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Letter to the Editor

[DOI: 10.1002/eji.202149179]

HLA-DRB1*15:01 is a
co-receptor for
Epstein–Barr virus,
linking genetic and
environmental risk
factors for multiple
sclerosis

MS is a chronic inflammatory demyeli-
nating disease of the CNS, which mainly

Figure 1. Synopsis of the experimental strategy. The CD21-positive, human leukocyte antigen (HLA) class II-negative lymphoblastoid cell line
721.174 was co-transfected with plasmids encoding the HLA-DR α-chain HLA-DRA*01:01 and the HLA-DR β-chain HLA-DRB1*01:01 or HLA-
DRB1*15:01. After 1 day, the transfected cells were infected by spinoculation with recombinant EBV containing the gene for GFP (EBV-GFP). Three
days later, the percentage of EBV-GFP infected among HLA-DRB1 transfected cells was determined by flow cytometry.
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affects young adults and can lead to
significant physical and cognitive disabil-
ity. While the precise etiology of MS is
unknown, it is widely accepted that MS
arises in genetically susceptible individu-
als through environmental triggers. The
strongest genetic risk factor for MS is
the human leukocyte antigen (HLA) class
II allele HLA-DRB1*15:01 [1]. However,
how HLA-DRB1*15:01 increases the risk
of MS is unclear. The strongest environ-
mental risk factor for MS is infection
with the EBV, a B lymphotropic human γ-
herpesvirus. Whereas the available data is
compatible with the concept that MS is
a rare complication of EBV infection, the
mechanisms through which EBV exerts its

role in MS are currently unknown [2].
Epidemiological studies have consistently
shown that EBV and HLA-DRB1*15:01
interact in determining the risk for MS
[3]. Nevertheless, the molecular mecha-
nisms underlying the interaction of EBV
and HLA-DRB1*15:01 remained elusive.

Upon EBV infection, the initial attach-
ment of EBV to B lymphocytes is medi-
ated by binding of the EBV surface glyco-
protein gp350 to its cellular ligand CD21.
Subsequently, fusion of the viral envelope
with the B cell membrane requires binding
of the EBV surface glycoprotein gp42 to
the HLA class II molecules HLA-DR, -DQ,
or –DP [4–6]. While it is therefore well
known that HLA class II molecules serve as
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coreceptors for EBV, it was hitherto
unknown whether this extends to HLA-
DRB1*15:01.

To investigate whether HLA-
DRB1*15:01 acts as a coreceptor for
EBV, we transfected the CD21-positive,
HLA class II-negative human B lym-
phoblastoid cell line 721.174, which is
normally resistant to infection with EBV,
with an HLA-DRB1*15:01 plasmid and
subsequently infected the transfected
cells with recombinant EBV contain-
ing the gene for GFP (EBV-GFP). The
number of EBV-GFP infected among HLA-
DRB1*15:01 expressing cells was then
determined by flow cytometry (Fig. 1;
see Supporting Information for details of
the methodology). Untransfected 721.174
cells and 721.174 cells transfected with
an empty vector did not express HLA-DR
molecules and were not infectable with
EBV. In contrast, transfection with HLA-
DRB1*15:01 resulted in the expression
of HLA-DRB1*15:01 on 721.174 cells,
which rendered 721.174 cells infectable
with EBV (Fig. 2A). While transfection
with HLA-DRB1*01:01, an HLA-DRB1
allele previously found to be protec-
tive against MS [7], likewise rendered
721.174 cells infectable with EBV, the
percentage of EBV infected cells was
higher in HLA-DRB1*15:01 as compared
to HLA-DRB1*01:01 transfected cells
(p = 0.002, Fig. 2A, B).

This work provides proof of princi-
ple that HLA-DRB1*15:01 acts as a co-
receptor for EBV on a B cell line. While
this complies well with previous observa-
tions demonstrating that HLA-DR is a co-
receptor for EBV entry into B cells [4–6],
the present findings specifically show that
this extends to the MS associated HLA-DR
allele HLA-DRB1*15:01. Thus, our study
suggests a mechanistic link between the
most important genetic and environmen-
tal risk factors for MS. It also evokes
the intriguing hypothesis that one mech-
anism underlying the association of HLA-
DRB1*15:01 and MS could be the func-
tion of HLA-DRB1*15:01 as a co-receptor
for EBV.

Although only two HLA-DRB1 alleles
were studied in the present work, our
findings suggest that different HLA-DRB1
alleles may differ in their ability to confer
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Figure 2. Infection of 721.174 cells transfected with HLA-DRB1 alleles with EBV-GFP. (A)
721.174 cells were either not transfected (untransfected) or transfected with an empty vec-
tor (pSG5) or HLA-DRB1*01:01 or HLA-DRB1*15:01 and subsequently infected with EBV-GFP.
The percentage of cells in each quadrant is indicated. The percentage of EBV-GFP infected
among all cells in the lower and upper right quadrant is indicated in brackets in the upper
right quadrant. Flow cytometry dotplots show one experiment representative of n = 6 inde-
pendent experiments with similar results. (B) Percentage of EBV-GFP infected cells among
721.174 cells transfected with HLA-DRB1*01:01 or HLA-DRB1*15:01. The figure shows data
from n = 6 independent experiments with each symbol representing the mean of two tech-
nical replicates. Values from the same experiment are connected by a line. Statistical signif-
icance of differences was assessed by paired t-test.

susceptibility to EBV infection, as previ-
ously shown for different HLA-DQ alleles
[8]. Importantly, the site of EBV gp42
binding to HLA-DRB1 is the β1-chain of
HLA-DRB1, that is, the highly polymorphic
chain of HLA-DRB1 involved in forming
the peptide-binding groove [4], which
additionally supports HLA-DRB1 allele-
specific differences in mediating EBV

infection. The most likely explanation for
the higher percentage of EBV-GFP infected
cells among HLA-DRB1*15:01 as com-
pared to HLA-DRB1*01:01 transfected
cells therefore is that HLA-DRB1*15:01
acts as a more efficient co-receptor for EBV.
Differential survival of EBV-GFP infected
HLA-DRB1*15:01 and HLA-DRB1*01:01
transfected cells appears to be an unlikely
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alternative explanation, as EBV-GFP
infection is not expected to substantially
influence survival of 721.174 cells, which
are already EBV transformed and thus
immortalized B lymphoblastoid cells.
Furthermore, as the percentages of
HLA-DRB1*15:01 and HLA-DRB1*01:01
transfected cells and the fluorescence
intensities of HLA-DRB1*15:01 and HLA-
DRB1*01:01 transfected cells were similar
in each experiment, different surface
expression of HLA-DRB1*15:01 and HLA-
DRB1*01:01 is also unlikely to account
for the observed differences.

Our current data do not allow drawing
any conclusions on whether differences
in the amount of EBV infection mediated
by different HLA-DRB1 alleles may trans-
late into the different risk of MS asso-
ciated with such alleles. However, future
studies systematically analyzing the abil-
ity of various HLA-DRB1 alleles, which
have been associated with increased or
decreased risk of MS, to act as co-receptors
for EBV on B cells appear warranted.

Unlike in our experimental system, in
which only one HLA-DRB1 allele was
expressed on 721.174 cells, human B
cells express two alleles of HLA-DR, -DQ,
and -DP each, with all of these poten-
tially contributing to the net susceptibil-
ity to EBV infection [6]. Dissection of
the effects of particular HLA-DR alleles,
and of the potential interaction of HLA-
DR with HLA-DQ and HLA-DP alleles, on
EBV infection of human B cells there-
fore appears challenging and will require
large and systematic efforts. Neverthe-
less, that HLA-DR is involved in EBV
infection of primary human B cells has
been shown by inhibition of EBV infec-
tion of (T cell depleted) human periph-
eral blood mononuclear cells by a mono-
clonal antibody to the HLA-DR β-chain [5].
Furthermore, a role for HLA-DRB1*15:01
in modulating EBV infection in vivo is
strongly suggested by a recent study
showing that mice engrafted with HLA-
DRB1*15:01+ human immune cells have

a higher viral load and an increased CD8+

T cell response upon EBV infection than
mice engrafted with HLA-DRB1*15:01–

human immune cells [9].
Altogether, this work provides proof of

principle that HLA-DRB1*15:01 acts as a
co-receptor for EBV on a B cell line, linking
the strongest genetic and environmental
risk factors for MS. Future studies should
clarify the precise consequences of this
molecular interaction.
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