tissues were collected before MI and at 7, 14, and 28 days post-MI. Multicolor immunofluorescence staining was per-
formed using CD248 as a specific marker for the late-activated fibroblast subset F-Act, and the phenotypic characteris-

tics of pericyte-derived cells were observed by confocal microscopy. Genotyping and immunofluorescence validation
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confirmed that the model achieved efficient and specific lineage labeling of cardiac pericytes. Following MI, a time-

dependent increase in GFP* cells were observed in the infarct border zone, with a substantial proportion of GFP* cells

exhibiting clear co-localization with CD248" cells, demonstrating that pericyte-derived cells express the characteristic

marker of the F-Act subset. This study demonstrates that during the maturation phase of myocardial infarction repair,

pericytes can transdifferentiate into the pathogenic fibroblast subset F-Act. This process may contribute to adverse

ventricular remodeling and chronic fibrosis progression, providing a novel cellular source for understanding the mech-

anisms underlying post-MI fibrosis.
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EO AL G A LB Ead fE b, et a2
LRI B R A . 7E SSE A, AT 4R
5% Mo FLAEH , 230 2 R gl i R - S5 A0
T, Z 5T SN Y, (RIS R o < 2R
Bl A 4 1 3 5T () AR . AESG TR, AT 4R 4 i
IS AT 4E 4 B (myofibroblast, F-MFC), JAFIE
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1.1 SEIadtfy
1.1.1 =&zt A5tk SPF4 C57BL/6JH
se/NER R LA IR T A E R B G IR R s B 3
Y sizg vt SPREL AN Bt e it [ % (23+1) °C, i
[ (55%5)%, 12 WGREIERR 1. Cspgd et (Cspg4-
CreERT2)E R 4w /N iR (L5 . T006187) I H T34
RO RREDRE A A BRA A, i#id CRISPR/Cas9
FARN CreERT2IT 4152 s 2 /MR Cspg43E RS
UEEERD T ATG R, S 40U 54 Cre A1 R
15 ; Rosa26/-dTomate-loxP-GEPRY (R 5. 26-td Tomato) ¢ Y 4R
H/ANR S - JTAX007909) 6 H it e 5 5 AR A i
FoH . BT 443 Cspg4-CreERT244 4T 5 Rosa26-
tdTomatoZli & ¥, i i SR 15 WU Ik K 14X (G R 24
Cspg4CreERT2/+,.Rosa26loxP-thamata-loxP—GFP/+)’ éé PCR%T‘/IE%
RIS | 1S TR MR 5 Al 55 25 (20 mg-kg™'-d ™),
75T Cre H 2H BF IS 43 (17 6 85 F (green fluorescent
protein, GFP)%éYehric. SLIGANY H HHk & K B 1
BEA TG K

AT TP B SL 58 4 A 35 2 b R B A
IS e R [ 5 S 56 sh A A B B 2 ol A At (JIEUE S
DWLLPF-2024040801), Jf /™ K 18475 [F 5% T4 fi B
A= (LR E Y B 5% 5] ) ) ARRIVESR e HE1T .
TE S8 R rp A K BIR E hs/D sh W A6 FH A0 I ek
IR
1.1.2 E£&3XHA ZEEZF (B 579000)14 H
% [ Sigma/a 7] ; OCTA VR YL AL (T2 5« 4583)
e H H A Sakura/s w5 — ik Bl 2 PR Y 25 5 ) &
(185 : 24601). SafeRed &4k}l (125 : 41101)1
H bt A ME A RAR,, = GmiEA
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Marker(10~180 kDa)(#25: GF6617)l [ LA 4R AE
Rl E A PR A ] 38 R SUE 2 (55 G1101),
PBSZE MR (175 G4202). JFEHE(TE5: GC205014).
Al AR BB B IR B (15 GC205013). 50x TAE
FHLYK T (P25 : G3001). DL2000 DNAFRCH) (155
G3378). HRPHrIL ML EHTRIgG(HE 5 : GB23303).
HRPARIC Y 1L 2E 50/ B 1gG(57 5 - GB23301). Tris-
H & # SDS-PAGE & [ LUK (525 - G2018).
Tris-H 2B #% I 22 vl (P25 - G2163). TBST(Tris-
buffered saline with Tween 20)Zz ¥4 (T8 5 : G0004)
T B TR R AW RS A IR A 7] 5 DAPI/Hoechst
R ekl (185 : H1399). SuperSignal West Pico
PLUS(% 5 : 34577). PDGFRPH 501k (H5 5
MAS5-15143). Cyanine3bric (il £ 5T 1gG (%
5 A10520). Cyanine3bric i 1L 2P/ R 1gG(HR
F 1 A10521)% H 3£ [H ThermoFisher Scientific’/A & ;
o-tubulin(#% 5 : 2144)14 H 3£ [H Cell Signaling Tech-
nology A ; TEMI$LAA (125 : sc-377221)W H £ H
Santa Cruz/A &; NG2HUA(175: ab129051)14 H 5 [EH
AbcamA 7

1.1.3 E2&2EE KTV, EEHBKE. B
WA HEEIRE . WIS B AR AOE E 3 E Bio-
RadA#]; Z YR tibl. @ PCRAUE [ 3£
ThermoFisher Scientific/A 7] ; LA BN B 12
ZeissA A /NEYIRFIRALIE B i KRR RS
AIRAT ; VKETTAHL. HEURKHL. A2
HHL A R0 R AL B 48 E Leica A H] 5 /NI
75 22 2 WA B RN AR TE R A IR A A
MRS HHIE B IRIIERE A R AR AR 4
H 3 G LI B ERYIE RN R RHE A A TR 2
Al At O AR BOE B H AOlympus A 7 .

1.2 KWH*E

121 AR%Ex  AWFIUEE R K ZHDNATEEL
S84 PCRY G H AR AT BRI A 4 8 . BRIV a0 T
SN FR 2 SRS N RV f5, BYEK 92~3 mmif) 2
RALZIEIGHE T 1.5 mLEOEH, A 200 pLH
ZURE I 4 WWER ABEK, IR RS G T 55 °C
IKIBZHF30 min, 95 °CEJBIHS min Ky & FIBEK, b j5
F4°C. 12000 xgi5.0»5 min, B3, 20 °CIR-AF%
PCR 2 N AA £2(20 pL): 10 L 2% PCR Mix. 7 pL DPEC/K
10 pmol/LAF ST P(K 1)%-0.5 pL. 2 ul DNAKRAR .
PIEFEF: 94 °CTARTE S ming B 5 #E1T 35 AMEA Y

B4 N, A SEL: 94 °CAEE30 s, 58 °CiEk30's, 72 °C
W45 s, TERZE G T-72 CCAIEMT min. H43 167
VI 1.5%B I8 B (5 0.01% GelRediZFRALEN) T 1%
TAEZEH A B 3K (100 V. 50 min), PADL2000 DNAFR
WHIAZ IR, BB AR R GRS, FFARE 25T
K/NHIE H BIZER AL,

1.2.2 SHUARSLARE My At FLik FH SPEZR
C57BL/6JT5 5 AL K /N R, (Cspg4 %" Rosa2 61"
dlomato-loxP-GFPiy - ¥ 452 7 R R TE AL S E 25 (20 mg/kg,
TR TR CEE=9:1), S H TR LIS £
K HR A& 5 AR B S, T4 H [ 5 i [
B s 5 ABOS Cre AL . ARG 48 Wi, ff
FH3% 7 UGE R /N B, IR TR IR KR, 780 2 5R
PBVERLET . ZEMEE 4R E E I Bk R UZ | B
PRI B9 O 58 5 A T RS, T 7-048 48 T /20 F
TZ1~2 mmAbAT R AMELE L. DAMIEZ R A 0 % AT RE
T M E RS A A I An i . AR5 LL6-042
LREEE IR, 4-0R] W 82k & e . A, it
FRVESHATFEMEVE (0.1 mg/kg) /N BREAT AR AL
HoKH B T37 °cClEiR R EEEHME [ EER
123 SRRk AEA Wi AbFE /N BRUG 2 FE M
PBSH#EF O LR 2 R I &2 RHL, 4%2 TR
4 °C[il £ 2~4 ho FPBSIHUEOAFHZR3 X, RS min,
J5 BT 30%HEA T, 4 °CHL KR . WK E,
FHOCTA Y] Fr A3 O IFH 2N, 4 °CH#E2~4 h
J&, B T80 CCAVRIRAE . VLRI, B2 20 5 T kg
PIRALE, AR R RN S pm; K00 I PR T 28
F G, 20 °CHRAEEFH o

124 fAEFKIREE BIKGEURETEERYE
I 20~30 min, I PBSIETEZ REJOCTE %) A
R, BEKS min, $E37%. A Ak 2E B H 44,
EL R 10% 10 2 M35 =R E A1 he (Bl
VT, FH 10% Ll 2F 1f 38 42 L o R B — s BT 4141
KM, 4 °CE . PBSIHBE— & ERIHL, 3t
3, FHKS min. FPBSHFE G 4T (1:1 000)F1
DAPI(0.1 pg/mL) & &iERE, ¥ ERRE T
AR, EIRWE2 ho BEJE T PBSIETE i,
K5 min, F£3%. HS50%HME A, ETHEEDR
e P %L, —PuM B L W ¢ Periostin 1:200,
TEM1 1:1 000, NG2 1:1 000, PDGFRp 1:1 000.
125 SEALEOHLEE  BUNROIFAL,
BIA300 L2 2 [ B O RIPAZLM, et Filve
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Table 1 Primer sequences for PCR amplification

A 5195 FFH1(5'—=3") gy KN BRI Y

Gene Primer No. Sequences (5'—3") Band size/genotype

Cre T006187-F1A AAATCT AAG CGC GGG TCT GGC Homozygous mutant: 506 bp
T006187-R1A CGG ACC GAC GAT GAA GCATGT Heterozygous: 506 bp+352 bp
T006187-F2 AAATCT AAG CGC GGG TCT GGC Wild-type: 352 bp
T006187-R2 GGA CCA TGA GTG CAG TCC CCATA

Rosa26-tdTomato Rosa26-F1A CTC TGC TGC CTC CTG GCT TCT Homozygous mutant: 250 bp
Rosa26-R1A CGA GGC GGA TCA CAA GCA ATA Heterozygous: 250 bp+330 bp

Rosa26-wt-F1
Rosa26-wt-R1

CTC TGC TGC CTC CTG GCT TCT
TCAATG GGC GGG GGT CGT T

Wild-type: 330 bp

HIHZASI RN TE 7> SR Ja , ¥ E T UK L F#E 30 min,
7E4 °CFLA8 000 xgi5.0215 min, FKEX L3 . KFIBCA
BRI E FE L R RS, dR BN 5x ERESE
P, TR 215 T100 °CEWES min, {8 AL 1.

1.2.6 Western blot  H{#20~30 pgit 8 H IR ST
il % 4 1 SDS-PAGEREAZ (W4 80 Vv 40 min; 4
B 120 Ve Thyhf T 8. BIKE R e, SRR
VIR . BRI AT fEV (300 mA)FE R 120 min,
P R VK Th AT o R RS S, ¥ PVDFIEE T
5% Ml =R EH1~2 he BHHE, SRS
(1 —HL (BB LL BN 1:2 000) T 4 °CF B K. K H
2 TBSTIHYE3 UG, IS B ) — 4t (R R EL iRy
1:2 000), ZILIFH 1~2 ho &G L TBSTHE3 KGN
ANECLW RO, B TR R R4t RERIR .

127 RARELgE  HBOLEHLAEYT R, H
I f5 , RIELT 0.1% RAR B AL - R RV, =i
§% 5 60 min. Yef )5 LLO.5%UKEE BRI L i LA 2 Bk
R, AR QR K[70% L FF AL FE2 min,
80% ZWEALHE 2 min, 90% L FF 4L 2 min, 100% L
AEFE2 min(2K)] — FARGE I (Z H R AL S min, 27K)
J&, KRR RS . RSB AR ICRE
K&

128 DREECHE  S%FELE TS, B
/N BRI T8 FE OB PR, R 1.5%~2.0% 5 S be 45
FERRIE; 22 BR/N RO AT IX B A G, B 2RL DI/
RO U e 25 KA 5 R DT T, o ) A 4 SR T
FK 3 1) == 18] % )5 B (interventricular septum, IVS). /£
> N 4% (left ventricular internal dimension, LVID)+
JE 0 % BE JE JE (left ventricular posterior wall thick-
ness, LVPW). il 73 %4 (ejection fraction, EF). 45 fH
73 #(fractional shortening, FS).

129 #¥#EHH A IFEHIEIMNH GraphPad
Prism 9.5% 47 Gi it 40 Hr o H4E & i3k 4T Shap-
iro-Wilk IEASPERE 56 o 76 124570 A1 1 R 2H 7] L AR
AR A 56 22 41 10) EL iR B DR 3R 25 43T,
7 2255k, FiE % H HEUE F Tukey 8556 . 045 DA
PIB R IR (meantSEM) KR, P<0.05K N EFA
GuitsE L.

2 H#R
2.1 YRR AR AR E RIS E S B A
ThEETTE

TR FU A 2 R AE /S B Y1) 3G BE R 5 AL
15, AN 7K Rosa26-tdTomato/)N i, 5 Cspg4-
CreERT2/NER 2428, K% | Cspg4-CreERT2;Rosa26-
tdTomato(Cre/LSL) XU FH 11 3 57~ B B o 38 I Ath 32
HIFES, A0 CreBY PTG 23 B FLOX X 35k, i {5
Cspg4 s 5 1 R IAGFP U Ot i 8 (K1) 7
AT 5T H Cre/LSLIE 27 155 SR 128 5 B 7T 0 o

R FH T S B S E ( /N BR, AR X /N BR
7 DR 2R ST e B A S H Kk T DA, FRL Uk &G SR
BI2fR, %5 3. 6. 10MIFEA R Cspg4-CreERT?2
HRAMENE, d85 5. THIFEA N Rosa26-tdTomato
HRHMNR, g5 1. 20 4. 8. IMIFEAZ Cspg4-
CreERT2;Rosa26-tdTomato XX FHE/NER . K, Zm'5
1. 2. 4 8. ORI T e 2585

SR EFERE, RS HRER L3
PPt Cre/LSLAH /N BRI CoIE DD BE (B 3) 0 Al 45 51 i
N, TSR T, Cre/LSLA/NR L D ZE &K
AR5 BE R (left ventricular posterior wall thickness
at end-diastole, LVPWd) 4 (0.749+0.022) mm, 72 /0»%
FFIK A BA 4% (left ventricular internal dimension at end-
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Donor and CRISPR/Cas9 system —[ CreERT?
la 1b
ATG ’i" TGA
ENSMUST0000035661.6
S/ T — /
Wild-type allele 1 ) 3 4 5 10
ATG TGA
Targeted allele /;I: CreERT2 . . . . . //
la 1b 2 3 4 5 10

b)(Cas9/ngNA I:'Uncoding region .Coding region HPZA

BT 1~1010K Cspgd 2 R K1 8P 575 1aF1 b2 AR A T [RVRFE2E A0 15 A0 ik 7 109 5 5 03 i 1y BRI ) o

Numbers 1-10 denote the exons of the wild-type Cspg4 allele. 1a and 1b denote the 5’ and 3’ fragments of exon 1 used for homologous recombination

(homology arms), respectively.
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Fig.1 Schematic diagram of gene editing
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A: Cspg4-CreERT23E R H %5 2R F K; B: Rosa26-tdTomatodk [H AL 4 BRI . 27 1~100E DN RF S, < REBIMESTE
A: representative image of Cspg4-CreERT2 genotyping; B: representative image of Rosa26-tdTomato genotyping. Numbers 1-10 indicate individual

mouse numbers, and “-” indicates negative control.

2 Cre/LSLELEE/NREE AL
Fig.2 Genotyping of Cre/LSL transgenic mice

diastole, LVIDd) A (3.879+0.098) mm, 7 > 55 W4 K
1A J5 BE JELE (left ventricular posterior wall thickness at
end-systole, LVPWs) A (1.025+0.033) mm, /&0 =K
g RPN 42 (left ventricular internal dimension at end-
systole, LVIDs) A (2.549+0.086) mm, Il 5% (EF) A
(60.2101.434)%, JH 51455 2 (FS)N (33.910+1.017)%,
> (heart rate, HR) A (397.800+20.980) bpm. Hf4E 7!
/NRAEILVPWA. LVIDd. LVPWs. LVIDs. EF. FS
FTHR > 5124 (0.72240.027) mm. (4.025+0.060) mm.
(1.075+0.026) mm., (2.514%0.102) mm. (60.050::1.445)%.
(32.650%1.158)% /% (394.400+14.480) bpm. F2H[H] 540

UIRe SR TG 52 7, R IR T, B
AT R ER/N BRI O MDD REAR 32 21 BH 5200 (K13).
2.2 FAYmpE ARER R FR IS 1

N VEA A0 B R ER D BRI AR IR R M, FR
T4 Cre/LSL/NER 2 A48 B AH AT T NG2 5% %
et SRR, BRI M B 2515 T 106 IR
/AN AL DAPTH K LB 1 GFPRHMEE 5,
HEBR T AERR T AR L AT RE (K1 4A) . 52 AN, &
i 55 E 25 S5, Cre/LSL/NERC FF. B by
AJ LR S YEGFPRH (S 5 (K14B), H.GFPL i 41 s
EYING2 2 IR I 3L e AL (B 4C~ & 4F). E &
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(A HR 402 bpm (B)
= 14vsd . 4.IVSs. CARDVET.
2.ViDd ; 11VSd -
s “ : 21LVIDd
3 LVPWd
41VSs

s 5 LVIDs

PN AR~
LVEDV(M-Teich) 65.589pul
LVESV(M-Teich) 26.597pl
SV(M-Teich) I
EF(M-Teich)
) ich) 15.6°

1avsd__. _ 4.1vss

zwiod_ e
e s

6.LVPWs

M 9.519%
LvVd Mass(M) 121.726mg
' %IVS(M) .137%

%LVPW (M) 58.879%

5_ P=0.2398

©, D) (E)

1.09q P=0.4557

[o%)

LVIDs /mm
[ )
LVPWs /mm

—_

P=0.438 5

e WT
® (Cre/LSL

Ar BfA RN R 5 Cre/LSLAN RARE MEMAL L KR B~G: WAL/ R0 D RE S H(LVIDd. LVIDs. LVPWd. LVPWs. EF. FS. HR)E & L.
FTE Bl 5 LmeantSEM# R, n=5. ZAh3LE 515 3 /5, Cre/LSLA 5 M AL A4 5 O Th REFR bR L Gi 1124 22 7 (P>0.05)
A: representative M-mode echocardiographic images of wild-type and Cre/LSL mice; B-G: quantitative comparison of cardiac function parameters
between the two groups (LVIDd, LVIDs, LVPWd, LVPWs, EF, FS, HR). All data are presented as mean+SEM, n=>5. Following tamoxifen induction, no
statistically significant differences were observed in any of the cardiac function parameters between the Cre/LSL group and the wild-type group (£>0.05).
E3 Cre/LSLEERE/NRBAOHERNZESR
Fig.3 Echocardiographic assessment of Cre/LSL transgenic mice

Mri N, Ll 48 5 i GFPRH M40 i A [F] B 08 NG2
1 EL 5 (NG2 GFPY/GFP ) TE 80% LA I (K 4G), NG2
FH 4 4411 B H (R B 308 GFP A LE A1 (NG2 ' GFP/NG2Y)
IR IS 80% (I 4H), 3 BHZ R ER 5 4 n] SEHL A
T IF 15 S G NG2H 20 B i bR id -

B RHEERS — R REREY
PDGFRBIFAT S e je s, 45 R 7R Cre/LSL/)
By FF. B, B GFPFETE/E S 5 PDGFERBFH
TS 5 78 2 I I 3L € A (Bl SA~EI5E).
3R B, GFPFH 148 i o [F] i) % 55 PDGFRBY L
%1 (PDGFRB GFP*/GFP") & PDGFRBRH M 41 iy + [F]
i} 235 GFPHY EL 5] (PDGFRB'GFP/PDGFRB") ik
80% LA L (KEISFHIESG).

Zx BTk 1% RN ER /N R AT SRtk 5L S5
ViR E IR S SR E Y A WS ) =Eo 9 i )
friciB EREE T IR [ AT SE SIS AL
2.3 LALESE R B 4RaR) i fr i SRR

i S5 L e e ARSI A 5 S D As 2 Cre/LSL/)y
SO TR AEAR AR o OB Ji5 28 TR 75 40 20 PRI A 0 45 SR
R, B /NRLVPWs. LVPWdA. LVIDs. LVIDd.
EF )2 FS/3%1759/(0.673+0.040) mm. (0.589+0.014) mm.
(4.298+0.112) mm. (4.339:£0.134) mm. (30.5101.644)%
F1(14.180£0.907)%, SERF AL Ly BA B EM 2
5 (P<0.05); #iRIZ] /N B HR N (405.800+18.750) bpm,

H5EFARATREEZR (K 6AME 6B). DL 45
RO U SE R RS R B T o

OB S5 28 R SR /N B I 20 L E AT A I, &5
BER: 5EFRAME, BRANR O AL
CD248% H Rk & B 1 (¥ 6C); RIRE LG
A DA TR ZH /N BRSO S BE I R AR, A AT IX K A
Bl X A K 2 R S 4R 4R, RO UEAE ) O
AT B S ) A1 AL BE U (El6D)

Sl TIERIET KOS TR 14K, 28 K3k
BN B0 2 2R AT S e e e i (BI 7TA) . &5
FEIR, BF AR GFPRH M40 5 40 B &40
LN (0.136 9+0.041 0)%; D)5 7K. 14
KA 28K, &% LA 4 A G N 22 (2.993+0.126) %
(6.330£0.312)%7F1 (6.980+0.554)%, 427~ GEPFH
4111 it 40 I A o A S i) 2E K 1T R 2R 3 i (B 7B)
B2 M R, CD2485 GFPXUBH 1 41 i 75 %41
i A ) BB A 2 B B TR AR R T e O R
28K, CD2485 GFPXUPH VL4 i o A B e 40 fi %5
B LEBI A (3.75+0.697)%, 5 CD248RH 14 41 it i) Eb
%149 (23.090+3.920)%, 5 GFP FH 4 4 a1 LE A Ay
(53.410+5.745)%, ¥R E S T ARG TR KX 14K (K
TC~EITE). SN E M 4R EIR, CD248(4L
075 ) 5 GFP(4k (175 ) ik X el iy i 8 48, 2o
P A AE B B R e AL R R (BITF) . Bak &5 AR,
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(B) Cre/LSL  NG2 GFP DAPI Merge
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A: control mice without tamoxifen induction, stained with DAPI (no GFP signal); B: representative images showing co-localization of GFP (green) and
NG2 (red) in the heart, liver, kidney, and spleen of Cre/LSL mice; C-F: co-localization analysis of NG2 (red) and GFP (green) fluorescent signals in the
heart (C), liver (D), kidney (E), and spleen (F) of Cre/LSL mice; G: quantitative analysis of the proportion of NG2'GFP" cells among GFP" cells; H:
quantitative analysis of the proportion of NG2"GFP" cells among NG2" cells. All data are presented as mean+SEM, n=3.
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Fig.4 Specificity of GFP labeling and co-localization with NG2 in multiple organs of Cre/LSL mice
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A: representative images showing co-localization of GFP and PDGFR in the heart, liver, spleen, and kidney of Cre/LSL mice; B-E: co-localization
analysis of PDGFRP (red) and GFP (green) fluorescent signals in the heart (B), liver (C), spleen (D), and kidney (E) of Cre/LSL mice; F: quantitative
analysis of the proportion of PDGFRB'GFP" cells among GFP" cells in multiple organs; G: quantitative analysis of the proportion of PDGFRB GFP*
cells among PDGFRP' cells in multiple organs. All data are presented as mean+SEM, n=3.
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Fig.5 Co-localization of GFP with PDGFRp and labeling efficiency analysis in multiple organs of Cre/LSL mice
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tissue of Cre/LSL mice at 28 days post-MI. All quantitative data are presented as mean+SEM. *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.
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