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Toll-like receptors (TLR), the main class of immune-sensor molecules triggering the innate immunity pathways,
are known to be involved in the infection of different RNA and DNA viruses, including herpesviruses. Human cy-
tomegalovirus (HCMYV) is a widespread human beta-herpesvirus that infects 80—90 % of the world’s population
and it can cause severe and even fatal diseases in immunocompromised patients and it is also responsible for birth
defects as a consequence of congenital infection. Aim of this review is to discuss the existing data regarding the
role of TLRs in HCMV concentrating mainly on TLR4. A better understanding in this relationship could be ex-
ploited for the development of efficient early diagnosis methodologies and anti viral therapies.
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Human cytomegalovirus. Human cytomegalovirus
(HCMV) is a ubiquitous and widespread herpesvirus
which infects the majority of the population during ear-
ly childhood and establishes a lifelong relationship with
its host as a latent virus [1]. Diseases can result from either
primary infection or reactivation from latency. Although
primary infection of healthy individuals is usually asym-
ptomatic, it can cause birth defects following congenital
infection or lead to severe and even fatal diseases in
«at-risk» categories of individuals, such as transplant
patients, HIV-infected subjects and patients with can-
cer [2-7].

Moreover HCMV has been associated also to other
diseases such as tumors, atherosclerotic processes, car-
diovascular pathologies and autoimmune diseases [4,
8—10]. The association of HCMYV to such a broad range
of clinical features is supported by its ability to infect
many cell types in vivo including different immune sys-
tem effectors, such as myeloid progenitors, dendritic
cells, monocytes and macrophages [5, 11-13]. In parti-
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cular the monocyte-macrophage system represents not
only an important site of latency (monocytes) but also a
way exploited by the virus to disseminate into host tis-
sues (macrophages) [14, 15]. Another striking characte-
ristic of HCMV is its prominent capacity to counteract
host defense mechanisms, mainly by interfering with
intracellular signalling and inducing the transcription
of cellular genes involved in the modulation of innate
immunity, the inhibition of apoptosis and the cell cycle
regulation [16-21]. A great number of cellular func-
tions exploited by HCMV are often connected with the
activation of Toll-Like Receptor (TLR)-mediated inna-
te immunity. TLRs are the main class of immune-sen-
sor molecules for the recognition of a broad range of pa-
thogens. In particular, the TLR involvement in viral in-
fections has been described both for DNA and RNA
viruses [22-28]. Aim of this review is to provide useful
information about the state of the art concerning the
TLR involvement in HCMV infection focusing particu-
lar on TLR2 and TLR4.

An overview on Toll like receptors and HCMV
infection. Toll-like receptors (TLRs) are transmemb-
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rane proteins that play a crucial role in the activation of
the immune system. The recognition of pathogens asso-
ciated molecular patterns (PAMPs) of specific patho-
gens activates the TLR mediated signalling cascade that
transduces the signal to the nucleus provoking several
effects, such as the NF-«B activation, the production of
inflammatory cytokines, the maturation of dendritic
cells, the enhancement of the production of co-stimula-
tory molecules involved in the immunitary response
and the production of type I interferon (a., 3, y) [18, 29,
30]. The TLRs were firstly characterized for their abi-
lity to recognize bacterial components but nowadays it
is well known their ability to interact also with viral and
fungal molecules [31]. Concerning the TLRs involve-
ment in HCMV infection the amount of data is still in-
creasing but the first evidence that HCMYV activates in-
nate immunity in a TLR-dependent manner was obtai-
ned for TLR2 [18]. The stimulation of TLR2 by HCMV
is replication-independent and results in the activation
of NF-«B and the release of inflammatory cytokines wi-
thout affecting the IFN pathway [32]. The direct demon-
stration that HCMV interacts with the dimer TLR2/
TLR1 was obtained firstly by Boheme and colleagues
who demonstrated its interaction with the HCMV enve-
lope glycoproteins gB and gH and the consequent NF-
kB activation and cytokine secretion [22]. Chan and
Guilbert have also demonstrated the significance of
TRL2 in the immunopathogenesis of HCMYV infection,
reporting that UV-inactivated virions stimulate apop-
tosis in syncytiotrophoblast-like cells in a TLR2-depen-
dent manner, likely contributing to chronic villitis and
disruption of syncytiotrophoblasts, which often deve-
lop in placentas on delivery of newborns with conge-
nital HCMV [33, 34].

Nowadays several studies are concentrating on the
role played by TLR sequence single nucleotide poly-
morphism (SNPs) especially connected to the suscepti-
bility to HCMYV infection and the derived clinical seque-
lae. Data from studies conducted on other pathogens,
such as rubella, measles and hepatitis B, suggest that
SNPs in immune response genes may influence severity
of infections and response to vaccinations [35—41]. So
far, TLR gene polymorphisms were broadly investiga-
ted focusing on their effects on the immune response
against various pathogens including hepatitis C virus
(HCV), Legionella pneumophila, Plasmodium falcipa-
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rum, Mycobacterium leprae, Mycobacterium tuberculo-
sis as well as HCMV [42—44]. Many studies also show-
ed the involvement of different TLR SNPs in the course
of inflammatory diseases and the altered expression of
TLR-dependent immune response genes [45—48].

Concerning HCMYV infection there are data suppor-
ting a connection between clinical evidences and TLR2
sequence — SNPs; in fact, in liver transplant recipients
who carry the homozygous Arg753GIn mutation of
TLR2, a higher incidence of HCMV-related disease was
shown[49, 50]. This observation derived from clinical
cases has been investigated by in vitro studies which
showed that cells with the same mutation in 7LR2 gene
fail to recognize HCMV gB. This impaired viral recog-
nition might prevent the development of a ro bust antivi-
ral immune response, resulting in symptomatic disease
in immunocompromised transplant recipients [51]. On
the contrary, the heterozygosity for the TLR2 Arg677Trp
SNP is significantly associated with a lower risk of
HCMYV infection in adults [52].

As described above there are several literature data
demonstrating a direct involvement of TLR2 in the
HCMYV infection. Recently an increasing number of
studies is focusing on the role of TLR4 in the HCMYV in-
fection and there is a big amount of data that describe
its involvement at different stages. However, TLR4 does
not seem directly involved in HCMV recognition, but
its inhibition in THP-1 monocytic cell line-derived mac-
rophages leads to a decreased rate of infection [53],
while TLR4 ligands enhance the ability of dendritic cells
to pre sent HCMYV antigens leading to an increased num-
ber of both CD4- and CD8-positive antigen-specific acti-
vated T cells [54].

TLR4 mediated response to HCMYV. One of the
first evidence of the potential involvement of TLR4 in
HCMYV infection was given in 2007 by Harwani and
colleagues who evaluated the effect of bacterial lipopo-
lysaccharide (LPS), the prototype TLR4 ligand, on
HCMV replication in foreskin fibroblasts (HFF), a clas-
sical in vitro model of HCMYV infection [55] and in ec-
tocervical tissue explants, where HCMV replicates [56].
They demonstrated that treatment of HFF and ectocervi-
cal tissue explants with LPS significantly inhibits HCMV
infection and that interferon beta (IFN) contributes to
this anti-HCMYV effect [57]. This is an important proin-
flammatory cytokine that derives from the downstream
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signalling of TLR4 as well as [L-6 and IL-8 [58, 59].
TLR4 signalling is activated after the recognition of a li-
gand which stimulates the engagement of two distinct
TIR domain-containing adaptor proteins by the TLR4
conserved cytoplasmic domain: TIRAP (also known as
Mal), which recruits MyD88 and TRAM (also called
TICAM2 or TIRP), which in turn recruits TRIF [60].
The MyD88-TIRAP (MyD88 dependent) complex acti-
vates TRAF6 via IRAK kinases, whereas the TRAM-
TRIF (MyD88 independent) module recruits RIP1 or
TRAF6 [58]. TLR4 is known to interact with two co-
receptors (CD14 and MD-2) for the recognition of li-
gands. They stabilize the TLR4 expression on the cell
surface following engagement of TLR4 with LPS and
the TLR4/MD2/CD14 complex initiates and regulates
additional downstream signalling via TRAF6 in a
TIRAP dependent pathway, which in turn induces IL-6
and IL-8 [61-65]. Nevertheless, little is known about the
mechanism by which the components of the TLR4/MD2/
CD14 complex mediate such effects in monocytes when
TLR4 signalling is induced by HCMV. A study from
Yew at al described that HCMV induces THP-1 cells (a
monocytic cell line) signalling via this protein comp-
lex, suggesting that HCMV is able to activate TLR4 sig-
nalling and mediate cytokine induction [66]. Moreover
they also showed that TRAM signalling was notable
only with impaired TIRAP activity, thus possibly repre-
senting an «alternative» signalling route. This alterna-
tive pathway signalling also appears to increase activa-
tion of IFN-inducible genes via the TRAM-TRIF path-
way, shifting from the canonical IL-6/IL-8 response to
an [FNP dominant response. They further observed that
IL-6 induction by TLR4/MD?2 is required for CD14 ac-
tivation [66]. These pro-inflammatory cytokines them-
selves appear to play an important role in the pathogene-
sis of HCMV after bone marrow transplantation and can be
useful predictors for HCMV infection and disease [67].

HCMYV has also been demonstrated to be able to in-
duce the transcription of several TLRs, and among
them there is also TLR4 [53].

Beyond the classical function related to the innate
immunity of the TLRs, TLR3, TLR4 and TLRS have be-
en described to have a function related to the regulation
of'the cell cycle [68, 69]. HCMYV is known to modify the
cell cycle in different cell types [19, 70—75], however,
only the inhibition of the TLR4 signalling pathway

leads to a reduction of this effects in THP-1 monocytes-
derived macrophages [53] demonstrating that TLR4 is
a mediator of HCMV-initiated cell cycle activation in
THP-1 macrophages.

As already explained for TLR2, also polymorphisms
in TLR4 gene have been reported to be associated with
an altered immune response to pathogens. Arbour et al.
discovered two polymorphisms in 7LR4 gene, 1063 A >
G and TLR4 1363 C > T, that result in amino acid substi-
tutions, Asp299Gly and Thr399Ile, in the extracellular
domain of the receptor with functional consequences
[76]. In particular, these variants, lead to a blunted im-
munologic response to LPS and to a lower levels of pro-
inflammatory cytokines production, acute phase reac-
tants and soluble adhesion molecules [76, 77]. More-
over they have been reported to be associated with a
higher susceptibility to infections caused by gram-nega-
tive bacteria [78, 79], Candida albicans [80], Brucella
species [81], respiratory syncytial virus [82] and P. fal-
ciparum [83].

Clinical studies on renal transplant recipient patients
determined that in patients heterozygous or homozygo-
us for both of these polymorphisms or for only one of
them there are not only more severe bacterial and oppor-
tunistic infections but also higher rates of HCMV di-
seases [24]. There are also other indirect proofs of the
potential involvement of these polymorphisms in the
HCMYV infection. In fact, they were also studied for
their role in the invasive aspergillosis (TLR4 is a recep-
tor for Aspergillus species [84]) in allogenic hemato-
poietic-stem cell transplant patients [85]. It has been
shown that they are related to an increased risk of
invasive aspergillosis but no direct association in this
respect was found: however, TLR4 SNPs were sugges-
ted to be associated with HCMV seropositivity, as the
seropositivity for HCMV is another risk factor for in-
vasive aspergillosis. Instead, interestingly, a more re-
cent study showed that heterozygosity for the TLR4
Asp299Gly polymorphism was detected primarily in
non-infected individuals and was associated with a low-
er level of viraemia and could be a protective factor for
HCMYV infection [52].

Conclusions. The knowledge of innate immunity
response to HCMV is still incomplete but the number
of data about this topic is continuously increasing.
Indeed, it is well known that a better understanding of
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the molecular events driving HCMV infection and the
host immune response mechanisms to this relevant pa-
thogen could be fundamental for the development of ef-
ficient therapies, avoiding symptomatic reactivations
from latency in «at risk» subjects.

In this respect the role of TLRs is being largely in-
vestigated as they are one of the main families of innate
immunity receptors and very early «sentinels» to pa-
thogen invasion. The proofs of their involvement in
HCMYV infection are increasing, especially for TLR2
and more recently, TLR4. At the present time, the data
available show that they could be concurrently invol-
ved in the direct HCMV recognition, the derived intra-
cellular signalling and the HCMYV induced modulation
of cellular metabolism (in particular, the alteration of
the cell cycle).

A wider knowledge of TLR mediated response
could be usefully exploited also to develop efficient
screening methodologies and find reliable prognostic
markers, especially in the case of HCMV congenital
infections and transplant patients diseases. To this
regard, the study of the role of TLR sequence SNPs
seems very promising.

B3aemo3B’s130k Mixk 3mMiHamu TLR4 curnaninry i epekTuBHICTIO

3apaKCHHS [INTOMETAIOBIPYCOM JFOINHU
J1. Kepwmini, M. C. Apkanresnerti

Pesrome

Toll-nooibni peyenmopu (TLR) Ak 0CHO8HUIL K1AC MONEKYI IMYHHUX
0amuuKie, wo pe2ynoroms CUZHATLHI WISAXU BPOOHCEHO20 IMYHImemy,
maxodc bepymo yuacms y 3apasxcenni pisnumu PHK- i JJHK-6ipycamu,
3-nomigc AKux eipycu eepnecy. L{umome2anogipyc 1oounu — wupoxko
PO3N0BCIOONCEHUl Dema-2epneceipyc OUHU, IM 3apaxicaeHo npu-
onusno 80-90 % nacenenns 3eMHOl Kyai, wjo npu3eoo0ums 00 cepuos-
HUX [ HABIMb CMePMENbHUX 3aX60PIO6AHb V NAYIEHMIE 3 IMYHOOei-
YUmom ma € nPUHUHOIO CRAOKOBUX NAMON02IU Uepe3 8PO0dICeH] iHpeK-
yii. Mema yvo20 02130y nonseae 6 062080peHHi ICHYIOUUX OAHUX OO0
poni TLR, i ocobnuso TLR4, 6 yumomeeanosipycuiu ingexyii. Kpawe
PO3YMIHHS Y020 MOdICe OYMU BUKOPUCMAHO 0151 PO3POOKU ehekmug-
HUX MEMOOUK PAHHbOI 0la2HOCMUKU [ NPOMUBIPYCHUX NPENnapamis.

Kurouosi cnosa: yumomezanogipyc noounu, Toll-nooioni peyen-
mopu, 8p00NHCEHA IMYHHA 8ION0BIOb.

Bzaumocssizb Mexay usmMenenusmu TLR4 curnanunra u
3 HEKTUBHOCTEIO 3apasKeHHsI MUTOMETAJIOBUPYCOM YEIIOBEKA
. XKepmunu, M. C. ApkaHrenerta

Pestome

Toll-nodobneie peyenmopul (TLR) kak 0CHOBHOU Kiacc MONEKYI UM-
MYHHBIX OAMYUKO8, Pe2YIUPYIOWUX CUSHATbHbIE NYMU 8POHCOCHHO20
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UMMYHUMEMA, y4acmeyom makdice 8 3apadicenuu pasnuunvimu PHK-
u /IHK-supycamu, éxnouas supycul cepneca. L{umomezanosupyc ueno-
8eKA — WUPOKO PACNPOCMPAHEHNbLIL Oema-2epneceupyc Yeio6eKd, Um
sapadcaeno npumepro 80-90 % nacenenus 3emHo2o wapa, 4mo npu-
B00UM K CEPbE3HbIM U 0adICe CMePMENbHbIM 3aD01e6AHUAM Y NAYUCH-
Mo ¢ UMMYHOOePUYUIMOM U ABNAEMCA NPUYUHOU HACTEOCMBEHHBIX
namono2uti uz-3a 6podicoenHol ungexyuu. Llenv npeocmasnenno2o 0o-
30pa cocmoum 6 00cyAcOeHUU cyuecmsylowux 0annsix o poau TLR, u
ocobenno TLR4, 6 yumomeeanosupycnoii ungexyuu. Jlyuuee nonuma-
HUe 9mMo20  Modcem Oblmb UCHOIL306AHO OIS pa3PadOmKU dhdexmus-
HbIX MEMOOUK paHHel OUASHOCTIUKU U NPOMUBOBUPYCHBIX NPENAPAmos.

Kurwuesvie cnosa: yumomezanosupyc uenosexa, Toll-nooobnule
peyenmopul, 8POAHCOCHHBIN UMMYHHbLI OMEEN.
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