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It has been reported recently that CD4 is a major component of the receptor for human herpesvirus 7
(HHV-7), which has been newly identified as a T-lymphotropic virus. To investigate further the role of CD4 in
HHV-7 infection, we examined the susceptibility to HHV-7 infection of various CD4-negative or weakly positive
cell lines into which the cDNA for CD4 was transferred using an adenovirus vector (Adex1CACD4). Of 13 cell
lines transduced with Adex1CACD4, including T-lymphoid, B-lymphoid, monocytoid, and myeloid cell lines,
one T-lymphoid cell line, one monocytoid cell line, and two cell lines established from the blast crisis of chronic
myelogenous leukemia showed high susceptibility to HHV-7 infection. Taken together with the results of
previous studies, these data suggest strongly that CD4 is a major component of the binding receptor for HHV-7.
This study also shows that HHV-7 may be able to infect CD4-positive hematopoietic precursor cells as well as
T lymphocytes.

Human herpesvirus 7 (HHV-7) is a newly identified T-lym-
photropic virus that was originally isolated from peripheral
blood CD41 T lymphocytes (11). It has been found that
HHV-7 prevalently infects individuals at young ages (25, 28)
and persistently infects CD41 T lymphocytes and salivary
glands (3, 12, 14, 22, 24). Although it has been reported that
some cases of exanthem subitum are caused by HHV-7 infec-
tion (15, 23), the potential association of HHV-7 reactivation
in adults with diseases remains to be elucidated.
To clarify the pathological role of virus infection, the iden-

tifications of the virus tropism and its receptor are essential.
Recently, evidence demonstrating that CD4 is an important
component of the binding receptor for HHV-7 as well as hu-
man immunodeficiency virus (HIV) has been accumulating.
First, down-regulation of surface CD4 is induced by HHV-7
infection (13, 18). Second, HHV-7 infection is inhibited by
anti-CD4 monoclonal antibodies (MAbs) and the soluble form
of CD4 (18). Third, down-regulation of surface CD4 by gan-
glioside and phorbol ester inhibits HHV-7 infection (27).
Fourth, exposure of CD41 T lymphocytes or monocytes to
HHV-7 interferes with infection by HIV type 1 (HIV-1) and
infection by HIV-1 or treatment with recombinant HIV-1
gp120 renders CD41 T lymphocytes resistant to HHV-7 infec-
tion (6, 18). Fifth, radiolabeled HHV-7 specifically binds to
HeLa cells expressing surface CD4 (18). Although these data
suggest strongly that CD4 is a major component of the recep-
tor for HHV-7, to confirm this possibility it is necessary to
examine the infectivity of HHV-7 in originally nonpermissive
CD4-negative cells into which the CD4 gene has been trans-
ferred. In this study, we used an adenovirus vector to transfer
the cDNA for CD4 into CD4-negative or weakly positive cells,
because of its high level of gene transfer and low cytotoxicity.
The data obtained from the experiments with 13 kinds of cell

lines demonstrate that the CD4 molecule is certainly essential
for HHV-7 infection and that HHV-7 can infect and replicate
in CD41monocytoid and hematopoietic precursor cells as well
as T lymphocytes.
The RK strain of HHV-7 was grown in cord blood mono-

nuclear cells that had been stimulated with phytohemaggluti-
nin, as described previously (11). The cell lines were grown in
RPMI 1640 medium supplemented with 10% heat-inactivated
fetal calf serum (FCS). All cell lines proved to be negative for
mycoplasma infection.
The generation of replication-defective adenovirus express-

ing the human CD4 gene, designated Adex1CACD4, has been
described previously (20, 21). Briefly, the expression unit con-
taining the CAG promoter (composed of the cytomegalovirus
enhancer and the chicken b-actin promoter), the coding se-
quence of human CD4, and the rabbit b-globin polyadenyla-
tion signal was inserted into an adenovirus cosmid clone with
E1 and E3 deleted, pAdex1w. This construct and the EcoT221-
digested adenovirus DNA-terminal protein complex were
cointroduced into human embryonic kidney 293 cells, and the
recombinant adenovirus Adex1CACD4 was isolated. The re-
combinant adenovirus expressing the lacZ gene, designated
Adex1CALacZ, was isolated as described above. Adex1CA
CD4 and Adex1CALacZ were propagated in 293 cells. The
titers of the recombinant adenoviruses were determined by
plaque-formation assays with 293 cells.
Thirteen cell lines, including T-lymphoid, B-lymphoid,

monocytoid, and myeloid cell lines, which were negative for
CD4 or only weakly expressed surface CD4, were used. None
of these appeared to be susceptible to HHV-7 infection (data
not shown). The cells were transduced with Adex1CACD4 or
Adex1CALacZ at a multiplicity of infection of approximately
10 and cultured in RPMI 1640 medium supplemented with
10% FCS for 3 days. The expression of surface CD4 following
transduction with recombinant adenoviruses was analyzed by
flow cytometry. Mock-infected, Adex1CACD4-infected, and
Adex1CALacZ-infected cells were stained with the fluorescein
isothiocyanate (FITC)-conjugated anti-CD4MAb Leu3a (Bec-
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ton Dickinson, Mountain View, Calif.) and analyzed with a
flow cytometer. Cells to be used as an unstained negative
control were incubated with FITC-conjugated mouse mono-
clonal immunoglobulin G (Becton Dickinson). The expression
of b-galactosidase in Adex1CALacZ-transduced cells was ex-
amined with fluorescein di-b-D-galactopyranoside (Molecular
Probes, Eugene, Oreg.) and a flow cytometer according to the
manufacturer’s protocol.
The cells (5 3 105) were inoculated with 105 50% tissue

culture infective doses of HHV-7, suspended in 2 ml of RPMI
1640 medium supplemented with 10% FCS, and cultured in a
single well of a 24-well plate. After 5 days, the appearance of
cytopathic effect (CPE) was examined with an inverted micro-
scope. The replication of HHV-7 was also examined by indirect
immunofluorescence assay with 20-fold-diluted HHV-7-sero-
positive human serum, as described previously (26). To exam-
ine the inhibitory effect of the anti-CD4 MAb on HHV-7
infection, purified Leu3a (Becton Dickinson) was added to the
cells at a concentration of 1 mg/ml before inoculation of
HHV-7. Semiquantitative PCR assays for the HHV-7 genome
were performed as follows. Virus samples, which had been
prepared as described above, were frozen, thawed, and soni-
cated. Twenty microliters of a 10-fold serially diluted sample
was added to a pellet of 2 3 105 HHV-7-uninfected Jurkat
cells. DNA was extracted from each sample and amplified for
30 cycles with Taq DNA polymerase (Takara Shuzo, Shiga,
Japan) and the primers 59 TATCCCAGCTGTTTTCATAT
AGTAAC 39 and 59 GCCTTGCGGTAGCACTAGATTTT
TTG 39 (2). The amplified products were electrophoresed on a
2% agarose gel and stained with ethidium bromide. The ex-
pected product of HHV-7 DNA that was obtained with these
primers was 186 bp.
The representative data of surface CD4 and b-galactosidase

expression in mock-infected, Adex1CACD4-transduced, and

Adex1CALacZ-transduced cells are shown in Fig. 1. Including
the Jurkat, U937, K562, and SAS413 cell lines shown in Fig. 1,
all cell lines examined appeared to express surface CD4 and
b-galactosidase following transduction with Adex1CACD4 and
Adex1CALacZ, respectively (data not shown). Kinetics studies
showed that surface CD4 was expressed abundantly after 1 day
of recombinant adenovirus infection and that it had been con-
tinuously expressed up to at least 12 days after infection.
HHV-7 was inoculated into the cell lines after 3 days of

recombinant adenovirus transduction, when surface CD4 was
maximally expressed. The appearance of the CPE of HHV-7
was monitored with an inverted microscope. After 5 days of
HHV-7 inoculation, Adex1CACD4-transduced Jurkat, U937,
K562, and SAS413 cells became larger and formed syncytia,
exhibiting typical CPEs of HHV-7 infection (Fig. 2A). More
than 40% of these cells appeared to be positive for indirect
immunofluorescence with HHV-7-seropositive human se-
rum (Fig. 2B). On the other hand, CPEs and positive reac-
tions of indirect immunofluorescence were not detected in
all Adex1CALacZ-transduced cells which had been inoculated
with HHV-7.
To confirm that HHV-7 infected Adex1CACD4-transduced

cells through binding to the surface CD4 that was expressed by
gene transfer, we examined the inhibitory effect of an anti-CD4
MAb on HHV-7 infection. As shown in Fig. 3, the replication
of HHV-7 in Adex1CACD4-transduced SAS413 cells was al-
most completely inhibited by addition of the anti-CD4 MAb,
suggesting strongly that CD4 is an important component of the
receptor for HHV-7. Inhibition of HHV-7 infection by the
anti-CD4 MAb was also observed in Adex1CACD4-trans-
duced Jurkat, U937, and K562 cells (data not shown). Re-
combinant HIV-1 gp120, which binds to CD4 and inhibits
HHV-7 infection (18), also inhibited the HHV-7 infection of
Adex1CACD4-transduced cells (data not shown).

FIG. 1. Expression of surface CD4 and b-galactosidase in cell lines that have been transduced with Adex1CACD4 (A) or Adex1CALacZ (B) at a multiplicity of
infection of approximately 10. After 3 days, the levels of expression of surface CD4 (A) and b-galactosidase (B) were examined by flow cytometry, as described in the
text. The expression of surface CD4 and b-galactosidase in mock-infected cells is shown in the upper row of each panel. Stainings with the control antibody,
FITC-conjugated mouse immunoglobulin G, are shown as open histograms (A).
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The amounts of HHV-7 replicated in Adex1CACD4- and
Adex1CALacZ-transduced cells were estimated by semiquan-
titative PCR. As shown in Fig. 4, CD4 gene transfer resulted in
an approximately 100-fold augmentation of HHV-7 replication
in the SAS413 cell line. Similar results were detected in exper-
iments with the Jurkat, U937, and K562 cell lines (data not
shown).

In addition to the Jurkat, U937, K562, and SAS413 cell lines,
the T-lymphoid, JJHAN, and EU-T02 cell lines showed weak
susceptibilities to HHV-7 infection following transfer of the
CD4 gene. In contrast, none of the B-lymphoid cell lines
examined showed any susceptibility to HHV-7 infection. A
summary of the relative susceptibilities to HHV-7 infection
of the 13 cell lines examined following transduction with
Adex1CACD4 is given in Table 1.
In this study, we have demonstrated clearly that CD4 is an

essential component of the receptor for HHV-7 using a recom-
binant adenovirus expressing the CD4 gene. It seems unlikely
that the HHV-7 infection of CD4-gene-transduced cells re-
sulted from some cellular alterations other than CD4 expres-
sion mediated by the recombinant adenovirus, since transduc-
tion of the control recombinant adenovirus, which did not
contain the CD4 gene but expressed the lacZ gene, showed no
effect on HHV-7 infection. In addition, HHV-7 infection was

FIG. 2. Replication of HHV-7 in cell lines that have been transduced with Adex1CACD4 or Adex1CALacZ. After 3 days of transduction, the cell lines were
inoculated with HHV-7 and cultured for an additional 5 days. The cultured cells were observed with an inverted microscope to detect CPE (A) and analyzed by indirect
immunofluorescence with HHV-7-seropositive human serum (B).

FIG. 3. Effect of an anti-CD4 MAb on HHV-7 replication in CD4 gene-
transduced SAS413 cells. Adex1CACD4-transduced SAS413 cells were treated
or not treated (None) with an anti-CD4 MAb, Leu3a, at a concentration of 1
mg/ml before inoculation with HHV-7. After 5 days, the cultured cells were
observed with an inverted microscope to detect CPEs (A) and analyzed by
indirect immunofluorescence with HHV-7-seropositive human serum (B).

FIG. 4. Semiquantitative PCR analysis of the HHV-7 genome in SAS413
cells transduced with Adex1CACD4 or Adex1CALacZ. Adex1CACD4-trans-
duced (A) and Adex1CALacZ-transduced (B) SAS413 cells were inoculated with
HHV-7. After 5 days, the cells were frozen, thawed, and sonicated. Samples were
serially diluted 10-fold, and the HHV-7 genome was amplified with primers from
20-ml samples.
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almost completely inhibited by the anti-CD4 MAb and transfer
of the CD4 gene did not affect the infectivity of HHV-6, a virus
that is closely related to HHV-7 and that infects through bind-
ing to a molecule(s) other than CD4 (reference 17 and data not
shown).
Although HHV-7 can replicate well in peripheral blood and

cord blood CD41 T lymphocytes, only the Sup-T1, CD41 T-
lymphoid cell line has been shown to be susceptible to HHV-7
infection. Our study has demonstrated that HHV-7 can infect
not only T lymphocytes but also various cell lineages, including
monocytoid and myeloid cells. It is noteworthy that HHV-7
can infect the CD41 cell lines established from chronic my-
elogenous leukemia, a disease of multipotent hematopoietic
stem cells. It is well known that the K562 cell line has the
potential to differentiate into various hematopoietic cell lin-
eages following suitable stimulation (19). As hematopoietic
progenitors appear to express CD4 (16, 29), the present data
suggest that HHV-7 can infect hematopoietic precursors and
affect hematopoiesis. As with HHV-6 infection in bone mar-
row, which has been reported recently (4), reactivation of
HHV-7 might be one of the causative agents for hematopoietic
failure.
It should also be noted that whereas most cell lines ex-

pressed surface CD4 by adenovirus vector-mediated gene
transfer, some of them were still not susceptible to HHV-7
infection. There are at least two possible explanations for this
result. First, binding and penetration of HHV-7 into cells may
need some other molecule(s) besides CD4, as reported re-
cently for HIV-1 infection (1, 5, 7–10). Second, HHV-7 repli-
cation may depend upon intracellular factors produced by
some restricted cells. It is important to clarify the molecules
that determine viral tropism, and further studies are required
to clarify this point.
The region of CD4 that is required for HHV-7 binding has

not yet been mapped. Previous studies have shown that
HHV-7 infection is inhibited by an anti-CD4 V1 domain MAb
as well as an anti-CD4 V3 domain MAb, whereas an anti-V3
domain MAb could not inhibit HIV-1 infection (18). These
data suggest that the binding sites on a CD4 molecule for
HHV-7 and HIV-1 are not identical. Further studies using
mutated recombinant CD4 molecules may elucidate the pre-
cise structures of the HHV-7-binding regions on CD4. In ad-
dition, it is essential to identify the HHV-7 structure that binds
to the CD4 molecule, since this would shed light on the devel-
opment of a unique peptide derived from HHV-7, which se-

lectively inhibits HIV-1 binding but does not affect the func-
tions of CD41 cells.
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