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Abstract

Substantial evidence suggests that chronic human cytomegalovirus (hCMV) infection contributes
significantly to T-cell immunosenescence and adverse health outcomes in older adults. As such, it
is important to search for compounds with anti-hCMV properties. Studies have shown that
resveratrol, a sirtuin activator, suppresses hCMV infection. Here we report suppressive effects of
sirtinol, a sirtuin antagonist, on hCMYV infection and its cellular and molecular consequences.
Human diploid fibroblast WI-38 cells were infected by hCMV Towne strain in the absence or
presence of sirtinol. hCMV replication was measured using gPCR. Senescent phenotype was
determined by senescence-associated B galactosidase (SA-p-Gal) activity. Expression of hCMV
immediate early (IE) and early (E) proteins and senescence-associated proteins (pRb and Rb,
p16'NK4 and p53) and production of reactive oxygen species (ROS) were assessed using standard
laboratory assays. The results demonstrated that sirtinol suppressed hCMV infection as well as
hCMV-induced activation of molecular mechanisms of senescence and ROS production. While
underlying molecular mechanisms remain to be elucidated, these findings indicate sirtinol as a
novel and potent anti-hCMV agent with the potential to be developed as an effective treatment for
chronic hCMV infection and its cellular and molecular consequences that are important to ageing
and health of older adults.
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1. Introduction

Human cytomegalovirus (hCMV) is a large DNA virus that can persist in cells of the
myeloid lineage, such as monocytes and macrophages, establishing chronic or persistent
infection in some immunocompetent individuals (Smith et al., 2004; Wreghitt et al., 2003).
Chronic CMV infection is highly prevalent in older adults based on anti-CMV 1gG serology.
Substantial evidence suggests that chronic CMV infection contributes significantly to age-
related T-cell immunosenescence and adverse health outcomes (Leng et al., 2011b; Pawelec
et al., 2005). For example, a large number of studies have shown clonal expansion of CD4*
and CD8™* T cells specific to CMV pp65 or immediate early (IE)-1 epitopes in seropositive
older persons (Hadrup et al., 2006; Khan et al., 2004; Koch et al., 2007; Ouyang et al., 2003;
Pourgheysari et al., 2007; Vescovini et al., 2007). Several studies including our own have
demonstrated broad impact of chronic CMV infection on T-cell immunity beyond those to
pp65 or IE-1 epitopes including significant alterations of commonly identified T-cell
phenotypes (Di Benedetto et al., 2015; Li et al., 2014a; Olsson et al., 2000; Sylwester et al.,
2005). In addition to its impact on T-cell immunity, hCMV has been reported to induce
cellular senescence (Noris et al., 2002; Wolf et al., 2012). At the population level, anti-CMV
seropositivity has been proposed as a key component of “immune risk profile” which
predicted mortality in the Swedish OCTO and NONA immune studies (Strindhall et al.,
2007; Wikby et al., 2006), and others have shown significant associations between positive
anti-CMV 1gG serology and frailty, disability, and mortality (Aiello et al., 2008; Roberts et
al., 2010; Schmaltz et al., 2005; Wang et al., 2010). More recently, we have observed that
presence of hCMV viral DNA in periperhal blood monocytes as detected by a nested PCR-
based assay is likely a better indicator of chronic CMV infection than positive anti-CMV
IgG serology in terms of its associations with pp65-specific CD8+ T-cell expansion and
immune activation in older adults (Leng et al., 2011a; Leng et al., 2011b), and our
longitudinal study, albert at only two time points with a small sample size, has confirmed
this obersavation and linked chronic CMV infection to elevated inflammation (Li et al.,
2014b). Because of the significant adverse health impact of this viral infection, searching for
effective interventional strategies has benn identified by the Institute of Medicine as a top
priority (Arvin et al., 2004; Stratton K, 2000).

Sirtuins (SIRT), particularly SIRT-1, are key regulators of metabolism that promote cell
survival and extend lifespan (Cohen et al., 2004). Over the years, a number of sirtuin
activators and inhibitors have been identified and evaluated for their biological activities
(Villalba and Alcain 2012). Resveratrol, probably the most extensively studied SIRT-1
activator, is known to promote mitochondrial biogenesis, suppress apoptosis, and reduce
signs of aging (Smith, et al., 2009; Pearson, et al., 2008). Resveratrol was also reported to
have suppressive effect against hCMV infection (Evers et al., 2004). Sirtinol and its
analogues are sirtuin antagonists targeting to SIRT-1 and SIRT-2 (Grozinger et al., 2001;
Mai et al., 2005). At a high concentration (50uM or higher), sirtinol has been shown to
induce senescence-like growth arrest in human breast cancer MCF-7 and lung cancer H1299
cells (Ota et al., 2006; Li et al., 2008). Blockage of SIRT-1 activity by sirtinol and other
inhibitors led to endothelial dysfunction in the rat aorta (Zarzuelo et al., 2013). In our study
of hCMV infection in human diploid fibroblasts, sirtinol was employed to block SIRT-1
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activity in an attempt to antagonize suppressiion of reveratrol on hCMV infection. To our
supprise, sirtinol inhibited hCMV infection as well. Here, we report such supprising effect of
sirtinol. We also describe the suppressive effect of sirtinol on hCMV-induced activation of
molecular mechanisms of senescence and production of reactive oxygen species (ROS),
likely secondary to its supprssion of hCMV infection.

2. Materials and Methods

2.1. Sirtinol and antibodies

Sirtinol (2-[(2-hydroxynaphthalen-1-ylmethylene)- amino]-N-(1-phenyl-ethyl)-benzamide)
was purchased from Sigma-Aldrich (St. Louis, MO) and prepared in 20 mM stocks in
dimethylsulfoxide (DMSO) stored at —20 °C until use.

Primary antibodies including anti-p53, anti-p16/NK4, and anti-B-actin were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). Anti-retinoblastoma (Rb) and anti-
phosphorylated Rb (pRbSe780) were purchased from Cell Signaling Technology (Danvers,
MA). Anti-hCMV immediate-early (IE) proteins at apparent molecular weights of 86, 68—
72, and 38kD primary antibody was obtained from Millipore Corporation (Billerica, MA)
and Anti-hCMV early protein (UL44) was from Virusys Corporation (Randallstown, MD).

2.2. Cell Culture and hCMV infection

Primary human embryonic lung diploid fibroblasts (WI-38) were purchased from the
American Tissue Culture Collection (ATCC, Manassas, VA) and were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum
(FBS), 100 U/ml penicillin, and 100 pg/ml streptomycin. The cells were young at population
doubling (PD) of 32 or less and became replicative senescent at PD50 or higher. The
cultured cells were split in ratios of 1:2 or 1:4 when the confluence of the culture was over
80%. The cumulative population doublings were calculated as log, (D/Dg), where D and Dy
are defined as the density of cells at the time of harvesting and seeding, respectively. All
experiments were performed using cells that were between 27-32 PD for hCMV infections
unless indicated otherwise.

Stocks of the Towne strain of hCMV (ATCC, VR977) were routinely prepared and viral
titers were measured in MRC-5 cells as previously described(Li et al., 2015). Supernatants
collected from uninfected MRC-5 culture were processed the same way as viral stock and
used as mock control medium. WI-38 cells seeded at 2x10%cells/cm? in DMEM-10% FBS
were cultured for 24h after which the cells were serum starved for 48-72 h in DMEM-0.2%
FBS to synchronize cells in Gy phase of cell cycle before infection. Virus inoculum was
added for 2 h at 37°C and then discarded and replaced with fresh DMEM-0.2% FBS. Mock-
infected controls were exposed to an equal volume of mock control medium described
above. Cells were harvested at indicated time points post infection for further testing.

For cultures in the presence of sirtinol, sirtinol was added 2h before (-2h) or after (+2h)
virus inoculation (=2h) with its presence until cells were harvested.
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2.3. MTT assay

2.4. qPCR

MTT assay was performed as previously described (Mao et al., 2010). Briefly, cells were
seeded in flat-bottomed 96-well microplates at the density of 3x103 cells in 0.2 ml per well.
After 24 h, cells were incubated in the culture medium containing sirtinol at different
concentrations for 48 h. Then 20 uyL MTT [3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-
diphenlytetrazoliumbromide] of 5 mg/mL was added to each well. After incubation for 4 h,
the supernatant was discarded and 0.2mL DMSO was added to stop reactions. The
absorbance values of each well were determined spectrophotometrically at 490 nm using
BIO-RAD microplate reader (Hercules, CA).

DNA was extracted from harvested cells using Qiagen Mini-DNA Kit (Valencia, CA). gPCR
was performed to determine hCMV viral DNA copy numbers using iQ SYBR Green
Supermix kit (Bio-Rad) in a total volume of 20 ul containing 10 ng of total DNA and CFX96
C1000 Touch Real-Time PCR System Detector (Bio-Rad). Primers targeted to hCMV

UL 123 region were employed as previously described (Leng et al., 2011b): forward 5'-
TCTGCCAGGACATCTTTCTC-3 and reverse 5"GTGACCAAGGCCACGACGTT-3’.
Amplification cycles were performed according to the manufacturer’s instructions: 3 min at
95°C, followed by 40 cycles of 5 sec at 95°C, and 30 sec at 60°C. hCMV viral copy
numbers were calculated using a standard curve generated with series of dilutions of
Quantitated Viral DNA PCR control of hCMV AD169 strain purchased from Advanced
Biotechnologies (Columbia, MD).

2.5. Western blot analysis

Harvested cells were washed with ice-cold PBS and then lysed with cell lysis buffer
containing protease inhibitors cocktail (Cell Signaling Technology). Protein concentrations
were determined by BCA protein assay kit purchased from Pierce Companies (Dallas, TX).
Total 50 g of protein extracts were loaded and electrophoresed on 12% SDS
polyacrylamide gel and transferred to a polyvinylidene fluoride (PVVDF) membrane (Bio-
Rad). The membranes were subsequently probed with specific primary antibodies as listed
above, respectively. Secondary antibody used for detection was linked with horseradish
peroxidase. The enhanced chemiluminescence (ECL) method was used to detect the
conjugated horseradish peroxidase.

2.6. SA-B-Gal staining

Levels of SA-B-Gal were determined essentially the same as previously described (Dimri et
al., 1995; Mao et al., 2010). Briefly, cells were washed in PBS and fixed for about 5 min in
0.25% glutaraldehyde. After extensive washing in PBS, cells were incubated at 37°C in the
staining solution without CO». Staining was evident in 2 to 4 h and was maximal in 12 to 16
h. The percentage of SA-B-gal positive cells out of the total number of cells was counted.
Average percentages were obtained from three independent experiments.
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2.7. Measurement of intracellular reactive oxygen species (ROS)

The intracellular ROS level was measured as described previously (Mao et al., 2010).
Briefly, on the day for measurement, cells were trypsinized and collected for further
staining. After 30 min incubation with the ROS probe 2, 7’-dichlorodihydrofluorecein
diacetate (HoDCFDA, 10 pM) at 37 °C in the dark, the intracellular fluorescence intensity
was measured by flow cytometer. The value of fluorescence intensity was positively
correlated to the intracellular ROS production.

2.8. Statistical analysis

Data were expressed as means + SD. Data was analyzed using two-way ANOVA with SPSS
15.0 software, £<0.05 was considered significant.

3. Results

3.1. Sirtinol has potent suppressive effect on hCMV infection

Pilot experiments of hCMV Towne strain infection in WI-38 human diploid fibroblasts at
doubling time (PD) 30 with series of multiplicity of infection (MOI) indicated that infection
became rapidly lytic at MOI of 0.1 or above with significant cell lysis within 72 hours after
virus inoculation (data not shown). At MOI of 0.01, sporadic plaques started to occur 5 days
after virus inoculation and viral copies were still readily detected at 7 days post infection
(dpi). Since rapid lytic infection at high MOI was not optimal for in-depth analysis of
hCMV replication and protein expression or hCMV-induced cellular senescence and ROS
production, this lower MOI was chosen for all subsequent experiments.

Previous studies in human breast cancer MCF-7 cells and MCF-7 and MCF-7 doxirubicin-
resistant cells showed significant cytotoxicity of sirtinol at the concentration of 50uM or
higher (Li et al., 2008). Here, we examined potential toxicity of sirtinol treatment to WI-38
fibroblasts. As shown in Fig. 1A, no significant sirtinol toxicity was detectable at the
concentration of 10uM or 20uM by the MTT assay. In addition, cells treated with sirtinol (at
20uM) showed no significant morphological changes or evidence of cell damage compared
to the mock infected controls (Fig. 1B, right versus left panels).

We then investigated the effect of sirtinol treatment on hCMV infection. As shown in Fig.
1B, cells infected by hCMV at MOI of 0.01 demonstrated significant morphological changes
and plaque formation at 7 dpi (middle panel), while cells treated with sirtinol (at 20uM) had
similar morphology as the mock control with no plaque formation.

Next, we evaluated hCMV viral replication by gPCR in the presence or absence of sirtinol at
4 and 7 dpi. As shown in Fig. 2, sirtinol treatment dramatically reduced hCMV viral copies
with over 95% suppression of viral replication at both 4 dpi and 7 dpi, demonstrating potent
anti-hCMV activity of sirtinol.

We further tested effects of sirtinol on protein expression of hCMV IE and early (UL44)
genes through Western blot analysis. As shown in Fig. 3, sirtinol suppressed hCMV protein
expression in a dose-dependent fashion (complete suppression of the 68—72-kD components
of the IE at the concentration of 5yuM and all three components at 10uM and 20uM) at 72 hpi
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when sirtinol was added 2 hours before hCMV inoculation (=2 h). While complete
suppression of the 68—72-kD component expression at 72 hpi was still achieved when
sirtinol (at 10uM) was added 2 hours after \CMV inoculation (+2 h), such delay led to
weaker suppressive effects of sirtinol on the expression of the 86 and 38-kD component of
the IE and early (UL44) protein.

3.2. Sirtinol suppresses hCMV-induced activation of molecular mechanisms of senescence

It should be noted that hCMYV infection was carried out in growth arrested low-passage or
young WI38 cells synchronized in Gq phase of cell cycle. To distinguish from the term
cellular senescence which is defined as irreversible cell cycle arrest induced in proliferating
cells, hCMV-induced phenotype in quiescent cells observed in the current study is referred
as activation of molecular mechanisms of senescence. To investigate the impact of sirtinol on
hCMV-induced activation of molecular mechanisms of senescence, first, we used SA-B-Gal
staining to examine whether hCMV infection would lead to the development of this
phenotype in low passage or young WI-38 fibroblasts at population doubling 30 (PD30).
This was based on the previously observation by Noris and colleagues that hCMV infected
low passage HELF and HDF cells manifested premature senescent phenotype by positive
SA-B-Gal staining (Noris et al., 2002). GLBI gene encodes p-galactosidase and hCMV
Towne strain does not contain GLBI gene sequence, excluding the possibility that hCMV
infection itself causes spurious positive SA-p-Gal staining. As shown in Fig. 4, low passage
WI-38 fibroblasts at PD30 with hCMV infection at MOI of 0.01 showed over 90% SA-B-
Gal positive staining at 4 dpi (lower left panel), similar to or higher than that of high
passage, replicative senescent cells (PD52, upper right panel), while mock infected low
passage cells showed only sporadic staining (upper left panel).

We then investigated expression of retinoblastoma (Rb), phosphorylated Rb (pRb Ser780),
p16'NK4 and p53, the critical molecules in cell cycle and cellular senescence. In the absence
of hCMV infection, these molecules were not detected or expressed at low level (“Mock”
lane, Fig. 5 panel A). hCMV infection induced or upregulated expression of these senescent
molecules with the induction of pRbS¢780 Rb, and p53 being most profound (“hCMV
alone” lane, Fig. 5 panel A). As shown in Fig. 5 panel A (“*hCMV+Sirtinol” lanes), sirtinol
had significant suppressive effect of hCMV-induced expression of Rb, pRb Ser780, p16'NK4,
and p53 with stronger suppression demonstrated at the concentration of 10uM or 20uM.
Quantification of relative expression levels under these experimental conditions is shown in
Fig. 5 panel B. Taken together, these experiments demonstrated potent suppressive effect of
sirtinol on hCMV-induced activation of molecular mechanisms of senescence including
expression of senescence-associated proteins.

3.3. Sirtinol suppresses hCMV-induced ROS production

Oxidative stress has been a major theory of ageing. It postulates that detrimental molecules
such as reactive oxygen species (ROS) produced and accumulated over time lead to
oxidative damages to cellular macromolecules and contribute to the decline of cellular
function and progressive organism ageing (Harman, 1956; Loeb et al., 2005). We and others
have demonstrated that oxidative damage induces cellular senescence and reduction of ROS
production can protect cells from developing senescence (Mao et al., 2010; Toussaint et al.,
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2000). In rat smooth muscle cells, hCMV infection was demonstrated to induce production
of reactive oxygen intermediates that might be important for CMV immediate early (IE)
gene expression and viral replication (Speir et al., 1996). Here, we investigated whether
hCMV infection induced ROS production in young WI-38 fibroblasts. As shown in Fig. 6,
hCMV infection induced significantly increased ROS production in the absence of sirtinol.
Sirtinol at the concentration of 10uM or 20uM suppressed hCMV-induced ROS production
almost down to the production level observed under mock control.

4. Discussion

This study, for the first time, reports surprising inhibitory effect of sirtinol on hCMV
infection in human diploid fibroblasts. This potent suppression is further supported by the
impact of sirtinol of the cellular and molecular consequences of hCMYV infection, namely,
hCMV-induced activation of molecular mechanisms of senescence and ROS production.

As hCMV infection was conducted in arrested cells, the observed phenotype induced by
hCMV infection is referred as activation of molecular mechanisms of senescence. Data on
hCMV-induced activation of molecular mechanisms of senescence and ROS production
described in this study, while confirmatory to previous studies (Noris et al., 2002; Wolf et
al., 2012; Speir et al., 1996) support the notion that hCMYV infection has broad impact on
cellular and molecular processes of ageing beyond T-cell immunosenescence. Such impact,
in addition to its direct negative consequences to ageing, may be linked to immune
dysregluation and poor health in older adults. For example, senescent cells have been
identified as a major source of chornic inflammation (Freund et al., 2010) and chronic
inflammation has been recognized as a major contributor to frailty and other age-relate
chronic conditions (Franceschi and Campisi, 2014; Leng et al., 2007). Consistent with this,
in the longitudinal study cited above, older women with hCMV viral DNA in their
peripheral blood monocytes had elevated circulating IL-6 levels at two time points over 12
years apart (Li et al., 2014b).

Perhaps the most striking and novel aspect of this study is the anti-hCMV activity of sirtinol.
Evers and colleagues (Evers et al., 2004) have shown anti-CMV activity of resveratrol, a
prototype of sirtuin activator that primarily stimulates Sirt-1 (Villalba and Alcain, 2012).
The anti-hCMV properties of human sirtuins have further demonstrated by recent
observation that knockdown of each of the 7 sirtuins with siRNA (siSIRT1 to -7) enhanced
hCMV viral replication (Koyuncu et al., 2014). Sirtinol, a well-characterized sirtuin inhibitor
(Grozinger et al., 2001; Mai et al., 2005; Villalba and Alcain, 2012), surprisingly displayed
potent anti-hCMV activity. While resveratrol is known to inhibit replicative senescence and
have anti-oxidative property (Giovannelli et al., 2011; Liu et al., 2015), here we have further
shown, also for the first time, the suppressive effects of sirtinol on hCMV-induced activation
of molecular mechanisms of senescence and ROS production. These suppressive effects are
likely mediated by molecular mechanisms other than SIRT-1 pathway as sirtinol at the tested
concentration showed minimal or no suppression on SIRT-1 expression (data not shown).
This possibility is further suggested by previous studies in which ICgq value of sirtinol was
131uM for its inhibition of SIRT-1 (Grozinger et al., 2001; Mai et al., 2005) and sirtinol
concentration in the current study was far below these 1Csq values. One such non-SIRT-1-
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mediated mechanism could be the suppression of hCMV-induced p161NK4 expression by
sirtinol as hCMV-induced p16 NK4 expression has been shown to be required for optimal
hCMV replication (Zannetti et al., 2006). Whether SIRT-2 inhibition is involved in sirtinol’s
anti-hCMV effect deserves further investigation. Potential effects of sirtinol on a number of
newly defined molecular pathways that regulate hCMV replication (Roy and Arav-Boger,
2014) will also need to be investigated.

Suppressive effects of sirtinol on hCMV-induced activation of molecular mechanisms of
senescence and ROS production could be secondary to its suppression on hCMV infection
itself. One potential mechanism in particularly could be the suppression of the expression of
hCMV 86-kD IE protein by sirtinol as this hCMV IE protein is known to induce premature
senescence (Noris et al., 2002; Wolf et al., 2012). Suppression of hCMV-induced expression
of p16'NK4 and p53 could be another potential mechanism as p16/NK4a and p53/
p21WAFLpathways play important roles in initiation of cellular senescence. The atypical
response of increase in pRb phosphorylation to hCMV infection was also observed by Noris
and colleagues (Noris et al., 2002). One possible explanation is that hCMV can cause cell
cycle arrest and senescence, at the same time, induces S phase-promoting activities required
for DNA synthesis to the advantage of viral replication. Phosphorylation of pRb causes it to
lose its growth-inhibitory properties and converts it into perhaps an inert state. Important
questions including why increased p53 expression did not interfere with hCMV stimulation
of pRb phosphorylation deserve further investigation. Of note, sirtinol itself has been shown
to induce senescence in human cancer cells (Ota et al., 2006) and is considered, among other
sirtuin inhibitors, for its potential as anticancer agent (Hu et al., 2014). However, the
concentration of sirtinol required for such effect was 100uM, 5 times higher than the
concentration tested in this study.

The observation of sirtinol as a novel and potent anti-hnCMV agent provides a basis for
potential development of sirtinol or its derivatives as effective anti-hnCMV therapies. The
need for the development of novel interventional strategies is urgent both for the treatment
of clinically overt hCMV infection as well as for the alleviation of adverse impact of chronic
CMV infection on immunity and health of older adults. This is because currently available
anti-hCMV therapies primarily rely on viral DNA polymerase inhibitors. They have several
important drawbacks including dose-limiting renal (foscarnet and cidoforvir) or bone
marrow (ganciclovir) toxicities as well as the clinical prevalence of drug-resistance and
cross-resistant h\CMV strains (Baldanti and Gerna, 2003; Griffiths, 2002).

This study has limitations. For example, the study described here was conducted in WI-38, a
commonly used human diploid fibroblast cell line. Findings from this study may not be
generalizable to other cell types that hCMV is also known to infect. However, results from
our experiments in THP-1 derived macrophages were consistent with findings obtained in
WI-38 cells (data not shown). Another limitation is that we conducted the experiments only
with hCMV Towne strain. As hCMV is well known for the variations between laboratory
and clinical strains as well as among clinical varaints (Wilkinson et al., 2015), the results of
this study will need to be validated with other hCMV strains. Despite of these limitations,
our findings suggest that sirtinol has potent suppressive effect of hCMV infection and
hCMV-induced activation of molecular mechanisms of senescence and ROS production.
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They also support broad impact of hCMV infection on cellular and molecular processes of
ageing beyond T-cell immunosenescence This study and subsequent studies may pave the
way for potential development of sirtinol or its derivatives as effective anti-nCMV therapies.
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Highlights
1. Sirtinol suppresses hCMV replication and protein expression in human
fibroblasts
2. Sirtinol suppresses hCMV-induced cellular senescence and protein expression
3. Sirtinol suppresses hCMV-induced production of reactive oxygen species
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Mock (PD30) 4dpi Senescent Cells (PD52)

PD30+hCMV 4dpi PD30+hCMV+Sirtinol 4dpi

Fig. 1.

Ef%ect of sirtinol treatment on cell viability of low passage WI-38 cells (30PD) (panel A) and
effects of hCMV infection alone or hCMV infection with pretreatment of sirtinol on
morphological changes of low passage WI-38 cells (panel B). For panel A, WI-38 cells
(3%10%) were cultured in DEME-0.2% FBS for 48-72 h and then treated with sirtinol at
indicated concentration for 48 h and then with MTT for 4 h. The reaction was stopped by
DMSO and cell viability was determined spectrophotometrically at 490 nm. For panel B,
under the same culture condition, WI-38 cells were pretreated with sirtinol (20uM) for 2h
followed by hCMV inoculation at MOI of 0.01 and cultured for additional 7 days.
Representative photographs shown are from 4 repeated experiments taken at day 7 post
infection (dpi) using a digital camera with experimental conditions stated on each
photograph.
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Fig. 2.

Effects of sirtinol on hCMV viral replication in WI-38 cells. Low passage WI-38 cells
(30PD) (3x104) were cultured in DEME-0.2% FBS for 48-72 h and then treated with
sirtinol (20uM) for 2h before hCMV inoculation (MOI of 0.01). Cells were harvested at
indicated time points for viral DNA copies determined using gPCR. Data were obtained

from three independent experiments. *P<0.001 vs hCMV alone.
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Effects of sirtinol on expression of hCMV viral immediate early (IE) and early UL44 protein
expression in young WI-38 fibroblasts (30 PD). Serum starved low passage WI-38 cells
(30PD) were treated with sirtinol at the indicated concentrations added 2h before (-2h) or at
10uM added 2h after (+2h) hCMV inoculation (MOI of 0.01), and then were harvest at 72
hour post infection (hpi) for protein expression using Western blot analysis. Beta-actin
expression levels are shown in both panels as loading control.
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SA-B-Gal staining ofWI-38 cells under the following conditions: replicative senescent cells
at 52 population doublings (52 PD, upper right panel) as a positive control; Low passage or
young cells at PD30 either with Mock infection control (upper left panel), HCMV infection

alone at MOI of 0.01 (lower left panel), or same hCMYV infection with pretreatment of

sirtinol (20uM, lower right panel), all at 4 dpi. Representative photos shown are from three

repeated experiments.
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__
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(A) Effects of sirtinol on hCMV-induced expression of Rb, pRb Se780 p16!NK4 ‘and p53 in
WI-38 fibroblasts at 72 hours post infection (hpi). Serum starved low passage WI-38 cells
(PD30) were treated by sirtinol at indicated concentration added 2h before hCMV
inoculation (MOI 0.01) (-2h) and then were harvested at 72 hpi for expression of the above
molecules using Western blot analysis. Beta-actin expression level is shown as loading
control. Representative images were acquired from three different experiments. (B)
Quantitative analysis of the protein levels of Rb, pRbSer780, p16INK4 and p53. Bars
represent relative protein levels counted as D1/D0 (the value for Mock was set as 1.0), where
D0 and D1 stand for the optical density of beta-actin ladder and sample ladder, respectively.
The optical density for each ladder was calculated by Image J soft ware. Data were obtained
from three independent experiments. *P < 0.05 versus Mock group; **P < 0.01 versus Mock
group; #P < 0.05 versus hCMYV alone group; ##P < 0.01 versus hCMV alone group.
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Effects of sirtinol on hCMV-induced ROS production in low passage WI-38 cells (30PD).
Serum starved young WI-38 cells (30PD) were mock infection treated, hCMV infection
alone (MOI 0.01), or pretreated with sirtinol at indicated concentrations added 2h before
hCMV inoculation (MOI 0.01), and then were harvested at 4 dpi for ROS measurement by
Flow cytometry analysis using probe HoDCFDA (% of ROS production shown on the Y
axis). Data were obtained from three independent experiments. ##P<0.01, vs Mock infection
group;*P<0.05, vs hCMV infection alone group.
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