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Influence of human cytomegalovirus infection on cholesterol metabolism in smooth muscle cells of umbilical

arteries and the related mechanisms
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[Abstract] Objective To investigate the effect of human cytomegalovirus(HCMV) infection on cholesterol metabolism in
smooth muscle cells of the umbilical arteries and the related mechanisms. Methods Vascular smooth muscle cells were isolated
from umbilical arteries and were challenged with 1 MOTI HCMV, and the intercellular content of cholesterol was determined.
Cells treated with DMEM/F12 solution containing 3% fetal bovine serum were taken as mock infection controls. The
differentially expressed genes were screened by ¢cDNA microarray in each group,and the abnormally expressed genes associated
with cholesterol metabolism were identified by fluorescence quantitative RT-PCR. Results  The intracellular content of
cholesterol ([0.712£0.06] umol/10° cells) was significantly higher in HCMV infection group at 72 h after infection compared
with that in the control group (:=7.950,P=0. 000 2). cDNA microarray and fluorescence quantitative RT-PCR showed that the
expressions of HMG-CoA synthetase and HMG-CoA reductase were greatly up-regulated compared with those in the mock
infection group 48 and 72 h after infection (P<C0. 01). Conclusion Human cytomegalovirus infection can increase the synthesis
of cholesterol through up-regulating cholesterol metabolism-associated genes in vascular smooth muscle cells, leading to
unbalancd cholesterol metabolism.
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1.1 ## HCMV ADI169 £k K AN il i 2T 4 41 i
HAREGAE, DMEM K DMEM/F12(1 & 1) 553
Y54 Hyclone 7=t . B4 LT BoFr A2 4= i R do N
DU 2 A AR 2N D R A R
AU I8 2 A Ak B Ay A BR 2\ 7] 77 i s TRIzol 37 24
Invitrogen 23 A 7= iy 5 3 PR 3R 18 1% 008 - o 36 [ Agi-
lent 23 ) 7= i,
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WK B L 0 SCHR Ik HEAT 0 B 1 I S B Jk e
P9 1 ORL 8K

1.3 HCMV  ADI169 PRl gL 5 3 ik i 45 7 8 L4
L % 3 i S G i A4 R S DL i e R ) A
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kO Oy i B % I Sh ki 7 v L4 L IR 3~ 8 AR
MIHEAT ORI, A MK R R S AR R A K
B R A so% A AT (WIS 12 h &
FOBF, PL 1 A B & % (multiplicity of infection,
MOD ) HCMV g 4 1L 4 ~F 8 AL 4 Jf . 37°C W Bt
3 ho AR N A A R R, AR R S e
G A2 L W B 5 HE b 3 %0 G 4R 1l 3 ) DMEM/
Fl2 Ji R e R ak 22 55 5% . Rl 0 & 3 %6 /0 4R 1fi
5 1 DMEM/F12 45 647 B G LR AE X IR
1.3.2 @HAREESENE 45 TR
J& 24,48 .72 b 0025 K5 35 I AERE T B R R % v
(PBS) Yk ¥ 41 M 2 W . I il 14 £k 40 AR L 5 43 K 200 it
FTHC, 5 %0 40 B 28 47 3 %, 3F Bose B, 8 Al i T
500X g B30 5 min, B LW WA A9 40 i 22 2L i
Je FEAT A0 B P ARG S 0 W . 20 I B A e SC
BREY 7 vk BEAT . L] v B N A vk A L T e AR
AT, B A T 3k 4 4 7 & U0 WD A W o i AT
RV ) 4 L 22 i R ) B i A 1 IR R A o A
738 A0 B, SR 5 IO B e vy AL T 52 s o YA =k 400 g
AR 50 pl, AKX F 1 000 pl, 37°C KW 5
min J5 T 520 nm A, DLbp dE & vk B X AR I Ol 2% B
{ELVE AR HE I 22, 2R J5 AR 4 10 00 A% 5 O 2% B (A 76 s o
M2 125 7 R L R L i A R e B AR

10° A~ 248 Jtd o 9 JIE [ % it (umol/10° cells) . B4
i [ A5 2 15 AR HDLIER e X R O I 5 A PAT IS,
1.4 HCMV 2 % Ff3h bk o & -F 78 WL 20 fo s K B &
AR b U/ DR T /1 O {7 i 11| O
LA M I IR HCMV, I — ARG R 8 (L 3%
/N ILE 1 DMEM/F12 2 55 B80S ) 11 20 it Xt
WRZH , G RE IR J5 PG 24 h WK 40 M. 40 i 3K
B, S 2 R IR W, TR LA PBS PR IR AN 2 o, I
JL PBS J5 4% 10 em® 40 1 LA 1 ml TRIzol By
el im A TRIzol X5, 75 40 M o 4> 24 5 W 48 24 i
T —80°C LR AT, A i ie £ s 75 Jek v Ji5 4 M 2 J e
J5 72 h, TRATRAE AR 58 e KRR AT Ak B R
AW TR A PR 2 m) A7 B R 3R Gk 3% 0 A A I,
RNA il S s X hRic ot i 458 S 1 4 3
PR 2 3K 25 S 4 AT 1 Hh T R AR ) TR A PR | 58
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1.5 % %% % RT-PCRBELAR KX #ELHN 4
R [A1. 3.1 BT Jy ik Bs 5% I g bk T 9 U048 i S LA
HCMV & g, 5250 38 2 S 4 41, 4 5 o & 8% 4
HCMV ADI169 ¥k (LA & 3% /N4 1L 7 1) DMEM 4k
R UYL iy %F B4, HCMV AD169 #R IS 5
24.48.72 h . A B AT 3 DS 7EBA B[]
SO 1L 4 WUR 7 RIS, DL TRIzol 24 2
JHOJ5 A i 25 36 1 U R AR R R | xR
[ AR AT G 22 S 3R A BRI iR 47 96 5 & RT-PCR
UE, SIWF A0 . p-FR-p- 3 I IR B Tk A
A (p-hydroxy-p-methylglutaryl-CoA, HMG-CoA) &
BB L5140 .5'-GGC CCA AGC CAA TGG TAT
ACT-3", Fi#iF5I#.5'-CTC GGT CAC GCT TGC
TCT T-3'; HMG-CoA it JE H LW 51 9. 5'-GAG
TCA CAA GCA CGT GGA AGA-3', FiliF51 9.5~
TCT TGT GGC CAG CAC CAA TA-3'; #li4#
RNA J& #E47 I 5% 5 SO 9K )5 i 47 98 6 78 & PCR
R, 2206 E 7 PCR R 20 pl KR A AT .
10XPCR ZZ 0P 2 pl, BE B F (25 mmol/L) 2 ul,
dANTPs(25 mmol/L) 0.3 pl, EH#E514# (10 pmol/L)
0.5 pl, FIEZI# (10 pmol/L) 0.5 pl, Sybr(20X)
1yl Taq BE(5 U/pb 0.2 pl,cDNA AR 1.0 pl,
JE A FER AR 2 20 pl, K RIES W T 95°C #l S
P 2 min, 2R 5 54T PCR #7854 W1 F . 95°C 10 s,
60°C 30 s, 3t 40 MEI, LI Sybr X PCR = #) #E17
getn LA A S HNEE R . B I PEO0E & PCR AN
ABI-7500 %3 7E60~95°C Xf PCR 7= ¥ 47 ¥ i h ¢
W AR IE Y 38 e 5, LB R I Bactin N
N2, TR B0 3 P A X 3k K. B By 3 A
WK F AR F=2 475, AACt=
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Yo 2 2= 38 5 D 6 B 5 R 4D I e 4 A I R R 4 58
55 EOL IR E 1Y W R OR A T RS OR
ThsRAN, A GIHEA Y H SPSS 10. 0 42 it 4K
PRASER, PIREAR AR K, AR EZL
MREARYEC R 7 220 01 AL L ECR T Q K
55 s K B K HE (o) R 0. 05,

2 # R

2.1 HCMV ADI169 & % i3 bk -F 7 WL 2 fe )5 20 e
ARe B BE 6 T AL T HCMV ADI69 #3507 5% 3h ik
S LA 24,4872 b JF WK 40 B 5 R AT 240 L L
O T i A, T v A T 28 A VR e JIEL ] e R O 46 B
10° A~ 241 Jfd v (4 JIEL [ 52 55 it L DF 98 HCMLV 8% e %)
47 P JUL 240 L A O T it A S e L 25 AR LR 1,
AR 1 B TG AT A R R 5 &
R[] AR DL e 2H B i #E IR SR 72 h, A N IE
[ P B IH = (= 7. 950 7, P=0. 000 2), 1fi K
BEIRYL ST 24 S 48 b 20 Mo P IR T P o 5 4% F B
YL 2 TG 3 L HA 00 0,594 2,
0.822 1,P{HI KT 0.05), HHREFZEHH R,
W RE YRS 72 o, LA S T UL B P R S A
W TGRS 24 h 2 48 h Hl(F=16. 65, P=
0. 000 0) Z5 B HCMV 8 Ye nT 5] 58 i 5 F ¥ L
200 L A9 LT a8 2 A, S 50 L R I A

F 1 HCMV AD169 %3k % B 5h Bk I &
ERNMENERRESENHIE

Tab 1 Influence of HCMV AD169 infection on cholesterol
contents in smooth muscle cells of umbilical arteries

(n=5, xxs; pmol/10° cells)

Time post-infection ¢/h
24 48 72
Mock infection  0.2040. 04 0.2240.11 0.28£0.09
HCMYV infection 0.1640.13 0.29+0.13 0.7140.06*4

Group

* P<C0. 05 vs mock infection group; 2 P<C0. 05 vs 24 and 48 h post-

infection

2.2 HCMV ADI169 #k & 3 J§-3h bk -F 7 L 20 it J& A
BB AR R A ey R A T BRI E 24,
48.72 h HEDF IR IS R I 2 O AR 5 5 5 R
JEYL 5 24 hoxd B A 0 A PR 26O AR 5 ok B iR AT L

B A5 9 T IR S A5 B ] A SO0 AR S R B AE T
BRI J5 24 h (9B RAE 5 DOLE S MER 2 5%
LR AR A B RN Rk 22 5%, SR WL«
2, M 2 2R, HMG-CoA & WA & HMG-
CoA W H N fE HCMV AD169 BRI 24 h %
R GBI PURY A 2 TAE 2 52 HR R S
48 Je 72 h. iz W Bl i B DR 3R A K B B I s TR U
BRG] HCMV JE L AT |8 HMG-CoA & &
it J2 HMG-CoA A J5 i 3 5 ) 3k K-

% 2 HCMV AD169 2 3t % i 51 Bk Il & F i AL 48 A2
HMG-CoA & F E§ K HMG-CoA & J5 B 5 3% B9 54 I
Tab 2
of HMG-CoA synthetase and HMG-CoA reductase

Influence of HCMV AD169 infection on expression

gene in smooth muscle cells of umbilical arteries

HCMYV infection

Gene Mock infection  (Time post-infection ¢/h)
group
24 48 72
HMG-CoA synthetase 1 < 2.0 2.59 4.64

HMG-CoA reductase 1 < 2.0 2.37 3.79

Ratios of the fluorescent signal intensity of experimental group at
different time points after challenge with HCMV ws the fluorescent

signal intensity of the control group 24 h after mock infection

2.3 R AZEF PCRH#ARKIE HCMV & £ 5 I3
Bk 7 L m e F HMG-CoA 4 i B % HMG-CoA
EREEAR KA ER BUR G A A X HCMV
AD169 BRIE L 5 155 20 bk-F- 1 IL4H i % TRIzol Hr, 3%
i TREE A BR A B A B 1T 9 i RT-PCR
R DA S TIE 3 PR R TR 5 08 R AR I 45 R . SIS
B-actin XJ Lt . LA 2722 J5 ik 4 A H A9 255 A 1 A X
BT BRI ER 3, E xR 3 A R TSt
20 HT . B HMG-CoA & B 2 HMG-CoA i Ji
fiff 7E 25 A 0] 1 R ik it 22 F A G it 2= & L (F 53008
408.24,67. 44, P fH¥ /N T 0.01) , 2 [8] 43 #7 3& B,
HMG-CoA & iR 5KV 1E HCMV AD169 B &%
Yefg 48 Fe 72 h b 3 TR 21 Ko v R JR
24 h(Q H 4y A 20. 780 1,41. 713 0, P ¥J/NF
0.01) s HMG-CoA i Ji Jifg 72 35 7K V- 750 B B L J5 48
Ko 72 h IR TG4 S HCMV AD169 /8%
YeJ5 24 h(QMEA %M 11.670 7.15. 058 9. P ¥I/NF
0.01),

304
O ML AE ZR GE PR 2 — 2 X N S Ak T Jal il 7 K Y

PRI, At AR 0 I AR G I 3 ) R
HHCTS AR A TR AL T U R T AL, T A



o552 .

I TT A NN L R S e o 5 20 K ot - O UL 40 AL T R 4 B e + 153 -

/A BT AS KHIFRAE ., Ak, mARXTE
JRE L S OB PR | LT WO A AS Y AH AR
GAER N R AT 1A BT B H R AS Jy Al Y
O ML AR G B K AT R 22 T v B BR T

WAL GE 0 fa B B 2 A0 AS i A O B 1 A
TE . UEARWEFE R W], HE Se A W) e X AS BB i
HAEEHERS,

& 3 HMG-CoA & M EFR HMG-CoA & FE %} E 2 RT-PCR & £
Tab 3 Fluorescent quantitative PCR results of HMG-CoA synthetase and HMG-CoA reductase

(n=3, x=*s)
G Mock infection HCMYV infection group (Time post-infection ¢/h)

e group 18 72
HMG-CoA synthetase 1.0440.13 0.98+0.11 2.4040.26** 3.77+0.247 "
HMG-CoA reductase 1.0840. 14 0.9840.17 2.014+0.24" " 2.2840.35" "
Mock infection group: 24 h after mock infection; * * P<C0. 01 vs homologous mock infection group

ST, AS Y S 2 Ul 4 O3 A AR SR T B
AR AU A 2 B T2 B R AT, S HE X
—2E UL BB UE S 2 W H— & Fabricant
FE ) Marek 6 8 (— UG B 2 )
S TR AS R B R s TR R e i 4 21
fE2EH AR (PCR HAR JEA 2428 45 AS BB o 4G
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LD A: Py T e o R AL A i 2R A
e S R S 2E AS BB, B4k W s 5 g
FARU A ] G &R, H FEZHLH e 4

AR R ) I AR R AT 3l Bk b 43 2 i
B LA A, I IE B HCMV X% 4 4h 55 5% 19 i
Sh bk A5 - Vi LA EL A R e P L FLT AR A0 e
gl ARHESE e R HCMV s 1Y 5% 30 ik 7 i
JULZ A P IR e o AT TR S L 5 R R B R
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HAb4 4 (F=16.65,P=0.000 0), £ HCMV &
e if 45 7 1 LA B 1 R T 40 Bl N R R O
Froberg setisl gl gt 172 4 50 % DL R B9 0F 9% %t 4 oF
77 HCMV AR K B i i & A0 [ Fs v B2 9 F
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AR F 1 2 1 3 L A K 7 B s T HCMLV 4k B
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HCM VYL J5 41 it P AR [ B K = 1k H- 3l K OF 35 4%
Xof B v L PO 7 25 W O 5 9 S Bl SR R IR
AbBREIRERS T IR HCMV B e I F 5 UL 40 B P4 R 5t
ARLER , (HL I B SR 2 o X s 1 SR L I 5 | kS LAk B
290 e I T AR AR R ML AR 0 — 25 I E S . AR AE
R BE R A58 0 82 R BF98 HCMV AD169
JEY N 20 JF- ¥ JUL 4 B IS A T) e T 6 200 e i R 3%

KRR AL L 45 R & B HMG-CoA A LA & HMG-
CoA A Ji il JE A 2 38 7K SF- 7605 # UL J5 48 h Al 72
h #0818, JF 43 8 T 2986 2 i RT-PCR AR
VESE, X UL HCMV &Y 8 i 2l ik ~F- ¥ UL 40 i
i HMG-CoA A i 2 HMG-CoA i 5t fif 3 A (1)
Rik,

290 J g L ) A B R YRR AZ AR A 3 AR
5 R 2R 1) 5 B % A4 e g [ O A
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K Zhou ST HIBES R L HCMV YL F I 4
i B i 5 ST ¥ AL A0 e 34 T 5 | A A i v A N 1B R A2
AT 335 2 A7 A 1 s 3R 3K AT A i v AR Ak AR
R R B, AT AR HE AS I Y AR
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IRE BB R Z AR ek B B B s R S
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A A0 P OB I e SR R 5 114 JIEL
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Zi B i, HCMV AD169 £k 8 4L 5% 30 ik i 5
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