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We identified two key amino acid residues within human CD134 (hCD134) that are required for its interaction with human her-
pesvirus 6B (HHV-6B) and for HHV-6B entry into cells. One of the residues (K79) allows access of the HHV-6B ligand to
hCD134. Murine CD134 (mCD134) functioned as an HHV-6B receptor when these two amino acid residues were replaced with
homologous human residues. This study identifies both the HHV-6B receptor-ligand interaction and the species-specific deter-
minants of hCD134 essential for HHV-6B entry.

Human herpesvirus 6B (HHV-6B) is a betaherpesvirus. Ini-
tially, HHV-6B and HHV-6A were classified as two variants

of HHV-6; however, they are now classified as two virus species
due to their different bio-characteristics (1–5). One of the striking
differences between these two viruses is receptor ligand usage. The
HHV-6A ligand, glycoprotein H (gH)/gL/gQ1/gQ2 complex,
binds to human CD46, a ubiquitously expressed molecule that
may contribute to the relatively broad cell tropism of HHV-6A
(6–8). In contrast, human CD134 (hCD134) is the specific recep-
tor for HHV-6B (9, 10).

In a previous study, we performed a detailed analysis of the
interaction between the HHV-6B ligand and its cellular receptor,
hCD134. We found that cysteine-rich domain 2 (CRD 2) of
hCD134 is critical for HHV-6B ligand binding and that a key
amino acid residue (E127) within HHV-6B gQ1 is required for its
function. The E127Q mutation within HHV-6B gQ1 completely
abolishes binding to hCD134; however, the homologous muta-
tion (Q135E) in HHV-6A gQ1 does not enable it to bind to
CD134, even though these two gQ1s share high amino acid se-
quence similarity (10). Interestingly, the E (glutamic acid) and Q
(glutamine) residues have similar structures in terms of their side
chains, although only glutamic acid has a negative electric charge
under physiological conditions. These results led us to speculate
that the negative electric charge of E might be important for
HHV-6B gQ1 function and that there should be a corresponding
residue(s) with a positive electric charge in hCD134 (most likely in
the CRD 2 domain) that facilitates the interaction between
hCD134 and the HHV-6B ligand. To test this, we focused on two
amino acid residues in the CRD 2 domain of hCD134 (K79 and
R95), both of which have a positive electric charge; neither of these
residues is conserved in murine CD134 (mCD134) (Fig. 1A). Also,
mCD134 did not interact with the HHV-6B gH/gL/gQ1/gQ2
complex (Fig. 1E).

We replaced these two residues with the homologous residues
in mCD134 (K79D and R95L) and then examined the interaction
between the CD134 mutants and the HHV-6B gH/gL/gQ1/gQ2
complex by immunoprecipitation with an anti-gH antibody fol-
lowed by Western blotting (in our previous study, we confirmed
that both immunoprecipitation and pulldown assays could be
used for the analysis of the HHV-6 receptor-ligand interaction
[10, 11]). The interaction between the HHV-6B complex and
hCD134 was detected when R95, but not K79, was mutated. Since
K79 is located within the loop structure of hCD134 (12) (Fig. 1B),

it is highly unlikely that the K79D mutation has a marked effect on
the conformational structure of hCD134. Furthermore, to con-
firm whether the positive electric charge of K79 contributed to the
hCD134 –HHV-6B ligand interaction, we replaced K79 within
hCD134 with the residues containing the negative electric (residue
E or D), nonpolar (residue A), or positive (residue R) electric
charge and analyzed the interaction with the HHV-6B complex.
The K79E and K79D mutations almost completely abolished the
interaction with the HHV-6B gH/gL/gQ1/gQ2 complex (Fig. 1C).
However, the receptor-ligand interaction was detected after the
K79A or K79R mutation. These results indicate that the posi-
tive electric charge of hCD134 K79 is responsible for the inter-
action with the HHV-6B complex. Although the conforma-
tional structure of the HHV-6B receptor–ligand has not yet
been resolved, based on the effects of changes in the charges of
amino acid residues important for the HHV-6B ligand–recep-
tor interaction, it is likely that the positive electric charge of the
CD134 residue (K79) contributes to the access of the HHV-6B
ligand to hCD134.

Next, we tried to identify the key amino acid residue(s) within
hCD134 that contributes to its interaction with the HHV-6B com-
plex. We focused on residues around hCD134 K79 and residues
that are not conserved in mCD134. We replaced these residues
with the homologous residues of mCD134 (V76A, S77N/S78Y,
and W86Q) and analyzed the interaction with the HHV-6B gH/
gL/gQ1/gQ2 complex by immunoprecipitation followed by West-
ern blotting as described above. Mutation of V76A and S77N/
S78Y had little effect on the interaction between hCD134 and the
HHV-6B gH/gL/gQ1/gQ2 complex. In contrast, the W86Q muta-
tion had a marked effect on this interaction (Fig. 1D). Further-
more, we replaced the residue with A (W86A) and performed a
similar analysis. The W86A mutation also had a marked effect on

Received 22 June 2015 Accepted 19 July 2015

Accepted manuscript posted online 22 July 2015

Citation Tang H, Mori Y. 2015. Determinants of human CD134 essential for entry
of human herpesvirus 6B. J Virol 89:10125–10129. doi:10.1128/JVI.01606-15.

Editor: R. M. Longnecker

Address correspondence to Yasuko Mori, ymori@med.kobe-u.ac.jp.

Copyright © 2015, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JVI.01606-15

October 2015 Volume 89 Number 19 jvi.asm.org 10125Journal of Virology

http://dx.doi.org/10.1128/JVI.01606-15
http://dx.doi.org/10.1128/JVI.01606-15
http://jvi.asm.org


the hCD134 –HHV-6B complex interaction (data not shown). In
addition, W86 is located in the loop structure of hCD134 (12)
(Fig. 1B), meaning that mutation of W86 is not likely to have a
marked effect on the conformational structure of hCD134. These
results indicate that W86 of hCD134 may play a key role in bind-
ing to the HHV-6B complex.

Next, we tested whether these two residues were important for
HHV-6B infection by constructing nonreplicative lentiviruses ex-
pressing hCD134 mutants in JJHan cells, a cell line rarely permis-

sive for HHV-6B infection, and tested whether these cells could be
converted into HHV-6B-permissive cells. Cell surface expression
of each CD134 mutant was confirmed by flow cytometry using an
anti-CD134 antibody as previously described (10) (Fig. 2A). The
cells were then infected with HHV-6B (HST strain) at a multiplic-
ity of infection (MOI) of �0.01. HHV-6B used in this study was
propagated in cord blood mononuclear cells (CBMCs) as de-
scribed previously (13), and a portion of the CBMCs were pur-
chased from RIKEN (the Institute of Physical and Chemical Re-

FIG 1 Identification of two amino acid residues within CD134 that are required for HHV-6B ligand binding. (A) Amino acid sequence alignment of human and
murine CD134. The two amino acid residues of interest are indicated by black triangles. (B) Crystal structure of hCD134 and its ligand (PBD accession number
2HEV). (Bottom panel) Crystal structure of hCD134 (K79 and W86 are shown with their side chains in red); (upper panel) ligand for hCD134. The structure
drawing was made by using UCSF Chimera software (23; www.cgl.ucsf.edu/chimera). (C, D, and E) 293T cells were transfected with plasmids expressing the
proteins (indicated by a number at the top of each lane and identified at the bottom of the figure) by using Lipofectamine 2000 (Invitrogen). The transfected cells
were harvested at day 2 posttransfection and lysed with TNE buffer (10 mM Tris-HCl [pH 7.8], 0.15 M NaCl, 1 mM EDTA, 1% NP-40 [Nacalai Tesque])
containing a cocktail of protease inhibitors (Sigma). The lysates were subjected to ultracentrifugation prior to immunoprecipitation (IP) with an anti-gH
antibody. Expression of each protein (Lysate) and the proteins precipitated from the lysates (IP: anti-gH) were confirmed by Western blotting (WB). Numbers
at the left of the gels are molecular masses (in kilodaltons).
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search, Japan). The ethical committee of the Kobe University
Graduate School of Medicine approved the use of CBMCs in this
study. Viral entry into the cells was evaluated by detecting ex-
pression of the HHV-6B IE1 gene by Western blotting and
indirect immunofluorescent antibody assay (IFA) as described
previously (7, 8). Double mutation of hCD134 (K79D and
W86Q) abolished HHV-6B infection of hCD134-expressing
JJHan cells, whereas the single mutations (K79 or W86)
had only a slight effect (Fig. 2B and C). It is unknown why
expression of hCD134K79D, hCD134K79E, hCD134W86A, or
hCD134W86Q could also render HHV-6B susceptibility to JJHan
cells. It is likely that these hCD134 mutants weakly interact with
the HHV-6B ligand, which functions during HHV-6B infection
but cannot be detected by immunoprecipitation assay (Fig. 1C
and D). There is the other possibility that differences might be
seen with shorter adsorption periods or at different temperatures.

Human and murine CD134s share about 65% amino acid
identity; therefore, we examined whether humanization of the
homologous residues (D75 and Q82) within mCD134 would en-
able it to bind the HHV-6B gH/gL/gQ1/gQ2 complex. mCD134
harboring single or double mutations were constructed. Since
there is no commercially available anti-mCD134 antibody for
Western blotting application, we added a hemagglutinin (HA) tag
to the C termini of mCD134 constructs for detection by Western
blotting, and their interaction with the HHV-6B complex was
analyzed as described above. Comparable interactions were de-

tected when both mCD134 residues were mutated but not when
either alone was mutated (Fig. 1E). Next, we constructed nonrep-
licative lentivirus vectors expressing mCD134 harboring a muta-
tion in the homologous residues within hCD134 as described
above (D75K, Q82W, or D75K/Q82W). JJHan cells were trans-
duced with these lentiviruses, and cell surface expression of the
mCD134 mutants was confirmed by flow cytometry with a fluo-
rescein isothiocyanate (FITC)-conjugated anti-mCD134 anti-
body (clone OX-86; Abcam) (Fig. 3A). The transduced cells were
then infected with HHV-6B as described above and harvested at
24 h postinfection. Expression of the viral IE1 protein was ana-
lyzed by Western blotting and IFA. In agreement with the above
results, mutation of either D75K or Q82W had little effect on
HHV-6B infection of mCD134-expressing JJHan cells; however,
double mutation at these two sites rendered the cells susceptible to
HHV-6B infection (Fig. 3B and C). It is likely that mCD134 D75K
and mCD134 Q82W interact with HHV-6B ligand weakly (not as
strongly as hCD134 or mCD134 D75K/Q82W), which may facil-
itate HHV-6B infection to some extent, but the interaction could
not be confirmed by immunoprecipitation assay (Fig. 1E).

Receptor usage is but one determinant of species-specific tro-
pism (14, 15). HHV-6B infects only human cells (16–18). Its re-
ceptor, hCD134, is expressed on activated human T cells (19),
which is one factor that defines the T cell tropism of HHV-6B.
Here, we identified two amino acid residues within hCD134 that
are important for HHV-6B ligand binding and subsequent viral

FIG 2 Two amino acid residues within hCD134 are required for HHV-6B infection. (A) JJHan cells were transduced with nonreplicative lentiviruses expressing
hCD134 or its mutants for 24 h. A portion of the transduced cells was incubated with anti-CD134 antibody (10) and secondary antibody (FITC-conjugated rabbit
anti-mouse IgG; Dako) at 4°C for 1 h. Then, the cells were subjected to surface expression analysis of hCD134 and its mutants by flow cytometry (EC800; Sony).
(B and C) The remaining cells were infected with HHV-6B (HST strain). Cells were harvested at 24 h postinfection. A portion of the cells were fixed with
acetone-methanol (7:3) and stained with anti-IE1 antibody and secondary antibody for IFA (B). The remaining cells were lysed and examined by Western
blotting with anti-IE1 and anti-�-tubulin antibodies (C). JJHan cells transduced with nonreplicative lentiviruses expressing no alien protein were used as a
control for these experiments.
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infection. Interestingly, non-HHV-6B-permissive cells (JJHan
cells) became permissive for HHV-6B infection upon expression
of mCD134 harboring mutations at these two amino acid resi-
dues; thus, these two amino acid residues may determine species-
specific HHV-6B entry. In addition, expression of hCD134 or
mCD134 D75K/Q82W on the cell surface of a mouse lymphoma
cell line (EL4 cells) could not render them susceptible to HHV-6B
infection (data not shown), indicating that an additional human
molecule(s) is required for HHV-6B infection. No practical ani-
mal model of HHV-6 infection exists, in spite of several attempts
to devise one (20, 21). Although there are other species-specific
determinants for the human cell tropism of HHV-6B, the findings
presented herein may contribute to the development of an animal
model of HHV-6B infection.
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