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Human herpesvirus-6 (HHV-6) is a T lymphotropic herpesvirus belonging to the Betaherpesvirinae subfamily. HHV-6 was long
classified into variants A and B (HHV-6A and HHV-6B); however, recently, HHV-6A and HHV-6B were reclassified as diﬀerent
species. The process of herpesvirus entry into target cells is complicated, and in the case of HHV-6A and HHV-6B, the detailed
mechanism remains to be elucidated, although both viruses are known to enter cells via endocytosis. In this paper, (1) findings
about the cellular receptor and its ligand for HHV-6A and HHV-6B are summarized, and (2) a schematic model of HHV-6A’s
replication cycle, including its entry, is presented. In addition, (3) reports showing the importance of lipids in both the HHV-6A
envelope and target-cell membrane for viral entry are reviewed, and (4) glycoproteins involved in cell fusion are discussed.

1. Introduction
The herpesviridae are a family of double-stranded enveloped
DNA viruses. Their entry into host cells proceeds as follows.
First, the virus binds to its target cell through a specific
receptor. Second, herpesviruses enter cells via two diﬀerent
pathways: (a) direct fusion of the viral envelope with the
target-cell plasma membrane or (b) endocytosis followed
by fusion between the viral and cellular membranes in the
endosomal compartment [1].
Human herpesvirus-6 (HHV-6) was initially isolated
from the peripheral blood of patients with lymphoproliferative disorders, in 1986 [2]. It belongs to the Betaherpesvirinae
subfamily, along with human cytomegalovirus (HCMV) and
Human herpesvirus-7 (HHV-7), and is a member of the
genus Roseolovirus, along with HHV-7. HHV-6 was originally
classified into variants A and B (HHV-6A and HHV6B), based on diﬀerences in genetic, antigenic, and growth
characteristics [3–5]. However, recently, HHV-6A and HHV6B were reclassified into diﬀerent species (Virus Taxonomy
List 2011). The homology of entire genome sequence
between both is nearly 90% [6–8]. Primary infection of
HHV-6B causes exanthem subitum [9], and HHV-6A has
been reported to be involved in several diseases, including

encephalitis [10], hepatitis [11], glioma [12], and multiple
sclerosis [13].
However, the detailed replication cycle of HHV-6A and
HHV-6B after entering the cell remains to be elucidated. For
some of the steps, diﬀerent groups have reported conflicting
results.
Regarding the ligand and receptor for HHV-6A and
HHV-6B, Santoro et al. reported that the cellular receptor
for both viruses is CD46 [14]. Our group showed that the
glycoprotein gH/gL/gQ1/gQ2 complex [15] is the ligand
for HHV-6A [16], and that its receptor is CD46 [17, 18].
However, in the case of HHV-6B (strain HST, an isolate
from an infant with exanthem subitum), we reported that, of
two complexes found in this virus, gH/gL/gQ and gH/gL/gO
neither binds to CD46 [19]. This discrepancy might be due to
the diﬀerence in HHV-6B strain (Santoro et al. used strains
Z29 and PL1, while we used HST) or some other reason.
In this paper, (1) previous reports about the cellular
receptor and its ligand for HHV-6A and HHV-6B are summarized, and (2) findings about the entry of HHV-6A and
HHV-6B into host cells are reviewed, and a schematic model
of HHV-6A’s replication cycle is presented. In addition, (3)
reports showing the importance of lipids in both the HHV6A envelope and target-cell membrane for viral entry are
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reviewed. Finally, (4) glycoproteins that have been shown to
play a critical role in cell fusion (glycoprotein H, glycoprotein
B) are discussed briefly.

2. The Cellular Receptor and Its
Ligand for HHV-6A and HHV-6B
2.1. HHV-6A. As described above, Santoro et al. reported
that HHV-6A and HHV-6B use the human complement
regulator CD46 as a cellular receptor [14], and our group
showed that the gH/gL/gQ1/gQ2 complex of HHV-6A binds
to CD46 [17]. Santoro et al. identified gH as the CD46binding component of HHV-6A. They showed that (i) an
anti-CD46 antibody immunoprecipitated gH in HHV-6A(GS-strain-) infected cells, (ii) the anti-CD46 antibody did
not immunoprecipitate gH from gH-depleted HHV-6Ainfected cells, although it did immunoprecipitate gH from
gp82-105- or gB-depleted HHV-6A-infected cells, and (iii)
a specific anti-gH antibody immunoprecipitated CD46 in
HHV-6A-infected cells [20].
Our group showed that not only an anti-gH antibody but
also an anti-gQ1 antibody could immunoprecipitate CD46
from HHV-6A- (GS-strain-) infected cells [18]. Furthermore, we recently confirmed that an anti-gQ1 monoclonal
antibody (Mab) immunoprecipitates CD46 from HHV-6A(GS-strain-) infected cells (unpublished data) and showed
that CD46 immunoprecipitates gH, gL, gQ1, and gQ2 from
cells transfected with all four genes [17]. We also showed
that the maturation of gQ1, which is indicated by its size
shift from 74 kDa (gQ1-74 K) to 80 kDa (gQ1-80 K), occurs
only when all four components, gH, gL, gQ1, and gQ2,
are coexpressed, and that gQ1-80 K, but not gQ1-74 K,
contributes to the gH/gL/gQ1/gQ2 complex and binds to
CD46 [17].
CD46 is a member of the glycoprotein family called
regulators of complement activation (RCA) [21, 22]. CD46 is
a type I transmembrane glycoprotein of 45–67 kDa expressed
on all nucleated cells [23]. CD46 contains four short consensus repeats (SCRs) in its N-terminal region, followed by a
serine-threonine-proline (STP) rich domain, a small region
of unknown significance, a transmembrane domain, and
a cytoplasmic tail. Four distinct CD46 isoforms generated
by alternative RNA splicing are expressed diﬀerentially in
various cell types; these isomers have the same SCRs but
diﬀerent STP or cytoplasmic domains [21]. CD46 functions
as a cofactor in the factor-I-mediated proteolytic cleavage
of C3b and C4b; this process protects host cells from inadvertent lysis by the complement system. CD46’s interactions
with C3b and C4b involve several regions on SCR2, SCR3,
and SCR4 [24]. CD46 was recently reported to have roles
not only in innate immunity but also in adaptive immunity
[23]. Furthermore, it was demonstrated that CD46 induces
autophagy upon pathogen recognition [25].
CD46 is also used as an entry receptor for several
human viruses and bacteria. SCR1 and SCR2 are critical
domains for measles virus, SCR3 and the STP region for
Neisseria gonorrhoeae, and SCR3 and SCR4 for group A
streptococcus [24]. For HHV-6A, our group showed that
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SCR2, SCR3, and SCR4 are required for virus-mediated cellcell fusion [26], although other groups reported that SCR2
and SCR3 are the critical determinants for CD46 binding
[20] and cell fusion [27]. The reason for the discrepancy is
uncertain. It is possible that the direct binding domains are
in SCR2 and SCR3, while SCR4 is required only to maintain
the conformation of the binding site, because Santoro et
al. replaced the SCR4 of CD46 with that of DAF (decay
accelerating factor), whereas we deleted SCR4. Further
investigation is required to clarify this issue. The structure
of extracellular portion of CD46 was recently reported [24],
but that of its HHV-6A ligand, the gH/gL/gQ1/gQ2 complex,
still needs to be determined.
Of the four components of the HHV-6A gH/gL/gQ1/gQ2
complex, our group reported that gQ1 and gQ2 are essential
for viral infection [17, 28]. We also showed that, in addition
to gH/gL/gQ1/gQ2, the HHV-6A viral envelope contains
the complex gH/gL/gO, which does not bind to human
CD46 [19]. The specific molecular function of HHV-6A gO
and the gH/gL/gO complex remains to be elucidated. In
HCMV, the gH/gL/gO complex is necessary for viral entry
into human fibroblasts [29]. In addition, in EBV, the gH/gL
complex associates with gp42, and this gH/gL/gp42 complex
is necessary for viral entry into B cells but not into epithelial
cells [30]. CMV also encodes glycoproteins that redirect
cell tropism by forming complexes with gH/gL [31]. The
predicted amino acid identity between the gO of HHV-6A
and HHV-6B is 76.8%, which is much lower than that of
other glycoproteins. Therefore, the gH/gL/gO complex may
confer diﬀerent biological properties in HHV-6A and HHV6B, including cell tropism. Eﬀorts to elucidate the function
of gO and gH/gL/gO are underway.
2.2. HHV-6B. In 1999, Santoro et al. reported that CD46
is the receptor for both HHV-6A and HHV-6B [14]. They
showed that (i) an anti-CD46 antibody inhibited HHV-6B
(strain Z29) infection and HHV-6B-mediated cell fusion in
PBMCs and (ii) the expression of CD46 in NIH3T3 cells
(mouse fibroblasts) and EL4 cells (murine T lymphoblasts)
caused HHV-6B- (strain-PL1-) mediated fusion and entry,
respectively. In addition, Pedersen et al. reported that HHV6B (strain PL1) causes fusion from without (FFWO) in
HEK293 and SupT-1 cells [32, 33].
However, our group showed that the HHV-6B (strain
HST) virion contains gH/gL/gO and gH/gL/gQ complexes,
but that neither of them binds to CD46 [19], and that HHV6B (strain HST) does not mediate FFWO in various cell types
expressing human CD46, except for MT4 cells [26]. The
discrepancy between these results could be attributable to
several diﬀerences, including the titer of HHV-6B infection,
and the HHV-6B virus strain.
Regarding the glycoprotein complex, it has been found
that HHV-6B gH/gL/gQ1/gQ2 complex also plays an important role for the entry [34].

3. Replication Cycle of HHV-6A and HHV-6B
3.1. HHV-6A. As shown above, entry of herpesviruses
into cells occurs in two distinct steps. In 1992, Cirone
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et al. showed that HHV-6A (strain GS) enters the Tlymphoblastoid cell line, HSB-2 cells, via endocytosis and
that no fusion event occurs at the plasma membrane [35].
Since then, no other reports have been shown regarding the
HHV-6 entry step. For HHV-6A assembly, the envelopmentdeenvelopment-reenvelopment pathway has been proposed
[36, 37]. In this model, HHV-6A assembly occurs as
follows. (i) The intranuclear naked capsid (around 80 nm
in diameter) buds into the perinuclear cisternae, and the
nucleocapsid acquires a primary envelope, which is devoid of
glycoprotein. (ii) Deenvelopment of the nucleocapsid occurs
in the cytoplasm, as shown by the presence of cytoplasmic
naked nucleocapsids (around 140 nm in diameter). (iii) The
naked nucleocapsid again acquires an envelope as well as
spikes in cytoplasmic vesicles, and, finally, mature viral
particles (around 185 nm in diameter) form. However, many
details of this process remain to be elucidated.
Diﬀerent models have been proposed for tegumentation
and for the compartment in which HHV-6A reenvelopment
occurs. Regarding tegument acquisition, Roﬀman et al.
reported that HHV-6B (Z29 strain) virions in infected
thymocytes acquire their tegument in tegusomes, which
are spherical intranuclear compartments resulting from
cytoplasmic invagination into the nucleus, because they
contain ribosomes [38]. However, Torrisi et al. could not find
such structures in HHV-6A strain GS-infected HSB-2 cells
[36]. Later, Ahlqvist et al. suggested that tegumentation of
HHV-6A can occur in the nucleus, in the tegusome or in
the cytoplasm, or in either of the compartment from the
analysis with U1102 infected SupT-1, lymphoblastoid cell
line, and HPDA(human progenitor-derived astrocytes) [37].
The diﬀerent results obtained in these reports could be due
to diﬀerences in the virus (HHV-6A or HHV-6B), viral strain
(HHV-6A GS or U1102), or type of cells used.
As to the reenvelopment compartment, since viral glycoproteins (gB and gH) are absent from the HHV-6A- (strainGS-) infected HSB-2 cell plasma membrane, the plasma
membrane is unlikely to be the site for reenvelopment [39,
40]. Torrisi et al. suggested that reenvelopment at annulate
lamellae (AL) is required for HHV-6 to acquire an envelope
with spike protein [36]. Cardinali et al. reported that HHV6A- (strain-GS-) infection induced AL in HSB-2 cells, and
proposed the AL as a putative site for oligosaccharide
addition, based on the results of labeling with HPL (Helix
pomatia lectin, which recognizes intermediate forms of
glycoconjugates after the O-linked addition of sugar in
cis-Golgi cisternae) and WGA (Wheat germ agglutinin,
which binds terminally glycosylated components) [41].
However, Ahlqvist reported that no AL were found in HHV6A- (strain-U1102-) infected astrocytes (HPDA), and that
although a low percentage of U1102-infected SupT-1 cells
had AL, no viral particles could be found in them. The
authors suggested that the spikes of mature viral particles are
acquired at cytoplasmic vesicles of unknown origin [37].
Recently, our group showed that HHV-6A (strain GS)
induces MVB (multivesicular body) formation, that the
final envelopment of HHV-6A occurs at trans-Golgi network (TGN-) or post-TGN-derived membranes, and that
enveloped virions are released by the exosomal pathway [42].
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We found AL structures in HHV-6A-infected cells and some
virions inside AL structures. However, the membranes that
surrounded or enwrapped the HHV-6A virions were not
derived from AL, because the enveloped capsids in the AL
were found inside vacuoles that were further enwrapped by
AL membrane. Furthermore, immunostaining with anti-gB
and anti-gM antibodies showed that gB and gM were abundant on the nucleocapsid-enwrapping membranes, while
they were scarce on the AL, suggesting that the origins of the
two membranes were diﬀerent. Regarding tegumentation, we
found tegument-like electron-dense material on the cytosolic
side of TGN-derived vacuoles and at other regions on these
vacuoles.
A model for the replication cycle of HHV-6A based
on published reports is as follows [43] (Figure 1). The
HHV-6A ligand, the gH/gL/gQ1/gQ2 complex, binds to its
receptor CD46 (1), the other viral glycoprotein(s) (e.g., gB)
also binds to unidentified cellular receptor(s) and enters
the cell via endocytosis (2). After deenvelopment by fusion
between the viral and cellular membranes in the endosomal
compartment (3), the incoming nucleocapsid is transported
through the cytoplasm to the nuclear pore complex (4),
where the viral DNA genome is unpackaged and released into
the nucleus (5). In the nucleus, viral gene transcription and
genome replication occur (6). Long concatemeric strands of
progeny DNA are cleaved to unit lengths and encapsidated
(7). The capsids bud into the perinuclear cisternae (8) and
acquire a primary envelope in the perinuclear space (9).
Deenvelopment of the nucleocapsid occurs in the cytoplasm
(10), and reenvelopment occurs by budding into TGNor post-TGN-derived membranes (11). Finally, the virioncontaining vacuoles expand and MVBs are formed (12), and
the enveloped virions are released by the exosomal pathway
by fusion of the MVBs with the plasma membrane (13).
3.2. HHV-6B. Compared with HHV-6A, fewer reports have
been published on the details of HHV-6B replication. In
1990, Nii et al. proposed the envelopment-deenvelopmentreenvelopment pathway model for HHV-6B (Hashimoto),
based on examinations of infected MT4 cells and human
lymphocytes [44]. Ahlqvist et al. supported this model with
observations in Z29-infected SupT-1 cells [37].
Conflicting results had been reported about HHV-6B’s
tegumentation, as with HHV-6A. Nii et al. found that
tegument-coated capsids could be detected only in the
cytoplasm, and not in the nucleus or perinuclear cisternae,
suggesting that tegumentation occurred in the cytoplasm
[44]. However, as described above, Roﬀman et al. reported
that HHV-6B (Z29 stain) acquires its tegument at the
tegument compartment [38], and Ahlqvist et al. supported
this model by showing that Z29-infected SupT-1 cells form
tegusomes [37]. Regarding AL, Ahlqvist et al. reported that
no AL could be found in the Z29-infected SupT-1 cells [37].

4. Lipid in the HHV-6A Envelope and
Target-Cell Membrane
Our group showed that cholesterol in both the HHV-6A
envelope and target cell is required for HHV-6A entry [45,
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Figure 1: Schematic representation of the HHV-6A replication cycle. A diagram of the proposed replication cycle for HHV-6A is shown.
HHV-6A gH/gL/gQ1/gQ2 binds to CD46 (1) and enters the cell via endocytosis (2). The deenveloped nucleocapsid is then transported to
the nucleus (3, 4), where the viral genome is released (5). After viral gene transcription and genome replication (6), the progeny DNA is
encapsidated (7), and the capsid buds into the perinuclear cisternae (8). The capsid acquires a primary envelope in the perinuclear space (9),
and deenvelopment occurs in the cytoplasm (10). The nucleocapsid acquires the final envelope by budding into TGN- or post-TGN-derived
membrane (11). Vacuoles containing virions expand and form MVBs (12), then the mature enveloped virions are released via the exosomal
pathway (13).

46]. In addition, we showed that HHV-6A infection induces
the relocation of CD46 into lipid rafts and that glycoproteins
(gQ1 and gB) are associated with lipid rafts, indicating that
lipid rafts of the cell membrane are important for viral entry
and that HHV-6A may enter the target cells via lipid rafts
[46]. Furthermore, we reported that the HHV-6A envelope
contains lipid rafts, suggesting that HHV-6A virions might
assemble through lipid rafts [47]. These results show that
lipid rafts in both the HHV-6A envelope and its target cells
play a critical role in HHV-6A entry and might be involved
in HHV-6A virus assembly.

5. Glycoproteins That May Be Involved in
Cell Fusion
Glycoprotein B (gB), glycoprotein H (gH), and glycoprotein
L (gL), are conserved in all herpesviruses, and essential for
entry [48]. As in other herpesviruses, gB and gH in HHV-6A
and HHV-6B are known targets for neutralizing antibodies,
so they are known to be major determinants for cell entry in
HHV-6A and HHV-6B [49, 50]. Futhermore, we showed that

gB and gH are required for U1102-induced polykaryocyte
formation [26].
For other herpesviruses, especially HSV, reports have
accumulated about the roles of viral glycoproteins in entry
[1, 29, 30, 51–53], and structural analyses of herpesvirus
glycoproteins have been performed [54–56]. EBV utilizes
gp42 with gH/gL as a switch of cell tropism and the structural
analysis of gp42 has also been done [1, 57].
However, in the case of HHV-6A and HHV-6B, the
structures of the gH/gL or gH/gL/gQ1/gQ2 complexes have
not yet been reported, and the detailed mechanisms remain
unknown. To unveil the entry mechanisms in detail, determination of the gH/gL and gH/gL/gQ1/gQ2 structures and
detailed analyses of each glycoprotein’s function are needed.
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