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Human cytomegalovirus (HCMV) is often a dangerous 
opportunistic pathogen that causes significant morbid-
ity and mortality in newborn children and immunocom-
promised patients. The different symptoms and tissue 
tropisms of HCMV infection may result from genetic 
polymorphism. This study investigated the sequence 
variability of the HCMV US28 ORF, which shows se-
quence homology to the G protein-coupled receptor. 
HCMV isolated from suspected pediatric cases and iso-
lates from AIDS patients were compared in order to ex-
amine the possible associations between polymorphisms 
and pathogenesis. Seventy children with suspected 
congenital HCMV infection, who suffered from jaun-
dice (47), megacolon (10), and microcephaly (13), and 
17 AIDS patients, were studied. Mutation was prevalent 
among the sequences of US28, with a focus on the two 
ends of US28. The important functional groups of US28 
are highly conserved. An unrooted tree showed that 
all sequences from suspected congenitally infected in-
fants and AIDS patients were divided into three groups. 
Comparison showed that most of the sequences (12/17) 
from pediatric patients were included in the first group 
(G1), whereas most of the sequences (11/17) from AIDS 
patients were included in the third group (G3). The spe-
cific high mutation sites in US28 from children were lo-
cated at the C terminus of the protein, whereas those 
from AIDS patients were located at the N terminus. We 
demonstrated the existence of polymorphisms among 
the US28 genes of clinical isolates of HCMV from infants 
with suspected congenital infection. Comparison of US28 
sequences from AIDS patients with those from children 
showed that both sequences have their own specific 
high mutation points.
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INTRODUCTION

Human cytomegalovirus (HCMV) causes a wide range 
of diseases in the general population. However, such 
infection is not usually associated with overt symptoms 
in immunocompetent individuals. For newborn children 
and immunocompromised patients, HCMV is often a 
dangerous opportunistic pathogen that causes significant 
morbidity and mortality (Ho, 1990). In fact, HCMV is 
now the most common viral cause of congenital mal-
formation in developed countries and some under-de-

veloped regions. Congenitally acquired HCMV infection 
can lead to jaundice, hepatitis syndrome, megacolon, and 
microcephaly (Macris et al., 1981; Demmler, 1991; Tam 
et al., 1992). HCMV is also associated with exacerbation 
of vascular disease (Hendrix et al., 1991; Wu et al., 1992; 
Chen et al., 2003; Miller et al., 2004; Nerheim et al., 2004; 
Valantine, 2004), particularly after solid organ transplan-
tation.

ORFs with homology to seven-transmembrane span-
ning receptors have been identified in the genomes of 
beta and gamma herpes viruses. Many cellular trans-
membrane spanning receptors have been shown to be G 
protein-coupled receptors (GPCRs). In the host, GPCRs 
can signal to a wide variety of pathways to modulate 
host cell homeostasis, induce chemotaxis and cell prolif-
eration, or alter the expression of downstream regulated 
genes. 

The HCMV genome contains four genes that encode 
GPCRs, namely US27, US28, UL33 and UL78, among 
which US28 is the most well described (Beisser et al., 
2002). The US28 ORF encodes a functional β-chemokine 
receptor (US28) that binds and sequesters extracellular 
chemokines and can modulate host immune responses 
(Pleskoff et al., 1997; Vieira et al., 1998; Streblow et al., 
1999). Expression of the US28 receptor promotes mi-
gration of smooth muscle cells. The GPCR family is as-
sociated with a G-protein, which leads to an intracellu-
lar signal through the G-phospholipase C pathway in a 
highly constitutive manner (Casarosa et al., 2001). Like 
many human chemokine receptors, the US28 receptor 
can operate as a cofactor for HIV cell entry (Pleskoff et 
al., 1997). Moreover, the US28 receptor can mediate cell 
fusion, together with other envelope proteins from, e.g., 
vesicular stomatitis virus (Pleskoff et al., 1998).

In previous studies, variability of the US28 gene has 
been investigated (Arav-Boger et al., 2002; Rasmussen et 
al., 2003; Goffard et al., 2006; Wang et al., 2009). How-
ever, nearly all HCMV isolates used in those studies 
were derived from patients who were immunocompro-
mised by AIDS or transplantation. It is unknown wheth-
er the genetic variability observed among such isolates 

*e-mail: ruanq@sj-hospital.org
The US28 sequences of the clinical isolates have been assigned 
GenBank accession No. AF378909 to AF378924 and AJ313049.
Abbreviations: CKP, casein kinase II phosphorylation site; FQ-PCR, 
fluorescence-quantified PCR; GPCRs, G protein-coupled receptors; 
HCMV, human cytomegalovirus; HELFs, human embryonic lung fi-
broblasts; HMA-SSCP, heteroduplex mobility assay/single-stranded 
conformation polymorphism; LPAS, lipoprotein lipid attachment 
site; PKC, protein kinase C phosphorylation; RANTES, regulated 
upon activation normal T cell expressed and secreted

Vol. 58, No 2/2011
231–236

on-line at: www.actabp.pl



232           2011R. He and others

adequately reflects the variability of HCMV isolates that 
circulate among HCMV-infected children. 

The aim of this study was to explore the level of vari-
ability in the US28 gene obtained from infants with sus-
pected congenital HCMV infection. The sequence vari-
ability of the US28 gene from these infants was com-
pared with that from AIDS patients to examine possible 
associations between gene subtype and disease.

MATeRIAlS AND MeTHODS

Samples and virus. Samples of urine and abnormal 
colon tissue were collected for HCMV isolation from the 
Pediatrics Departments, Affiliated Shengjing Hospital, 
China Medical University in the 1980s. HCMV clinical 
isolates were isolated at the same time. All virus isolates 
of low passage were prepared in human embryonic lung 
fibroblasts (HELFs) cultured in DMEM supplemented 
with 10 % FBS, as described previously (He et al., 2006). 
The isolates were kept at –70 °C until use. Children who 
were suspected of congenital HCMV infection included 
those who suffered from jaundice (47), megacolon (10) 
or microcephaly (13). HCMV infection was confirmed 
by positive results of virus isolation or fluorescence-
quantified PCR (FQ-PCR) for HCMV (He et al., 2006). 
All samples were collected with the permission of the 
infants’ parents and the research had obtained the ap-
proval of the Hospital Ethical Committee.

Seventeen sequences from AIDS patients in France 
were obtained from GenBank (acc. Nos. AJ 406953–69) 
(Goffard et al., 2006).

PCR amplification. DNA was extracted from cells 
infected with clinical isolates of HCMV by boiling the 
culture medium at 100 °C. The extracted DNA was used 
as templates for PCR amplification of specific regions of 
the HCMV genome. We designed four pairs of overlap-
ping primers for the amplification of US28, and their se-
quences are shown in Table 1. They were designed based 
on the sequence of ADl69 isolate (GenBank accession 
No. AY174271). The amplification was carried out with 
a Perkin–Elmer Cetus DNA Thermal Cycler. The con-
ditions for amplification with all primer sets were 94 °C 
for 5 min followed by 35 cycles of 94 °C for 45 s, 55 °C 
for 45 s, and 72 °C for 45 s, with a single final extension 
cycle at 72 °C for 7 min.

Heteroduplex mobility assay/single-stranded con-
formation polymorphism (HMA-SSCP) analysis. Gel 
electrophoresis was carried out in 8 % polyacrylamide gel 
with the addition of 5 % glycerol to increase the resolu-
tion. Equivalent amounts of target and driver DNA from 

PCR amplification were mixed together with the stop 
solution (95 % formamide, 20 mM EDTA, 0.05 % bro-
mophenol blue and 0.05 % xylene cyanol) and denatured 
at 95 °C for 10 min. Electrophoresis was performed at 
350 W for 4–5 h with cooling recycled water. Gels were 
subsequently fixed for 6 min in a buffer that contained 
3 % acetic acid and 10 % ethanol, stained in 0.2 % silver 
nitrate buffer for 15 min and destained in 1.5 M NaOH 
and 0.36 % formaldehyde until bands were visible.

Cloning and sequencing. PCR products ampli-
fied with the primers that included the whole length of 
the US28 ORF were recovered from a 1 % agarose gel 
slice in 1× TAE buffer, using the Wizard SV Gel and 
PCR Clean-Up System, according to the manufacturer’s 
instructions (Promega). Purified fragments were eluted 
in 50 μl nuclease-free water and cloned into the T-end 
plasmid (Advantage PCR Cloning Kit, Promega). The re-
combinant plasmids were extracted with PlasmidPURE 
kit (Promega).

Cloned PCR products were sequenced using the same 
primers as for PCR with the BigDye Terminator Cycle 
Sequencing Kit (Applied Biosystems). Sequencing was 
usually carried out on both DNA strands. The sequenc-
ing reactions were performed with a PE Applied Bio-
systems Geneamp PCR System 2400 at 96 °C for 10 s, 
50 °C for 5 s, and 60 °C for 4 min for a total of 30 cy-
cles. The sequencing products were analyzed on an ABI 
3700 automated sequencer (Applied Biosystems). 

Sequence analysis. Sequence chromatograms were 
analyzed with the Chromas program (Applied Biosys-
tems). Phylogenetic and functional group analyses were 
performed with BioEdit (http://www.mbio.ncsu.edu/
BioEdit/bioedit.html) and DNA STAR (Madison, WI, 
USA), respectively. The ClustalW algorithm was used 
to align multiple sequences of nucleotides and predicted 
amino acids. The phylogenetic trees were constructed 
using neighbor-joining methods with a maximum-likeli-
hood-based distance. For each gene, a single, unrooted 
tree with 100 bootstrap values was generated. Bootstrap 
values of more than 60 % were used to define nodes of 
the phylogenetic trees. A phylogenetic tree was displayed 
using TreeView, and the functional motifs were identi-
fied from the PROSITE database. 

Nucleotide sequence accession numbers. The 
US28 sequences of the clinical isolates have been as-
signed GenBank accession No. AF378909 to AF378924 
and AJ313049.

ReSUlTS

PCR amplification and HMA-SSCP analysis

The results showed that mutation was prevalent 
among the US28 ORFs. The products of the first and 
fourth pairs of primers had the greatest number of ab-
normal mobility shifts. 

DNA sequence and phylogenetic analysis of US28

To determine the extent of sequence variability for the 
entire US28 ORF, the PCR products of 17 selected clini-
cal isolates were cloned and sequenced successfully, in-
cluding those from patients with jaundice (6), megacolon 
(6) or microcephaly (5). A comparison of these sequenc-
es with those from standard laboratory isolates (AD169: 
AY174271; Toledo: AY174280; VHLE: AX443409; and 
Towne: AY174281) and 17 AIDS patients (GenBank ac-
cession Nos. AJ406953-69) showed that the US28 ORF 

Table 1. Primers used for PCR to amplify US28 sequences

Primer Sequence Product 
length (bp)

P28 U: 5’TGGTGAACCGCTCATATAGA3’; 374

E1 D: 5’GTATTGCATCCACAGAGGTA3’;

P28a U: 5’ACGCGACTCCTTGTGTTTTC3’; 435

E2 D: 5’TAAAGTGTGGAATGGCGATG3’;

P28b U: 5’GGTACGGCAGCCAAAAGATG3’; 420

E3 D: 5’ GGTACGGCAGCCAAAAGATG3’;

P28c U: 5’ TCATGCTTGGTGCTTTCGTG3’; 413

E4 D: 5’TCCGACGCGAAAAGCTCATG3’
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was variable. Sequence alignment showed that the muta-
tions were mainly concentrated at the two ends of the 
gene, although some changes were scattered throughout 
the remainder of the coding sequence. To analyze the 
differences between the sequences of clinical isolates 
from suspected HCMV-infected children and from AIDS 
patients, the sequences were subjected to phylogenetic 
analysis to generate an unrooted tree. Phylogenetic analy-
sis showed that US28 sequences from the clinical isolates 
formed three major groups and four subgroups (Fig. 1), 
designated G1A (9/34), G1B (9/34), G2 (4/34) and G3 
(12/34). Based on this analysis, 18 sequences, including 
12 clinical isolates (12/17, 70.1 %), from the children 
suspected of being HCMV-infected formed one of the 
major groups (G1); four sequences from these children 
formed the smallest group (G2); and 11 sequences from 
the AIDS patients (11/17, 64.7 %) along with one from 
the children formed the third group (G3). There were 
no sequences from AIDS patients in group G2, and only 
one sequence from pediatric patients in G3. 

Amino-acid sequence analysis of the predicted US28 
encoded protein

Analysis of amino-acid sequence showed that there 
were numerous non-synonymous substitutions in the se-
quences. The majority of mis-sense mutations were lo-
cated at the two ends of the sequence. To investigate 
the mutations in the functional groups of the US28 
encoded protein, the functional motifs of US28 ORFs 
were identified from the PROSITE database (Fig. 2). 
This demonstrated that the important groups of the 
US28 encoded protein included potential sites of N-gly-
cosylation, protein kinase C (PKC) phosphorylation, ca-
sein kinase II phosphorylation, cAMP/cGMP-dependent 
protein kinase phosphorylation, N-myristoylation, and 
prokaryotic membrane lipoprotein lipid attachment, and 

a GPCR signature. Most of these important functional 
groups were distributed in the first third of the N-end of 
US28 encoded protein. Almost all the functional groups 
were highly conserved, with the exception of the clinical 
isolates 26M and 55J. Isolate 26M missed a PKC and a 
cAMP/cGMP-dependent protein kinase phosphorylation 
site, and had two new functional groups of casein kinase 
II phosphorylation site (CKP) and prokaryotic mem-
brane lipoprotein lipid attachment site (LPAS). Isolate 
55J had a new functional group for the PKC site.

Comparison of nucleotide and amino-acid sequences 
from infants with suspected congenital HCMV infection 
and AIDS patients

Among the 17 isolates from suspected congenitally 
HCMV infected infants, 15 contain mutation compared 
with AD169 isolate, while 13 out of the 17 isolates from 
AIDS patients have mutation. Most of the sequences 
(12/17, 70.1 %) from children were included in the G1 
group, while most of those (11/17, 64.7 %) from AIDS 
patients were included in the G3 group. There were no 
sequences from AIDS patients in group G2, and only 
one sequence from pediatric patients in G3.

The US28 gene encodes 354 amino acids. The high-
est mutation rate of isolates from suspected congenital-
ly HCMV infected infants is 1.69 % (6/354) while the 
highest mutation rate of isolates from AIDS patients is 
1.98 % (7/354). Comparing the amino-acid sequences 
of the two groups of patients, we found that the amino 
acid sequences of US28 in the studied isolates had sites 
of high mutation at amino acid positions 18, 19 and 25. 
The high mutation sites in US28 from children were 
mainly located at the C terminus (AA 310 and 287), 
whereas those from AIDS patients were mainly located 
at the N terminus (AA8, 15, 21 and 24) (Fig. 3). The 
distribution of the mutation sites in the sequences of 

the isolates from children 
and from AIDS patients 
clearly shows this differ-
ence in tendency. 

Possible relationship 
between US28 
phylogenetic groups and 
outcome of congenital 
HCMV infection

We compared the 
nucleotide sequence data 
and group classification 
according to the clini-
cal source of the HCMV 
isolates. Although all 
isolates from children 
with megacolon were in 
the G1B and G2 groups 
only, and most isolates 
from infants with jaun-
dice were in the G1 
group only, no convinc-
ing relationships were 
observed between the 
presence of HCMV dis-
ease and specific US28 
group due to the rela-
tively small size of the 
sample used.

Figure 1. Phylogenetic analysis of US28 nucleotide sequences from 17 infants with suspected con-
genital HCMV infection and 17 AIDS patients
The phylogenetic trees were constructed using neighbor-joining methods with a maximum-likelihood-
based distance. For each gene, a single, unrooted tree with 100 bootstrap values was generated. An 
unrooted tree was displayed by TreeView. J,  jaundice; M,  microcephaly; C, megacolon; AJ,  AIDS pa-
tients.
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Figure 2. Alignment and functional motifs of amino-acid sequences from infants with suspected congenital HCMV infection
7TM,  seven-transmembrane domain; J, jaundice; M:  microcephaly; C,  megacolon; TOWNE, VHL/E, AD169,  laboratory isolates; CKP,  ca-
sein kinase II phosphorylation site; N-G,  N-glycosylation site; cAMP, cGMP,  cAMP- and cGMP-dependent protein kinase phosphorylation 
site; PKC,  protein kinase C phosphorylation site; MYS,  N-myristoylation site; LPAS,  prokaryotic membrane lipoprotein lipid attachment 
site; GPCR, G-protein coupled receptor signature.

Figure 3. Alignment of US28 amino-acid sequences from 17 infants with suspected congenital HCMV infection and 17 AIDS patients
J,  jaundice; M,  microcephaly; C,  megacolon; AJ,  AIDS patients.
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DISCUSSION

Chemokines are chemoattractants for neutrophils, 
monocytes, lymphocytes and bone marrow progenitors, 
as well as other cell types. A characteristic feature of all 
chemokine receptors is their serpentine transmembrane-
spanning domain structure. Its extracellular portions are 
involved in chemokine binding, whereas the intracellular 
portions are involved in cell signaling. GCPs link the 
binding of an extracellular ligand to processes within the 
cell by their activation of associated G proteins, where-
as the G proteins can activate serine/threonine kinases, 
phosphatidylinositol 3-kinase and phospholipases. These 
proteins can stimulate mitogen-activated protein kinase 
or generate second messenger molecules, which results 
in activation of PKC and increases intracellular Ca2+ lev-
els. Finally, these processes result in amplification of the 
initial signal that is transduced by the ligand–GCPR in-
teraction into complex cellular processes such as chemo-
taxis (Gao & Murphy, 1994; Kuhn et al., 1995; Bodaghi 
et al., 1998; Vischer et al., 2006).

Evidence that HCMV infection might involve various 
organs and cell types, and the possibility that the virus 
uses the viral receptor to mediate chemokine trafficking 
and inflammatory cell migration prompted us to investi-
gate the US28 gene which shows about 33 % homology 
with the cellular β-chemokine receptor CCR-1.

HCMV clinical isolates display genetic polymorphism 
in several genes (Pignatelli et al., 2004). UL144 ORF, a 
tumor necrosis factor-α-like receptor gene that belongs 
to the genomic region that is missing in laboratory iso-
lates, shows significant isolate-specific sequence variabil-
ity (Benedict et al., 1999; Lurain et al., 1999; Bale et al., 
2001; Arav-Boger et al., 2002; Picone et al., 2005). Pre-
vious studies have reported sequence divergence also in 
the US28 gene (Staak et al., 1997; Baldanti et al., 1998; 
Arav-Boger et al., 2002; Goffard et al., 2006). Here, we 
report the sequence variability of US28 in clinical isolates 
from suspected congenitally HCMV-infected infants and 
AIDS patients.

HMA-SSCP and sequencing showed that there was 
a wide range of nucleotide variation throughout the 
US28 gene. The results showed that the mutations were 
mainly concentrated at the two ends of the gene, al-
though some changes were scattered throughout the 
remainder of the coding sequence. An unrooted tree 
showed that all sequences, including isolates from in-
fants with suspected congenital HCMV infection and 
from AIDS patients, were divided into three groups 
and four subgroups. Analysis of the US28 amino-acid 
sequence showed that the mutations were concentrated 
at the N and C termini and at the ligand binding site 
of this viral GPCR. 

In a previous study, we found that HCMV isolates 
from patients with microcephaly propagated in HELFs 
more quickly than other isolates did. This suggests that 
the sequence variability of HCMV genes underlies the 
characteristic pathogenic signature ascribed to differ-
ent isolates in HCMV disease. In the present study, the 
phylogenetic analysis divided the 34 sequences avail-
able into three groups. All isolates from children with 
megacolon fell into the G1B and G2 groups, and most 
of the isolates from infants with jaundice fell into the 
G1 group. This difference suggests that the occurrence 
of mutations could be associated with pathogenesis.To 
confirm this, well-controlled studies with a large num-
ber of subjects will be required to determine the com-

plex relationships between HCMV isolate type and hu-
man disease.

US28 is an early gene and begins to function at the 
early stage of virus infection (Billstrom et al., 1998; Zi-
peto et al., 1999). The work of Vieira et al. (1998) has 
demonstrated that infected cells that contain the intact 
US28 gene can bind with RANTES (regulated upon acti-
vation, normal T cell expressed and secreted) and induce 
Ca2+ influx within 24 h after infection, whereas infected 
cells with a nonfunctional US28 gene lose this ability. 
This suggests that US28 plays a role as a viral GPCR 
and mediates infection with HCMV, and affects its tissue 
tropism.

In the present study, functional group analysis of the 
US28 protein showed that almost all of the important 
functional groups were highly conserved. Conservation 
of the GPCR motif in US28 putative protein implies that 
this gene region has biological importance for HCMV 
and indicates that selection pressures favor retention of 
a specific gene sequence for this motif. 

The present study compared the US28 gene se-
quences of clinical isolates from infants with sus-
pected congenital HCMV infection and those from 
AIDS patients in France. Phylogenetically, most of the 
sequences (12/17) from pediatric patients fell within 
the first group, whereas most of those (11/17) from 
AIDS patients fell into the third group. The high-
mutation sites of the predicted amino-acid sequences 
differed between the suspected HCMV cases and the 
AIDS cases. Specifically, the high-mutation sites from 
the pediatric isolates were located at the C terminus, 
whereas those from the AIDS patients were located 
at the N terminus. It has been reported that the tis-
sue and organ targets of HCMV infection in AIDS 
patients differ from those in children. Infection in 
children occurs mainly in the digestive and nervous 
systems, whereas in AIDS patients, infection mainly 
occurs in the lungs and eyes. US28 can bind chemo-
kines and play an important part in the attraction and 
activation of leukocytes. The migration of leukocytes 
can transport infected cells to different parts of the 
body. The intracellular C terminus of the US28 recep-
tor is involved in endocytosis of the protein (Wald-
hoer et al., 2003). Differences in sequence mutations 
in clinical isolates from children and AIDS patients 
could affect the migration of leukocytes and lead to 
different tissue and organ targets.

Analysis of HCMV isolates shed by young children 
provides important data for attempting to link genetic 
polymorphisms and clinical patterns of HCMV disease. 
In the present study, the isolates from infants with clini-
cal HCMV infection possessed different nucleotide poly-
morphisms in the US28 coding region compared with 
HCMV isolates from AIDS patients. The result provides 
additional material for the study of HCMV pathogenesis. 
However, we could not preclude the effect of natural se-
lection due to geographic distance and populations.
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