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p53 is a well-known multi-functional transcription regulator and is critical in the induction of apoptosis in response to 
various stresses. Human cytomegalovirus (HCMV) infection induced the accumulation of p53, which was partly 

relocalized in cytoplasm, but no apparent cell death in human fibroblasts. p53 in HCMV-infected cells was mainly 

mono-ubiquitinated, which might be resulted from the decreased expression of MDM2 in the course of HCMV infection. 
Ubiquitinated p53 was also phosphorylated at serine 20. CRM1 increased in the cytoplasm of HCMV-infected cells. It was 

found that p53 and its mutant in nuclear export sequences were localized in the cytoplasm of cells when co-expressed 

with CRM1. Collectively, our data suggest that HCMV infection modifies p53 into a stable and exportable form and 
accumulates it in the cytoplasm, but does not result in apoptotic death of cells. 
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INTRODUCTION 

 

p53 responds to various stimuli to regulate target genes 

that induce cell cycle arrest, apoptosis, senescence, DNA 

repair, or metabolic changes in cells (1). In normal cells, 

p53 is maintained inactive and low in level through 

MDM2, which ubiquitinates p53 to promote its degradation. 

Transcriptional regulation of p53 occurs in the nucleus, but 

other biological activities of p53 such as the induction of 

apoptosis via mitochondrial pathway and the inhibition of 

autophagy were also reported to take place in the cytoplasm 

in transcription-independent manner (2). Many posttrans- 

lational modifications modulate the biological activity and 

the cellular localization of p53 (3~5). 

The functions of p53 are impaired by viral proteins of 

some small DNA viruses, for example, SV40 T antigen (6, 

7), adenovirus E1B-55 kDa (8), and human papillomavirus 

E6 (9). They all contribute in the transformation of the virus-

infected cells. It was also reported that human cytomegalo- 

virus (HCMV), one of large DNA viruses, induced the 

accumulation of p53 in the infected cells and altered cellular 

regulation and functions (10, 11). HCMV has been related 

to cell cycle disturbance in some diseases. Several HCMV 

gene products are responsible for transforming cells. HCMV 

IE2-86 protein can reduce transcriptional activity of p53 by 
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the direct interaction with it and result in a cellular pro- 

liferation, which might involve in the restenosis of coronary 

artery after surgery (12). Our previous studies show HCMV 

IE1-72 and UL44 also inhibit p53-dependent transcription 

in different ways (13, 14). Besides transcriptional regulation 

p53 facilitates the transportation of one of HCMV matrix 

proteins from nucleus to cytoplasm and induces the 

production of viruses (15). The sequestration of p53 was 

reported in the cytoplasm of endothelial cells after HCMV 

infection (16). Although the interactions of p53 with some 

HCMV proteins such as HCMV major capsid protein (MCP, 

UL86), UL25, pp65 (UL83), and UL44 were reported by 

our previous work (14), the mechanism of p53 exportation 

to the cytoplasm are not fully elucidated. This study was 

devised to explore the mechanisms of exportation of p53 in 

HCMV-infected cells. 

 

MATERIALS AND METHODS 

Cells and virus culture 

HEL 299 (ATCC, CCL-137), U373MG (ATCC, HTB-17), 

and H1299 (ATCC, CRL-5803) cells were cultured in 

Dulbecco's modified Eagle's Media (DMEM, Invitrogen, 

Carlsbad, CA, USA) supplemented with 10% fetal bovine 

serum (FBS, Invitrogen) and penicillin-streptomycin. 

Synchronized cells were adsorbed with 4 multiplicity of 

infection (m.o.i.) of HCMV Towne (ATCC VR-977) for 90 

min. After washing with media, cells were cultured with 

DMEM supplemented with 2% FBS and incubated for the 

indicated time. Virus titer was measured by a conventional 

plaque assay. 

Antibodies and chemicals 

For primary mouse monoclonal antibodies, anti-p53 

(DO-1, Santa Cruz, Santa Cruz, CA, USA), anti-MDM2 

(SMP14, Santa Cruz), anti-CRM1 (clone 17, BD Bioscience, 

San Jose, CA, USA), and anti-GAPDH (R&D systems, 

Minneapolis, MN, USA) were used. For primary rabbit 

polyclonal antibodies, anti-annexin V (Abcam, Cambridge, 

UK), anti-ubiquitin (FL-76, Santa Cruz) and anti-phospho-

p53 serine 20 (R&D systems) were used. For secondary 

antibodies, FITC- (Merck, Darnstadt, Germany) or Alexa 

568- (Invitrogen) conjugated anti-mouse IgG and horse 

radish peroxidase-conjugated anti-mouse IgG and anti-rabbit 

IgG (Promega, Madison, WI) were used. For immuno- 

precipitation, agarose-conjugated anti-p53 (FL393, Santa 

Cruz) and anti-ubiquitin (FL-76, Santa Cruz) were used. 

Concentration of Nutlin-3 (Merck), MG132, and doxorubicin 

in this experiment was 5 μM, 30 μM, and 500 ng/ml, 

respectively. Staurosporine (STS) with 50 nM was used as 

a positive control inducer of apoptosis in HEL299 (17). All 

the chemicals were purchased from Sigma Chemical (St. 

Louise, MO, USA) unless otherwise stated. 

Microarray 

HEL 299 cells were infected with 4 m.o.i. of HCMV. 

The infected cells were harvested at 0, 12, 24, 48, 72, and 

96 h postinfection (h.p.i.). Total RNA was extracted from 

infected cells using Trizol (Invitrogen, Carlsbad, CA, USA) 

at each time point. Total RNA (2 μg) was reverse transcribed 

with a Chemiluminescent RT-IVT Labeling kit (Applied 

Biosystems, Foster City, CA, USA) and hybridized to the 

Human Genome Survey Microarray (Applied Biosystems). 

For each time point, data were initially normalized, and 

differential gene expression at each time point was calculated 

by comparing the differences of values between expression 

levels at each time point and the level in mock-infected 

HEL 299 cells at 0 h.p.i. 

Plasmids and transfection 

pEGFP-N1 was purchased from Invitrogen. GFP-p53 

(NES-) and Flag-hCRM1 were purchased from Addgene 

(Cambridge, MA, USA). pEGFP-p53 was constructed from 

pEGFP-N1 and pCMV-p53 (Clontech, Mountain View, CA, 

USA), and pEGFP-p53NLS(-) was constructed by site-

directed mutagenesis kit (Agilent Life Science Technologies, 

Santa Clara, CA, USA) and verified by DNA sequencing. 

Cells were transfected with Lipofectamine (Invitrogen) 

according to the manufacturer's manual. 

Immunofluorescent staining 

Cells were washed twice with phosphate buffered saline 
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(PBS), fixed with 10% paraformaldehyde for 10 min at 

room temperature, and permeabilized with 0.2% Triton 

X-100 for 5 min. After washed with PBS containing 0.05% 

Tween 20, cells were treated successively with the primary 

antibody and FITC- or Alexa 568-conjugated secondary 

antibody at 4℃. Fluorescent signal was observed under 

confocal laser scanning microscope (LSM5 Pascal, Carl 

Zeiss, Oberkochen, Germany). 

Cell fractionation 

For the fractionation of nuclear and cytoplasmic com- 

ponents, HCMV-infected cells were harvested and lysed 

with cell lysis buffer (10 mM HEPES, 1.5 mM MgCl2, 10 

mM KCl, 0.5 mM DTT, 0.2 mM EDTA, 0.2 mM EGTA, 

0.2 mM PMSF) on ice for 10 min. After centrifugation at 

13,000 rpm for 10 min the supernatant was collected as the 

cytoplasmic fraction, and the pellet was further treated with 

nuclear extract buffer (20 mM HEPES, 1.5 mM MgCl2, 

420 mM NaCl, 0.5 mM DTT, 0.2 mM EDTA, 0.2 mM 

EGTA, 0.2 mM PMSF, 25% glycerol) on ice for 10 min. 

After centrifugation at 13,000 rpm for 10 min the super- 

natant was collected as the nuclear fraction. For the whole 

cell preparation, the extraction buffer (1% Nonidet P-40, 

0.05% deoxycholate, 140 mM NaCl, 20 mM Tris HCl, pH 

7.5) with proteinase inhibitor cocktail (Roche Molecular 

Diagnostics, Indianapolis, IN, USA) was used. The amount 

of protein was measured with BCA kit (Thermo Scientific, 

Marietta, OH, USA) according to manufacturer's manual. 

Immunoprecipitation 

Each cell extract sample was reacted with agarose-

conjugated antibody at 4℃ for 60 min with constant mixing. 

After washed three times with buffer (50 mM Tris-Cl, pH 

7.5, 150 mM NaCl, 1% NP-40, 0.5% deoxycholic acid, 

0.1% sodium dodecyl sulfate) containing phosphatase 

inhibitor and proteinase inhibitor cocktail (Roche), the final 

agarose pellet was prepared for a further analysis. 

Western blot 

Each sample containing the equal amount of proteins 

was mixed with Laemmli SDS sample buffer (50 mM Tris, 

pH 6.8, 2% SDS, 10% glycerol, 50 mM dithiothreitol, 0.5% 

bromophenol blue) containing 1.25% mercaptoethanol, and 

was boiled for 5 min. Proteins in cleared samples were 

separated on 10% SDS-polyacrylamide gel electrophoresis 

and transferred to PVDF membranes. The blots were probed 

with the appropriate primary antibody and peroxidase-

conjugated secondary antibody, and were visualized by 

enhanced chemiluminescence (Amersham) according to 

the manufacturer's protocol. 

Apoptosis assay 

HEL299 were adsorbed with 4 m.o.i. of HCMV for 90 

min. Thereafter the infected cells were harvested at 0, 1 

and 2 days postinfection (d.p.i). Approximately 5 × 105 

cells were trypsinized and fixed with BD Fixation/ 

Permeabilization solution at 4℃ for 15 min. Cells were 

washed twice with FACS buffer containing 0.5% BSA and 

0.1% NaN in PBS, and treated with anti-annexin V antibody 

in BD Perm/WashTM Buffer at 4℃ for 30 min. Cells were 

spun down and washed twice with FACS buffer, and stained 

with FICT-conjugated goat anti-rabbit IgG (Invitrogen) at 

4℃ 30 min. FITC-positive cells were measured with 

FACSCanto II (BD). Data of cell apoptosis were analyzed 

with FACS DIVA (BD). 

 

RESULTS 

p53 accumulation after HCMV infection without the 

induction of apoptosis 

HCMV infection induced the accumulation of p53 in 

HEL 299 cells during the course of infection as shown in 

Fig. 1A. p53 was accumulated in HCMV-infected HEL 299 

cells at an early phase, 12 to 24 h.p.i., and maintained in a 

later phase of infection. Whether increased p53 after HCMV 

infection involved the induction of apoptosis was assayed 

with annexin V staining. Apoptosis assay showed 3.3+3.0%, 

8.1+0.6%, and 14.7+12.1% on day 0, 1 and 2, respectively, 

in HCMV-infected HEL 299 while 68.0% in staurosporine-

treated cells (Fig. 1B). 

Microarray screening data showed that mRNA levels of 

p53 decreased and was maintained at a low level in HCMV- 
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Figure 1. Characteristics of p53 induced by HCMV infection. (A) Western blot analysis with anti-p53 (DO-1) antibody for the detection
of p53 accumulation in HEL 299 infected with HCMV during the course of infection. (B) Apoptosis in HCMV-infected human fibroblasts 
determined by annexin V staining during the course of infection. Experiments were performed twice independently, and results were
expressed mean + standard deviation. Staurosporine (STS) was treated in fibroblast for a positive control of apoptosis. (C) mRNA expression
pattern of TP53, MDM2, XPO1, BAX and PARC, in HEL 299 cells infected with HCMV. mRNA levels of each gene were detected by 
microarray assay as described in Materials and Methods. Values shown are the differences between those in HCMV- or mock-infected 
HEL 299 cells at the indicated time and in mock-infected HEL 299 cells at 0 h.p.i. (D) Subcellular localization of transfected GFP-p53, 
p53NLS(-) and p53NES(-) in U373MG after HCMV infection at 48 h.p.i. HCMV UL44 was stained with monoclonal anti-UL44 antibody 
and Alexa 568-conjugated anti-mouse IgG as a marker for HCMV infection. 

A 

C

D

B 
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infected HEL 299 cells as compared with mock-infected 

ones during the course of infection except the early phase 

of infection. At all the time during infection mRNA level 

of MDM2 decreased up to 23% level in HCMV-infected 

HEL 299 cells as compared with one in mock infection at 

72 h.p.i. mRNA of PARC and BAX was downregulated 

during the whole time of HCMV infection, and mRNA of 

XPO1 (CRM1/exportin1) increased to 2.05 folds at 24 

h.p.i., and up to 2.57 folds at 72 h.p.i. (Fig. 1C). 

Subcellular localization of GFP-p53, GFP-p53NLS(-) 

and GFP-p53NES(-) was analyzed in U373MG infected 

with HCMV at 48 h.p.i. (Fig. 1D). Concomitant detection 

of UL44, which is present mainly in nucleus, was used as 

a marker of HCMV infection. GFP-p53 was localized 

dominantly in nucleus, but also in cytoplasm, and GFP-

p53NLS(-) was present only in cytoplasm. GFP-p53NES(-) 

was observed only in nucleus in mock-infected cells, but 

present also in cytoplasm after HCMV infection. These 

results indicated that a part of p53 shifted into cytoplasm 

after HCMV infection. 

Nuclear exportation of p53 by HCMV infection 

MDM2 was hardly detected in HCMV-infected cells at 

48 h.p.i. by immunofluorescent staining (Fig. 2A). Each 

nuclear and cytoplasmic fraction of HCMV-infected HEL 

299 was immunoprecipitated with anti-p53 full length 

peptide (FL-393) antibody and immunoblotted with anti-

p53 (DO-1), anti-p53 (FL-393) and anti-ubiquitin antibody, 

respectively. Anti-p53 (DO-1) antibody reacted only to 

peptides with 53 kDa in all the fraction of HCMV- or 

mock-infected cells. Anti-p53 (FL-393) antibody reacted to 

molecules with 53, 60~75, and 170 kDa in both fraction of 

HCMV-infected cells while it did with molecules with 53, 

72, and 170 kDa in the nuclear fraction and with 53, 72, 

and 95 kDa in the cytoplasmic fraction of mock-infected 

cells (Fig. 2B). Especially molecules with 60~75 kDa were 

predominantly reacted with anti-p53 (FL-393) antibody in 

case of HCMV infection as compared with mock infection. 

Reactive patterns of anti-ubiquitin antibody were similar to 

those of anti-p53 (FL-393) antibody except the molecule 

with 53 kDa and it suggested that the major portion of p53 

with 60~75 kDa might be ligated mainly with one or two 

ubiquitins after HCMV infection. 

Immunoprecipitation and western blot with the specific 

antibodies revealed that ubiquitinated p53 was also phos- 

phorylated at serine 20 in p53 (Fig. 2C). In spite of the 

decreased expression of MDM2 after HCMV infection, p53 

could be still ubiquitinated and accumulated with the treat- 

ment of proteasome inhibitor, MG132, and ubiquitination 

of p53 was inhibited by MDM2 antagonist, Nutlin-3 (Fig. 

2D). These results suggested MDM2 could work in mono-

ubiquitination but not in poly-ubiquitination of p53 in 

HCMV-infected cells. 

CRM1 increased in both nuclear and cytoplasmic 

fractions of HCMV-infected HEL 299 with time progression, 

but more prominent in the cytoplasmic fraction (Fig. 2E). 

Leptomycin B (LMB), a specific inhibitor of CRM1-

mediated nuclear export of proteins (18), inhibited the 

accumulation of p53 in the cytoplasm of HCMV-infected 

HEL 299 in a dose-dependent manner (Fig. 2F). Subcellular 

localization of transfected GFP-p53, GFP-p53NLS(-) and 

GFP-p53NES(-) in p53-defective H1299 transfected along 

with CRM1 was analyzed. P53 was localized predominantly 

in nucleus when expressed alone, but in cytoplasm when 

co-expressed with CRM1. Localization of p53NLS(-) was 

not changed with the addition of CRM1. p53NES(-) alone 

was present only in nucleus, but in both nucleus and 

cytoplasm after co-expressed with CRM1 (Fig. 2G). 

 

DISCUSSION 

 

The accumulation of p53 by HCMV infection coincides 

with other previous reports (10, 19). Cytoplasmic seques- 

tration of p53 after HCMV infection was also reported in 

endothelial cells (16, 20, 21). mRNA of p53 decreased and 

maintained at a low level after HCMV infection (Fig. 1C). 

These results suggest that p53 might be stabilized and not 

involved in apoptosis after HCMV infection. This possibility 

is supported by other works of p53 with the prolongation of 

half-life in human fibroblasts and human endothelial cells 

after HCMV infection (16, 22). 

p53 is not an indispensable protein in HCMV replication, 
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Figure 2. Nuclear export of p53. (A) MDM2 was stained with anti-MDM2 antibody and FITC-conjugated anti-mouse IgG in HEL 299 
infected with HCMV at 48 h.p.i. (B) Ubiquitination of p53 was determined by immunoprecipitation with anti-p53 (FL-393) and western 
blot with anti-p53 (DO-1; lane DO), anti-p53 (FL-393; lane FL), and anti-ubiquitin (lane U) antibody, respectively, in the nuclear and 
cytoplasmic fraction of HCMV- and mock-infected HEL 299 at 48 h.p.i. (C) The presence of phospho-p53 serine 20 among the ubiquitinated
proteins was determined by immunoprecipitation with agarose-conjugated anti-ubiquitin antibody and western blot with anti-phospho-p53 
serine 20 antibody in the nuclear and cytoplasmic fraction of HCMV-infected HEL 299 during the course of infection. (D) The effect of 
proteasome inhibitor, MG132, and MDM2 antagonist, Nutlin-3, on the accumulation of p53 was determined by western blot with anti-p53
(FL-393) antibody in the nuclear fraction of HCMV-infected HEL 299 at 48 h.p.i. (E) CRM1 expression was determined by western blot 
with anti-CRM1 antibody in the nuclear and cytoplasmic fraction of HCMV-infected HEL 299 at 48 h.p.i. Doxorubicin (Dox) was treated 
as a control expression of CRM1. (F) The effect of a nuclear export inhibitor, leptomycin B, on the nuclear exportation of p53 was 
determined by western blot with anti-53 antibody in the cytoplasmic fraction of HCMV-infected HEL 299 at 48 h.p.i. (G) Subcellular 
localization of transfected GFP-p53, GFP-p53NLS(-) and GFP-p53NES(-) in H1299 transfected along with CRM1. CRM1 was stained 
with the monoclonal antibody and Alexa568-conjugated anti-mouse IgG. 
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but it may affect the viral replication or other functions 

through its interactions with the identified HCMV proteins. 

p53 facilitates the transportation of pp65 from nucleus to 

cytoplasm and enhances the production of viruses (15). 

HCMV MCP, UL25, pp65, and UL44, which are co-

precipitated with p53 (14), are components of virions and 

dense body (23). It suggests that although p53 is not a 

component of virion (23), it might react with HCMV 

proteins and be protected from attacks by outside factors, 

or be changed into a stable form by the posttranslational 

modification such as phosphorylation at serine15 or serine20 

(24, 25). p53 may play an important role in recruitment of 

proteins involving in virion assembly, but the exact 

mechanism should be elucidated in the future studies. 

p53 is maintained at low levels in normal condition with a 

very short half-life mainly through the regulation of p53 and 

MDM2 circuit (26). MDM2 has an intrinsic E3 ubiquitin 

ligase activity, and poly-ubiquitinates p53 and degrades it 

in proteasome (27). p53 might be degraded less in HCMV-

infected cells than in mock-infected ones. mRNA level of 

MDM2 decreased in HCMV-infected HEL 299 during 

infection (Fig. 1C) and MDM2 was hardly detected in 

HCMV-infected cells at 48 h.p.i. by immunofluorescent 

staining (Fig. 2A). It was reported that MDM2 was seques- 

tered in the cytoplasm of HCMV-infected fibroblasts, and 

MDM2 decreased with time progression after 24 h.p.i. (22). 

Other report described the proteasome-independent degra- 

dation of MDM2 by specific interactions between IE2-86 

and MDM2 (28). To find out the role of MDM2 in 

ubiquitination of p53 in HCMV-infected HEL 299 cells, 

cells were treated with the combination of proteosome in- 

hibitor, MG132, and MDM2 antagonist, Nutlin-3. In spite of 

the decreased expression of MDM2 after HCMV infection, 

p53 could be still ubiquitinated and accumulated with the 

treatment of proteosome inhibitor, and ubiquitination of 

p53 was inhibited by MDM2 antagonist (Fig. 2D). These 

results suggested MDM2 could work in mono-ubiquitination 

but not in poly-ubiquitination of p53 in HCMV-infected 

cells. 

Especially molecules with 60~75 kDa were predom- 

inantly reacted with anti-p53 (FL-393) antibody in case of 

HCMV infection as compared with mock infection. Mole- 

cules with 60~75 kDa might be p53 which was ligated with 

one or two ubiquitins. Reactive patterns of anti-ubiquitin 

antibody were similar to those of anti-p53 (FL-393) antibody 

except the molecule with 53 kDa and suggested that the 

major portion of p53 might be mainly mono-ubiquitinated 

after HCMV infection. MDM2 is responsible for mono- or 

poly-ubiquitination of p53 depending on the ratio of MDM2 

and p53. Mono-ubiquitinated p53 is favorable for nuclear 

export while poly-ubiquitinated p53 is easily degraded (29). 

There was a possibility of masking an epitope recognized 

by anti-p53 (DO-1) antibody among molecules with 60~75 

and 170 kDa, which were immunoprecipitated with anti-p53 

(FL-393) antibody. The epitope recognized with anti-p53 

(DO-1) antibody may be modified in the conformation by 

the phosphorylation of serine 20 on p53 (30, 31), and/or 

the ubiquitination of lysine 24 on p53 because anti-p53 

(DO-1) antibody recognizes amino acid 20~25 epitope on 

p53 (32). The possibility of N-terminal ubiquitination in 

p53 is very low because it was reported that lysine 24 

itself is not a ubiquitin acceptor site and is not necessary 

for the binding of MDM2 or the ubiquitination of p53 (33). 

Immunoprecipitation and western blot with the specific 

antibodies revealed that ubiquitinated p53 was also phos- 

phorylated at serine 20 in p53 (Fig. 2C). It was also reported 

that the poly-ubiquitination of p53 could be inhibited when 

p53 is phosphorylated at serine 15 or 20 (24, 25). Therefore 

mono-ubiquitinated p53 after HCMV infection was also 

phosphorylated on serine 20, which resulted in unrecognition 

by anti-p53 (DO-1) antibody and establishing its stable form. 

These results prompted us to draw the conclusion that anti-

p53 (DO-1) antibody is not suitable to probe whole p53 

located in the cytoplasm after HCMV infection. 

It can be considered the involvement of the cytoplasmic 

anchor of p53, PARC (34), or the nuclear exporter, XPO1 

(CRM1/exportin1) (35), in the cytoplasmic localization of 

p53 in HCMV-infected fibroblasts. The nuclear exportation 

of p53 is more feasible mechanism of the cytoplasmic 

translocation of p53 than the cytoplasmic parking in HCMV-

infected HEL299 because that the gene of CRM1 was 

upregulated and CRM1 protein was exported to the cyto- 
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plasm with p53 in HCMV-infected cells, and Leptomycin 

B inhibited cytoplasmic accumulation of p53 (Fig. 1C, Fig. 

2E and Fig. 2F). These mechanisms of translocation were 

verified by the experiment of co-expression of CRM1 with 

p53 nuclear localizing signal (NLS) and nuclear export 

signal (NES) mutants (Fig. 2G). p53 contains NES in N 

terminal and C terminal (36, 37). CRM1, an export receptor 

for leucine-rich nuclear export signals (38), mediates 

nuclear export of p53 through not only C-terminal NES 

but N-terminal NES (35). Because the last 30 amino acids 

from C-terminal of p53 involve p53 binding to F-actin (39), 

C-terminal ubiquitination of p53 contributes to the alteration 

of p53 binding to actin and the nuclear export of p53 

through N-terminal NES (35). These results mean that 

CRM1 increased and was exported to the cytoplasm with 

p53 in HCMV-infected cells. 

Although the effect of p53 in the cytoplasm on the 

cellular functions is not fully understood in HCMV- 

infected cells, it may create a favorable environment for the 

survival of HCMV in early phase of infection. p53 facilitates 

the transportation of HCMV matrix protein, pp65, from 

nucleus to cytoplasm and the production of viruses (15). 

mRNA of Bax decreased (13) and the cytoplasmic p53 was 

not localized into mitochondria (data not shown), which 

suggested that p53 in the cytoplasm of HCMV-infected 

cells at 48 h.p.i. was not involved in apoptosis (Fig. 1B). In 

other aspects, cytoplasmic p53 may affect the accurate 

synthesis of DNA by reverse transcriptase of retrovirus (40). 

The functional roles of p53 in the cytoplasm of HCMV-

infected cells should be elucidated further in future studies. 

Conclusively, HCMV infection induces mono-

ubiquitinated and serine20 phosphorylated p53 and facili- 

tates exportation of it to the cytoplasm with CRM1, resulting 

in the cytoplasmic localization and the stabilization of p53 

without induction of apoptosis in human cells. 
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