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IN HCMV-EXPOSED HUVEC, P52/RELB REGULATORY FACTORS
MEDIATE ACTIVATION OF THE HUMAN PAR1 GENE PROMOTER
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Abstract — We studied the effect of HCMV (AD-169) on the regulation of PARI reporter activity in HUVEC. In HUVEC,
HCMYV significantly induced activation of PARI1 reporter constructs carrying AP-2-like and two complexes of AP-2/Sp1-
binding elements. Shorter constructs with no AP-2-like binding elements had lower activity upon virus inoculation.
Moreover, activity of the shortest construct without binding elements was not significantly increased in virus-exposed
cells. Furthermore, in HCMV-exposed cells, activity of the PAR1 reporter was significantly augmented upon p52/RelB
transfection. Taken together, the data indicate that activity of the PAR1 promoter is highly dependent on AP-2/Sp1 bind-
ing elements and mediated by p52/RelB regulatory factors.
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INTRODUCTION

Human cytomegalovirus (HCMV) is a member
of the Betaherpesviridae family and subfamily
Betaherpesvirinae that establishes a life-long per-
sistent infection (Huang and Kowalik, 1993). In
immunocompromised patients, such as individuals
with AIDS and patients taking immunosuppressive
drugs following transplantation, HCMV may cause
severe disease (Britt and Alford, 1996). This virus is
a cause of the most important congenital infection
and may lead to developmental damage of the cen-
tral nervous system including hearing loss, mental
retardation, and visual impairment (Alford et al,
1990).

Protease-activated receptors (PAR) 1, 3, and 4
are responsible for the cellular response to throm-
bin, the key effector protease of the coagulation
cascade (Coughlin, 2005). These receptors belong
to a family of 7-transmembrane G protein-linked
receptors proteolytically and irreversibly activated
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by thrombin (Brass et al., 1994; Hein et al., 1994).
Described as the prototypical thrombin receptor,
PAR-1 is rapidly desensitized after activation, fol-
lowed by internalization and trafficking in the lyso-
somes. Recovery of thrombin responsiveness is due
to replenishment of the cell surface with new recep-
tors (Hein et al., 1994). The presence of a protected
intracellular PAR-1 pool in many cell types (such as
ECs, smooth muscle cells, and fibroblasts) with at
least as many receptors as are present initially on the
cell surface provides a mechanism for quick recov-
ery after activation, independent of protein synthe-
sis (Woolkalis et al., 1995; Ellis et al., 1999). In the
absence of an agonist, PAR-1 cycles at very low rates
between the cell surface and the intracellular pool
(Shapiro et al., 1996; Shapiro and Coughlin, 1998)
and the time required for new PAR-1 synthesis after
cleavage by thrombin is 24 hours (Yan et al., 1996).

The regulatory region of the human thrombin
receptor gene has been cloned, and DNA sequence
analysis indicates the presence of many regulatory
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Fig. 1. Putative transcriptional regulatory sequences of the PAR1 gene (Tellez, C., Oncogene 2003; 22: 3130-3137).

factor-binding elements, including two AP-2/Spl
complexes in the proximal 3’ region of the promoter.
Overall, these complexes contain four putative AP-
2-binding elements (Tellez and Bar-Eli, 2003) and
seven Spl-binding elements (Wu et al., 1998) as
shown in Fig. 1. The regulatory region of the throm-
bin receptor gene shares remarkable similarities with
some other AP-2 target genes, such as a GC-rich
sequence, lack of conventional TATA sequences, and
multiple AP-2-binding elements (Tellez et al., 2003;
Tellez and Bar-Eli, 2003).

Here we sought to determine the minimal
HCMV-responsive element within the PAR1 pro-
moter and investigate if promoter activity could
be mediated by NF-«B transcription machinery
(Ghosh et al,, 1998), in particular p52/RelB, upon
HCMYV exposure.

MATERIAL AND METHODS
Cell isolation and culture

Human umbilical vein endothelial cells (HUVEC)
were isolated and maintained as previously described
(Laumonnier et al., 2000). In all experiments,
HUVEC were used between passages 2 and 6.

Virus culture and determination of virus titer

Human cytomegalovirus, laboratory strain AD-169
(HCMV-ADI169), was purchased from ATCC and
propagated in MRC-5 cells. A confluent monolayer
of MRC-5 cells was inoculated with virus [0.01
cytopathic effects (CPE) per cell] in serum-free
medium. Cells were washed after 90 min and further
cultured in growth medium until cytopathic effects
were apparent in approximately 100% of cells.
Infected cells were then replenished by fresh culture
medium. After 5 days, the supernatant containing
viral particles was collected and centrifuged at
1000x rcf at 4°C for 15 min. To sediment virus

particles, debris-free supernatant was then subjected
to ultracentrifugation at 20000 rcf at 4°C for 1 h. The
supernatant was carefully discarded and the virus
pellet resuspended in 500 pl of growth medium,
aliquoted, and stored at -80°C for further use. For
each independent experiment, fresh aliquots from
the same preparation were used.

The virus titer was determined by virus plaque
assay. Virus samples were serially diluted in serum-
free medium and adsorbed to MRC-5 cells plated
in 24-well plates at a density of 10° cells per well.
Inoculum was replaced with culture medium after
90 min. After 10 days, the cells were stained with
Giemsa solution. White plaques were counted and
the virus titer was presented as the number of
cytopathic effects (CPE) per volume of infected
medium, also known as the multiplicity of infection
(MOI).

PARI1 promoter deletions and expression plasmids

We made PARI promoter deletions by PCR
amplification using the Advantage GC Genomic
PCR kit having GC melt in order to break strong
guanine-cytosine bonds in the genomic DNA.
Primers were designed to carry restriction sites for
Sacl and Xhol restriction enzymes, providing so-
called “sticky ends”. Further, constructs were cloned
into the pGL-3Enhancer luciferase reporter vector
(Promega GmbH, Mannheim, Germany) in the
multiple cloning region between the aforementioned
restriction sites. Primer sequences of constructs and
PCR condition are given in Table 1.

The p52 and RelB expression plasmids were
kindly provided by the Papillomavirus Research
Unit, University of Quensland, Australia. Expression
plasmids were cloned into the EcoRV and Notl
restriction sites of the pcDNA3 vector (Promega
GmbH, Mannheim, Germany).
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Table 1. Summary of PAR1 promoter deletion constructs. Deletion constructs were generated by PCR amplification. Reaction
conditions were as follows: initial denaturation at 940C for 5 min, 35 cycles of denaturation at 940C for 30 sec, annealing at 640C
for 30 sec, and elongation at 720C for 90 sec. All PCR reactions were run on GeneAmp PCR System 2400 PE and GeneAmp PCR

System 9700.
Construct 5’ primer 3’ primer
PARI-1106 (1,2kb) ATGCGAGCTCCCAGTGGCAA ATTACTCGAGCCTCCGGCGT
’ AGCAACTT GCAGTGAGAGTCTCTGC
PAR1-863 (957bp) ATGCGAGCTCTTCTGTGGTC ATTACTCGAGCCTCCGGCGT
P CCAGGTAATCCG GCAGTGAGAGTCTCTGC
PAR1-526 AGCTGAGCTCGCCGCTCTTC ATTACTCGAGCCTCCGGCGT
(620bp) CTATTCCACTCGCA GCAGTGAGAGTCTCTGC
PARI1-298 (392bp) GATCGAGCTCACTGAACTTT ATTACTCGAGCCTCCGGCGT
P GCCGGTGTCCCA GCAGTGAGAGTCTCTGC
PARI-87 (181bp) ACTAGAGCTCCGAATCAACG ATTACTCGAGCCTCCGGCGT
P GTGCCCAGAGGA GCAGTGAGAGTCTCTGC
Gene reporter assay RESULTS

The HUVEC used were either mock- or HCMV-
exposed (MOI 5) in serum-free medium for 1 h,
washed, and transiently transfected with PAR1 pGL-
3Enhancer luciferase reporter constructs containing
full-length and progressively shorter promoter
sequences of the human PAR1 gene alone or together
with p52 + RelB (p52/RelB) expression plasmids
using the SuperFect transfection reagent according
to instructions provided by the manufacturer
(Quiagen GmbH, Hilden, Germany). After 48 h,
cells were harvested and lyzates were assayed for
luciferase activity using the Luciferase Reporter
Assay System kit (Promega, Madison, WI, USA) in
a plate luminometer (Stratec Biomedicine Systems
AG, Birkenfeld, Germany). We used HUVEC
tansfected with a vector containing the luciferase
gene to control non-specific viral effects. Results
were normalized to the luciferase activity in mock-
transfected HUVEC.

Statistical analysis

Values shown represent means + SEM. Statistical
significances were calculated with the Newman-
Keuls test for multi-group comparisons.

Human cytomegalovirus significantly increases
activity of PARI1 reporter deletion constructs

The regulatory region of the human thrombin
receptor gene has been cloned. Analysis of DNA
sequences indicates the presence of many transcrip-
tion factor-binding elements, including 2 AP-2/Sp1
complexes in the proximal 3" region of the promoter
(Schmidt et al., 1996; Wu et al., 1998; Tellez and
Bar-Eli, 2003). In HUVEC, basal activities of trans-
fected reporter constructs did not differ significantly
when compared to the full-length PAR-1106 con-
struct, though activity of the shortest one, PAR1-87,
was approximately 30% lower compared to PARI-
1106 (Fig. 2). However, the virus did significantly
induce activity of all constructs as compared to their
respective basal activities with the exception of the
PAR1-87 construct. Moreover, activity of PAR1-863
was significantly higher compared to PAR1-1106,
suggesting the presence of a DNA sequence in the
full-length promoter that interferes with HCMV
activation of the PARI promoter.

Human cytomegalovirus activates the PARI
promoter via p52/RelB

To investigate if p52/RelB transcription factors
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Fig. 2. Human cytomegalovirus increases activity of PAR1 reporter constructs. Gene reporter assay: HUVEC, HMCV-(5 MOI) or
mock-infected, were transfected with vectors encoding PARI1 reporter gene constructs. Cells were analyzed for luciferase activity
after 48 h. Data were normalized to total protein concentration and presented as MEANS + SEM of n = 6 independent experiments.

ns - not significant, *p < 0.05, **p < 001, ***p < 0.0001.
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Fig. 3. The p52/RelB expression plasmids significantly increase PAR1 reporter activity in HCMV-exposed HUVEC. Gene reporter
assay: HUVEC, HMCV-(5 MOI) or mock-infected, were transfected with vectors encoding either the PAR1 reporter gene alone or
together with p52/RelB plasmids. Cells were analyzed for luciferase activity after 48 h. Data were normalized to total protein concen-
tration and presented as MEANS + SEM of independent experiments: n = 14 for the PAR1 promoter and n = 8 for p52/RelB. ns - not

significant, *p < 0.05, **p <.001, ***p < 0.0001.

could mediate PAR1 reporter activation, mock- or
HCMV-exposed HUVEC were transiently trans-
fected with either the PARI reporter gene alone or
together with p52/RelB. As shown in Fig. 3, trans-
fection of p52/RelB increased basal activity of the
PAR1 reporter gene threefold, but not significantly.
However, in virus-inoculated cells, promoter activ-
ity was significantly over-activated upon p52/RelB
transfection compared to either p52/RelB trans-
fected- or HCM V-inoculated cells.

DISCUSSION

In the present study, we showed that exposure to
HCMYV significantly increases activity of all PAR1
deletion constructs (Schmidt et al., 1996), with the
exception of the shortest one, PAR1-87, when com-
pared to their basal activities. Progressively shorter
fragments carrying none of the AP-2-like binding
elements (Schmidt et al., 1996) had markedly lower
activities upon virus exposure when compared to
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either PAR1-1106 or PAR1-863 constructs. This sug-
gests an important (but not crucial) role for AP-2-
like binding elements, since their activities in virus-
exposed cells were still markedly higher than their
corresponding basal activities. Interestingly, activity
of PAR1-863 was higher than that of PARI-1106,
suggesting the presence of potentially inhibitory fac-
tors in the full-length promoter. Furthermore, anal-
ysis of PAR1-526-carrying complexes 1 (3 AP-2/5
Spl) and 2 (1 AP-2/2 Spl) and PAR1-298 carrying
only complex 2 revealed comparable levels of activ-
ity upon virus exposure, but still significantly higher
when compared to their basal activities, suggesting
an important role for complex 2. Moreover, activity
of the PAR1-87 construct, carrying none of the regu-
latory binding elements and none of the complexes,
was only marginally increased when exposed to the
virus, and its basal activity was approximately 30%
lower than activity of PAR1-1106, pointing to a cru-
cial role for complex 2 (Wu et al., 1998; Tellez and
Bar-Elj, 2003).

Taking all the data into account, we anticipated a
crucial role for AP-2/Sp1 regulatory elements in con-
cert with p52/RelB (Ghosh et al., 1998). However, it
remains to be elucidated whether p52/RelB mediate
PARI promoter activation directly or indirectly by
influencing AP-2/Sp1 regulatory elements to bind to
their corresponding binding sites within the PAR1
promoter.
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Y HUVEC, TPAHCKPUIIIIMOHM ®AKTOPMU P52/RELB IIOCPENY]Y ¥V AKTUBALIUJU
JbYIICKOT PAR1 TIPOMOTOPA ITOCJIE U3TIATAIA BUPYCY (HCMV)
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AyTOpu Ccy y 0BOj CTYAUju aHaMU3UPaIN YTUIIA]
HCMYV (AD-169) Ha perynauujy aktusHocTu PAR1
npomotopa y HUVEC. ¥V oBum henmjama, nsnara-
e BUPYCY je 3HayajHO mosehano akTuBHOCT PARI
penopTep KOHCTpyKaTa Koju Hoce AP-2-cnmdune
Besyjyhe enemenTe 3ajenno ca AP-2/Spl-Besyjyhum
e/IeMEeHTMMa OPraHM30BAHMM Y fiBa KOMIUIEKca.
AKTUBHOCT IIpOrpecuBHO KpahyX KOHCTPYKTHU KOju
HeMajy AP-2-cimune Besyjyhe enmemenre je 6mia
3HAaTHO CMamb€eHa II0CjIe M3J/larama BUPYCY, any U
Iajbe 3HAYajHO Beha O BUXOBUX OCHOBHUX aKTWB-
HOCTM M3MepeHUX y henujama koje Hucy omre y
monupy ca BupycoM. MebyTum, akTMBHOCT HajKpa-

her KOHCTpyKTa, KOju He IOCeyje HATY jelaH Be3y-
jyhm enemenT, Huje 6ua 3HadajHO oBehana y henn-
jaMa M3710)KeHMM BMPYCY HUTH je aKTMBHOCT Omia
3Ha4yajHO noBehaHa y OJHOCY Ha OCHOBHY aKTMB-
HOCT CaMOT' KOHCTPYKTa. AyTOpM CYy jOII ITOKasain
ma y hemjama n3nmoKeHNM BUPYCY, TPAaHCKPUIIIINO-
H1 (pakTopu p52/RelB 3HawyajHo mosehaBajy akTyB-
HocT PARI penoprepa. AyTopu Ha Kpajy guUCKycuje
3aK/bydyjy fa je aktuBHOCT PAR1 mpomoropa y
BE/NMKO] MepM 3aBMCHa off mpucyctBa AP-2/Spl-
Be3yjyhux enemenata, amu 1 Ja TPaHCKPUIIIVIOHM
daxTopn p52/RelB 3HayajHO perymmiry akTMBHOCT
npoMoropa y henujama nsnoxxeHuM BUpPYCY.



