










termine the cellular compartment in which UL142 and
MICA interact, HeLa cells were transfected with GFP-
tagged MICA alone or in conjunction with FLAG-tagged
UL142 and then analyzed by immunofluorescence confocal

microscopy. FLAG-UL142, like GFP-UL142, localized pre-
dominantly to the ER and cis-Golgi apparatus. When ex-
pressed in the absence of FLAG-UL142, GFP-tagged full-
length MICA (GFP-MICA*018) and GFP-tagged truncated

FIG. 3. The UL142 transmembrane domain (TMD) mediates ER localization. (A) Schematic of CD8-WT and CD8-UL142 chimeras, which have
an N-terminal Myc tag. (B) HeLa cells transfected with the CD8-WT, CD8-UL142Tail, CD8-UL142TMDTail, or CD8-UL142TMDonly construct were
fixed and permeabilized and then stained with antibodies against the Myc tag (green) and MHC class I (red). MHC class I served as a marker for both
the cell surface and the Golgi apparatus. CD8-UL142TMDTail and CD8-UL142TMDonly were localized predominantly intracellularly. (C) HeLa cells
transfected with the CD8-UL142TMDTail or CD8-UL142TMDonly construct were fixed and permeabilized and then stained with antibodies against the
Myc tag (green) and the ER marker calreticulin (red). CD8-UL142TMDTail and CD8-UL142TMDonly colocalized with calreticulin. (D) HeLa cells
transfected with CD8-UL142TMDTail or CD8-UL142TMDonly were fixed and permeabilized and then stained with antibodies against the Myc tag
(green) and the cis-Golgi apparatus marker GM130 (red). CD8-UL142TMDonly, but not CD8-UL142TMDTail, colocalized with GM130. (E) Western
blot of mock-transfected HeLa cells and transfected HeLa cells expressing CD8-WT or a CD8-UL142 chimera. CD8 progresses through three maturation
states as it traffics through the cell. CD8u is located in the ER, CD8i is located in the cis-Golgi apparatus, and CD8m is located at the cell surface. The
chimeras CD8-UL142TMDTail and CD8-UL142TMDonly were predominantly in the CD8u state. Molecular mass differences among the maturation
states of CD8-WT and those of the CD8-UL142 chimeras are due to the compositions of their domains.
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MICA (GFP-MICA*008) localized to the cell surface and
Golgi apparatus (Fig. 5A). However, cotransfection with
FLAG-UL142 resulted in the retention of GFP-MICA*018
in a perinuclear compartment at 16 h posttransfection but
had no effect on surface expression of GFP-MICA*008 (Fig.
5B). Intracellular GFP-MICA*018 (and a proportion of
FLAG-UL142) colocalized with the cis-Golgi apparatus
marker GM130 (Fig. 5B); thus, UL142 retained the full-
length MICA allele in the cis-Golgi apparatus.

The UL142 luminal domain is required for intracellular
retention of MICA. It is important that while FLAG-UL142
sequestered GFP-MICA*018 in the cis-Golgi apparatus (Fig.
5B), GFP-UL142 had no effect on surface expression of
FLAG-MICA*018 (data not shown). This finding suggested
that the large GFP tag on the UL142 luminal (i.e., �1-�2)
domain might have prevented binding to MICA*018 and, thus,
that the UL142 luminal (i.e., �1-�2) domain might be involved
in intracellular retention of full-length MICA alleles. In sup-

port of this possibility, we observed that the CD8-UL142
TMDTail chimera (Fig. 3A) was unable to intracellularly
retain GFP-MICA*018 (Fig. 6A). Thus, the transmembrane
domain and cytoplasmic tail of UL142 were insufficient for
intracellular sequestration of full-length MICA alleles. With
the aid of several sequence analysis programs (see Materials
and Methods), UL142 was predicted to be a type I trans-
membrane protein. Accordingly, the involvement of the
UL142 luminal domain in intracellular sequestration of full-
length MICA alleles would suggest an interaction with the
MICA extracellular domain. In support of this hypothesis,
we observed that FLAG-UL142 was unable to intracellularly
retain a CD8 chimera with the transmembrane domain and
cytoplasmic tail of the full-length allele MICA*018 (Fig. 6B
and C). Thus, the data suggest that an interaction between
the UL142 luminal domain and the MICA extracellular do-
main is involved in UL142 intracellular retention of full-
length MICA alleles.

CD8 chimeras containing the UL142 luminal domain (with
or without the UL142 transmembrane domain) (Fig. 6B) were
localized predominantly to the cell surface and had no effect on
the surface expression of the full-length MICA*018 allele (Fig.
6D) due to the presence of the CD8 cytoplasmic tail (27). The
inability of these UL142-CD8 chimeras to intracellularly retain
MICA*018 suggests that UL142 must be localized to the ER/
cis-Golgi apparatus in order to intracellularly sequester full-
length MICA alleles.

FIG. 4. UL142 down-modulates surface expression of full-length
MICA alleles. (A) Sequence alignment of portions of the transmem-
brane domains (highlighted in gray) and cytoplasmic tails of full-length
and truncated MICA alleles. (B) U373 cells express the full-length
allele MICA*001, while HeLa cells express the truncated allele
MICA*008. HeLa and U373 cells were transduced with RAd UL142
GFP, which expresses both UL142 and GFP, or RAd control GFP,
which expresses GFP alone. Transduction efficiency of 
100% was
achieved. Ninety-six hours posttransduction, the cells were stained with
anti-MICA, anti-ULBP2, or an isotype control antibody, followed by
Alexa Fluor 647-conjugated secondary antibody. UL142 down-modu-
lated expression of MICA*001 on the surfaces of U373 cells but not
that of MICA*008 on the surfaces of HeLa cells. Surface expression of
ULBP2 on cells of both lines was unaffected by UL142. Overlapping of
histograms is depicted by cross-hatching.

FIG. 5. UL142 retains full-length MICA alleles in the cis-Golgi
apparatus. (A) HeLa cells transfected with either GFP-MICA*018
(GFP-tagged full-length MICA) or GFP-MICA*008 (GFP-tagged
truncated MICA) were analyzed by confocal microscopy. Both alleles
of MICA were localized to the cell surface and Golgi apparatus.
(B) Immunofluorescence microscopy images of HeLa cells cotrans-
fected with GFP-MICA*018 or GFP-MICA*008 (green) and FLAG-
UL142 (red). Sixteen hours posttransfection, cells were fixed, perme-
abilized, and stained with antibodies against the FLAG tag and
GM130 (blue), which served as a marker for the cis-Golgi apparatus.
FLAG-UL142 prevents surface expression of GFP-MICA*018 by re-
taining the full-length MICA allele in the cis-Golgi apparatus. How-
ever, FLAG-UL142 has no effect on surface expression of the trun-
cated allele GFP-MICA*008.
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DISCUSSION

The HCMV glycoprotein UL142 inhibits NK cell-mediated
lysis by down-modulating surface expression of full-length, but
not truncated, MICA alleles (12, 59). UL142 is structurally
related to MCMV-encoded MHC class I-related proteins,
which down-modulate ligands of murine NKG2D. The m145

protein interferes with MULT-1 (a murine NKG2D ligand) in
a compartment beyond the ER-Golgi apparatus intermediate
compartment or cis-Golgi apparatus (29). Another MCMV
MHC class I-related protein, m155, interferes with the
NKG2D ligand H60 following exit from the ER-Golgi appa-
ratus intermediate compartment or cis-Golgi apparatus (22)
and/or targets H60 for proteasomal degradation (31). Our data
suggest that UL142 functions intracellularly like these MCMV
proteins because it is localized predominantly to the ER and
cis-Golgi apparatus. Furthermore, we demonstrate that UL142
sequesters full-length, but not truncated, MICA alleles in the
cis-Golgi apparatus.

The transmembrane domain of UL142 mediates localization
to the ER. ER localization signals such as KDEL or K(X)KXX
(49), which are normally found in the cytoplasmic tail of ER
resident proteins, are absent from UL142. Thus, ER localiza-
tion of UL142 may be mediated by (i) unknown ER retention
signals within the transmembrane domain, (ii) intramembrane
interactions with ER resident cellular proteins, or (iii) the
length of the transmembrane domain (11, 56). Cholesterol,
whose concentration in lipid bilayers increases along the se-
cretory pathway, is proposed to regulate protein sorting in the
absence of dominant luminal or cytoplasmic associations (11,
35). Consequently, plasma membrane proteins usually possess
transmembrane domains that are 23 amino acids or more in
length, while the transmembrane domains of Golgi proteins
are 17 amino acids or less. Thus, the 20-amino-acid transmem-
brane domain of UL142 may be compatible only with the
cholesterol content of ER membranes. Despite the observed
ER/cis-Golgi apparatus localization of tagged UL142, it was
possible that the subcellular localization of UL142 might be
altered in the presence of other proteins expressed during
HCMV infection. This phenomenon was recently described for
UL18, which localizes predominantly to the ER and cis-Golgi
apparatus when expressed in isolation (32). However, we ob-
served that GFP-UL142 transiently expressed during HCMV
infection remained localized to the ER.

UL142 cannot intracellularly sequester the truncated allele
MICA*008. There are high degrees of sequence identity
among known MICA alleles (2). However, MICA*008 has a
truncated cytoplasmic tail due to a premature stop codon re-
sulting from a frameshift mutation (18, 33). In addition, the
frameshift mutation alters the sequence of the MICA trans-
membrane domain. Therefore, any interaction between full-
length MICA alleles and UL142 is likely to involve the trans-
membrane domain sequence AAAIFVIIIFYV and/or the
cytoplasmic tail sequence absent in MICA*008. Furthermore,
intracellular sequestration of MICA is likely to involve the
UL142 transmembrane domain and/or cytoplasmic tail since
UL142 is a type I transmembrane protein. In support of this
hypothesis, it is interesting that Chalupny et al. observed that
UL142 down-modulates surface expression of a full-length
MICA allele (GenBank accession number AAD52060) that is
identical to MICA*008 in the extracellular domain (12).

We observed that intracellular sequestration of full-length
MICA alleles cannot occur in the absence of the UL142 lumi-
nal domain or the MICA extracellular domain. One possible
interpretation of the data is that the UL142 luminal domain
binds the MICA extracellular domain, thereby distinguishing
MICA from other NKG2D ligands. In this case, the UL142

FIG. 6. The UL142 luminal domain is required for intracellular
retention of full-length MICA alleles. (A) HeLa cells cotransfected
with GFP-MICA*018 (green) and CD8-UL142TMDTail (red) were
fixed, permeabilized, and incubated with anti-UL142 rabbit sera. CD8-
UL142TMDTail had no effect on surface expression of GFP-MICA*018.
(B) Schematic of CD8-MICA*018TMDTail (a CD8 chimera with the
transmembrane domain [TMD] and cytoplasmic tail of the full-length
allele MICA*018), UL142Luminal-CD8TMDTail (a CD8 chimera
with the luminal domain of UL142), and UL142LuminalTMD-CD8
Tail (a CD8 chimera with the luminal and transmembrane domains of
UL142). (C) HeLa cells cotransfected with CD8-MICA*018TMDTail
and FLAG-UL142 were fixed and permeabilized and then stained with
antibodies against the Myc (green) and FLAG (red) tags. FLAG-
UL142 had no effect on the cell surface expression of CD8-
MICA*018TMDTail. (D) HeLa cells cotransfected with UL142Lumi-
nal-CD8TMDTail or UL142LuminalTMD-CD8Tail (red) and
untagged MICA*018 (green) were fixed and permeabilized and then
stained with antibodies against the Myc tag (red) and MICA (green).
Both chimeras were unable to intracellularly sequester MICA*018.
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luminal domain would recognize both full-length and trun-
cated MICA alleles while the UL142 transmembrane and/or
cytoplasmic tail would interact only with full-length MICA
alleles. Furthermore, in the absence of the initial recognition
of MICA by the UL142 luminal domain, intracellular retention
of full-length MICA alleles by the UL142 transmembrane
and/or cytoplasmic tail might be impossible. Another possibil-
ity is that UL142 cannot intracellularly sequester full-length
MICA alleles if the viral protein cannot traffic to the cis-Golgi
apparatus. We propose that trafficking of UL142 from the ER
to the cis-Golgi apparatus is mediated by an interaction be-
tween the UL142 luminal domain and (i) MICA or (ii) other
cellular proteins. If this is the case, then it further highlights
the importance of the ER/cis-Golgi apparatus localization of
UL142 to its immune evasion function.

AD169, an HCMV strain that lacks UL142, down-modulates
surface expression of full-length MICA alleles, but not
MICA*008, at 24 h postinfection (62). The AD169-encoded
immunoevasin(s) is reported to mediate degradation, rather
than sequestration, of full-length MICA alleles (62). Thus,
UL142 is one of two (or more) HCMV proteins involved in
down-modulating MICA surface expression. UL142 is ex-
pressed at 72 h postinfection (59). It is not apparent why
HCMV has evolved to encode proteins that down-modulate
MICA surface expression at both 24 and 72 h postinfection.
Nonetheless, by down-modulating surface expression of full-
length MICA alleles, HCMV has evolved to inhibit activation
of NK cells as well as costimulation of �� T cells, CD8� �� T
cells, and CD4� T cells, all of which express the potent acti-
vating NK receptor NKG2D (6, 19, 21, 44). In addition, down-
modulation of MICA surface expression may have an impact
on factors in acquired immunity, such as primed T cells. Spe-
cifically, robust interference with NKG2D ligand surface ex-
pression would provide HCMV with a long window of oppor-
tunity to replicate and spread to further individuals following
reactivation from latency.

The polymorphism and redundancy of NKG2D ligands, cou-
pled with the redundancy within HCMV mechanisms for eva-
sion of NKG2D-mediated activation, may reflect selective
pressures promoting the evolution of both the human immune
system and HCMV. Indeed, the emergence of the MICA*008
allele may be a host defensive adaptation selected to evade
HCMV. The inability of AD169 to prevent surface expression
of MICA*008 results in NK cell-mediated lysis (62)—thus,
MICA*008 is able to activate NK cells via NKG2D despite its
truncation. It is possible that individuals with the MICA*008
allele are less susceptible to HCMV infection than those with
full-length MICA alleles; indeed, there is some evidence in
support of this idea (26). Interestingly, this truncated variant of
MICA is the most prevalent allele in most populations studied
(39, 61). Understanding the mechanisms underlying the regu-
lation of NK cell-mediated lysis, as well as the mechanisms that
HCMV has evolved to defend the infected cell, will be bene-
ficial in the development of prophylactic drugs, vaccines, and
antiviral therapies.
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