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Human cytomegalovirus (hCMV) has evolved multiple mechanisms to escape the host immune recognition and 
innate or adaptive immune responses. Among them, hCMV has developed strategies to modulate the expression 
and/or function of human leukocyte antigens (HLAs), including by encoding series of infection stage-dependent 
hCMV proteins to detain and destroy the expression of HLA molecules on the surface of infected cells. This 
disturbs the antigen presentation and processing, by encoding MHC class I homologues or selective up-regulation 
of particular HLA class I molecules binding to NK cell inhibitory receptors, and by encoding specific ligand 
antagonists to interfere with NK cell activating receptors. Here we discussed the molecular mechanisms utilized by 
the hCMV to alter the formation, transportation and expression of HLA antigens on the infected cell surface. The 
knowledge about hCMV modulating HLA expression could benefit us to further understand the pathogenesis of 
viral diseases and may eventually develop novel effective immunotherapies to counteract viral infections and viral 
associated diseases. Cellular & Molecular Immunology. 2007;4(2):91-98. 
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Introduction 
 
hCMV is a world wide human pathogen with the ability to 
persist as a lifelong latent infection, resulting in subclinical or 
clinical infections. In the developing fetus and immuno- 
compromised patients, however, it may contribute to 
significant morbidity and mortality rates (1). Though the 
human immune system has the innate and adaptive antiviral 
responses which include IFN-α/β repressing the replication 
of the virus, cytolysis mediated by NK cells, or both specific 
cellular and humoral immunity, especially the CD8+ T cell 
mediated cytotoxicity. However, hCMV has evolved multiple 
strategies (Figures 1 and 2) to efficiently escape from host 
immune surveillance and defense system resulting in lifelong 
latent infections (2, 3).  

Cell surface expression of antigen presenting HLA 
molecules, which plays a crucial role in the detection and 
elimination of viral infected cells, is modulated by the 

concerted action of a set of hCMV encoded unique short (US) 
proteins (US2, US3, US6, US10, US11) which expressed 
differentially on different stages of the viral infection (4). 
With these proteins which were summarized in Table 1, 
hCMV could interfere with the HLA restricted pathway of 
antigen presentation retention by degradation and inter- 
nalization of HLA class I or class II molecules, thus confers 
from hCMV to escape the host T lymphocyte-mediated 
antiviral immune responses (5).  

When expression of HLA molecules on cell surface is 
devoided or down-regulated, cells may become susceptible to 
NK cell lysis. Several strategies by blocking expression of 
ligands that activate NK cells or preserve expression of 
ligands that inhibit NK cell triggering, have been developed 
by which hCMV can sidetrack NK cell attack. Encoded 
within the unique long (UL) region of the hCMV genome, 
hCMV proteins such as UL16, UL18 and UL40 could 
directly contribute inhibitory signals to NK cells or allow 
locus-restricted surface expression of HLA molecules such as 
HLA-E to block the activation of NK cells (6, 7).   

Together, hCMV has developed multiple efficient 
strategies including down-regulation of particular surface 
HLA expression to prevent viral antigen presentation to 
CTLs, induction of HLA-E or HLA surrogate expression to 
escape NK cell attack. 
 
Down-regulation of the expression of HLA class 
I molecules 
 
Impairing the transportation and maturation of HLA class I 
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heavy chains 
HLA complex consists of the HLA encoded glycoprotein 
heavy chain, and a small soluble polypeptide, β2-micro- 
globulin (β2m). HLA I molecule expression on cell surface 
depends on the coexistence of HLA heavy chain and β2m. 
Nascent HLA class I heavy chain translocated to the 
endoplasmic reticulum (ER) and stabilized by chaperons 
such as tapasin, assembled and bound β2m to form the 
integrated HLA I molecules. Newly synthesized HLA class I 
heavy chain associated with β2m in the ER and then the 
heterodimer associated with TAP and other antigen 
processing machinery components (APM) to form a 
“peptide-loading” complex. Processed antigen peptides 
bound to TAP and translocated to the ER lumen. Peptide 
binding confered HLA heavy chain/β2m heterodimer stability, 
and finally, the trimeric complex transported through the cis, 
medial and trans Golgi compartments to the cell surface (8). 

hCMV encodes various proteins that interfere with cross 
talk between infected cells and immune effector cells through 
modulation of surface expression of HLA class I molecules. 
The success of immune escape through modulation of MHC 
class I surface expression is likely to be influenced by the 
efficiency, as well as by the specificity, of this 
down-modulation by hCMV encoded different US proteins 
(9). 

hCMV can detain properly assembled HLA class I 

molecules at the site of synthesis by sequentially encoding 
US2, US3, US6, US10 and US11 glycoproteins through 
multi-step process which leads to the HLA molecules retain 
in the ER and can not reach cell surface (4, 9). The similar 
sequence among US2, US3, and US11 indicates that those 
proteins may evolve from a common precursor. However, 
each of them has distinct phase-dependent expression and 
function during the viral infection (9). 

US3 is an hCMV encoded immediate-early (IE) 
glycoprotein, transcribed abundantly at an immediate-early 
stage but markedly decreased later after infection. US3 forms 
a complex with β2m associated HLA class I heavy chain with 
high affinity, thus impair maturation and intracellular 
transportation of HLA heavy chain by binding to the HLA 
heavy chain/β2m heterodimer prior to peptide loading in the 
ER. Consequently, the assembled HLA/peptide complex is 
retained in the ER, preventing its translocation to the cell 
surface (10, 11). However, this mechanism could only affect 
HLA allelic products that are dependent on tapasin for their 
surface expression, other HLA allelic products which are 
tapasin independent could express on the surface of 
US3-expressing cells (12). Although US3 share many 
features with US10, in this context, it is noteworthy that 
US10 binds HLA I heavy chain, thereby delaying, but not 
preventing, the egress of folded and peptide loaded HLA I 
molecules from the ER (4). 

US2 and US11 are the products of hCMV early genes, 
each of which is sufficient to dislocate the unassembled 
heavy chain or the heavy chain assembly with β2m but 
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Figure 1. hCMV interferes with class I MHC antigen 
presentation and inhibits cytotoxicity by CD8+ T cells and NK 
cells. HC, heavy chain; TAP, transporter associated with antigen 
presentation; ER, endoplasmic reticulum; CRT, calreticulin; Tpn, 
tapasin; β2m, β2 microglobulin. 
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Figure 2. hCMV interferes with class II MHC antigen 
presentation and inhibits CD4+ T cells. HC, heavy chain; STAT, 
signal transducers and activators of transcription. 
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interact with different sites from the ER to the cytosol, where 
they are rapidly subjected to proteasomal degradation (13, 
14). US2 results in destabilization of the HLA I heavy chain, 
but HLA-B7, HLA-Cw3 and HLA-E are insensitive to the 
US2 degradation (15-17). Previous studies indicated that the 
sensitivity to US2 is largely determined by the junction of the 
α2/α3 domain around the region comprising residues 
176~183 which account for sensitivity differences of HLA I 
locus to US2 medicated degradation (14). With the crystal 
structure data of HLA-A2-β2m-US2 complex and sequence 
alignment of the HLA I in the US2 binding site, variation in 
the α2/α3 domain ER-lumenal region of the heavy chain 
could be an explanation for the allelic specific effects of the 
US2 (14, 19). US11 encodes a type I membrane glycoprotein 
that resides in the ER and causes rapid dislocation of newly 
synthesized HLA I heavy chains from ER to the cytosol, 
where they are degraded by an N-glycanase and proteasome. 
Studies demonstrated that α1/α2 domain of the HLA 
molecules is important for the affinity of the US11 
association and cytosolic tail residues are critical to the 
degradation of the HLA molecules. However, not all HLA 
class I locus products are equally sensitive to this down- 
regulation (13, 18). Among HLA I molecules, interestingly, 
only HLA-G and HLA-E are completely insensitive to US11 
mediated down-regulation, the reason could be that the 
essential residues necessary for US11 to target should bear a 
minimum of 29 HLA I tail residues going with a favorable 
ER-lumenal region or with lysine and valine tail residues. 
This was supported by a recent report that subtle sequence 
variation among HLA-E locus product markedly influenced 
sensitivity to US11 mediated degradation, where HLA-E 

became sensitive to US11 when its cytoplasmic tail 
C-terminus extended with two additional amino acids lysine 
and valine (18).  

As mentioned above, hCMV proteins US2, US3 and 
US11 expressed on different stage of infection, form a 
delicate regulation network to decrease HLA class I cell 
surface expression. The gene products US2 and US11 
redirect nascent HLA class I heavy chains into the cytosol for 
degradation, whereas US3 retains HLA class I complex in the 
ER. All of those mechanisms result in a decreased HLA class 
I cell surface expression, rending the hCMV to escape CD8+ 
cytotoxic T lymphocyte recognition. 
 
Inhibiting TAP-dependent endogenous peptide translocation 
Transporter associated with antigen processing (TAP) 
consists of two subunits, TAP1 and TAP2, which form a 
heterodimer, playing a critical role in transportation of 
peptides. Peptides processed in the cytosol by proteasome are 
delivered to the lumen of the ER by the TAP complex, which 
is physically linked to the HLA I molecule through the ER 
resident protein tapasin, which facilitates peptide loading. 
When properly assembled and loaded with peptide, class I 
molecules are then released from ER and finally displayed at 
the cell surface in a form of “peptide-loading” trimeric 
complex (20). 

hCMV protein US6, contains a double-arginine motif, an 
ER retention signal in the C-terminal cytoplasmic domain. 
Rather than blocking peptide binding to TAP complex, US6 
inhibits the ATP binding to the subunit TAP1, but not TAP2. 
As a consequence, US6-mediated impairing TAP function 
prevents the delivery of cytosolic peptides into the ER. HLA 
complex class I molecules are thus unable to load 
TAP-dependent peptides, resulting in the retention of HLA 
class I molecules in the ER, with a consequent reduction in 
class I molecules at the cell surface (21-23). In spite of this, 
surface expression of HLA-E molecules remains unaltered 
which is in a TAP independent peptide-binding manner (24, 
25). The hCMV infected cells, therefore, are unable to 
present endogenous antigen to cytotoxic T lymphocytes 
while preserving cell surface HLA-E expression, which 
entitles the infected cells with ability to resist cytotoxic T 
lmyphocyte and NK cell lysis. 
 
Inhibition of NK cell-mediated lysis 
 
The function of NK cell is controlled by the expression of 
NK cell receptors interacting with ligands including HLA I 
molecules. Three superfamily receptors specific for HLA I 
molecules have been identified, killer cell immunoglobulin- 
like receptors (KIRs), immunoglobulin-like transcripts (ILTs) 
and C-type lectin receptors. KIRs are specific for different 
classical HLA I molecules (HLA-A, B, C) and non-classical 
HLA I molecule HLA-G. The C-type lectin complex 
CD94/NKG2A is specific for non-classical HLA I molecule 
HLA-E which requires binding of a nonamer peptide derived 
from positions 3~11 of the signal sequence of classical HLA 
I molecules and HLA-G (26). ILT receptor family is with a 

Table 1. hCMV proteins interfering with host immune 
evasion 
 
Proteins Major functions Ref 
US2 Targets HLA class I to proteasome 14, 18
US3 Retention of folded class I complexes 10, 11
US6 Blocks TAP from ER-lumenal side 20 
US10 Delay of the egress from the ER 4 
US11 Targets MHC class I heavy chains for 

degradation 
13, 16

UL16 Inhibits NK cell lysis (binding to ULBPs to 
disrupt activating receptor NKD2D) 

39 

UL18 Inhibits NK cell lysis (MHC class I 
homolog binds to inhibitory receptor ILT2)

35 

UL40 UL40 leader sequence mimics that of 
HLA-C provides signal peptide ligand for 
HLA-E 

66 

UL83 Block of protein entry into the proteasome 
to inhibit generation of antigenic peptides 

56 

UL142 Down-regulates the NKG2D receptor 
ligand MICA 

46 

IE/E product Interferes with MHC class II up-regulation 
(IFN-γ signal transduction cascade) 

73 
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broad HLA specificity (27-29). 
Viruses have evolved multiple strategies to escape CTL 

responses by interfering at different steps with the HLA class 
Ia antigen presentation pathway. Decreased expression of 
HLA class I molecules at the cell surface could make the 
target cell more susceptible to the NK cell mediated lysis. 
However, hCMV also developed additional strategies to 
counter NK cell mediated lysis. UL18 was identified as a 
HLA I homologue during the analysis of the strain AD169 
sequence and Cosman et al. for the first time, addressed that 
UL18 was specially recognized by ILT2 (30, 31). UL18, a 
348-residue type I transmembrane glycoprotein, whose 
extracellular region shares 25% amino acid sequence identity 
with the extracellular regions of human class I molecules. As 
class I HLA molecule, UL18 associates with β2m. UL18 
binds a mixture of endogenous peptides with characteristics 
similar to those of peptides eluted from class I molecules, 
that is, “anchor” residues, and a predominance of short 
peptides derived from cytoplasmic proteins (32-34).  

The HLA class I homologue UL18 is able to substitute 
for HLA I molecule function as it binds to the inhibitory 
receptor ILT2 with much higher affinity than that for HLA I 
molecules, thus even low level of UL18 could compete 
efficiently for binding, consequently, prevent NK cell lysis 
(35). ILT2 is expressed on cells other than NK cells, 
including monocytes, indicating that UL18-mediated immune 
regulation might occur at several points in the innate 
responses (36). However, studies of UL18 yielded con- 
tradictory results. Reyburn et al. have shown that lympho- 
blast cell line 721.211 transfected with the gene encodeing 
UL18 can inhibit lysis of NK cell expressing CD94/NKG2A 
receptor, indicating that the UL18 may prevent NK cell lysis 
of hCMV infected cells (37). Leong et al. using fibroblasts 
infected with either wild-type or UL18 knockout CMV virus, 
and cell lines transfected with UL18 gene, however, showed 
that expression of UL18 resulted in the enhanced killing of 
target cells and drew a conclusion that KIRs and CD94/ 
NKG2A inhibitory receptor for HLA class I do not play a 
role in affecting susceptibility of CMV-infected target cells 
to NK-mediated cytotoxicity (38). Obviously, the conclusions 
between Reyburn and Leong remain discrepant. Because the 
cell line 721.221 expressing low levels of HLA-E and -F may 
be responsible for the protection against NK cell lysis. On the 
other hand, ILT2 is expressed predominantly on a subset of 
NK cells and the leader peptide of UL18 does not conform to 
the preferred peptide bound by HLA-E. For these reasons, 
Leong suggested that Reyburn might simply select a variant 
of 721.221 expressing higher levels of the endogenous 
HLA-E protein rather than UL18 which prevent NK 
cell-mediated lysis (38). A reasonable explanation for this 
controversy rose recently that spontaneous mutations in the 
hCMV protein UL18 affect its binding to the inhibitory 
receptor ILT2 which may result in different UL18-mediated 
effects on ILT2 positive cells during the course of hCMV 
infection. 

Unlike UL18, UL16 escapes NK cell activation by 
employing disruption of NK cell activating receptor and 
ligand interaction. NKG2D is an activating receptor 

expressed on NK cells and subsets of T cells that could bind 
to the UL16-binding proteins (ULBP1~4) that are built up by 
an HLA class I-like α1 and α2 domain, but lack an α3 
domain. NKG2D also engages the stress inducible human 
MHC class I-related molecules (MICA and MICB), trans- 
membranous proteins with HLA class I-like α1, α2, and α3 
domains. Through the adaptor protein DAP10, ligation of 
NKG2D results in NK cell cytotoxicity (39-41). hCMV 
encodes the soluble form of UL16 which selectively binds to 
ULBP1, ULBP2 and MICB, but not ULBP3, ULBP4 and 
MICA (42-44). Interestingly, MICA and MICB are very 
similar by amino acid sequence and tertiary structure. 
Distinctive binding of UL16 to MICA vs MICB indicates that 
UL16 could discriminate delicate structure basis between the 
MICA and the MICB. In fact, a recent study reported 
evidence that UL16 binding to MICB is critically determined 
by residues in the MICB α2 domain and that MICA escaping 
from UL16 binding is due to its altered α2 domain (45). 
Furthermore, co-expression of UL16 strongly reduced MICB, 
ULBP1 and ULBP2 surface expression by altering the 
trafficking of the NKG2D ligand (43), consequently, 
interfered with the recognition of activating receptor NKG2D 
on NK cells. It is noteworthy that MICA could be 
down-regulated in a UL16-independent pathway. Thus, it’s 
reasonable to postulate that hCMV might utilize other gene 
products to down-regulate surface expression of the NKG2D 
ligands (such as MICA) not affected by UL16. This 
hypothesis was realized with the evidence that UL142, a 
novel hCMV-encoded HLA class I-related molecule, inhibits 
NK cell killing in a clonally dependent manner (46). UL142 
is able to down-regulate the cell surface expression of 
full-length MICA, but not the truncated and population 
prevalent allele of MICA*008 (47).  
 
Modulation of the non-classical HLA I molecule 
expression in pregnancy 
 
hCMV infection is a notorious factor for congenital disorders 
such as spontaneous abortion or pre-term delivery by 
disturbing expression of HLA class I molecules at the surface 
of placental extravillous trophoblast (EVT) cells. EVTs do 
not express HLA-A, HLA-B and HLA II molecules but do 
express an unusual combination of HLA-E, HLA-F and 
HLA-G, in addition to low levels of HLA-C. Convincing 
evidence indicated that these HLA molecules expressed on 
EVT play a key role in the fetal-maternal maintenance (48).  

HLA-G contributes to uterine and placental immune 
privilege by targeting various immune component cells and 
driving the targeted cells into immune suppressive modes, 
indicating that HLA-G plays a crucial role in the maintenance 
of the genetically semi-allograft fetal-maternal tolerance (49). 
Contrast to its roles in immunotolerance via inhibitory 
receptors such as ILT2 and ILT4, mounting evidence 
postulated that HLA-G could serve an activating functionality 
through the receptor KIR2DL4 which bears both activating 
and inhibitory motif in its structure. Interaction with 
KIR2DL4 expressed by decidual NK cells has been shown to 
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induce IFN-γ and TNF-α secretion, an antiviral cytokine in 
resting NK cells, and cytotoxicity further arised in IL-2 
activated NK cells (50-52). Similar to the classical HLA I 
molecules, HLA-G are peptide receptors presenting peptides 
derived from cellular proteins at the cell surface with a 
specific sequence motif of XI/LPXXXXXL (53). Peptide 
presentation by HLA-G expressed on the trophoblast might 
allow T cell-mediated surveillance of viral infection. HLA-G 
binds intracellular processed nonamer peptides and can serve 
as a restriction element for hCMV-derived peptides in 
transgenic mice, and the HLA-G restricted T lymphocytes 
had been reported with the hCMV derived peptide pp65 
(UL83), indicating that HLA-G can select anti-hCMV- 
restricted CTLs in vivo on the development of an antiviral 
CTL response, although the potency of this cytolytic 
response is limited (54-56).  

Information on regulation of HLA-G by hCMV encoded 
US proteins has been documented using different cell lines 
and experimental set-ups to express them independently, 
unfortunately, remains to be further elucidated. Schust et al. 
addressed that unlike HLA-A and -B, both HLA-C and 
HLA-G expressed in a human trophoblast cell line were fully 
resistant to the rapid degradation associated with US2 and 
US11 (57). Others pointed out that US2, US3 and US6 
proteins, but not US11, affect cell surface expression of 
HLA-G (19, 58), that US3 impairs maturation of newly 
synthesized HLA-G class I heavy chains, and that US6 
prevents peptide loading by blocking the TAP and thus 
inhibits the intracellular trafficking of HLA-G (58). 
Additionally, US2 was found to be able to degrade and 
down-modulate the membrane-bound HLA-G molecule 
while the US11 protein has no effect on surface expression of 
membrane-bound HLA-G (19).  

To eliminate limitations caused by particular US proteins 
for fully understanding the effects of hCMV on HLA-G 
surface expression modulation, studies in the context of viral 
infection, which ensures expression of all these US proteins, 
had been performed. Down-regulation of HLA-G in 
trophoblast following hCMV infection independent of the US 
proteins was observed (59). These data differed from results 
obtained in the choriocarcinoma cell line JEG-3 where US3 
and US6 proteins were found to down-modulate HLA-G cell 
surface expression (58). Current studies indicated that hCMV 
infection down-modulated HLA-G cell surface expression, 
but later and to a lesser extent than HLA-A2, which could be 
the result of the unique short cytoplasmic tail of HLA-G 
involving in the resistance of HLA-G to viral down- 
modulation, particularly, for efficient US11-induced 
degradation (60, 61). Opposite results have been obtained by 
Terauchi et al. who did not find any down-regulation of HLA 
I molecules at the surface of EVT (62). However, the authors 
of this study used the W6/32 mAb to detect expression of 
HLA-G which is a pan-HLA class I and can detect HLA-E, 
-F, and -C in addition to HLA-G. Therefore, it could be that 
the staining of these different HLA I molecules may have 
masked the specific labeling of HLA-G. Expression of 
HLA-G on cytotrophoblast cells down-regulation by hCMV 
could prevent interaction with uNK cell receptor KIR2DL4 

which could induce high cytotoxicity and cytokine 
production when engaging membrane-bound HLA-G, thus 
impaired uNK cell lysis and prohibited cytokine production, 
which is necessary during early pregnancy (51). 

HLA-E is the specific ligand for receptor CD94/ 
NKG2A/B, which delivers inhibitory signals to NK cells. 
HLA-E cell surface expression requires binding of a nonamer 
peptide derived from residues 3~11 of the signal sequence of 
HLA-I molecules, especially the HLA-G. Therefore, HLA-E 
expression allows NK cells to monitor expression of HLA-I 
molecule expression on cells with a consequence to control 
the function of NK cells (63, 64). After hCMV infection, 
protein US6 directly binds to the TAP, which inhibits the 
delivery of leader peptides from the cytosol to ER. Without 
the leader peptides, at the first sight, HLA-E cell surface 
expression seems impaired. However, hCMV found another 
way to escape NK lysis by producing a TAP-independent 
HLA-E ligand, UL40, which allows HLA-E expression when 
the TAP-dependent pathway is shut down (65, 66). UL40 has 
an NH2-terminal 37-amino acid signal sequence containing 
the peptide homologue to the HLA-E binding peptide. UL40 
encoded by hCMV strain AD169 includes an HLA-E ligand, 
a 9-amino acid residue, identical to the leader sequence of 
most HLA-C alleles. Strain Tolendo also has a sequence 
matched an HLA-A2 leader peptide that was known to bind 
to HLA-E (67). Therefore, hCMV protein UL40 could 
up-regulate the expression of HLA-E in a TAP-independent 
way, thus inhibit NK cell lysis with the interaction between 
HLA-E and its receptor CD94/NKG2A/B. 
 
Modulation of the HLA class II molecule 
expression  
 
The priming of HLA II-restricted CD4+ T cells by 
professional APCs is crucial for control of hCMV infection 
with respect to these cells are direct antiviral effectors and 
also provide help for maintenance of CD8+ T cell antiviral 
response. Exogenous antigen was endocytosed by antigen 
presenting cell (APC) and destroyed by the endosomal and 
lysosomal proteases into peptide fragments containing 13~18 
amino acid residues. The nascent assembled HLA II 
molecule associated with an accessory polypeptide, the 
invariant chain or Li occupied the binding groove in the ER 
where it prevents the HLA-II molecule from loading 
exogenous peptide in lumen, and directs its export through 
the Golgi apparatus to endosome, where the Li was destroyed 
by proteases to yield a fragment called CLIP bond to the 
HLA II molecules, then the CLIP is removed by the 
HLA-DM, freeing the HLA-II molecules to load peptides and 
the HLA-II/peptides complex are transported to the cell 
surface where it can be recognized by CD4+ T cells (68).  

hCMV encoded protein US2, US3, UL83 destroy the 
HLA-DR with specific pathways. US2, UL83 down-regulate 
cell surface expression of HLA-DR by accumulation of 
HLA-DR in lysosomes and degraded (69, 70). Meanwhile, 
US2 causes degradation of HLA-DM heavy chain leading to 
the dysfunction of exogenous antigen procession and 
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presentation. US3 applies a novel mechanism for evading the 
MHC class II antigen presentation by inhibition of HLA-DR 
assembly, transportation, and antigen loading (71). 

hCMV also disturbs expression of HLA II molecules by 
alternating the regulatory factors at transcription level. IFN-γ 
can efficiently induce HLA II expression (72). IFN-γ binding 
to its extracellular receptor IFN-γR causes the 
phosphorylation of the intracellular JAK1/2, which activate 
the phosphorylation of signal transducers and activators of 
transcription (STAT). The phosphorylated STAT migrates to 
the nucleus where it binds to IFN-γ activation sequence 
elements present in the promoters of class II transactivator 
(CIITA), thereby drives expression of class II molecules. In 
infected cells, proteins expressed at the immediate early and 
early phase of an hCMV infection tamper with the IFN-γ 
signaling cascade and prevent the expression of CIITA, as a 
consequence, disruption of inducible HLA class II expression 
at the transcription level (73, 74). These mechanisms, 
combined with the interruption of HLA I molecule-restricted 
antigen presentation pathway, further demonstrate the 
remarkable diversity of hCMV immunoevasive strategies. 
 
Concluding remarks 
 
hCMV has developed multiple strategies to establish long- 
term infection in hosts by encoding a series of stage- 
dependent proteins interfering with HLA molecule surface 
expression, by which hCMV could escape CTL and NK cell 
antiviral responses. Other viruses such as adenovirus, EB 
virus, HSV and even HIV virus may adopt a similar way to 
counteract the host immune attack, which is crucial for viral 
survival. The study on the viral protein and the mechanisms 
of immune modification by the infected viruses will benefits 
us in further understanding the pathogenesis of viral caused 
diseases and developing new approaches to vaccine research 
and disease therapy.  
 
Acknowledgements 
 
This work was supported by the grants from Natural Science 
Foundation of Zhejiang Province, China (Y205531, Y205575) 
and the grant from Ministry of Personnel, China. 
 
References 
 

1. de Jong MD, Galasso GJ, Gazzard B, et al. Summary of the II 
International Symposium on Cytomegalovirus. Antiviral Res. 
1998;39:141-162. 

2. Ploegh HL. Viral strategies of immune evasion. Science. 1998; 
280:249-253. 

3. Seliger B, Ritz U, Ferrone S. Molecular mechanisms of HLA 
class I antigen abnormalities following viral infection and 
transformation. Int J Cancer. 2006;118:129-138. 

4. Furman MH, Dey N, Tortorella D, Ploegh HL. The human 
cytomegalovirus US10 gene product delays trafficking of major 
histocompatibility complex class I molecules. J Virol. 2002;76: 
11753-11756. 

5. Tortorella D, Gewurz BE, Furman MH, Schust DJ, Ploegh HL. 
Viral subversion of the immune system. Annu Rev Immunol. 
2000;18:861-926. 

6. Guma M, Angulo A, Lopez-Botet M. NK cell receptors involved 
in the response to human cytomegalovirus infection. Curr Top 
Microbiol Immunol. 2006;298:207-223. 

7. Lopez-Botet M, Llano M, Ortega M. Human cytomegalovirus 
and natural killer-mediated surveillance of HLA class I 
expression: a paradigm of host-pathogen adaptation. Immunol 
Rev. 2001;181:193-202. 

8. Van Kaer L. Major histocompatibility complex class I-restricted 
antigen processing and presentation. Tissue Antigens. 2002;60: 
1-9. 

9. Ahn K, Angulo A, Ghazal P, et al. Human cytomegalovirus 
inhibits antigen presentation by a sequential multistep process. 
Proc Natl Acad Sci U S A. 1996;93:10990-10995. 

10. Jones TR, Wiertz EJHJ, Sun L, et al. Human cytomegalovirus 
US3 impairs transport and maturation of major histo- 
compatibility complex class I heavy chains. Proc Natl Acad Sci 
U S A. 1996;93:11327-11333. 

11. Misaghi S, Sun ZY, Stern P, Gaudet R, Wagner G, Ploegh H. 
Structural and functional analysis of human cytomegalovirus 
US3 protein. J Virol. 2004;78:413-423. 

12. Park B, Kim Y, Shin J, et al. Human cytomegalovirus inhibits 
tapasin-dependent peptide loading and optimization of the MHC 
class I peptide cargo for immune evasion. Immunity. 2004;20: 
71-85. 

13. Barel MT, Pizzato N, van Leeuwen D, Bouteiller PL, Wiertz EJ, 
Lenfant F. Amino acid composition of alpha1/alpha2 domains 
and cytoplasmic tail of MHC class I molecules determine their 
susceptibility to human cytomegalovirus US11-mediated down- 
regulation. Eur J Immunol. 2003;33:1707-1716. 

14. Gewurz BE, Gaudet R, Tortorella D, Wang EW, Ploegh HL, 
Wiley DC. Antigen presentation subverted: Structure of the 
human cytomegalovirus protein US2 bound to the class I 
molecule HLA-A2. Proc Natl Acad Sci U S A. 2001;98:6794- 
6799. 

15. Witrez EJ, Tortorella M, Bogyo J, et al. Sec61-mediated transfer 
of a membrane protein from the endoplasmic reticulum to the 
proteasome for destruction. Nature. 1996;384:432-438. 

16. Witrez EJ, Jones TR, Sun L, et al. The human cytomegalovirus 
US11 gene product dislocates HLA class I heavy chains from 
the endoplasmic reticulum to the cytosol. Cell. 1996;84:769- 
779. 

17. Robinson J, Waller MJ, Parham P, et al. IMGT/HLA and 
IMGT/MHC: sequence databases for the study of the major 
histocompatibility complex. Nucleic Acids Res. 2003;31:311- 
314. 

18. Barel MT, Pizzato N, Le Bouteiller P, Wiertz EJ, Lenfant F. 
Subtle sequence variation among MHC class I locus products 
greatly influences sensitivity to HCMV US2- and US11- 
mediated degradation. Int Immunol. 2006;18:173-182. 

19. Barel MT, Ressing M, Pizzato N, et al. Human 
cytomegalovirus-encoded US2 differentially affects surface 
expression of MHC class I locus products and targets 
membrane-bound, but not soluble HLA-G1 for degradation. J 
Immunol. 2003;171:6757-6765. 

20. Yang Y. Generation of major histocompatibility complex class I 
antigens. Microbes Infect. 2003;5:39-47. 

21. Ahn K, Gruhler A, Galocha B, et al. The ER-luminal domain of 
the HCMV glycoprotein US6 inhibits peptide translocation by 
TAP. Immunity. 1997;6:613-621. 

22. Hewitt EW, Gupta SS, Lehner PJ. The human cytomegalovirus 
gene product US6 inhibits ATP binding by TAP. EMBO J. 



Cellular & Molecular Immunology                                                                                 97 

Volume 4  Number 2  April 2007 

2001;20:387-396. 
23. Hengel H, Koopmann JO, Flohr T, et al. A viral ER-resident 

glycoprotein inactivates the MHC-encoded peptide transporter. 
Immunity. 1997;6:623-632. 

24. Lehner PJ, Karttunen JT, Wilkinson GWG, et al. The human 
cytomegalovirus US6 glycoprotein inhibits transporters 
associated with antigen processing-dependent peptide 
translocation. Proc Natl Acad Sci U S A. 1997;94:6904-6909. 

25. Ulbrecht M, Hofmeister V, Yuksekdag G, et al. HCMV 
glycoprotein US6 mediated inhibition of TAP does not affect 
HLA-E dependent protection of K-562 cells from NK cell lysis. 
Hum Immunol. 2003;64:231-237. 

26. López-Botet M, Llano M, Ortega M. Human cytomegalovirus 
and natural killer-mediated surveillance of HLA class I 
expression: a para digm of host-pathogen adaptation. Immunol 
Rev. 2001;181:193-202. 

27. Chapman TL, Heikeman AP, Bjorkman PJ. The inhibitory 
receptor LIR-1 uses a common binding interaction to recognize 
class I MHC molecules and the viral homolog UL18. Immunity. 
1999;11:603-613. 

28. Lepin EJ, Bastin JM, Allan DS, et al. Functional 
characterization of HLA-F and binding of HLA-F tetramers to 
ILT2 and ILT4 receptors. Eur J Immunol. 2000;30:3552-3561. 

29. Shiroishi M, Tsumoto K, Amano K, et al. Human inhibitory 
receptors Ig-like transcript 2 (ILT2) and ILT4 compete with 
CD8 for MHC class I binding and bind preferentially to HLA-G. 
Proc Natl Acad Sci U S A. 2003;100:8856-8861. 

30. Beck S, Barrell BG. Human cytomegalovirus encodes a 
glycoprotein homologous to MHC class-I antigens. Nature. 
1988;331:269-272. 

31. Cosman D, Fanger N, Borges L, et al. A novel immunoglobulin 
superfamily receptor for cellular and viral MHC class I 
molecules. Immunity. 1997;7:273-282. 

32. Chapman TL, Bjorkman PJ. Characterization of a murine 
cytomegalovirus class I major histocompatibility complex 
(MHC) homolog: comparison to MHC molecules and to the 
human cytomegalovirus MHC homolog. J Virol. 1998;72:460- 
466. 

33. Browne H, Smith G, Beck S, Minson T. A complex between the 
MHC class I homologue encoded by human cytomegalovirus 
and β2 microglobulin. Nature. 1990;347:770-772. 

34. Fahnestock ML, Johnson JL, Feldman RM, Neveu JM, Lane 
WS, Bjorkman PJ. The MHC class I homolog encoded by 
human cytomegalovirus binds endogenous peptides. Immunity. 
1995;3:583-590. 

35. Chapman TL, Heikeman AP, Bjorkman PJ. The inhibitory 
receptor LIR-1 uses a common binding interaction to recognize 
class I MHC molecules and the viral homolog UL18. Immunity. 
1999;11:603-613. 

36. Young NT, Uhrberg M, Phillips JH, Lanier LL, Parham P. 
Differential expression of leukocyte receptor complexencoded 
Ig-like receptors correlates with the transition from effector to 
memory CTL. J Immunol. 2001;166:3933-3941. 

37. Reyburn HT, Mandelboim O, Vales-Gomez M, Davis DM, 
Pazmany L, Strominger JL. The class I MHC homologue of 
human cytomegalovirus inhibits attack by natural killer cells. 
Nature. 1997;386:514-517. 

38. Leong CC, Chapman TL, Bjorkman PJ, et al. Modulation of 
natural killer cell cytotoxicity in human cytomegalovirus 
infection: the role of endogenous class I major histocom- 
patibility complex and a viral class I homolog. J Exp Med. 1998; 
187:1681-1687. 

39. Raulet DH. Roles of the NKG2D immunoreceptor and its 
ligands. Nat Rev Immunol. 2003;3:781-790. 

40. Holmes MA, Li P, Petersdorf EW, Strong RK. Structural studies 
of allelic diversity of the MHC class I homolog MIC-B, a 
stress-inducible ligand for the activating immunoreceptor 
NKG2D. J Immunol. 2002;169:1395-1400. 

41. Chalupny NJ, Sutherland CL, Lawrence WA, Rein-Weston A, 
Cosman D. ULBP4 is a novel ligand for human NKG2D. 
Biochem Biophys Res Commun. 2003;305:129-135. 

42. Welte SA, Sinzger C, Lutz SZ, et al. Selective intracellular 
retention of virally induced NKG2D ligands by the human 
cytomegalovirus UL16 glycoprotein. Eur J Immunol. 2003;33: 
194-203. 

43. Dunn C, Chalupny NJ, Sutherland CL, et al. Human cyto- 
megalovirus glycoprotein UL16 causes intracellular sequestration 
of NKG2D ligands, protecting against natural killer cell 
cytotoxicity. J Exp Med. 2003;197:1427-1439. 

44. Rolle A, Mousavi-Jazi M, Eriksson M, et al. Effects of human 
cytomegalovirus infection on ligands for the activating NKG2D 
receptor of NK cells: up-regulation of UL16-binding protein 
(ULBP)1 and ULBP2 is counteracted by the viral UL16 protein. 
J Immunol. 2003;171:902-908. 

45. Spreu J, Stehle T, Steinle A. Human cytomegalovirus-encoded 
UL16 discriminates MIC molecules by their α2 domains. J 
Immunol. 2006;177:3143-3149. 

46. Wills MR, Ashiru O, Reeves MB, et al. Human cytomegalovirus 
encodes an MHC class I-like molecule (UL142) that functions 
to inhibit NK cell lysis. J Immunol. 2005;175:7457-7465. 

47. Chalupny NJ, Rein-Weston A, Dosch S, Cosman D. Down- 
regulation of the NKG2D ligand MICA by the human 
cytomegalovirus glycoprotein UL142. Biochem Biophys Res 
Commun. 2006;346:175-181. 

48. Schust DJ, Tortorella D, Ploegh HL. HLA-G and HLA-C at the 
feto-maternal interface: lessons learned from pathogenic viruses. 
Semin Cancer Biol. 1999;9:37-46. 

49. Hviid TV. HLA-G in human reproduction: aspects of genetics, 
function and pregnancy complications. Hum Reprod Update. 
2006;12:209-232. 

50. Yan WH, Fan LA. Residues Met76 and Gln79 in HLA-G α1 
domain involve KIR2DL4 recognition. Cell Res. 2005;15:176- 
182. 

51. Yan WH, Lin A, Chen BG, et al. Possible roles of KIR2DL4 
expression on uNK cells in human pregnancy. Am J Reprod 
Immunol. 2007;57:233-242. 

52. van der Meer A, Lukassen HG, van Lierop MJ, et al. Membrane- 
bound HLA-G activates proliferation and interferon-γ 
production by uterine natural killer cells. Mol Hum Reprod. 
2004;10:189-195. 

53. Diehl M, Munz C, Keilholz W, et al. Nonclassical HLA-G 
molecules are classical peptide presenters. Curr Biol. 1996;6: 
305-314. 

54. Horuzsko A, Antoniou J, Tomlinson P, Portik-Dobos V, Mellor 
AL. HLA-G functions as a restriction element and a 
transplantation antigen in mice. Int Immunol. 1997;9:645-653. 

55. Schmidt CM, Garrett E, Orr HT. Cytotoxic T lymphocyte 
recognition of HLA-G in mice. Hum Immunol. 1997;55:127- 
139. 

56. Lenfant F, Pizzato N, Liang S, Davrinche C, Le Bouteiller P, 
Horuzsko A. Induction of HLA-G-restricted human cytomegalo- 
virus pp65 (UL83)-specific cytotoxic T lymphocytes in HLA-G 
transgenic mice. J Gen Virol. 2003;84:307-317. 

57. Schust DJ, Tortorella D, Seebach J, et al. Trophoblast class I 
major histocompatibility complex (HLA) products are resistant 
to rapid degradation imposed by the human cytomegalovirus 
(HCMV) gene products. J Exp Med. 1998;188:497-503. 

58. Jun Y, Kim E, Jin M, et al. Human cytomegalovirus gene 



98                                                Modulation of HLA Expression in Human Cytomegalovirus Immune Evasion 

Volume 4  Number 2  April 2007 

products US3 and US6 down-regulate trophoblast class I MHC 
molecules. J Immunol. 2000;164:805-811. 

59. Fisher S, Genbacev O, Maidji E, Pereira L. Human cyto- 
megalovirus infection of placental cytotrophoblasts in vitro and 
in utero: implications for transmission and pathogenesis. J Virol. 
2000;74:6808-6820. 

60. Pizzato N, Garmy-Susini B, Le Bouteiller P, Lenfant F. 
Down-regulation of HLA-G1 cell surface expression in human 
cytomegalovirus infected cells. Am J Reprod Immunol. 2003; 
50:328-333. 

61. Pizzato N, Garmy-Susini B, Le Bouteiller P, Lenfant F. 
Differential down-modulation of HLA-G and HLA-A2 or -A3 
cell surface expression following human cytomegalovirus 
infection. J Reprod Immunol. 2004;62:3-15. 

62. Terauchi M, Koi H, Hayan C, et al. Placental extravillous 
cytotrophoblast persistently express class I major histo- 
compatibility complex molecules after human cytomegalovirus 
infection. J Virol. 2003;77:8187-8195. 

63. Lee N, Goodlett DR, Ishitani A, et al. HLA-E surface expression 
depends on binding of TAP-dependent peptides derived from 
certain class I sinnal sequences. J Immunol. 1998;160:4951- 
4960. 

64. Braud VM, Allan DS, O’Callaghan CA, et al. HLA-E binds to a 
natural killer cell receptors CD94/NKG2A, B and C. Nature. 
1998;391:795-799. 

65. Braud VM, Tomasec P, Wilkinson GW. Viral evasion of natural 
killer cells during human cytomegalovirus infection. Curr Top 
Microbiol Immunol. 2002;269:117-129. 

66. Ulbrecht M, Martinozzi S, Grzeschik M, et al. Cutting edge: the 
human cytomegalovirus UL40 gene product contains a ligand 
for HLA-E and prevents NK cell-mediated lysis. J Immunol. 

2000;164:5019-5022. 
67. Tomasec P, Braud VM, Rickards C, et al. Surface expression of 

HLA-E, an inhibitor of natural killer cells, enhanced by human 
cytomegalovirus gpUL40. Science. 2000;287:1031-1033. 

68. Wolf PR, Ploegh HL. How MHC molecules acquire peptide 
cargo: biosynthesis and trafficking through the endocytic 
pathway. Annu Rev Cell Dev Biol. 1995;11:267-306. 

69. Odeberg J, Plachter B, Branden L, Soderberg-Naucler C. 
Human cytomegalovirus protein pp65 mediates accumulation of 
HLA-DR in lysosomes and destruction of HLA-DR α-chain. 
Blood. 2003;101:4870-4877. 

70. Tomazin R, Boname J, Hegde NR, et al. Cytomegalovirus US2 
destroys two components of the MHC class II pathways, 
preventing recognition by CD4+ T cells. Nat Med. 1999;5: 
1039-1043. 

71. Hegde NR, Tomazin RA, Wisner TW, et al. Inhibition of 
HLA-DR assembly, transport, and loading by human cyto- 
megalovirus glycoprotein US3: a novel mechanism for evading 
major histocompatibility complex class II antigen presentation. J 
Virol. 2002;76:10929-10941. 

72. Boss JM. Regulation of transcription of MHC class II genes. 
Curr Opin Immunol. 1997;9:107-113. 

73. Miller DM, Rahill BM, Boss JM, et al. Human cytomegalovirus 
inhibits major histocompatibility complex class II expression by 
disruption of the Jak/Stat pathway. J Exp Med. 1998;187:675- 
683. 

74. Miller DM, Zhang Y, Rahill BM, Waldman WJ, Sedmak DD. 
Human cytomegalovirus inhibits IFN-α stimulated antiviral and 
immunoregulatory responses by blocking multiple levels of 
IFN-α signal transduction. J Immunol. 1999;162:6107-113. 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


