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Effect of PM, . on mRNA expression of cardiac hypertrophy—-related factors in
mice and H9C2 cells
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Abstract: HOC2 cells were exposed to fine particulate matters (PM,5) from four different seasons in Taiyuan City, the mRNA levels of ANP and TGF-8
related to cardiac hypertrophy were detected by real-time PCR. HIC2 cells were exposed to winter PM, 5 at a concentration of 0, 1, 3, and 10 pgemL™",
the mRNA levels of ANP, B-MHC, MMP2, and MMP9 were measured by realtime PCR. Female C57BL/6 mice at 4-week, 4-month, and 10-month
were exposed to 3 mg=kg™' PM, 5 for 4 weeks by the mesns of posterior pharyngeal wall drip method. The histological sections of heart were observed by
hematoxylin-eosin staining (H&E) : the mRNA levels of ANP and B-MHC were detected. The results showed that the mRNA levels of ANP and TGF-8 in
HO9C2 cells were significantly increased after exposed to winter PM, ; compared with the control group. Winter PM at higher concentrations could increase
the mRNA levels of ANP, g-MHC, MMP2 and MMP9Y. Afier four weeks exposure, the nucleoplasmic ratios of cardiomyocytes in young and older mice
were significantly reduced. The mRNA expression levels of ANP and B-MHC in cardiac tissues of older mice were significantly increased. The study
indicated that the effect of the winter PM, 5 increased cardiac hypertrophy markers expression is stronger than other seasons, with a dose-effect manner.
While older mice are the most sensitive to PM, s-nduced cardiac hypertrophy.
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1 7| = (Introduction)
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] =2 S0 R O B 50 TR . T A B o ST Y
L B 2 ST A BT 1 T I R 5 0 () A e =
FIFE T A 1 75 AN W . 2010 45 36 [ O IE [ 2
(AHA) K A i CKS75 3¢ 5 0 i & 529 ) (Brook
et al.,2010) (YR FE B B 4 e 2 0TS e )l
2 1o 1L SR 6N ) A R R BT T R A 36 [ e
A ORI (Do(:kely el al.,1993) FAH, PM, %5
THE 10 pgem™, ABERSET B0 16% , L0 1L 5
T FET 2638 111 28%. [F] P9 1R — B3 47900 2471 9 (AR 3
F2%,2006) HEWE, KRG RALHERRS3S
T LA 2998 B B0 IR 8 A A7 7E AH O T

RN R N B A A0 =0 LR R A A
B A N B 2 f5 RN 4 £, Rt Tt 7 RURE
Wt A [ 42 % 1 /08 BR0 VLRE K AR £ 4 ANP #0 B-
MHC J7 7 4= i) 2 i B A #3258 Y (Cuspidi et al.,
2012) HF 55 2 W] (Michelle et al.,2008) , Fikr 4%} {d HE
SR A A Sl 3 ) 2 M R DX I 22 S RRL A
O I B IR S W 7R & K iR K, PM, 55 38
10 pgem ™ (EFLIGTT A DN 1.49%. [F Py AT 1T 70
H (Tao et al.,2014) , L FTHLIX 5 PM, s SRR
e A B A ZE M R b B AN R 2B AN R P 1
RO NF LI P ) S LA S B S 2

W R EL, PM, 28 #2 3 BUE T 1 JR [ 3 22 R sk
I P o SO 909 & O R 2 R ) B 3 % (Pope et al.,
2004) .2 FILHE FJR 0 7 38 5 1D 0 2 B IR, WF
o WLAR R 5 T Ry oL 77 3 98 A0 BE B A R A B 8
i . BHULER 2 (1 # 5E (B-myosin heavy chain. -
MHC) H:BH i %34 (Pandya et al.,2006) J 72002
Rt 7 F| FR K (Atrial natriuretic peptide, ANP) 25 [#
FIEM Eil (Younes et al., 1995) , Y] {& 50 LR
K EYIAREY). B B 78 7R B, PM, 5 Al 5] i
A B R e s /s B0 U S A, AT {0 A
AL G T Bl ( Transforming growth factor—
B1, TGFB1) ff) mRNA ik B & F+ & (# & %,
2006) .

R T BLE A, B 5K AR R i AS R 2= 45 1Y
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A )R EE B PML, 6 Co UL B HOC2 14T B3, 0
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e s )T RIS B R R I T AR 4 R 4
HEEH 10 H 84 ) CSTBL/6 MR /N BT IR N 0.
1.3.10 pgemL ™ (& T PM, e, XF 20 IF 40 4R 3
1797 B 5 0B, ol /s B0 B A 2R ANP FIT B-
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2 #El5 J5 i (Materials and methods)

2.1 #H
211 EERGR HOC2 4 ik B [ 5% 50 50 4H i
FIHZT 4 (b)) &5 DMEM 8572304 A Gibeo
AHE]L faAMLiE T B BI 2 F), SR ELE RNA B T H
Trizol R #1771 & K % Ot € & PCR AW E T
Takara 22 &, 5 ¥ 5 B H Invitrogen 77 B 22 5] 56 i »
HARF N E = oyt et
212 FEEMLHE THAS0 CIIMEHTHETS
SEHE 2. CO, By 92 48 (Thermo, 38 H) | #8AL 5 0k 48
(Thermo, 3 [F) & [ #% % 4 (NanoDrop, £ H) |4
TLHL VK A (BioRad, 3£ E) . & #8 (Olympus, [
7)) Real-time PCR Qtower 2.2 (Analytik Jena AG,
Jena, fE[E) .
2.2 PM, SRR Je L8 i ) il %

£ 2012—2013 4, R 1] 45 L P8 JiE A THAHS0 C
T2 48 e b g B 28 SORFF A R4 T ORI T RSk
PM, , RAE Y 100 Lemin™ , £ K REE 7] &
422 o FEAERAE AT fERR A SRR T R R R
SERR IR R B B A R S e 4 °C il B RF Ui AR BT
B R IR 5, 78 528 TV R T4 SR 4R 1)
R A6 22 4143 2 AT 2 HRIE (Qin et al.,2018) .
2.3 A G i

HOC2 7 i I B A4 T & 10% i 4R Mg A 1%
WS R W KHE DMEM B dih. FE T & 5%
CO,.37 ClaERFFM PR MR AEKE 80% £ H
I, 4 A R AF B A M BE AL 73 o 5 2R, R IR B
DMEM #5223 B ) AS (7] 2 PM,, Je 39 (2R
10 pgemL™) L BN HOC2 41 i 15 3 L v 3t 47 A [R]
ZET) PM, L8, [ 52 B — 2 X I

A M A A 3 80% Fe A I, 4 A K R O B 4 i Bl
HLAy 4 A, SR FEHE DMEM 35 38 0K KR i % 2=
PM, A7 il 8% 4 HIEC E N 1.3410 pgemL™, Bl
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N HOC2 4 i3 77 ML o 347 A5 [R) T B 1 K i 1l 42
PM,  #e8, [F) B 1 B — 4 6 R 4 &b S 56 1 4 25 751
BRI 2 /T E A IR 1E (Zhang et al.,2016) .
2.4 EERZNY SRS

R 4 R4 H#%.10 H#& C5TBL/6 M
HARE R A (AR EREY LEARL
&) HAERBEN N2 H EH e N, 54
WeRIRE A 4 R PM, 4.4 B IR4L. 4 B i
PM, 4H10 H @4 4Lf 10 H# PM, 4. MR E
FAFEWES, 12 h B3 WG, RIUEA SR JE
S (24+42) °C, IR 50%+5%. 5% P J5 BE R vE 3%,
B2 d /R E 1 WA KCHRA) 5§
3 mgekg™ (LAAE ) KJE T4 FE PM,;, HL &5 4
JE. B A R) 5 R %2 S5 56 20 ) TR 4 e 3 S5 (RS P bR
S REER EHAGETNE RBEHRESE 2
FAEFEAN B B O IR 2H 21, 8 22 00 8 00 2R BT 40 3
1718 52 » H AR R U EGH W 5 76 N - 80 CUKAH %
7.PM,s 8 5 7 & 2RI/ R @A & (90
mLemin™") J ot [/ 3F 8§ 25 5 7 & #7 fE (GB3095—
2012) H P PM, s K BEBR AT (75 pgem™) 9 3
R HE R0, A ESREN T, NRBRRA
PM,; 0.02916 mg (75 pg*m*x3%x90 ml*min"' x
10°x60 minx24 h) ; LL/NECFHK E 20 ¢ ket 54 0
M) PM, 77 & A71.458 mg kg™ (BAE I F [A)
(0.02916 mg/0.02 kg) . [H Ky 2 d AT — IR G5, N4

KRN 2.916 mgekg ' (=3 mgkeg ') .
2.5 HE LS55

Hg /5 BRALFE ) » 3L BPECH O I ZH 2, TE 4% 1) %
5 PR o ] g, P AR R VB RS A AR R i K
A H AT R 5 m T ET R A
Jri o SRR FE G, ZR K B FOK IR 30 s, ZETRK
Ve AL Gu B 3 min, ZE IR K BRI A, BT 3

A3 LLAH i 1 AR 5 40 i i AR 2 b R A S B0
LA Fo A% i L.
2.6 & RNA miEEUS5 %6 E & PCR

Hi 80 ~ 100 mg /L I 44 £ 5% 1% 10° 4~ HIC2 4
i, FH Trizol 2]3% $2HLEL RNA 8 T M 2 RNA £F 260
nm Ak RO B e 5 & A A Prime Seript™ 52 4% 3 it
G PEHL) RNA F %3 il ¢DNA T--80 °C 2%
il AE LA 2 6 8 B PCR {47 PCR i,
Pt % 91 493 % F Primer Premier 5.0 {4347 301t
Fir 51 4 ) e 31 L% 1.

PCR R R @A 20 ul, HP&FF 1 pl
eDNA, 10 pL SYBR Premix Ex Taq, v FiF5 9% 1
pL A7 pL dd H,0. N 44 5:95 C FE & 3
min ;95 CA¢E 20 5,55 CiB & 20 5,72 °C 2E1if 20 s,
P14 45 A& AT PCR 73 Fr Be i R/ &t
TRAY 2 s 60 1) Bt A 7 Vel i PR UK I S B A HE SR DA
H 5L 5 Py S 3L GAPDH 3£k 1) LE (8 SR %R

F 1 SGER PCR AT 319 55

Table 1 Primers used in realtime PCR

il 314

H[H H[H bank 5 L 514
rat-GAPDH NM_017008

rat-ANP NM_012612

rat-B-MHC NM_017240

rat-TGFB8 NM_021578

rat-MMP2 NM_031054.2

rat-MMP9 NM_031055.1

mice-GAPDH NM_008084

mice-ANP NM_008725.2

mice-8-MHC NM_080728.2

5 ATGTATCCGTTGTGGATCTGAC3”
5-GCCACTGAGAGGTGGTGAAT3”
5-CTACCCAACCCTAAGGATGCC3”
5-GCCGACTACTACGCCAAAGA3”
5-GTTATGAGACCCTGAGCCCG3-
5-TATGGTTACACTCGGGCAGC3”
5-CTTTGGCATTGTGGAAGGGC3”
5-GCTTCGGGGGTAGGATTGACS”

5 TCTTGTGCTACCCAGCTCCA-3"

5°-CCTGCTTCACCACCTTCTTG-3"
5-GCAGAGTGGGAGAGGTAAGG3”
5-GTGTTTCTGCCTAAGGTGCTG-3"
5-GTATCAGTGGGGGTCAGCAG-3~
5°-CCAATCGTGCCTCCATCCTT-3~
5-CTGAAGCATCAGCAAAGCGCG3”
5-CAGGGATGATGTTCTGGGCA-3"
5-CACACCACAAGGGCTTAGGA3”
5 TTCCACCTAAAGGGCTGTTGC 3"
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SxfiEH ML, p<0.05, ™ * p<0.01)
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Fig.2  Effects of winter PM, 5 at different concentrations on mRNA transcription levels of ANP, g-MHC, MMP2 and MMP9 in H9C2 cells
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Table 2 Body weight of mice at different ages

- 4 R LAt 10 A

-

o e PM, ;41 e PM, 41 AL PM, 1
K /g 18.75£0.63 18.29:0.42 19.14£0.59 19.71+0.87 29.43+0.37 24.86+0.94 7

5T teston=6~7, 5O RRLH AR L, * > * p<0.001.
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Fig.3 Effects of PM, 5 exposure on nucleoplasmic ratio of cardiomyocytes in mice at different ages
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Fig.4 Effects of PM, 5 exposure on mRNA transcription levels of cardiac hypertrophic biomarkers ANP and g-MHC in mice at different ages

4 i1t (Discussion)

O TUNE JEE 2 00 U S 3 I I 37 3h 7 57 3 4 far T
KA AR AR R VLR R AT R T A 4R IR 1
TR, {5 i T 0 WLAE & A Bt A7 18 b0 1L #E 4
B WK E 2 SR T E A, IR E
(Hunter et al., 1999) .0 LR B 2 ¥ 2 0 IF 5 &
RE I~ By B BL A AT ST ST IS
Wig g T PM, 505 LR KA XK (Ying e al.,

2009) . 72 0o 3 U IUAE K2 — P s of e 25 8 5 LA
I I A6 IF BLTE & 0L E 28 3 3R 97 Je S 72 7 i
P A ) 0 0 1 DL DR DAL AR A L T ) WE R R B
PM, 7 % 23 2 F e @ 20 /0 L PRGN B
{1 Ik S5F 1 23 %0 CEF) 5 3F B8 25 R e o 25 /N RO
Y i Th g (Qin et al., 2018) . AHH 57 i ik H&E %y
(G BB L 23 BT R B, PM, s 2 68 )5 5 44 R 4R
)/ B o0t IR AR b 2 7= AR T 3 AR LR R, o
FNRIGIEA B,
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] P9 11— JHAIT 50 322 B, O JLRE BE J5 o0 UL .
TGF-8 Kk 1 &, H ol RE7E L 5 5 5RO L 9% M2
o A2 e O AR A (Gl 94, 2005) . Rooij %
(2006) T 53 & 3 » oL LR K 1 7 I 76 T 40 i X /N 1Y)
S TG R S A L UL B 2 AN i L3k (R
)P ANP 2 — Rl R R B, R (E O
HP 3 8 A 0 S5 A 1T AR T AE 0 ULAE K & 4B, ANP
LR R A S 0] B . B A (2012) BT S
R, XEREZE PM M PM, I B 6] AS49 40
FELIF) 4 L35 1, 3 B ROS A& J T . 50k ) 40 it 4
P AT 42, (0 2001—2004 4FFET FigHX 5
W R, %25 PM W AET R MR Il B 7 T B =
(Kan et al.,2008) , iX 3 7~ F AT A [7 2= 45 Bk 4 4
PEA] R 5 H 4 o SR Y5 AT 6. AR B 52 R R JE T A
[FZ=7 ) PM, 6 HOC2 B3 & B, 55 00 A AH EE
K7 PM, i 4101 H9C2 #H b ANP Fl TGF-8 [
mRNA #FKF LT AR B AR %, RREFE PM,;
B0 LR K B AT B e K

G LI B A ) BMHC R R Rkt
UG ER Pk 0 IF I K B9 B — R &4 (Pandya et al.,
2006) HFF R, R AR (HCM) 5 gHLERE
[ 5 11 2L (K B (MYHT7) 5 22 (Fananapazir et al.,
1993) .MMPs J2 i 52 1% 11 B 51 » 8] H: B4 5t dth % A%
M A0 EE o7 B S 1 67 0 b T B R T T
TP 724 (Malemud et al., 2006) . 535 B 55 5 I
2R W0 ) BE R R 1 MMP R 2R 5148 i, X
RLE L Sy 50 B P Rk TR e ) MMP 25 5f
ARG EEA SRR, e RIEH T X TF O
AL MMP 2 75 A1 A2 0 55 56 %8 3 78 0 ML &1 3% &
(Spinale et al.,2002) . 7€ 2h bk 56 £ 10 14 B S 1k 34 451
55X MMPs 55 1% th 5] & 7+ & (Galis et al., 1994) .4
RS, A K TR 4 AN RO PM, 5
HOC2 Heif f5 KB, XA ML, BRIk E N A =F
Hiki 4 7 % 5 ANP. B-MHC. MMP2 FiI MMP9 ff
mRNA 7K & 2 T .

TRAT I 27 F1 R 21 2% 1 Wt 70 48 R B0, 0k ) 2% R
00 N AR R P A T AR £ TR 30T e E X
%=, 35 ] (Chen et al.,2005) AEEY CRRR 2 L&
BN O I SRR GE 0 i R B &
P AN 2 22 B IR i 45 (Sacks et al.,2011) . AH %30
Tk 6 A [ B 4 s RUEAT PML, B8R IR0 T A
[F] 4 0% 6 P, 5 375 & Co UL AR A o 76400 1 2 i A5 0 5
R FRL A T LA A A I R R A R B 1Y

B AHAE B4 R 3R R B H % (Chen et al., 2005,
TR, 2010) . [ ¥y 73 55 1Y) — T & PRI (8] 1 2 A
Frah RAEW], L PEE) PMOAH IS B O M FE T 3
(Kan et al.,2008) .[Fl i, 4B 77 3% 8 7 M/ B AR
A TR B A5 PM, o 75 A A R 53 £ /0 B Co LA K
WEMBN R EH ZrTRARWAR & TAEEE
S, JLEMZBEAN R — B ANHTEE S % F PM
7w, A B AR B [F R PM g 58 K-F,
JLETRELL AT % 5 2 B A R e m, R~ JLETE
F 4% Bl PR ] 3K (Wilson et al., 2004) | [@]0, 3
T CAETE O 0L 0 P 2R 40 5 0 » G
WA R B & N B (Spinale et al.,2002) . A4 55 4
FEIR» oF AN [7) 4 % B /) B EAT FH IR R AR ) P, 5 R
5 AR 2 AR /N BB O BURS JE HL E E AED BR
) R0 T A ik 2 At AT TR R AR Y CSTBL/6 /)
RIFEAT THRIL 6 AN RN RE, FHFREME
X LA K A0 B T B8 52 (Liu er al., 2013) 53X
WP TR TR PM, UKL 2 o 5 A1 T
B E B 55 B 2 A AT, IXREER AR R L BT
—MMAPEE TENIHA TS0 EED

A A R R, KIE T A2 PM, B IEIER %
THZE PM,5, H PM,IREHN 10 pgemL™ ] T
HOC2 4t i, 0 L AE K b5 £ 4 ANP 1 g-MHC, EA
N B R 4 @ B A i MMP2 I MMP9 ) mRNA 755
T3 PM, 5 55 v] BLG| 2 gh S M /N WP A
OHLIEK, HAEZ 4/ R ANP FI g-MHC f) 3R ik
7T 3 T A T 9 A R R KR i A IR0 UL
RER P F0 B A a7 S48 7 B0 FE R AH SR80 A7 7
B —EWRRE, Z 6 7 I RO AUIE KRB E
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5 51t (Conclusions)

1) KJE 4 F PM, i 5 0 LB R A X B F
TGF-8 1 ANP ] mRNA 7K-FHEin& N 8%,
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mRNA JKF= (118 0 5 A B ik A9 5 2N 56 A
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