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Abstract:    Objective: To explore the effects of cytomegalovirus (CMV) infection on rejection-related gene expression in the 
endothelial cells of renal transplantation recipients. Methods: Endothelial cells (ECs) were cultured and stimulated by a variety of 
factors: A, normal control group; B, inactivated human cytomegalovirus (HCMV) infection group; C, HCMV infection group; D, 
HCMV supernatant infection group; and E, ganciclovir HCMV group. Expression of intercellular adhesion molecule-1 (ICAM-1) 
and major histocompability complex (MHC) class I and class II antigens was detected by flow cytometry (FCM) and immuno-
histochemistry. Results: We found characteristic CMV-infected ECs in this study. There were no significant differences among 
groups A, B and D (P>0.05). Although the expression levels of ICAM-1 were not significantly different between groups C and E 
(P>0.05), the ICAM-1 expression in these two groups was significantly higher than that in group A (P<0.05). ICAM-1 expression 
was detected in groups C and E, while there was no expression in groups A, B and D. Furthermore, there was no significant 
difference of ICAM-1 mRNA expression between groups C and E (P>0.05). Human leucocyte antigen (HLA)-ABC expression 
was detected in all the groups, while HLA-DR expression was only detected in groups C and E. There were no significant dif-
ferences of HLA-ABC and HLA-DR expression among groups A, B and D (P>0.05). However, the HLA-ABC and HLA-DR 
expression levels in groups C and D were higher than those of the remaining groups previously reported (P<0.05). Meanwhile, the 
HLA-ABC and HLA-DR expression levels in group E were lower than those of group C (P<0.05). Conclusion: CMV could 
up-regulate the expression levels of ICAM-1 and MHC antigens, which was closely related to allograft rejection. 
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INTRODUCTION 

 
Renal transplantation is the most desirable 

therapy method for the terminal-stage nephropathy. 
Recently, with the development of transplantation 
techniques, tissue matching, and application of new 

immunosuppressants, the success rate of transplanta-
tion has been greatly increased. However, infectious 
complications after transplantation still present a big 
challenge. Cytomegalovirus (CMV) infection is one 
of the most important complications of renal trans-
plantation (Patel and Paya, 1997; Brennan, 2001). 
The number of patients with CMV infection increases 
with the development of immunodepressive agents, 
such as anti-CD3 monoclonal antibody (OKT3) or 
antihuman thymocyte globulin (ATG), which are 
used in steroid-resistant acute rejection or induction 
therapy immediately after transplantation. Further-
more, CMV infection is one of the important factors 
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influencing successful renal transplantation, because 
it affects immune function and is closely related to 
acute and chronic postoperative rejection, leading to 
renal allograft failure (Cainelli and Vento, 2002; 
Tong et al., 2002; Lautenschlager et al., 1999). Some 
studies have revealed that CMV disease is an inde-
pendent risk factor for acute rejection in kidney al-
lograft recipients (Krogerus et al., 2008; Sagedal et 
al., 2002; Toupance et al., 2000). Conventional 
anti-rejection therapy has no obvious curative effects 
on this type of acute rejection, while it can be reversed 
by anti-CMV therapy (Reinke et al., 1994). In addi-
tion, a study of 1 399 renal transplantation recipients 
by Humar et al.(1999) has shown that the incidence of 
chronic rejection in patients with both CMV infection 
and anti-rejection therapy is significantly higher than 
that of patients only with anti-rejection therapy, in-
dicating that CMV infection is an important risk 
factor for chronic postoperative rejection. In spite of 
the introduction of newer antiviral medications, CMV 
infection is still the most common opportunistic in-
fection associated with renal transplantation as well 
as a key contributing factor for higher morbidity and 
mortality. 

The vascular endothelium represents the ana-
tomical and functional interface between circulating 
immune components and allograft, and thus it is 
uniquely poised to interact with both circulating 
immune components and allograft. Endothelial cells 
(ECs) are now known to regulate leukocyte migration 
(Jutila et al., 1989), express human leucocyte antigen 
(HLA) molecules and present antigen (Hughes et al., 
1990), elaborate and respond to immunomodulating 
cytokines as interleukin-6 (IL-6) and IL-8 (Kuldo et 
al., 2005; Viemann et al., 2004), and inducibly ex-
press immunoreactive cellular adhesion molecules 
such as E-selectin, vascular adhesion molecule 
(VCAM), and intercellular adhesion molecule (ICAM) 
(Pober and Cotran, 1990). In addition, ECs also play 
vital roles in angiogenesis, vascular remodeling, and 
tumorigenesis (Tammela et al., 2005; Armulik et al., 
2005). It is also well documented that ECs are a 
common target for CMV infection in vivo regardless 
of the involved organ (Roberts et al., 1989).  

The potential mechanisms of rejection induced 
by CMV infection have become one recent research 
focus. In support of such a role, the earliest study (von 
Willebrand et al., 1986) has shown that as a conse-

quence of CMV infection, the expression of major 
histocompability complex (MHC) class II antigens on 
grafts may result in graft rejection on the background 
of CMV disease. Recently, some studies have dem-
onstrated that CMV infection can induce allograft to 
promote the release of cytokines, such as interferon-γ 
(IFN-γ), tumor necrosis factor-α (TNF-α), and IL-8 
(Cinatl et al., 2000). CMV infection can also 
up-regulate the expression of ICAM-1 and MHC in 
ECs, which is closely related to allograft rejection 
(Tajik et al., 2008; von Willebrand et al., 1986; 
Kloover et al., 2000; Ustinov et al., 1994; Game et al., 
2001). However, some studies have shown the oppo-
site results. Sedmak et al.(1990) reported that CMV 
infection cannot directly induce the expression of 
MHC class II antigens in human umbilical vein en-
dothelial cells (HUVECs) but encode an MHC-like 
protein (Wyrwicz and Rychlewski, 2008). So far, the 
mechanisms of rejection reaction induced by CMV 
infection remain unclear. Functional studies of CMV 
on renal transplantation, especially about the rela-
tionship between CMV infection and graft rejection, 
would be helpful to improve curative effects of renal 
transplantation. Therefore, we investigated the related 
gene expression of rejection induced by CMV infec-
tion using a CMV-infected EC model.  

 
 
MATERIALS AND METHODS  

 
Cell line and virus 

The HUVEC line was obtained from Cell Bank 
of Chinese Academy of Medicine. The cells were 
seeded into 12-well culture plates at 5×105 cells per 
well in 200 μl Roswell Park Memorial Institute 
(RPMI) 1640 culture medium (Sigma, USA) con-
taining 100 ml/L fetal calf serum (Gibco, USA), 200 
kU/L penicillin, 100 mg/L streptomycin, and 2 
mmol/L L-glutamine (Gibco, USA). Then, the cells 
were incubated in a humidified incubator at 37 °C 
with 5% CO2. Human cytomegalovirus (HCMV) line 
AD169 was purchased from Virus Institute of Chi-
nese Academy of Medicine. The virus was inactivated 
by ultraviolet ray for 30 min. 

 
Grouping and pretreatment  

Cultured HUVECs were divided into the  
following five groups: A, control group (without any 
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treatment); B, HUVECs treated with inactivated 
HCMV; C, HUVECs treated with HCMV; D, HU-
VECs treated with HCMV supernatant; and E, HU-
VECs treated with HCMV and 2.0 μmol/L ganci-
clovir (Cymevene; Hoffman-La Roche, USA). 

 
CMV infection in HUVECs and its identification 

HUVECs were cultured on coverslips coated 
with 0.001% (w/v) polylysine in 12-well culture 
plates for 48 h to 80% confluence, and then the cells 
were infected with 1×106 plaque forming unit (pfu) of 
HCMV for 24 h. After fixed with cold acetone for 10 
min, ECs were labelled with rat anti-human HCMV 
immediate early antigen (IEA) monoclonal antibody 
(NeuMark, USA), and then they were mounted with 
60% (w/v) glycerine. HCMV IEA was detected by a 
light microscopy (Olympus BH-2, Japan).  

ECs were harvested by brief trypsinization and 
fixed with 2.5% (v/v) glutaraldehyde (Sigma, USA) 
for 30 min, and then postfixed with repeated incuba-
tions with 1% (v/v) osmium tetraoxide/1% (v/v) tan-
nic acid (Sigma, USA) for 1 h. Subsequently, the cells 
were dehydrated with gradient concentrations of 
acetone (70%, 80%, 90%, and 100%; v/v). After de-
hydration, the specimens were embedded with epoxy 
resin for 2 h. After ultramicrotomy, the sections were 
analyzed under a transmission electron microscope 
(Hitachi H600, Japan). 

 
Detection of ICAM-1 expression by immunohisto- 
chemical staining 

Immunohistochemical staining was performed 
12 h after HCMV infection. A total of 5×105 cells per 
well were seeded into chamber slides. After fixation 
with cold acetone for 10 min, ECs were blocked with 
10% (w/v) goat serum (Dako, Glostrup, Denmark) to 
eliminate non-specific binding. Cells were stained 
with rat anti-human ICAM-1 monoclonal antibodies 
(IMMUNOTECH, France) at a dilution of 1:100 at 
room temperature for 12 h. Then, they were washed 
and incubated with biotinylated rabbit anti-rat sec-
ondary antibodies (IMMUNOTECH, France) at room 
temperature for 30 min. Subsequently, the sections 
were incubated with streptavidin-horseradishper- 
oxidase at room temperature for 60 min. Then, the 
sections were developed with diaminobenzadine 
(DAB) chromogen solution and counterstained with 
Mayer’s hematoxylin. The expression of ICAM-1 

was analyzed by colorful pathological image analysis 
instrument (CMAIS800, Australia).  

 
Detection of ICAM-1 expression by reverse tran-
scriptase-polymerase chain reaction 

Reverse transcriptase-polymerase chain reaction 
(RT-PCR) was also performed 12 h after HCMV 
infection. Total RNA was extracted from ECs with 
Trizol reagent (Invitrogen, USA). Genomic DNA 
contamination was eliminated by RNase-Free DNase 
Set kit (Qiagen, Germany). Then, 1 μg of the total 
RNA was reversely transcribed into cDNA within a 
20-μl reaction volume according to the manufac-
turer’s instructions (RNA LA PCR™ Kit, TaKaRa, 
Japan). A total of 10 μl cDNA was amplified by PCR 
with RNA LA PCR™ Kit (TaKaRa, Japan) with 0.5 
mmol/L sense (5′-GGCAAGAACCTTACCCTACG- 
3′) and antisense (5′-GAGACCTCTGGCTTCGTCA 
G-3′) primers. A housekeeping gene, GAPDH, was 
used as internal control (the sense primer 5′-CC 
ATCACCATCTTCCAGGAG-3′ and the antisense 
primer 5′-CCTGCTTCACCACCTTCTTG-3′). Briefly, 
PCR amplification was carried out with 30 cycles at a 
melting temperature of 94 °C for 1 min, an annealing 
temperature of 60 °C for 30 s, and an extension 
temperature of 72 °C for 30 s. The PCR products were 
determined by electrophoresis on 1.8% (w/v) agarose 
gel containing 0.05 μg/ml ethidium bromide, and the 
PCR products were quantified by Kodak 1D software 
(EDAS290, TAIYO, Japan). 

 
Detection of HLA-ABC and HLA-DR expression 
by flow cytometry  

Flow cytometry was performed 12 h after 
HCMV infection as described previously (Jiang et al., 
2008). The ECs were harvested by brief trypsinization 
and incubated with optimal fluorescein isothiocyanate 
(FITC)-conjugated rat anti-HLA-ABC antibodies or 
FITC-conjugated rat anti-HLA-DR antibodies at 4 °C 
for 30 min in dark, respectively. The isotype 
FITC-conjugated rat IgG2A for HLA-ABC and 
FITC-conjugated rat IgG1 for HLA-DR (all from 
IMMUOTECH, France) were used as control. Cells 
were washed for three times and then re-suspended 
with phosphate buffered sodium (PBS) containing 
0.1% (w/v) bovine serum albumin (BSA) and 0.1% 
(w/v) NaN3. At least 1×104 cells were counted by an 
EPICS ELITE flow cytometry (BECKMAN 
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COULTER, USA), and the data were analyzed by 
EXPO 32 software (BECKMAN COULTER, USA). 
Propidium iodide (PI) staining was performed to 
exclude non-viable cells, and the expression of 
HLA-ABC and HLA-DR was analyzed by relative 
fluorescence intensity.  

 
Statistical analysis 

Statistical analyses were performed by SPSS 
statistical software (version 13.0, SPSS Inc., Chicago, 
IL, USA). The data were expressed as mean±standard 
deviation (SD), and the differences were evaluated by 
independent-sample t test. P<0.05 was considered 
statistically significant. 

 
 
RESULTS 
 
Evidence of HUVEC infection with HCMV 

We found tans positive granules in the cyto-
plasm of HUVEC 12 h after the HCMV infection, and 
they became more visible at 24 h. Fig.1b shows that 
the granules were mainly around the nucleus, indi-
cating that HCMV not only infected ECs but also was 
assembled in ECs. The typical owl’s eye-like virus 
granule was visible in the cytoplasm under an electron 
microscope (Fig.2). Fig.1a shows that CMV IEA was 
not detected by immunohistochemistry in ECs before 
HCMV infection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Effect of HCMV on ICAM-1 expression on the 
surface of ECs 

Fig.3a shows that the ICAM-1 expression on the 
surface of ECs in group A was weakly positive. The 
expression of ICAM-1 was still weakly positive in 
groups B and D when treated with inactivated virus or  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1  Observation of CMV IEA in HCMV-infected 
ECs. Compared with ECs before HCMV infection (a), 
CMV IEA was positive in ECs 24 h after HCMV infec-
tion (b) by immunohistochemical staining 

(a) (b) 

20 μm 20 μm 

Fig.2  Observation of ECs 24 h after HCMV infection 
under an electron microscope. The owl’s eye-like virus 
granules (arrow) were seen in cytoplasm 

1 μm

Fig.3  ICAM-1 expression in ECs in different groups. Intensity of ICAM-1 expression of groups C (c) and E (e) was 
significantly stronger than that in the control group (a) 
(a) Control; (b) Inactivated HCMV; (c) Active HCMV; (d) HCMV supernatant; (e) HCMV with ganciclovir; (f) Com-
parative expression intensity of ICAM-1 in ECs of the different groups. *P<0.05 vs. group A 
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virus supernatant (Figs.3b and 3d). However, ICAM-1 
expression was strongly positive when ECs were 
infected with the active viruses (Fig.3c). ICAM-1 
expression of group E treated with the active HCMV 
and ganciclovir was not down-regulated compared 
with that of group C (Fig.3e). The expression inten-
sity of ICAM-1 determined by image analysis soft-
ware was 1.70±0.48 in group A, 1.48±0.57 in group B, 
7.33±0.72 in group C, 0.62±0.39 in group D, and 
7.06±0.95 in group E. There was no difference among 
groups A, B, and D (P>0.05). Fig.3f shows that the 
ICAM-1 expression in groups C and E was signifi-
cantly higher than that of group A (P<0.05), although 
there was no significant difference between groups C 
and E (P>0.05).  

 
Effect of HCMV on ICAM-1 mRNA expression in 
ECs 

ICAM-1 mRNA expression was detected in 
groups C and E (Fig.4), while no ICAM-1 mRNA 
expression was detected in group A, B, or D. Semi- 
quantitative analysis showed that gray scales of 
ICAM-1/GAPDH in groups C and E were 0.996 and 
0.915, respectively. There was no significant differ-
ence between them (P>0.05). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Effect of HCMV on HLA-ABC and HAL-DR ex-
pression in ECs 

Fig.5 shows the detection of HLA-ABC in each 
group by FCM. HLA-DR expression was detected 
only in groups C and E, while HLA-DR nearly did not 
express in the remaining three groups (Fig.5). The 
comparative fluorescence of HLA-ABC antigen was 
(78±8)%, (79±6)%, (94±4)%, (76±9)%, and (89±5)% 
in the 5 groups, respectively, while that of HLA-DR 
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Fig.4  Expression of ICAM-1 mRNA in ECs of different 
groups. ICAM-1 expression could be detected in both 
groups C and D by PT-PCR 
M: DL2000 marker; A: control; B: inactivated HCMV; C: 
active HCMV; D: HCMV supernatant; E: HCMV with 
ganciclovir 
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Fig.5  Expression of HLA-ABC and HLA-DR in ECs of 
different groups 
(a) Control; (b) Inactivated HCMV; (c) Active HCMV; (d) 
HCMV supernatant; (e) HCMV with ganciclovir 

Fig.6  Relative fluorescence intensity of HLA-ABC (a) 
and HLA-DR (b) in different groups. CMV infection 
could both up-regulate expression of HLA-ABC and 
HLA-DR. Ganciclovir could decrease up-regulation of 
both HLA-ABC and HLA-DR induced by CMV infec-
tion. *P<0.05 vs. group A; #P<0.05 vs. group E 
Group: A, Control; B, Inactivated HCMV; C, Active 
HCMV; D, HCMV supernatant; E, HCMV with ganciclovir
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antigen was (0±0)%, (0±0)%, (25±8)%, (0±0)%, and 
(17±6)%, respectively. There were no differences of 
HLA-ABC or HLA-DR expression among groups A, 
B, and E (P>0.05). However, the HLA-ABC and 
HLA-DR expression levels in groups C and D were 
higher than those of the remaining three groups pre-
viously reported (P<0.05), while the HLA-ABC and 
HLA-DR expression levels in group E were lower 
than those of group C (P<0.05) (Figs.6a and 6b). 

 
 
DISCUSSION 

 
Among many etiological agents causing infec-

tion in renal transplantation recipients, CMV, a dou-
ble-helix DNA virus, is the most common and im-
portant virus, which belongs to β-subfamily of 
Herpesviridae. This virus is ubiquitously distributed 
in human population and often leads to a lifelong 
persistent infection after asymptomatic primary in-
fection. Organ transplantation patients are the high- 
risk group of HCMV infection. In the last decade, 
there has been an increasing clinical management 
burden due to allograft rejection induced by CMV 
infection in renal transplantation recipients. Therefore, 
we investigated the mechanisms of rejection induced 
by CMV infection after renal transplantation. 

As the contact surface of recipient’s immune 
system and graft tissues, allograft vascular ECs are 
first recognized and attacked by recipient’s immune 
system. They are also regarded as a bridge because 
immune cells chemotactically infiltrate into allograft 
through ECs. Thus, ECs play a key role in allograft 
rejection. In addition, Sinzger et al.(1995) showed 
that ECs are the major host for CMV. Therefore, we 
selected ECs to establish our cell model. We found 
characteristic images by immunohistochemistry and 
electron microscope, indicating successful CMV 
infection in ECs in vitro.  

We showed that ICAM-1 of ECs expressed at a 
low level under normal condition by immunohisto-
chemical staining. The expression of ICAM-1 was 
still low when ECs were infected by inactivated 
HCMV, and there was no significant difference be-
tween groups A and B, indicating that inactivated 
HCMV could not up-regulate ICAM-1 expression. 
The ICAM-1 expression was strongly positive after 
active HCMV infection. The intensity and gray of 

positive granules were significantly stronger than 
those of group A, indicating that HCMV could 
up-regulate ICAM-1 expression in ECs. A similar 
finding was also observed at the mRNA level. There 
was ICAM-1 mRNA expression when ECs were 
infected by active HCMV, whereas no expression in 
group A or B, indicating that HCMV could 
up-regulate ICAM-1 expression at both protein and 
mRNA levels. 

Knight et al.(1999) revealed that the 
up-regulated ICAM-1 expression in ECs results in the 
accumulation of ICAM-1 mRNA. According to time 
sequence of CMV gene transcription and expression 
in cells, protein products could be divided into im-
mediate early (IE), early (E), and late (L). An in vitro 
study demonstrates that synergistic action of IE ex-
pression product can activate the promoter region of 
ICAM-1 gene, which might be the mechanism of 
up-regulated ICAM-1 mRNA expression in ECs 
(Knight et al., 2000). Ganciclovir, a nucleoside ana-
logue of guanosine, is effective in the treatment of 
CMV disease in humans (Martin et al., 1983), which 
is a homologue of acyclovir and the first-generation 
antiviral drug. In vivo, ganciclovir is transformed into 
ganciclovir triphosphate, which can inhibit viral DNA 
polymerases by competitively inhibiting the synthesis 
of deoxyguanosine triphosphate. In order to slow 
replication, ganciclovir monophosphate is inserted 
into the end of a growing chain of viral DNA after the 
release of pyrophosphate (Cheng et al., 1983). The 
transcription and expression of CMV IE gene precede 
the replication of CMV-DNA, and ganciclovir could 
only inhibit the expression of CMV E and L. In ad-
dition, our study showed that the intensity and gray of 
positive granules did not weaken in ganciclovir 
HCMV group. The ICAM-1 mRNA expression in 
ECs with HCMV and in the ganciclovir infection 
group was still up-regulated. Although the expression 
in group E was slightly lower than that of group C, 
there was no significant difference between them. 
This result indicates that ganciclovir was an effective 
anti-CMV drug, which could not inhibit the 
up-regulation of ICAM-1 in ECs induced by HCMV. 
Besides, we found that the ICAM-1 expression in ECs 
cultured with CMV supernatant was not up-regulated, 
further demonstrating that CMV IE gene could di-
rectly induce ICAM-1 expression rather than any 
cytokine produced by host cells. This finding may 
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explain the clinical manifestation that allograft rejec-
tion still occurs in CMV infected patients even after 
effective anti-CMV therapy.  

So far, there are still some controversies about 
the effect of CMV infection on HLA expression in 
ECs. Although it is widely accepted that CMV infec-
tion of permissive cells causes down-regulation of 
MHC (Haynes et al., 2005), some studies report that 
CMV induces the regulation of MHC class I antigen 
expression in human aortic smooth muscle cells 
(Hosenpud et al., 1991). In our study, HLA-ABC was 
expressed at a low level, and HLA-DR was nearly 
absent in ECs under normal condition. The same 
finding was observed in groups B and D as well. 
Moreover, the HLA-ABC and HLA-DR expression in 
group C was significantly higher than that in groups 
A, B, and D. The expression of MHC class I and class 
II antigens enhanced antigen presentation effect of 
ECs and activated the resting T lymphocytes. This 
activation resulted in a cascade reaction of allograft 
rejection, indicating that CMV could up-regulate the 
expression of MHC class I antigen and induce the 
expression of MHC class II antigen through CMV 
gene transcription and expression. The expression 
levels of both HLA-ABC and HLA-DR in group E 
were significantly lower than those in group C, but 
they were still significantly higher than those in group 
A. This result suggests that ganciclovir could 
down-regulate the expression of MHC class I and 
class II antigens induced by CMV. However, they 
could not return to the initial level without CMV 
infection. It remains unclear how CMV infection 
could up-regulate the expression of MHC class I and 
class II antigens in ECs. A previous study showed that 
one kind of glycoprotein encoded by CMV is similar 
to MHC class I antigens (Beck and Barrell, 1988). 
Therefore, MHC class I antigens actually might be 
virus class I protein encoded by CMV genes, which 
are expressed on ECs and induced by CMV infection. 
Some studies revealed the same amino acid sequence 
between proteins encoded by CMV IE genes and the 
conservative region of HLA-DR β chain (Fujinami et 
al., 1988). Thus, MHC class II antigens expressed in 
CMV-infected ECs are also the products of CMV 
gene transcription and expression (Fujinami et al., 
1988), which may result in up-regulated HLA antigen 
expression in CMV-infected ECs. Weinberg et al. 
(2000) showed that HLA antigen expression enhances 

antigen presentation in ECs and leads to the activation 
of resting T lymphocytes, and that the HLA antigen 
expression activates the cascade reaction of allograft 
rejection subsequently. We also found that the ex-
pression of MHC class I and class II antigens was 
down-regulated in CMV-infected ECs after the addi-
tion of ganciclovir. This could be due to that CMV 
genes encoding MHC class I and class II antigens in 
ECs were E or L gene, not IE gene. Therefore, gan-
ciclovir could obviously down-regulate MHC anti-
gen expression in CMV-infected ECs, which could 
inhibit CMV E and L gene expression.  

In summary, we found that the expression of 
ICAM-1 and MHC antigens was up-regulated by 
CMV infection, which may be a key contributing 
factor of allograft rejection. Our findings provide a 
theoretical basis for further clinical research. In fu-
ture, more efforts should be made to prevent allograft 
rejection induced by CMV infection based on the 
results presented here. 
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