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Immune evasion strategies are thought to contribute to suc-
cessful persistence of viruses in the infected immunocompetent
host, delaying elimination of the infected cell long enough to
enable the virus to replicate. Exemplary in this context are
herpesviruses, which are carried as persistent infections by the
vast majority of adults (65).

Immune evasion strategies have been identified for mem-
bers of all three subfamilies, for example, herpes simplex
virus (HSV; an alphaherpesvirus), human cytomegalovirus
(HCMV; a betaherpesvirus), and Epstein-Barr virus (EBV;
a gammaherpesvirus). In the infected cell, herpesviruses use
general evasive approaches, such as blocking the induction
of programmed cell death and shutting down host protein
synthesis (65). In addition, herpesviruses specifically perturb
recognition by virus-specific T cells, among others. To this
end, herpesviruses appear to exploit a combination of char-
acteristics. First, they are able to establish a latent state of
infection, in which exposure of viral antigens to the immune
system is limited due to an expression profile that is greatly
restricted both in the amount and in the copy number of the
viral genes expressed. This strategy forces antiviral CD4�

and CD8� T cells directed against, for instance, EBV latent
antigens (17) to always operate at their detection limit.
Second, herpesviruses dedicate part of their genomes to
functions that modulate immune recognition, suppressing
antiviral detection and elimination mechanisms. Most spe-
cific immune evasion strategies described to date allow vi-
ruses to escape from major histocompatibility complex
(MHC) class I-restricted cytotoxic T cells. As reviewed pre-
viously, every step of the class I processing and presentation
pathway appears to be thwarted by one or more herpesvi-
ruses (4, 47, 80, 87, 89). In contrast, much less is known
about viral interference with MHC class II-restricted im-
mune responses; in the following sections, we will therefore
discuss recent developments in this field, with an emphasis
on the human herpesviruses.

INDICATIONS FOR HERPESVIRUS INTERFERENCE
WITH HLA CLASS II PRESENTATION

TO T-HELPER CELLS

Expression of MHC (HLA in humans) class II molecules is
generally limited to cells with a specialized role in antigen
presentation, although other cell types can be induced to ex-
press them—by gamma interferon (IFN-�), for instance. At
the cell surface, mature MHC class II complexes present pep-
tide epitopes to T-cell receptors (TCR) on CD4� T-helper
cells (16). T-helper cells play a central role in antiviral immu-
nity: they are essential for the induction and maintenance of
effective CD8� T-cell immunity (8), provide help for humoral
immune responses, and can exert cytotoxic activity. Direct kill-
ing by CD4� T cells has now been shown to play an important
role in protective immunity against many herpesviruses (3, 6,
15, 20, 26, 27, 30, 45, 68, 70, 73, 85).

In view of the importance of MHC class II-restricted T cells,
herpesviruses might also corrupt this part of the immune sys-
tem. Indeed, the last years have revealed indications of down-
regulated HLA class II surface expression and/or reduced
CD4� T-cell recognition for cells expressing herpesvirus-en-
coded gene products, and these will be described in detail
below.

Most HLA class II immunoevasins are expected to be ex-
pressed during productive infection, because transmission of
herpesviruses to another host requires the production of in-
fectious virions through a replicative cycle, involving the syn-
thesis of a vast array of potential viral antigens (80 to 200 viral
proteins are synthesized, depending on the herpesvirus spe-
cies) (65). Studies on immune evasion strategies in full viral
context are greatly influenced by the availability of an appro-
priate in vitro culture system that allows efficient viral infec-
tion. In this respect, there are major differences among mem-
bers of the herpesvirus family. Infection of certain cell types
with alpha- or betaherpesviruses, such as HSV and HCMV,
can result in full lytic virus replication. This has led to the early
observations of, for instance, reduced surface expression of
HLA class II complexes on the surfaces of cells supporting
productive infections with HCMV (11, 56, 57) and HSV type 1
(HSV-1) (81).

In contrast, gammaherpesvirus infection in vitro generally
results in latent gene expression (with concomitant growth
transformation). Recently, in vitro systems that enable analysis
at the single-cell level and/or enrichment for cells that have
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entered the replicative cycle have been developed for two
human gammaherpesviruses (22, 62). Using such systems, im-
mune evasion strategies, including those targeting HLA class
II-restricted T-cell activation, can now be explored for cells
undergoing replication of these gammaherpesviruses. Thus, in
cells supporting lytic EBV replication, a reduction in the sur-
face display of HLA class I and class II complexes has become
apparent (35, 62). Still, data have not always been consistent in
that, for instance, some groups have not been able to confirm
the abovementioned downregulation of HLA class II at the
surfaces of cells expressing HCMV gene products (82) or pro-
ductively infected by EBV (40). Inhibition of the synthesis or
assembly of MHC class I and class II complexes does not
quickly alter their surface levels. Still, the presentation of viral
antigens by newly synthesized MHC molecules may be inhib-
ited despite normal surface expression of these molecules.
MHC molecules present at the cell surface, but dating from
before virus infection, do not contain viral peptides and are
therefore not recognized by virus-specific T cells. The use of
cell lines that (stably) express the viral protein(s) of interest is
more likely to present a clear phenotype and, accordingly, has
been essential in elucidating the mechanisms underlying most
known immunomodulatory functions of herpesviruses.

All in all, cellular expression systems are used differently in
studies addressing viral immune evasion strategies, and this has
an important impact on the results observed. Despite this fact,
the combined data point toward specific viral modulation of
antigen presentation in the context of HLA class II. The dis-
ruption of HLA class II-restricted antigen presentation to T-
helper cells appears to occur at various levels (described in
detail below). We will first discuss posttranslational interfer-
ence with assembly and trafficking of newly synthesized class II
complexes, as this affects both constitutive and IFN-�-induced
expression of HLA class II. Other mechanisms of herpesvirus-
induced class II evasion will be dealt with thereafter.

PROCESSING AND PRESENTATION OF VIRAL
ANTIGENS IN THE CONTEXT OF HLA CLASS II

To permit an easy understanding of the specific mechanisms
viruses have for perturbing HLA class II-restricted immune
recognition, normal antigen processing and presentation has
been summarized in Fig. 1. Mature HLA class II molecules are
composed of �� heterodimers loaded with peptide (16, 59). In
the endoplasmic reticulum (ER), newly synthesized class II �
and � chains associate with the invariant chains (Ii). Signals in
the cytoplasmic tail of the Ii direct ��Ii complexes from the
trans-Golgi network toward acidic compartments. Proteases
within these compartments cleave the Ii chain to enable pep-
tide binding within the HLA class II peptide-binding groove.
The process of peptide editing is aided by the class II-like
chaperones HLA-DM and HLA-DO. Stable HLA class II ��
peptide complexes then proceed from the MHC class II load-
ing compartment to the cell surface, where they can be recog-
nized by specific CD4� T-helper cells. Peptides presented in
the context of HLA class II are generally derived from exog-
enous antigens that enter the endocytic pathway by phagocy-
tosis or receptor-mediated endocytosis and are degraded by
endolysosomal proteases. In this way, fragments of virus-in-
fected cells are taken up by dendritic cells (DC) for cross-

presentation. In addition, transmembrane and ER-lumenal/
secreted proteins enter the sites of antigen processing for class
II presentation. Viral envelope proteins, including the HCMV
glycoprotein B (gB), which travels through the endosomal
pathway as part of the virion assembly process, are examples of
antigens that follow this route (19, 27).

Finally, the routes by which access can be gained into the
different HLA pathways are not so strict: peptides from newly
synthesized cytosolic proteins can also enter the vesicular com-
partments to associate with HLA class II. Although this route
of direct presentation is potentially less efficient, recent exper-
imental data point toward effective HLA class II-restricted
presentation of several virus-derived cytosolic antigens, such as
HCMV IE1 (41) and EBV EBNA1 (45, 54, 86). Autophagy
was presented to provide a mechanism through which cytosolic
EBNA1 gains access to the endocytic HLA class II antigen
presentation pathway (58).

Processing of viral proteins via the MHC class I and class II
pathways ultimately results in the presentation of viral antigens
to the immune system during latency and, in particular, during
the replicative phase of herpesvirus infection. As a result, T-
cell responses against a variety of herpesvirus-encoded pro-
teins are observed. Nevertheless, these viruses cannot be elim-
inated from the host, indicating that they have acquired highly
effective escape mechanisms to elude the immune response.

HERPESVIRUS GENE PRODUCTS THWARTING
HLA CLASS II ASSEMBLY AND SURFACE
EXPRESSION POSTTRANSLATIONALLY

HCMV US2, US3, and pp65 (UL83). Research on the down-
regulation of HLA molecules on the surfaces of infected cells
has revealed the involvement of HCMV gene products en-
coded in the US2-11 region (34). Among the viral proteins
accounting for HLA class I downregulation is US2, which is
expressed at early times of infection and was found to induce
rapid proteasomal degradation of nascent HLA class I heavy
chains following dislocation from the ER membrane into the
cytoplasm (88). By expressing US2 in HLA class II� cell lines,
Tomazin et al. (79) found that US2 was also capable of inhib-
iting class II expression. Immunoprecipitation studies showed
that the HLA-DR �-chain (HLA-DR�) was rapidly degraded
by proteasomes in US2-expressing cells, while levels of DR�
and Ii remained largely unaffected. The C-terminal domain of
US2 plays an essential role in the degradation process, possibly
by recruiting the AAA ATPase complex cdc48/p97 into the
ER-associated degradation complex (13, 14). Guided by the
partial homology of HLA-DM chains with HLA-DR chains,
DM� was also found to be degraded in US2-expressing cells,
while DM� was unaffected compared to the controls. It is
somewhat surprising to find that one gene product can bind to
structures which share only a limited number of structural
features. The shared immunoglobulin domains can be ex-
cluded on the basis that they are also found in HLA-DR� and
�2-microglobulin. Therefore, the authors proposed that US2
binds the �1 domain distal to the membrane on HLA-DR�,
-DM�, and class I heavy chains, in addition to the US2-binding
region identified in the �2-�3 junction of class I heavy chains
(21). Finally, IFN-� production by T cells, specific for an ex-
ogenous antigen presented by HLA class II, was reduced to
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20% to 30% when the antigen-presenting cells (APC) ex-
pressed US2 (79). The latter observation provides evidence
that the disruption of HLA class II assembly by US2 has
functional effects in vitro. The effects of US2 on HLA class II
locus products were observed in a variety of cell lines, including
biologically relevant epithelial cells (28).

Another HCMV gene product, US3, stably binds developing
HLA class II �� complexes in the ER, effecting the displace-
ment of Ii, whose association with �� complexes was reduced
three- to fourfold in US3-expressing cells compared with US3-
negative controls (29). Furthermore, US3 was not found in the
��Ii complexes that did exist. The subsequent trafficking of

HLA class II complexes is determined by various sequences
present in Ii. Complexes binding US3 instead of Ii appeared to
make normal progress to the Golgi apparatus but seemed to be
unable to proceed effectively to the acidic loading compart-
ments, indicating that the binding of US3 results in mislocal-
ization of HLA class II molecules. In this way, US3 was dem-
onstrated to cause downregulated expression of HLA class II
at the cell surface.

The HCMV-encoded IE gene UL83 product pp65 has been
identified as the third HLA class II-downregulating protein
(11, 56, 57). Whereas late-stage inhibition of HLA class II (4
days postinfection) appeared to be dependent primarily on

FIG. 1. Herpesvirus downregulation of HLA class II expression. Posttranscriptional interference: HCMV US2-mediated dislocation and
subsequent degradation of HLA-DR� and DM� (A) results in decreased formation of HLA class II-Ii complexes in the ER and impaired loading
of HLA class II with peptide downstream from the Golgi apparatus. Displacement of Ii by HSV gB (B) results in impaired peptide loading. HCMV
US3 (C) causes retention of HLA class II-Ii complexes in the Golgi apparatus while HCMV pp65 (D) targets HLA class II complexes to abnormal
perinuclear lysosomes. HLA class II-TCR interactions are inhibited by EBV gp42 (E). Other gene products of note are HSV �34.5 and UL41,
which act by an unknown mechanism (consequently, not shown). Pretranscriptional interference (affecting IFN-�-induced expression only):
interference with the function of IFN-�-associated signaling molecules occurs during infection with HCMV (Jak1 [F]), HSV-1 (STAT1, STAT2,
and Jak1 [F]), and also VZV (STAT1� and Jak2 [G]). Further inhibition occurs downstream at the level of CIITA promoter IV during HCMV
infection (H). The EBV BZLF1 gene product decreases the levels of IFN-� receptor �, thereby shutting down the entire IFN-�-induced CIITA
signaling cascade (I). HLA II, HLA class II; TGN, trans-Golgi network; RFX, regulatory factor x; ATF, activating transcription factor; IRF-1, IFN
regulatory factor 1; USF-1, upstream stimulatory factor 1.
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products of the HCMV US2-11 gene cassette, early inhibition
(1 day postinfection) was found independent of viral replica-
tion, indicating that a structural component of the virus might
be responsible (57). Odeberg et al. characterized the causative
agent of the early phase of HLA class II downregulation as
involving pp65 in cells infected with wild-type HCMV, because
the effect was absent during infection with a pp65 knockout
strain (56). Transcription of HLA-DR was unaffected, but the
newly formed HLA class II complexes trafficked into perinu-
clear lysosomes, where the HLA-DR� chain was degraded
(56). This result fits well with earlier observations that HCMV
interferes with the trafficking of HLA class II molecules en
route to the cell surface (11). Since Ii expression was not
altered and colocalized with HLA class II in the infected
cells, an HCMV-induced lesion in Ii-dependent trafficking
was unlikely. Rather, HLA class II complexes remained
sequestered in the peptide-loading compartments, and these
compartments adopted an abnormal perinuclear distribu-
tion. Interestingly, in this context, HCMV was suggested to
disrupt cytoskeletal trafficking of vesicles (18). Whether this
altered cytoskeletal transport can indeed explain the un-
usual localization of the HLA class II-loading compartments
merits specific investigation.

HSV-1 gB. Trgovcich et al. (81) observed that productive
infection with HSV-1 resulted in a twofold reduction of HLA
class II surface expression compared to mock-infected cells.
HSV-1 infection did not markedly affect the total amount of
HLA class II proteins, but this is likely related to the long
half-life of these molecules. Although the mechanism for class
II downregulation for HSV-1-infected cells remains elusive,
work using deletion mutants suggested involvement of the
UL41 gene product and the �134.5-infected cell protein (81).
Some caution should, however, be taken in interpreting these
results, since �134.5 deletion mutants do not replicate well.
Given the strong host shutoff function of UL41 in HSV-1
affecting cellular protein synthesis, UL41 could well account
for a generalized block to class II presentation. A single report
(55) suggests that HSV-1 gB specifically impairs peptide load-
ing of HLA class II complexes but, in view of the substantial
effects of HSV infection on the organization of cellular or-
ganelles and trafficking of membrane proteins, it is difficult to
separate these generalized effects from potential specific ef-
fects on HLA class II.

EBV gp42. Surface expression of HLA class II molecules has
been shown to be downregulated on B cells that have entered
the lytic cycle of EBV replication (35, 62). As yet, no molecular
mechanism has been elucidated that explains this phenomenon
at a molecular level.

Without affecting the levels of surface HLA class II expres-
sion, EBV gp42, encoded by the BZLF2 open reading frame,
has been shown to interfere with HLA class II-restricted anti-
gen presentation (63, 64, 75). As a viral envelope protein, gp42
was identified to act as a cofactor for B-cell infection by bind-
ing to its cellular receptor, HLA class II (43, 44, 75). Another
function of EBV gp42 appears to be the impairment of antigen
presentation in the context of HLA class II (63, 64, 75). En-
dogenous expression of gp42 in cells resulted in the formation
of gp42:HLA-DR�� peptide complexes and inhibition of
CD4� T-helper cells specific for various antigens. By using
HLA-DR tetramers to directly visualize TCR-class II interac-

tions, the mechanism of immune evasion mediated by EBV
gp42 was demonstrated to rely on blockage of TCR engage-
ment. A superimposition of the crystal structures of gp42:
HLA-DR1 and TCR:HLA-DR1 revealed a steric clash be-
tween gp42 and the TCR V� domain (63). Furthermore, in an
analysis of the biosynthesis and maturation of gp42 in cells
stably expressing the viral protein, gp42 was found in two
forms: a full-length type II membrane protein and a truncated
soluble form (64). The soluble form, s-gp42, is generated by
proteolytic cleavage in the ER and is secreted. s-gp42 is suffi-
cient to inhibit HLA class II-restricted antigen presentation to
T cells. In an almost pure population of B cells in the lytic EBV
cycle, both transmembrane and soluble forms of gp42 are de-
tected. These results imply that s-gp42 is generated during lytic
EBV infection and could contribute to undetected virus pro-
duction by mediating evasion from T-cell immunity (64). The
EBV gp42-mediated interference with TCR interactions rep-
resents a new theme in viral perturbation of HLA class II-
restricted immune responses and merits further investigation
with other members of the herpesvirus family.

VIRAL INTERFERENCE WITH IFN-�-INDUCIBLE
HLA CLASS II EXPRESSION

While professional APC, such as DC, macrophages, B cells,
and thymic epithelial cells, constitutively express HLA class II
molecules, other cell types, including epithelial and endothelial
cells, may be stimulated to express HLA class II molecules by
various cytokines, most notably IFN-�. Expression of HLA
class II molecules is exquisitely controlled at the transcrip-
tional level, through the class II transactivator (CIITA) that
exhibits cell-specific, cytokine-inducible, and differentiation-
dependent expression (7, 78, 84) (Fig. 1).

Because CIITA is a master regulator of HLA class II gene
transcription, it represents an ideal target for pathogens trying
to evade the immune system. Indeed, HCMV, HSV-1, and
varicella-zoster virus (VZV), among others, have evolved sev-
eral pathways to alter the (IFN-�-induced) HLA class II gene
transcription, as summarized in Fig. 1 (1, 2, 12, 42, 48, 49, 69,
90). Although no single responsible viral gene product has
been identified yet, these herpesviruses appear to affect more
general target(s) upstream of CIITA expression and, thus, the
effects will be far reaching, beyond HLA class II regulation.

So far, productive EBV infection has not been shown to
directly corrupt inducible HLA class II gene transcription.
However, cellular expression of a single EBV gene product,
the IE transactivator BZLF1, disrupted the IFN-� signaling
pathway, thereby preventing IFN-�-induced HLA class II sur-
face expression (51). Mechanistically, BZLF1 was shown to
decrease the cellular level of the ligand binding subunit of the
IFN-�R (IFN-�R�), thereby abrogating cellular responses to
IFN-� in cells expressing BZLF1 (Fig. 1I). Since a transcrip-
tional block to all IFN-�-inducible HLA class II expression
would shut down the activation of T-helper cells required to
initiate an immune response, these results suggest a mecha-
nism by which EBV may escape early antiviral immune re-
sponses during primary infection.
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IL-10

Cellular interleukin 10 (IL-10) is known for its capacity to
suppress expression of (among others) HLA class II complexes
on human monocytes by preventing their progress from the
loading compartment to the cell surface (36). A very interest-
ing observation in herpesvirus immunobiology has been the
identification of genes coding for viral IL-10 homologues
within the genomes of HCMV, EBV, rhesus CMV, and murine
CMV (MCMV) (38, 66). Indeed, the HCMV IL-10 homo-
logue (cmvIL-10) is capable of instigating downregulated
HLA class I and class II expression on monocytes (74).
Similarly, the EBV BCRF-1 open reading frame product
downregulates HLA class II expression (both constitutive
and IFN-� induced) as well as that of HLA-I, CD80/CD86,
ICAM-1 (66), and TAP1 (91).

In this context, considerable knowledge is available to date
for MCMV. Downregulation of MHC class II expression in
MCMV-infected macrophages is achieved at least in part by
the generation of IL-10 (61). Within 24 h of infection, deple-
tion of constitutive cell surface MHC class II was observed with
murine macrophages both in vitro and in vivo. This result was
supported by the observation that macrophages from IL-10-
deficient mice displayed elevated levels of MHC class II ex-
pression, although it is important to realize that IL-10-deficient
mice are known to also have higher serum levels of IFN-� than
normal mice (39). The immediacy of this observed effect is
important. In normal immune responses, the production of
IL-10 occurs late in infection, and it is generally thought that it
functions to damp down the response and thus prevent the
development of immunopathology. If, however, this powerful
cytokine is induced almost immediately postinfection, it will
tend to prevent the mounting of an effective immune response
by acting on numerous components of the immune system,
such as by inhibiting of the production of inflammatory cyto-
kines.

All in all, the induction of (viral) IL-10 upon herpesvirus
infection has broader implications than its effects on MHC
class I and class II expression alone.

IMPLICATIONS FOR ANTIGEN PRESENTATION OF
HOST PROTEIN SYNTHESIS SHUTOFF UPON

HERPESVIRUS INFECTION

In addition to immune evasion strategies specifically affect-
ing components of the cellular antigen processing and presen-
tation machinery, more general mechanisms of preventing im-
mune recognition may be encountered. Alphaherpesviruses,
for example, encode “virion host shutoff” proteins causing a
global shutdown of synthesis of host proteins (12, 23, 37, 72, 76,
77), including MHC molecules and proinflammatory cytokines,
thereby blunting antiviral immunity. Only recently, de novo
synthesis of host cell proteins has been found to also be inhib-
ited by gammaherpesviruses (Kaposi’s sarcoma-associated her-
pesvirus [22] and EBV [65a]). In contrast, betaherpesviruses so
far appear to lack a generalized shutoff function (50, 92). Thus,
interference with MHC-restricted T-cell recognition may rely
in part on more broadly acting mechanisms, like the (virion)
host shutoff that is present in alpha- and gammaherpesviruses.

HLA class II downregulation in context. The gene products
mentioned may represent just the tip of the iceberg that con-
stitutes the array of herpesvirus gene products with significant
effects on the immune response to infection. In addition,
downregulation of HLA class II must not be considered in
isolation. At the molecular level, HLA molecules form only
one element in the immunological synapse formed between a
T cell and an APC. Other players of this highly elaborate
signaling complex include CD80 (B7.1), CD86 (B7.2), and
adhesion molecules such as CD54 (ICAM-1). Unfortunately,
studies that examine the effects of herpesvirus infection on
these molecules are limited. CD80, CD86, and ICAM-1 appear
to be downregulated by HSV-2, EBV, and HCMV (31, 33, 66).
Morrow et al. (52) observed CD80/CD86 downregulation with
VZV infection. Kaposi’s sarcoma-associated herpesvirus K5
was capable of downregulating ICAM-1 and CD86 (32). Var-
ious trafficking defects, affecting not only viral proteins but also
other vesicular transport systems, provide grounds for the hy-
pothesis that members of the herpesvirus family might be ca-
pable of interfering with cytoskeleton formation and rear-
rangement, such as altering formation of the immunological
synapse (18). This would provide a powerful mechanism by
which the virus could interfere with an extremely wide range of
immunological signaling interactions.

An essential interaction that is potentially affected by im-
mune synapse disruption is that between the DC and naı̈ve
CD4� T cells. Unfortunately, the available data on the per-
missiveness of DC to infection with different herpesviruses as
well as the data on the phenotypes induced are, at times,
contradictory. Maturation defects have been reported for DC
infected by HCMV, EBV, and HSV-1 (25, 53, 60). Interest-
ingly, the deletion of the host shutoff gene, UL41, from HSV-1
restored full maturation of DC upon infection with the mutant
virus (67).

Improper DC–T-cell interactions can result in (functional)
deletion of T cells, but also in immune deviation, since the
immunological synapse between the DC and T cell instructs
the differentiation pathway of a T-helper 0 (Th0) cell (46). In
this respect, herpesvirus-encoded IL-10 homologues may take
on a special importance. First, IL-10 production by DC could
tend to promote Th2 immune deviation, which is counterpro-
ductive in herpes infections. Second, autocrine effects of viral
IL-10 suppressing cytokine production by DC may cause reg-
ulatory T-cell responses to be induced (46).

Cross-presentation of viral antigen may overcome inhibitory
effects on DC function induced endogenously upon herpesvi-
rus infection. In this scenario, however, DC function can still
be attenuated by secreted factors, such as IL-10 homologues
and HCMV-induced TGF-�1 (5), inhibiting DC maturation.
Along this line, HCMV-infected DC also exhibit depressed
responses to the chemoattractant factors RANTES, MIP-1,
and MIP-3� (24). Thus, modulation of DC function appears to
represent an attractive strategy for viral evasion; still, the im-
portant targets may turn out to be host cytokines/chemokines
or their receptors.

Why interfere with HLA class II antigen presentation?
Given the essential role of CD4� T cells in antiviral immunity,
combining the licensing of CD8� T cells and B cells (8) with
direct cytolytic potential (3, 6, 10, 15, 20, 26, 27, 30, 68, 70, 71,
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73, 83, 85), it appears profitable for herpesviruses to (tempo-
rarily) impair HLA class II-restricted T-cell recognition.

To appreciate the relevance of HLA class II evasion, viral
tropism should be considered. For instance, escape from
CD4� T-cell immunity is particularly relevant for viruses, such
as EBV, that infect HLA class II� host B cells. Likewise,
HCMV infects cells that have class II constitutively expressed
at high levels, such as monocytes and DC. HCMV and HSV-1,
however, might not fully block antigen presentation in these
professional APC. Yet these viruses also infect other cell types,
such as epithelial cells and, in the case of HCMV, endothelial
cells, in which class II expression can be induced. HCMV and
HSV-1, among others, inhibit the induction of class II (12, 42,
48, 69, 90). In epithelial and endothelial cells, class II expres-
sion is generally lower than the constitutive expression on
professional APC. Thus, evasion of class II presentation may
be more effective in epithelial and endothelial cells, which are
major cell types for infection in vivo.

In vivo evidence for a critical role of CD4� T cells in the
control of herpesvirus infection is provided by clinical experi-
ences with AIDS and posttransplantation immunosuppression.
Studies of renal transplant patients have revealed that while
the CD8� T cell is the dominant component in response to
primary HCMV infection, it is the CD4� T cell that is found
most abundantly among long-term HCMV seropositive pa-
tients (71). Bitmansour et al. (9) proposed that there exists a
threshold (determined by the number, function, and frequency
of CD4� clonotypes) below which the CD4� T-cell response
against HCMV is inadequate, leading to reactivation of latent
disease foci and the development of end-organ disease.

Studies using mice show the critical role for CD4� T cells in
controlling chronic infection with murine gammaherpesvirus
68 (10, 15, 73). A similar function for human CD4� T cells in
maintaining anti-EBV immunity is suggested by the increased
EBV-related morbidity observed for AIDS patients with re-
duced CD4� T-cell counts (83). Several recent studies under-
score the relevance of cytolytic CD4� T cells in the control of
EBV infection (3, 30). In conclusion, HLA class II-restricted
CD4� T-cell immunity forms an important antiviral response
that herpesviruses need to withstand.

CONCLUSION

In summary, recent studies have demonstrated the capacity
of HSV-1, HCMV, EBV, and other herpesviruses to down-
regulate surface expression of HLA class II molecules. A num-
ber of gene products responsible for specific effects have been
identified. The mechanisms by which this downregulation is
achieved are diverse and embrace both constitutive and IFN-
�-induced HLA class II expression. In addition, general strat-
egies including host shutoff have effects on T-helper cell im-
munity. Together, these strategies are likely to aid the escape
of herpesviruses from direct CD4� T-cell recognition and also
to attenuate antiviral CD8� T-cell immunity and antibody re-
sponses by preventing stimulation of the HLA class II-re-
stricted T-helper cell subset.
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