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Human cytomegalovirus US8 is a type I membrane protein that partially colocalizes with cellular endosomal
and lysosomal proteins. Although US8 does not have discernible effects on the processing and cell surface
distribution of major histocompatibility complex (MHC) class I products, we have demonstrated that US8
binds to MHC class I heavy chains in the endoplasmic reticulum.

Herpesviruses encode a seemingly redundant repertoire of
genes that interfere with the major histocompatibility (MHC)
class I antigen presentation pathway. In particular, the ge-
nomes of the homologous betaherpesviruses mouse cytomeg-
alovirus (MCMV) and human cytomegalovirus (HCMV) both
contain a substantial number of genes that regulate MHC class
I antigen presentation (termed immunoevasins) to prevent cy-
totoxic T-cell (CTL) recognition and lysis of infected cells (1, 2,
8, 10–12, 14–16, 18, 24–26). It is unclear why HCMV has
multiple genes encoding proteins with the same function, but a
plausible explanation is that none of the gene products noted
above can accomplish full attenuation of MHC class I antigen
expression on its own, as has been recently demonstrated by
Kavanagh et al. for MCMV gp34 and gp40 (13). Alternatively,
each immunoevasin might be required for specific cell types or
might block discrete steps in MHC class I-restricted antigen
presentation. The unique short (US) region of the HCMV
genome contains several blocks of genes that share homology
with one another (termed gene families) (3), four of which
(US2, US3, US6, and US11) interfere with the biogenesis of
MHC class I antigens. This prompted us to investigate whether
another member of this family, US8, also interacts with MHC
class I products.

The US8 gene was amplified from HCMV AD169 DNA by
PCR using primers that either incorporated the influenza virus
hemagglutinin (HA) epitope tag at the C terminus of the
protein (US8-HA) or amplified US8 without the addition of
the epitope tag (US8) and was cloned into pCDNA3.1 (In-
vitrogen). Sequencing of the cloned inserts confirmed the iden-
tity of the US8 gene and the proper incorporation of the HA
tag. To test whether US8 could interact with MHC class I
antigens in vivo, U373 astrocytoma cells or U373 cells stably
expressing US8-HA were metabolically labeled with Expre35S35S
protein labeling mix (NEN) for 20 min and were lysed in either
NP-40 lysis buffer (150 mM NaCl, 2 mM CaCl2, 50 mM Tris-
HCl [pH 7.4], 0.5% NP-40, 1 mM phenylmethylsulfonyl fluo-
ride, and 2-�g/ml aprotinin) or digitonin lysis buffer (125 mM
HEPES [pH 7.7], 750 mM potassium acetate, 1% digitonin, 1

mM phenylmethylsulfonyl fluoride, and 2-�g/ml aprotinin) (4,
24). When carrying out immunoprecipitations of MHC class I
products, we observed recovery of a 26-kDa polypeptide, along
with class I heavy chains, in US8-HA-expressing cells but not in
control cells (Fig. 1A, lanes 3 and 4 and lanes 7 and 8). More
of the 26-kDa polypeptide was recovered when antiserum spe-
cific for free heavy chains was used and when cells were lysed
in the digitonin lysis buffer. Antiserum raised against the bac-
terially expressed luminal domain of US8 immunoprecipitated
a 26-kDa protein from US8-HA-containing cells, as well as a
40-kDa protein (lane 10).

To examine whether the interaction between US8 and MHC
class I products was specific, we translated US8 mRNA in the
presence of microsomes together with either MHC class I or
class II mRNAs in vitro (20). A portion of each reaction mix-
ture was either loaded directly onto a sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) gel or lysed
in NP-40 lysis buffer prior to being subjected to immunopre-
cipitations (4, 24). We used antibodies specific for US8-HA
(12CA5), the folded MHC class I molecules (W6/32), or the
folded MHC class II products (TU 36) (17, 19) (Fig. 1B). The
HA antibody immunoprecipitated two US8-HA-specific
polypeptides from reaction mixtures containing US8-HA
mRNA (lanes 1, 2, and 4). In addition, a 40-kDa protein was
also immunoprecipitated from reaction mixtures containing
MHC class I heavy chains, HLA-A2, and �2-microglobulin
(lane 1), but no additional polypeptides were observed in re-
action mixtures containing the MHC class II subunits, DR1�
and DR1� (lane 5), even though assembly of the class II
product was readily demonstrable (Fig. 1, lanes 9 and 10) (5).
However, we did not observe any polypeptides corresponding
to US8 protein in these lanes. Furthermore, we did not observe
coimmunoprecipitation of CD4 with US8-HA when using
translation mixtures containing US8 and CD4 (data not
shown). The results, therefore, show that the class I heavy
chain can be coimmunoprecipitated with US8 and that this
interaction is specific and preferentially involves free class I
heavy chains. Neither the structurally related class II molecules
nor another member of the immunoglobulin superfamily
(CD4) was found to interact with US8. We conclude that a
specific interaction between US8 and MHC class I antigens is
discernible in live cells as well as in vitro and that this inter-

* Corresponding author. Mailing address: Department of Pathology,
Harvard Medical School, 200 Longwood Ave. D2-137, Boston, MA
02115. Phone: (617) 432-4776. Fax: (617) 432-4775. E-mail: ploegh
@hms.harvard.edu.

6832



action is preserved better in the presence of the mild detergent
digitonin.

Using flow cytometry, we found no difference between US8-
HA-expressing cells and control cells in terms of the amount of
MHC class I protein at the surface (data not shown). To test
whether US8 had an effect on the maturation of the MHC class
I products, we performed pulse-chase analyses followed by
endoglycosidase H (endo H) digestions of three clonal cell
lines expressing untagged US8 protein. Immunoprecipitated
samples were either treated with EndoHf (New England Bio-
labs) or left untreated (data not shown) prior to analysis by
SDS-PAGE (Fig. 2A). As a control, we performed an immu-
noprecipitation with an antibody that recognizes the human
transferrin receptor (Fig. 2B) (23). In US8-expressing cells, the
MHC class I heavy chain and the transferrin receptor acquired
endo H resistance with kinetics indistinguishable from that of
cells not expressing US8, despite the presence of an abundant

amount of US8 protein (data not shown). These results dem-
onstrate that although US8 binds class I heavy-chain mole-
cules, it does not affect the maturation of the class I complex.

Digestion of US8 immunoprecipitates with endo H revealed
that US8 also acquired endo H resistance (Fig. 3A). This is in
contrast to the observations for US2, US3, US6, and US11, all
of which remain endo H sensitive and are localized to the
endoplasmic reticulum (ER). Similar results were observed
when US8 was immunoprecipitated from HCMV-infected fi-
broblasts (data not shown). We determined the intracellular
localization of US8 by immunofluorescence spectroscopy (21).
Confocal images taken through the center of the cells revealed
that US8-HA localized to a distinct perinuclear patch on one
side of the nucleus (Fig. 3B). This staining pattern was very
similar to that of the transferrin receptor and was distinctly
different from that of the ER-resident protein calnexin. US8
localized to fewer compartments than MHC class I proteins,

FIG. 1. HCMV US8 interacts with MHC class I products. (A) U373 (CC) or U373�US8-HA (US8) cells were labeled for 20 min with
[35S]methionine-cysteine prior to lysis in either 0.5% NP-40 (N) or 1% digitonin (D). Immunoprecipitations were performed with either
monoclonal antibody W6/32, which recognizes folded MHC class I molecules (Class I); a rabbit polyclonal antiserum specific for free heavy chains
(Heavy Chain); or a rabbit polyclonal antiserum that recognizes US8 (US8). (B) The indicated in vitro-transcribed mRNAs were translated in vitro
in the presence of canine pancreatic microsomes and [35S]methionine. Three microliters of each reaction mixture was analyzed directly by
SDS-PAGE (direct load), while the remainder of the reaction mixture was divided into two samples, lysed in 0.5% NP-40, immunoprecipitated with
the indicated antibodies (anti-US8-HA [�HA], antibodies specific for the folded MHC class I molecules [� Class I] and antibodies specific for the
folded MHC class II products [� Class II]), and analyzed by SDS-PAGE. The apparent positions of molecular mass markers are indicated on the
left (in kilodaltons).
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which had a much broader distribution. We also compared the
localization of US8-HA, internalized transferrin (Molecular
Probes), and the lysosomal protein Lamp-1 (Molecular
Probes) by standard microscopy. The dual-color overlay of the

merged images is shown in Fig. 3C. Internalized transferrin
was found in a bright perinuclear patch and in scattered punc-
tate patches, many of which colocalized with US8-HA. We also
observed partial colocalization of US8-HA with Lamp-1. We
conclude that US8-HA is targeted to an endosomal-lysosomal
location.

FIG. 2. US8 does not affect transport of MHC class I products. U373 or U373�US8 cells were labeled with [35S]methionine-cysteine for 5 min
and chased with nonradioactive medium for the indicated time periods prior to lysis in 0.5% NP-40. Immunoprecipitations were performed with
either monoclonal antiserum W6/32, which recognizes folded MHC class I molecules (A), or a monoclonal antiserum that recognizes the
transferrin receptor (B). The samples were digested with EndoHf prior to analysis by SDS-PAGE.

FIG. 3. US8 partially colocalizes with cellular endosomal-lysosomal
proteins. (A) U373�US8-HA cells were pulsed with [35S]methionine-
cysteine for 5 min and chased with nonradioactive medium for the time
periods indicated. The cells were lysed in 0.5% NP-40 and immuno-
precipitated with antiserum specific for the HA epitope. After immu-
noprecipitation, half of each sample was treated with endo H (�En-
doH) while half was left untreated (�EndoH). Apparent positions of
molecular mass markers are indicated on the left (in kilodaltons).
(B) Fixed, permeabilized U373�US8-HA cells were incubated with
either a primary monoclonal antibody specific for the HA epitope
(US8-HA); monoclonal antibody W6/32, which recognizes folded
MHC class I molecules (Class I); a monoclonal antibody that recog-
nizes the human transferrin receptor (TFN-R); or a monoclonal anti-
body specific for the human ER chaperone, calnexin. The cells were
then incubated with an Alexa-568-conjugated secondary antibody (red
fluorescence) and the DNA-binding dye DAPI (4�,6�-diamidino-2-phe-
nylindole; blue fluorescence) (Sigma) prior to analysis with a Bio-Rad
MRC1024 laser-scanning confocal microscope. (C) Fixed, permeabil-
ized U373�US8-HA cells were incubated with either a monoclonal
antibody that recognizes the HA epitope, a monoclonal antibody spe-
cific for the lysosomal protein Lamp-1, or a rabbit polyclonal antiserum
generated against the luminal domain of US8. The cells were then
incubated with either an Alexa-568-conjugated anti-mouse secondary
antibody (red fluorescence) or an Alexa-488-conjugated anti-rabbit
secondary antibody (green fluorescence). Some cells were incubated
with fluorescently labeled human transferrin at 37°C prior to fixation of
the cells (TFN-R; green fluorescence). Images were obtained with a
Spot RT digital camera mounted on a TE300 Nikon microscope.
Merged two-color overlays demonstrating the colocalization of inter-
nalized transferrin, Lamp-1, and US8 are shown.
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Here we report on the fifth HCMV-encoded protein from
the US region that directly interacts with the MHC class I
antigen presentation pathway (for a review, see reference 22).
US8 is a type I membrane protein that partially colocalizes
with markers of the endosomal-lysosomal pathway and ac-
quires endo H resistance. Other homologous transmembrane
proteins encoded by the US region reside strictly within the
ER, where they exert their effects (1, 7). Surprisingly, we found
that US8 exits the ER. By using two different anti-MHC class
I antibodies, we found that US8-HA was coimmunoprecipi-
tated with class I molecules in US8-HA-expressing cells. More
US8-HA protein was preferentially recovered in association
with free heavy chains, suggesting an interaction of US8 with
MHC class I molecules in the ER prior to their association
with �2-microglobulin and peptide. This was corroborated by
in vitro translation experiments that faithfully recapitulated
assembly of multimeric membrane glycoproteins. Although
US8 appears to bind to MHC class I molecules in the ER, most
of US8 localizes to other cellular compartments. This suggests
that US8 interacts only transiently with MHC class I molecules,
as has also been suggested for US3 (9). Binding of US8 to
MHC class I molecules had little effect on transport of class I
antigens from the ER to the Golgi complex. This suggests that
US8’s behavior may be similar to that of MCMV gp34, which
binds mouse MHC class I Kb alleles without necessarily affect-
ing maturation or cell surface distribution of the protein (14).
It has been shown that gp34 does indeed abrogate a Kb-re-
stricted CTL response (13). It will be interesting to determine
whether US8 has similar effects on HCMV-specific CTLs. A
possibility that also requires further experimentation is the
occurrence of interactions among the members of the US fam-
ily. Notwithstanding suggested structural similarities, studies of
the functions of the different US products are beginning to
reveal valuable differences (1, 6, 7).
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