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Objective: The study was designed to evaluate the role of Human cytomedavirus
(HCMV) infection on homebox (HOX) gene expression and thefefts of overexpression
of HOX genes on proliferation and apoptosis of vascular smdh muscle cells (VSMCSs).

Methods: Viral infection was veried by observation of cytopathic décts
through inverted microscopy, viral particles by electron meroscopy and HCMV |E
gene amplication by RT-PCR. cDNA proling technology was wsed to screen
expression of HOX genes after HCMV infection in VSMCs. Abnmoial expression
of Haematopoietically-expressed homeobox (HHEX) was salted to construct
over-expressed vector and transfected into VSMCs. The eftds of over expression of
HHEX on cell proliferation and apoptosis of VSMCs were assagl by ow cytometry.
Apoptosis and proliferation-associated genes were also asmayed by RT-PCR.

Results:  Multiple HOX gene expression levels had obvious changes aft HCMV
infection, among which expression of HHEX gene increased ofiously at 24, 48, and
72 h after infection. Over expression of HHEX can promote VS®k proliferation by
promoting GO/G1 phase cells into S phase and inhibit VSMCs agptosis. HHEX inhibited
the expression of apoptosis-associated caspase 2 and caspse3 and promoted the
expression of cell cycle-related genes such as CDK2 and CDK&yclinB2 and CyclinD2.

Conclusion: HHEX over expression induced by HCMV infection closely assited with
vascular proliferative diseases.

Keywords: human cytomegalovirus, VSMCs, HOX gene, vascular p  roliferative diseases, haematopoietically

expressed HOX

INTRODUCTION

Transplantation is the moving of an organ from one body to aretlor from a donor site to

another location on the person's own body, to replace the rectsielamaged or absent organ.
With the continuous development of medical technology, Bglantation has become an important
and e ective treatment after organ failure. Moreover, the elepment of immunosuppressive
agents and its application in clinical practice has largelynbmeercomed the acute rejection of
transplantation. As a result short-term survival rate ofipéents has signi cantly increased. But
the long-term survival in patients has no obvious improveméndintravahi et al., 2007 This

is mainly because chronic rejection deciding the long-tesarvival of patients has not been
e ectively resolved $arraj et al., 20)4Histologically, chronic rejection process is characedi

by atrophy, brosis, and arteriosclerosis. Both immune armhimmune mechanisms are likely
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Lietal. HHEX Promoted Vascular Proliferative Diseases

involved in chronic rejection. Chronic rejection is oftemduced but the key factor is vascular endothelial injury of the graf
by graft atherosclerosis (AS), which forms arterial neioal  induced by a variety of factors including ischemia-repedos
structure caused by excessive proliferation of vascularotfimo allograft immune response and pathogen infectiofal@ntine,
muscle cells (VSMCs), the in Itration of in ammatory cellnd  2003. Studies have shown that HCMV is an important cause
the accumulation of extracellular matrik@hmain et al., 2006  of graft artery diseasesi(ssain et al., 2007 In solid organ
Existing research shows that intimal abnormal proliferapdays transplantation, HCMV infection can promote chronic rejection
a very important role in the occurrence and development of A&nd are closely related to allograft vascular diseaSegyédo
and graft AS Ross, 1999; Autieri, 20N3 et al.,, 201p Animal experiments also show that the HCMV
Human cytomegalovirus (HCMV) infection has close can promote the occurrence of graft vascular diseaSesuki
relationship with graft AS and other AS. In middle and late ofet al., 200 Pathological studies showed that migration and
the last century, experiment was performed in Fabricant iretlic proliferation of VSMCs is considered as the key events in both
chicken by using bird Marek's virus whose pathological clesng AS and graft vascular diseases. HCMV may be one of important
were similar to human atherosclerosisafricant et al., 1978; pathogenic factors in uencing migration and proliferationf o
Fabricant and Fabricant, 19R%fter this a lot of studies were VSMCs.
done which reports that HCMV infection is one of the important ~ Homebox (a subset of homeotic genes) are a group of related
pathogenic factors of AS. Moreover integrating the scholargenes that control the body plan of an embryo along the cranio-
reports, it is found that HCMV participates in the AS through caudal (head-tail) axis. It is a highly conservative evohary
many ways including in ammatory reaction through infectio clusters and all their coding products contain a DNA-binding
of endothelial cells and VSMCs, enhanced proliferation andiomain composed of about 60 amino acids, which target DNA
migration of VSMCs, inhibiting apoptosis of vascular enddidde sequence and modulate gene expression. The HOX gene family
cells and VSMCs, abnormal expression of cytokines, cell lipidxists in all eukaryotes and participates in a variety of asy
metabolic disorders and body's immune damage and soon.  such as cell proliferation, apoptosis and cell cycle regulation,
Cardiac allograft vascular disease (also called graftyarteetc. Reports showed that HOX gene plays a very important
diseases) is characterized by accelerated and diuse ihtimeole not only in embryonic development, but in vascular repair
proliferation involving both the microvasculature and epigial  angiogenesis, and tumor metastasis after birthoiski and
vessels. It is the most common cause of death for recipieni&/alsh, 2000; Care et al., 2001
and also the main cause of heart re-transplantation. There Research has shown that HOX genes participate in a variety
are many reasons for the onset of cardiovascular disease$,cell proliferation and migration by direct or indirect way,

TABLE 1 | Primers used in the experiments.

Genes Primers (5 %-39 Reaction Cycles Products (bp)
conditions
Caspase2 Upstream: TGCCCAAGCCTACAGAAC 94 C40s 32 360
Downstream: TGTGCCAGGAGCATAACC 52 C40s
72 C40s
Caspase3 Upstream: GGAATTGATGCGTGATGT 94 C40s 32 316
Downstream: ACCAGGTGCTGTGGAGTA 52 C 405
72 C40s
CDK2 Upstream: CCGCCTGGACACTGAGACT 94 C40s 30 271
Downstream: GTGGAGGACCCGATGAGA 56 C 405
72 C40s
CDK6 Upstream: TAACCTCAGTGGTCGTCAC 94 C40s 30 299
Downstream: GTCTTTGCCTAGTTCATCG 50 C40s
72 C40s
Cyclin B2 Upstream: ATGTGACTATTAGGCGAACT 94 C40s 30 264
Downstream: AGAGCAAGGCATCAGAAA 47 C 40s
72 C40s
Cyclin D2 Upstream: ATTTACACCGACAACTCCATC 94 C40s 30 318
Downstream: CTCAGTCAGGGCATCACAA 55 C 40s
72 C40s
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i.e., over expression of growth arresting-speci c homeoti#a()  Central South University. DMEM and DMEM/F12 (1:1) medium
inhibits the proliferation and migration VSMCs induced by were purchased from Hyclone, USA. Fetal bovine serum (FBS)
serum ¢heng et al., 2004 And the expression of HOXC11 was from GIBCO. LB broth was from Tianhe Co., Ltd, Hangzhou,
can induce cell proliferation in renal cell carcinoma( et al., China. Ampicillin and kanamycin were from Amresco, USA.
2015. HOXATY can also stimulate breast cancer cell proliferatiorPlasmid extraction kit and DNA gel extraction kit were supglie
by increasing the estrogen receptor alp@agng et al., 2003 by OMEGA, USA. pGM-T vector kit and PCR master mix
In addition, HCMV infection or early antigen of HCMV can were from Tiangen (Beijing) Co., Ltd. TRIzol and Lipofectamin
induce a variety of abnormal expression of HOX gertésdpta LTX and PLUS reagents were from Life Technologies, USA.
etal., 199p According to the information mentioned above, the cDNA rst strand synthesis kit was from Toyobo (Shanghai)
present study was designed to know whether HOX genes playlkéological Technology Co. CCK 8 cell proliferation test kit was
role in the occurrence of vascular diseases induced by HCMV. supplied by Dongren chemical technology (Shanghai) Co., LTD.
Hoechst33342/PI double dye cell apoptosis detection kit was

MATERIALS AND METHODS from Beibo (Shanghai) biological technology Co., LTD.

Materials HCMV Preparation

Human VSMCs were supplied by Modern Analysis andHLF were maintained in DMEM supplemented with 10%
Testing Center of Central South University. Human embryonicFBS, 100 U/mL penicillin and 10fig/mL streptomycin. Ninety
lung broblasts (HLF), human HCMV strain AD169, DH&y  percent con uent HLF cells were infected with 180 HCMV
pPEGFP-C1 were preserved by Department of Microbiologyfor 1 h at 37C, and then were added DMEM containing 3%

bp

2000
1500
1000
750
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250

FIGURE 1 | The infection of HCMV to VSMCs was assayed by directi  nverted microscope (A—F), RT-PCR(G)and electron microscopic observation(H).
(A-C) 1, 4, 8 days of mock infection group;(D-F) 1, 4, 8 days of HCMV infection group ( 400); (B) HCMV IE gene could be ampli cated from VSMCs infected with
HCMV. M: DL2000 plus DNA marker; 1: IE gene PCR products; 2: Mdcinfection 3: Positive control; 4: Negative control(C) On the third day after infection, the viral
particles were visible within the cell (Arrow, 10,000).
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FBS and observed daily for cytopathic e ects. The cells welgeal-Time PCR

subjected to three successive freeze-thaw cycles afté@usbv Total RNA was extracted from the above VSMCs using TRIzol
(CCCC) cytopathic e ects. Supernatant was harvested followe¢invitrogen, USA) and rst-strand cDNA was synthesized using
by centrifugation of 1000 g to remove cell debris and was donetotal RNA as a template according to the manufacturer's
dilutions of 10-time series to do plaques experiment to deieem instructions of the Prime Script RT-PCR Kit (TaKaRa, Dalian,
the amount of infectious virus particles. Then the virus wasChina). One microliter of the reverse-transcripts was adtted

liquated and stored at 80 C until use. 20m PCR mixture for 40 cycles with ABI-7500 detection system
(Applied biosystems, USA). The primers were as follows: 5
cDNA Pro ling GGCCAGGTGAGATTCTCCAA-8and B-TCCATTTAGCGC

Examination of cDNA pro ling was assisted by Shanghai KangSTCGATT-3(HHEX). The reaction conditions were as follows:
Cheng biological technology limited company. Ninety percentt mixture of 2nL of 10 PCR buer, 2mL of magnesium
conuent VSMCs were infected with HCMV (MOID 1). ion (25mM), 0.3nL of dNTPs (25 mmol/L), 0.51 of upstream
Then the cells were cultured in fresh medium with 3% FBS10nmol/L) primers, 0.5m of downstream (1@mol/L) primers,
and harvested at 24, 48, and 72 h post-infection. Brie y, ltotaSybr (20 ) 1mL, Tag (5UMmL) 0.2mL and cDNA transcripts
RNA was harvested using TRIzol reagent (Invitrogen) and thé.OmL. The mixture was incubated at 95 for 2 min and then
RNeasy kit (Qiagen) according to manufacturer's instruasip 40 cycles of 9% 10s and 60C, 30s. A melting curve of
including a DNase digestion step. Then the RNAs were ampli edhe reaction system was drawn immediately after the reactio
and labeled using the Agilent Quick Amp labeling kit andto analyze the specicity of the PCR products. Quantitative
hybridized with Agilent whole genome oligo microarray whic analysis of target gene expression data was based B
contain 41,00Q unique human genes and transcripts in Agilentsmethod.11 Ct D (average Ct of target gene-average Cbof
SureHyb Hybridization Chambers. After hybridization and actin in experimental groups) (average Ct of target gene
washing, the processed slides were scanned with the Agile@erage Ct ob-actin in control group). Four replications of
DNA microarray scanner using settings recommended by Agileneach experimental group, and each sample was tested for three
Technologies. Raw data were normalized using the Quantilémes.

algorithm, Gene Spring Software 11.0 (Agilent). Welttssts .

and the Signicance Analysis of Microarray tests were use§onstruction of HHEX Over-Expressed

to identify genes that were di erentially expressed in thaltri Vector and Transfection

subjects of each category, and two standards of statisatad ¢  Total RNA was extracted from VSMCs with the Total
< 0.01) and fold-change (2 or 2) were used as the ltering Extraction Kit (Takara, Dalian, China). First-strand cDNAas/
criteria. Four samples from the HCMV infection and control synthesized using total RNA as a template according to the
groups were analyzed by two-way clustering. manufacturer's instructions of the Prime Script RT-PCR Kit
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FIGURE 2 | HOX gene expression levels in VSMCs after HCMV infect  ion. There were 31 signi cant differences of HOX genes.
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(TaKaRa, Dalian, China). Primers were designed according t VSMCs were cultured in 6-well plate in DMEM/F12 (1:1)
the region of theHHEX coding region (8TATGAATTCGCC  supplemented with 12% FBS at & under 5% CQ in
ACCATGCAGTACCCGCACCCBECOR Isite underlined; and humidi ed air. 90% con uent monolayer cultures were culad
5.CGCGCGEGATCCTCCAGCATTAAAATAGCT-P, Bam HI  in DMEM/F12 without serum at 37C under 5% CQ for 24 h,

site underlined). PCR ampli cation was performed usingil then washed twice by invitrogen optiMEM medium, and added
rst-strand cDNA as a template in 281 PCR mixture. The 1.5ml optiMEM in every well. 5g plasmid was added to 259
PCR conditions were an initial 9€ for 2min; 40 cycles of optiMEM at room temperature for 10 min after mixing, then
94.0 C for 0.5min, 56C for 0.5 min and 72C for 1 min; and an  5ml plus reagent was added and mixed. In another tubayll5
extension at 72C for 10 min. The PCR products were puried LTX reagent was added to 260 optiMEM medium at room
using a DNA gel extraction kit (Sangon, Shanghai, China)temperature for 30 min after mixing. Then the two tubes were
then ligated to pGM-T vector and transformed into DHa5or  mixed and the complex was added to cells drop by drop, gently
sequencing. The Fragments encoding the HHEX were digestexixed, then incubated at 3C and 5% CQ for 6 h. Fresh media
from pGM-T with EcoR1and BamH1 and cloned intoEcoR was added 6 h later.

I and BamH 1 sites of plasmid pEGFP-C1. The constructed

plasmid was transformed into DHgband veri ed by restriction  Flow Cytometry

enzyme mapping and DNA sequencing (Huada, ShanghaGells were harvested at 24, 48, and 72h after transfection

China). and xed in 75% ethanol. The xed cells were washed twice
- Delta Rn vs Cycle - Delta Rn vs Cycle
24 .
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FIGURE 3 | Expression of HHEX was assayed by real-time PCR. (A)  b-actin ampli cation curve; (B) HHEX ampli cation curve;(C) Relative mRNA expression of
HHEX. The results showed that HCMV promotes the expressionf¢HHEX ( D 4, **P < 0.01).
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with phosphate-bu ered saline, stained in a propidium iodide using Prime Script RT-PCR Kit (TaKaRa, Dalian, China). The
solution (50mg/ml) for 1h, and treated with a ribonuclease ampli cation primers, conditions and product length used for

A solution (20 ug/ml) for 30 min for proliferation assay. Cells caspase2, caspase3, CDK2, CDK®6, cyclin B2, and cyclin D2 were
were labeled with 1501 of hoechst33342 and T8 of PI for listed inTable 1

10 min in darkness and at room temperature for apoptosis assay. The reaction conditions (501) were as follows: a mixture of
Normal living cells and early apoptotic cells could resist the25mL of 2 PCR master mix, il of upstream (10 pmol/L)
staining by PI, but necrotic cells could not. Flow cytometryprimers and downstream (10 pmol/L) primers respectively,
was carried out by tumor research institute, Central SoutlcDNA transcripts 3.0rL. The mixture was incubated at 92 for

University. 2min and then 40 cycles, and @ for 10 min. GAPDH was
used as control (GAPDH%ACCACAGTCCATGCCATCAC-8
Proliferation Assay 52TCCACCACCCTGTTGCTGTA-3 450 bp). Scan gray scale

The recombinant plasmid pEGFP C1/HHEX was transfecte@f the bands and calculate relative gene expression levej usin
into human VSMCs, and digested to replant into 96-wellNIH image J software. Relative gene expression |Bveiray
plate with 1@ cells/well, and incubated at 3 5% CQ for value of tested genes/gray value of GAPDH. Six independent
4, 8, 12, 24, 48, 72h, respectively.ml®f CCK 8 reagent €Xperiments were performed.

was added to obtained cells at dierent time points and

incubated for 3h, then OD 450 nm was recorded and the cefStatistical Analysis

growth curve was plotted. Four independent experiments Wergata are expressed as means standard errors of the

performed. means. Analysis was performed using SPSS 12.0 for windows.
Statistical signi cance was tested using eithietest between
RT-PCR Assay two samples or single factor analysis of variance among

Total RNA was extracted from VSMCs with the Total Extractionmultiple samples. AP < 0.05 was considered statistically
Kit (Takara, Dalian, China). First-strand cDNA was syntizesl  signi cant.

A B C bp
b
bp P 10000
8000
4500 6000 N\
4500 i
3000 3000 2888 -
2000 2000 2000
1200 1200 2000
0o 800 1500
500 300 1000
200
200 s
D E F

FIGURE 4 | Construction and assay of pPEGFP-C1/HHEX. (A) HHEX cDNA electrophoresis products of PCR (1: DNA marker Ill, BHEX cDNA, 3: negative
control) ; (B) pGM-T/HHEX digestion products (1: DNA marker Ill, 2: pGM-T/HHEXgestion products);(C) pEGFP-C1/HHEX digestion products (1: 1Kb DNA marker;
2: pEGFP-C1 digestion products; 3: pEGFP-C1/HHEX digestioproducts) ; (D) Normal control; (E) pEGFP-C1;(F) pEGFP-C1/HHEX.
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RESULTS HCMYV Infection Promoted HHEX

The Infection of HCMV to VSMCs Expression , ,
The human VSMCs were cultured in DMEM/F12 andinoculatedReal time PCR was used to validate the HHEX expression
with HCMV. RT-PCR for detecting HCMV |E gene and electron 2ftér HCMV infection. The results showed that HHEX gene
microscopy for detecting intact viral particles were usedtolg expression were signi cantly higher at 24, 48, a“O_' 72 h after
the infection of human VSMCs by HCMV. The results showed"fection ( D 36.36,p < 0.01) when compared with mock-
that 24 h after infection, some individual cells appeared tiwgel Nection group Figure 3), indicating that HCMV  infection
With prolonged incubation time, cytopathic e ects become moreP"omotes HHEX gene expression.

and more serious and eighth days after infection, almost all . .

the cells showed cytopathic e ectfigures 1A-B. Using the L'HEX Promotes Proliferation of VSMCs

technology of RT-PCR, HCMV IE gene could be ampli catedPEGFP-CI/HHEX was  constructed Figures 4A-Q  and
from VSMCs infected with HCMV Figure 1G). The real PCR transfect_ed into VSMCs. After 24 h transfectlon,_ the susftes
products were con rmed by direct sequencing. On the third dayiransfection was observed by uorescence microscopy. The
after infection, the cells were harvested and examineddnyrein ~ '€Sults showed that no uorescence was observed in control
microscopy. The results showed the viral particles were leisio9roup while visible uorescence in cytoplasm was observed in
within the cell Eigure 1H). These results showed that HCMy €MPty plasmid group, and obvious uorescence was observed

infects human VSMCs, and replicates intact virus particlehen 1" PEGFP C1/HHEX group, which located in the nucleus
cells. (Figures 4D-H.

The recombinant plasmid pEGFP C1/HHEX was transfected

. . into human VSMCs, and digested to replant into 96-well plate
HOX Gene Expression in VSMCs after for proliferation assay by using CCK8. The results showed that
HCMV Infection the cells in the control group and the empty plasmid group
Expression levels of HOX genes were detected by cDNA pro lingpad similar cell proliferation curve, but the cells in HHEX over
technology after 24, 48, and 72 h of HCMV infection. Comparedexpressed group, were signi cantly higher than the cells in the
with mock control, more than 2-fold of change were recogdize control group and the empty plasmid group from 12 to 72 h
as deferentially expressed genes. The results showed tR4t atafter transfectionfigure 5), indicating that HHEX can obviously
h after infection, there were 15 di erential expression of HOXpromote VSMCs proliferation.
genes with 5 up-regulated and 10 down-regulated; at 48 h after
infection, 22 HOX genes deferentially expressed, inclusing- HHEX Inhibits Apoptosis and Promote
regulated and 13 down-regulated; at 48 h after infection, 2Pprgliferation of VSMCs

HOX genes di erentially expressed, including 13 up-regulatedrye apoptosis of VSMCs were detected by using ow cytometry
and 14 down-regulated. There were 9 di erentially expressegh hnique and apoptosis rates in the control group and the empty
HOX genes: HHEX, ZEB2, HOXD8, EMX20S, SIXS, PKNOX1y\a5mid group at 24 h were 6.230.89 and 6.90 1.44; at 48 h
IRX3, MEIS1, and ESX1 in all three tested groups with 3 Upyere 811 1.12 and 7.23 1.34; at 72 h were 7.591.05 and
regulated and 6 down-regulated genes. HHEX increased at 2467  (.86. There was no signi cant di erenc& @ 2.67 and
48, and 72 h after HCMV infection with more than three-fold, aS0.55,p > 0.05), but apoptosis rates in HHEX over-expressed
shown inFigure 2 group at 24, 48, and 72 h were 0.88.30, 1.90 0.47,and 1.71
0.35, which were signi cantly lower than in the control giou
and the empty plasmid groug={gure 6), indicating that HHEX

~180 - expression can inhibit apoptosis of VSMCs.
gwo | ——Cell contrast The results of cell cycle showed that G2/M phase had no
o ~—Transfected with pEGFP-C1 di erences among various treatments at 24, 48, and 72 ID(
140 I ~Transfected with pEGFP-C1/HHEX 1.18,p D 1.18). GO/G1 phase also had no di erences among
120 | s iy various treatments at 24, 48, and 72R D 1.76,p D 1.76).
1.00 o However, ratio of S phase cells in the HHEX over-expressed
080 F group was signi cantly higher than in the control group antet
empty plasmid group at 24D 7.31,p D 0.013) and 72hK

e T D 6.28,p D 6.28), indicating that the HHEX over expression
0.40 E i can promote GO / G1 phase cells into S phase and VSMCs
0.20 t proliferation (Figure 7).

000 1 1 1 1 1 J

oh  4h Sh 12h 24h 48h T2k Expression of Apoptosis and

Incubation time after treatment Proliferation-Associated Genes
The results of RT-PCR showed that when compared with pEGFP-
C1, Caspase 2 expression in pGEFP- C1/HHEX transfection
group decreased at various time poinfE} 13.96p D 0.003) and

FIGURE 5 | Proliferation of VSMCs was assayed by CCK-8kit( n D 5,
**P < 0.01). HHEX over expression can promote proliferation of VSMCs.
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FIGURE 6 | Apoptosis was assayed by ow cytometry ( n D 4, **P < 0.01). (A—C) Normal control; (D-F) pEGFP-C1 transfection;(G-I) pPEGFP-C1/HHEX
transfection; (A,D,G) 24 h post-infection; (B,E,H) 48 h post-infection; (C,F,1) 72 h post-infection. HHEX over expression can inhibit VSMCapoptosis.
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FIGURE 7 | In uence of HHEX on cell cycle of VSMCs was assayed by ow cytometry ( n D 4, *P < 0.05). (A—C) Normal control; (D-F) pEGFP-C1)
transfection; (G—I) pEGFP-C1/HHEX transfection(A,D,G) 24 h post-infection; (B,E,H) 48 h post-infection; (C,F,1) 72 h post-infection. HHEX over expression can
promote GO/G1 phase into S phase.

caspase 3 expression decreased at P2 {5.11,p D 0.0002) pD 0.0004); CDKG® relative expression level had no di erences at
(Figure 8). Relative expression level of CDK2 at 24, 48, and 7224 and 48 h but increased at 72D 16.02p D 0); the relative
were signi cantly higher than those in control group D 13.39, expression level of cyclin B2 and cyclin D2 had no di erences at
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FIGURE 8 | Apoptosis and proliferation-associated genes wer e assayed by RT-PCR ( n D 6, *P < 0.05; **P < 0.01). Results showed that caspase2 and
caspase3 expression obviously decreased, while CDK2, CDK&yclin B2, and Cyclin D2 increased).

24 h, butincreased at 48 and 72m 29.18 and 16.8p,< 0.01) for life long after primary infection and repeated recurrence
(Figure 8).The results showed that over expression of HHEXThe virus is not only closely associated with embryo defoymit
may inhibit apoptosis of VSMCs by inhibiting the expression ofalso with a variety of cardiovascular diseases, especiathyg blo
Caspase 2 and Caspase 3 and promote the proliferation of thvessel proliferative diseases including AS, hypertensiomyeaftl
cells by promoting expression of cyclins and cell cycle depgindevascular disease (graft AS)i{eng et al., 2009; Lee et al., 2014
kinase. However, the mechanism of these diseases induced by HCMV has

not fully elucidated.

VSMCs is one of the main cellular ingredients involved in

DISCUSSION blood vessel proliferative diseases. HCMV can infect VSMCs and

cause hyperplastic infectiofi (milowicz et al., 1985 Moreover,
HCMYV is one member of beta herpes virus subfamily withHCMV can induce cell proliferation and migration through
common infection in adults. Studies have shown that globaits immediate early gene expressione(nstrom et al., 1993;
infection rate of HCMV is 60-90% with latency in the body Zhou et al., 1999 which was con rmed by experimental animal
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models Gtraat et al., 2009indicating HCMV participates in the in the formation of forebrain, thyroid, liver, B cells, heaand
two key process of hyperplastic diseases, VSMCs proliferatiditood vessels\artinez Barbera et al., 2000
and migration to the intima. CMV-IE protein promotes the  Studies have shown that overexpression of HHEX can cause
production of interleu-kin-1 and tumor necrosis factor-anch  vascular endothelial cell proliferatiomiéllag et al., 2004 Can
these cytokines induce PDGF B-chain gene expression in thike excessive expression of HHEX after HCMV-infected VSMCs
endothelial cells. At the same time, besides VSMCs, HCMV cgoromote VSMCs proliferation? However, the mechanism is
infect almost all other cell types associated with blood elessnot well understood, the present study suggested that HHEX
hyperplastic diseases, such as vascular endothelialleltslor  over expression in VSMCs can promote the cell proliferation
et al.,, 201y, broblasts Shanley et al., 199)6macrophages and inhibited cell apoptosis. In addition, HHEX inhibited
(Straat et al., 200%nd so on, and promote the proliferative the expression of apoptosis-associated caspase2 and caspase3
disease occurrence and development through direct or imtlire and promoted the expression of cell cycle-related genes, such
way. as CDK2 and CDK6, CyclinB2, and CyclinD2, indicating
HOX gene, as a transcription factor, can combine withHHEX expression can lead to proliferation and apoptosis
target DNA, regulating downstream gene expression involvetinbalances of VSMCs through many kinds of genes. Moreover,
in angiogenesis and repair, which closely related to proliilega numerous studies have demonstrated that HHEX modulate the
vascular disease pathogenegiseng et al., 20)4 So, whether expression of many kinds of important vascular injury and
vessel proliferative disease induced by HCMV is related withemodeling-associated genes, including smooth muscle myosi
HOX genes? The present study showed that HCMV results iheavy chain (MHC), brinolytic enzyme original activators
signi cant di erence of nine HOX genes: HHEX, ZEB2, HOXDS, inhibitor 1 (PAI 1), nitric oxide synthase (iNOS), early gvth
EMX20S, SIX5, PKNOX1, IRX3, MEIS1, and ESX1, especialigsponse factor 1 (Egr-1), platelet-derived growth factor A
HHEX gene by increase of more than three-folds at 24, 4§PDGF), and vascular endothelial growth factor and receptor
and 72 h after infection. HHEX, namely the orphan HOX gene(VEGF receptor), etc. Therefore, HCMV play an important role
(also called haematopoietically expressed HOX or proline-ricin occurrence and development of blood vessel proliferative
homeodomain), can be a transcription inhibitor or transcigt  diseases.
activator, plays an important role in the process of vertebrate
development. In humans, the genes locates in the chromosomRUTHOR CONTRIBUTIONS
10. Studies have shown that HHEX is necessary at the beginnin
of an endothelial cell dierentiation and the whole processSL, LC, and GW conceived the experiments; LL, ML, LK, YL, ZD,
of hematopoietic di erentiation, and homozygous mutation of and BW performed the experiments; YT and GW analyzed the

HHEX induced mid pregnancy death because of severe defeaiata; YT wrote the manuscript.
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