
Virology: Research and Treatment 2013:4 1–25

doi: 10.4137/VRT.S11046

This article is available from http://www.la-press.com.

© the author(s), publisher and licensee Libertas Academica Ltd.

This is an open access article. Unrestricted non-commercial use is permitted provided the original work is properly cited.

Open Access
Full open access to this and 
thousands of other papers at 

http://www.la-press.com.

Virology: Research and Treatment 

R e V i e w

Virology: Research and Treatment  2013:4 1

Dendritic cells in HIV-1 and HcV Infection: can They  
Help Win the Battle?

Mohit Sehgal1, Zafar K. Khan1, Andrew H. Talal2 and Pooja Jain1

1Department of Microbiology and immunology, and the Drexel institute for Biotechnology and Virology Research, 
Drexel University College of Medicine, Philadelphia, Pennsylvania, USA. 2Center for the Study of Hepatitis C, 
weill Cornell Medical College, New York, NY. Corresponding author email: pjain@drexelmed.edu

Abstract: Persistent infections with human immunodeficiency virus type 1 (HIV-1) and hepatitis C virus (HCV) are a major cause of 
morbidity and mortality worldwide. As sentinels of our immune system, dendritic cells (DCs) play a central role in initiating and regu-
lating a potent antiviral immune response. Recent advances in our understanding of the role of DCs during HIV-1 and HCV infection 
have provided crucial insights into the mechanisms employed by these viruses to impair DC functions in order to evade an effective 
immune response against them. Modulation of the immunological synapse between DC and T-cell, as well as dysregulation of the 
crosstalk between DCs and natural killer (NK) cells, are emerging as two crucial mechanisms. This review focuses on understanding 
the interaction of HIV-1 and HCV with DCs not only to understand the immunopathogenesis of chronic HIV-1 and HCV infection, but 
also to explore the possibilities of DC-based immunotherapeutic approaches against them. Host genetic makeup is known to play major 
roles in infection outcome and rate of disease progression, as well as response to anti-viral therapy in both HIV-1 and HCV-infected 
individuals. Therefore, we highlight the genetic variations that can potentially affect DC functions, especially in the setting of chronic 
viral infection. Altogether, we address if DCs’ potential as critical effectors of antiviral immune response could indeed be utilized to 
combat chronic infection with HIV-1 and HCV.
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Introduction
The immune response generated during a viral infec-
tion involves a complex interplay between the virus 
and the two arms of the immune system, innate and 
adaptive. Dendritic cells (DCs) are a specialized 
category of professional antigen- presenting cells 
(APCs) that act as messengers between the innate 
and the adaptive immune system.1 Immature DCs are 
derived from hematopoietic bone marrow progenitor 
cells and are widely distributed within tissues such 
as the skin, mucosal surfaces, and blood that come in 
direct contact with the external environment. DCs are 
equipped with pattern recognition receptors (PRRs) 
such as Toll-like receptors (TLRs), whose role is to 
sense a wide array of pathogen-associated molecular 
patterns (PAMPs). In humans, the TLR family consists 
of 10 members, named TLR1-10, with each member 
being specific for the PAMP it recognizes; TLR7, for 
example, recognizes single-stranded RNA and TLR3 
recognizes double-stranded RNA.1  Plasmacytoid 
DCs (pDCs) express TLR7 and TLR9, whereas myel-
oid DCs (mDCs) express TLR1-3 and TLR8.2 Upon 
TLR-mediated viral sensing, DCs get activated and 
migrate to lymph nodes where they prime a naive T cell 
against the viral peptide that is presented on their surface 
by MHC molecules. DCs can process both extracel-
lular antigens via the lysosomal pathway and intrac-
ellular proteins via the proteasomal  pathway.3 After 
viral processing, DCs become activated and migrate 
to the draining lymph nodes, where they transform 
into mature DCs in the T-cell-rich areas. Matura-
tion of DCs involves several changes including 
 cytoskeleton reorganization,  redistribution of MHC 
molecules from endocytic compartments to the 

surface,  inhibition of antigen uptake, and an increase 
in the expression of co-stimulatory and adhesion 
molecules as well as chemokine receptors.4

DCs exhibit heterogeneity at several levels includ-
ing phenotype, function, and anatomical location.5 DCs 
in the epidermis are referred to as Langerhans cells 
(LCs), dermal DCs are found in dermis, and intersti-
tial DCs are found in all peripheral tissues except skin. 
Blood DCs in turn are broadly classified into two major 
groups, mDCs and pDCs, with mDCs being further 
comprised of different subsets. Table 1 summarizes 
the phenotype and functional characteristics of vari-
ous DC subsets, clearly indicating a low frequency of 
DCs in blood. To facilitate ex vivo analysis of blood 
DCs, we have recently developed an antibody cock-
tail for polychromatic flow cytometry and evaluated 
its applicability for immune profiling of human T-cell 
leukemia virus type 1 (HTLV-1), as well as HIV-1/
HCV co-infected patient cohorts. These observations 
remain  unpublished. We have also demonstrated the 
suitability of using this newly developed cocktail in 
immunological investigations of frozen peripheral 
blood mononuclear cells (PBMCs) from infected 
patients. The use of multi-parametric antibody cock-
tails has been proven to be very useful in assessing 
the frequency as well as phenotypic and functional 
changes on rare DC subsets during viral infections.

Different DC subsets have acquired both dis-
tinct and overlapping roles in the immune system.6 
Figure 1 illustrates the role of DCs in initiating and 
regulating the adaptive immune response. Activated 
mDCs are responsible for priming CD4+ and CD8+ 
T cells against a specific pathogenic epitope. In addi-
tion, they produce interleukin (IL)-12 and IL-15, 

Table 1. Frequency and phenotype of blood DC subsets.

subset Marker % of pBMcs phenotypic markers TLRs cytokine  
production

plasmacytoid Dcs
CD303+ DCs CD303 (BDCA2)  

CD304 (BDCA4)
∼0.2 CD1c+, CD11c-, CD16-, CD45RA+,  

CD88-, C3aR-, CD123+
TLR7, TLR9 High iFNα

Myeloid Dcs
CD1c+ DCs CD1c ∼0.4 CD33+, CD13+, CD11b+, CD1c+,  

CD11c+, CD16-, CD45RA-,  
CD88- (C5aR), C3aR-, CD123low

TLR1, TLR2  
TLR3, TLR4

Low TNFα 
and iL12p70

CD141+ DCs CD141 (BDCA3) ∼0.05 CD1c-, CD11clow, CD16-, CD45RA-,  
CD88-, C3aR-, CD123-

TLR3 High iL12p70 
and iFNβ 

slanDCs 6sulfoLacNAc260 ∼1.2 CD1c-, CD11c+, CD16+, CD45RA+,  
CD88+, C3aR+, CD123low

TLR4 High TNFα 
and iL12p70
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Figure 1. Role of DCs in the antiviral immune response. 
notes: Following viral antigen uptake, mDCs and pDCs become activated and migrate to lymphoid tissue where they prime naïve CD4+ T cells and CD8+ 
T cells. in addition, they produce a range of cytokines, such as iFNα, IL-12, and IL-15, which are responsible for activating NK cells and influence T-cell 

by releasing cytolytic mediators (such as perforin and granzymes). In addition, pDCs are characterized by their ability to produce large amounts of type I 
iFNs in response to many viruses. Type i iFNs not only inhibit viral replication but also enhance NK cell-mediated cytotoxicity. Boxes have the same shade 
as the cell that produces the cytokine. The arrows indicate the effect of HiV-1 and HCV on the production of various cytokines.
Abbreviations: BAT3, HLA-B-associated transcript 3; CTL, cytotoxic T lymphocyte; NK cells, natural killer cells; iFN, interferon.

both of which activate natural killer (NK) cells and 
promote the differentiation of epitope-specific CD4+ 
T-helper (TH) cells and CD8+ T cells into TH1 cells 
and cytotoxic T lymphocytes (CTLs) respectively. 
Activated NK cells have two major roles. The first 

role is to secrete interferon-γ (IFNγ), which inhibits 
viral replication in infected cells. Secondly, NK cells 
kill virus-infected cells directly through the release 
of cytolytic mediators such as granzyme. TH1 cells 
also secrete IFNγ, which stimulates the activation of 

MHC Class II

MHC Class I

survival and differentiation. Depending on the cytokine signal, CD4+ T cells differentiate into TH1 or TH2 cells (dashed arrows). TH1 cell-mediated iFNγ 
secretion stimulates the activation of CTLs and the production of immunoglobulin G2a antibodies by B cells. TH2 cell-mediated cytokine production stimu-
lates immunoglobulin G1 antibody production by B cells but also inhibits activation of TH1 cells. Virus-specific antibodies can neutralize the virus and thus 
help in viral containment and resolution. NK cells and CTLs inhibit viral replication through the secretion of iFNγ or through the lysis of virus-infected cells 

http://www.la-press.com


Sehgal et al

4 Virology: Research and Treatment  2013:4

CTLs and the production of neutralizing immuno-
globulin G2a antibodies by plasma cells. In contrast 
to mDCs, whose main role is to prime T cells against 
the virus, pDCs function as one of the earliest media-
tors of antiviral immune response by producing large 
amounts of type I IFNs (IFNα and IFNβ) upon viral 
sensing. Besides inducing an antiviral state in virus-
infected cells, type I IFNs take part in activation of 
NK cells7 and promotion of CD4+ and CD8+ T-cell 
differentiation and survival.8 In addition, pDCs have 
also been shown to act as APCs.9–11 Interestingly, 
recent data suggests that pDCs can facilitate CD4+ TH 
cell responses to persistent viruses independently of 
direct antigen presentation,12,13 necessitating the need 
to assimilate enough knowledge about the role of 
pDCs in antiviral immune response.

The importance of DCs in resolving viral infection 
has been shown for several viruses including human 
respiratory syncytial virus and influenza virus.14,15 Our 
group is focused on gaining complete understanding 
of the role of DCs in chronic viral infections caused 
by HTLV-1, HIV-1, and HCV.16–28 Many studies 
including ours strongly suggest that DCs play an 
important role in the control of HCV and HIV infec-
tion, two of the most common and fatal blood-borne 
viruses. Patients in whom HCV infection clears spon-
taneously or in whom HIV-1 infection is controlled 
have strong multi epitope-specific CD4+ and CD8+ 
T-cell responses; these responses probably reflect the 
efficient antigen presentation and T-cell activation 
potential of DCs.29–32 However, the chances of viral 
clearance after HCV and HIV-1 infection are low, 
owing to the remarkable ability of these viruses to 
evade the host immune response and establish chronic 
infection.

Chronic HIV-1 infection causes acquired immu-
nodeficiency syndrome,33 which is characterized by 
severe immunosuppression and associated oppor-
tunistic infections.34 According to a recent report 
by the Joint United Nations Programme on HIV/
AIDS, an estimated 33.4 million people around the 
world are living with HIV infection.35 The Centers 
for  Disease Control and Prevention (CDC) estimated 
that 1,178,350 persons aged 13 and older were living 
with HIV infection in the United States as of 2008.36 
In 2009, there were an estimated 48,100 new HIV 
infections.37 Chronic HCV infection causes chronic 
liver disease and its associated complications such 

as liver cirrhosis, liver failure, and  hepatocellular 
 carcinoma.38 According to the latest update by the 
World Health Organization (WHO), about 170 
 million  people are chronically infected with HCV and 
more than 350,000 people worldwide die from HCV-
related liver disease each year.39 Figure 2 outlines the 
outcome and the course of disease progression during 
HCV infection. It also outlines important factors such 
as gender, age, ethnicity, and host genetic makeup 
that favor spontaneous clearance of HCV infection. 
Apart from HIV-1 and HCV mono-infected patients, 
a significant population of co-infected patients exists. 
Overall, co-infection with HCV is found in 30% of 
HIV-infected patients and in 60% to 90% of HIV-
 infected injection drug users.40–42

A weak and narrowly focused antiviral T-cell 
response is a common denominator in both HIV-1 
and HCV infections. Being one of the key players 
involved in initiation and regulation of the antiviral 
immune response, DCs are the ideal targets for HIV-1 
and HCV to exercise their immune evasion strategies. 
Therefore, in order to develop novel therapies against 
chronic HIV-1 and HCV infection, there is a need 
to understand the interaction between DCs and both 
these viruses. This review discusses the mechanisms 
by which HIV-1 and HCV are able to interfere with 
the normal immune response of the host. We also 
highlight the role of host genetic variations in modu-
lating various DC functions associated with antiviral 
immunity. Finally, we discuss the recent advances in 
the field of anti-HCV drugs.

Do HIV-1 and HcV Infect Dcs?
The presence of DCs in the skin and blood as well 
as at the mucosal surfaces, and their proficiency in 
antigen uptake, predisposes them to be the primary 
targets for viruses. Therefore, it is possible that 
HIV-1 and HCV infect DCs. Replication of the viral 
genome along with the expression of viral proteins in 
DCs might interfere with many signaling pathways 
in DCs,  leading to impairment of DC functions and 
thus rendering them incapable of stimulating a proper 
T-cell response against the virus. For example, ICP47 
of herpes simplex virus 1 and US6 of human herpes 
virus 5 are known to inhibit the loading of antigenic 
peptides onto MHC class I molecules, leading to a 
reduced ability of infected DCs to prime naïve T cells 
efficiently.43
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Figure 2. Outcome of acute HCV infection. 
notes: Acute HCV infection is characterized by the appearance of HCV RNA in serum, followed by elevation in alanine aminotransferase (ALT) levels. 
Anti-HCV antibodies appear late. The majority of acutely infected patients are asymptomatic. Approximately 10% to 15% of asymptomatic patients clear 
the virus spontaneously. The factors that determine spontaneous clearance of the virus are outlined in the figure. Symptomatic patients or patients who 
were asymptomatic but got diagnosed with HCV infection are given a weekly dose of PeG-iFNα2a or PeG-iFNα2b supplemented with a daily dose of 
ribavirin if iFN alone is unable to reduce the viral load. inability to clear the virus following treatment results in chronic infection, which leads to many liver 
disorders such as cirrhosis and hepatocellular carcinoma (HCC). 
Abbreviations: HCV, hepatitis C virus; iL, interleukin; iRF, interferon regulatory factor; iSGs, interferon stimulated genes; iFN, interferon; LDL-R, low-
density lipoprotein receptor; KiR, killer cell ig-like receptor.

HiV-1
The main target cells for HIV-1 are mononuclear leu-
kocytes bearing CD4 and the chemokine receptors CC-
chemokine receptor 5 (CCR5) and CXC-chemokine 
receptor 4 (CXCR4);44–48 however, LCs, pDCs, and 
mDCs have also been reported to be susceptible to 

HIV-1 infection.49–61 HIV-1 replication is generally 
less productive in DCs than in CD4+ T cells,49,57,59,62–64 
and the frequency of HIV-1-infected DCs in the blood 
has been reported to be 10 to 100 times lower than that 
of CD4+ T cells.65 Immature DCs are more susceptible 
to HIV-1 infection than mature DCs,66  perhaps partly 
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as a result of their higher antigen uptake  capacity. 
Interestingly, replication of HIV-1 in pDCs was found 
to increase substantially following CD40  ligation.67 
CD40 is a co-stimulatory molecule found on APCs 
and its binding to CD40 ligand (CD40L) on TH cells 
activates APCs to perform a variety of functions. 
Thus, HIV-1 replication in pDCs may be upregulated 
through its interaction with activated CD4+ T cells in 
the extrafollicular zones of the lymphoid tissue.

HCV
Hepatitis C virus primarily infects and replicates 
in hepatocytes; however, evidence is accumulating 
about extrahepatic replication of HCV, especially 
in PBMCs. The highly conserved 5′ untranslated 
region of HCV RNA has been shown to vary between 
PBMCs and plasma in the same individual,68,69 sug-
gesting that HCV alters its replication inside non-
hepatic cells. Lymphoid cells may act as HCV 
reservoirs, thus contributing to the establishment of 
chronic infection.  Different studies have shown low 
levels of HCV RNA in serum and lymphoid cells 
after spontaneous or IFN/RBV-induced resolution of 
chronic  hepatitis C.70,71 In patients with a sustained 
virological response, small quantities of HCV RNA 
have been shown to persist in the liver or in PBMCs 
for up to 9 years.71 HCV may persist and replicate in 
the liver and PBMCs of healthy, anti-HCV antibody 
positive, serum HCV RNA-negative patients who 
have persistently normal alanine amino transferase 
levels.72 This could present a potential risk for reacti-
vation, especially in the case of immunosuppression 
due to the presence of HIV-1 infection in the same 
individual. In fact, HCV RNA in peripheral blood cell 
subsets in HIV/HCV co-infected patients at the end 
of IFN/RBV treatment is associated with virological 
relapse.73 Interestingly, HCV RNA has been shown to 
reemerge in apparent sustained virological responders 
receiving immune suppressive therapy.74,75 This sug-
gests that HCV persists years after IFN/RBV- induced 
resolution from plasma and suggests that continued 
immune surveillance is required to prevent its recur-
rence, even in sustained virological  responders.74 As 
far as DCs are concerned, HCV genomic RNA has 
been detected in mDCs and pDCs isolated from the 
blood of HCV-infected patients.76,77 One study, which 
used strand-specific semi quantitative reverse tran-
scription polymerase chain reaction, has shown that 

3 out of 24  HCV- infected patients had DCs carry-
ing the replicative intermediate of HCV.76 More such 
studies are needed to clearly establish whether HCV 
replicates in blood DCs of infected patients. In one 
study,  monocyte-derived DCs (MDDCs) from healthy 
donors were found to contain HCV replicative inter-
mediate when incubated with the serum of HCV-
infected patients.78 This study provides evidence that 
DCs can at least support the first steps of the viral life 
cycle. However, other studies wherein MDDCs and 
various blood DC subsets were incubated with infec-
tious recombinant HCV were not successful in detect-
ing viral replication or viral protein synthesis.79–81

In summary, DCs can support HIV-1 replica-
tion, although at a level much lower than CD4+ cells 
 (primary targets for HIV-1); additionally, they can-
not support the production of HCV virions, even 
though HCV may be able to infect DCs and initiate its 
 replication. Many explanations are possible. Firstly, 
as professional APCs, DCs might degrade the virus 
in intracellular compartments before it completes 
its replicative cycle. DC-specific ICAM-3 (intercel-
lular adhesion molecule-3) grabbing non integrin 
 (DC-SIGN or CD209) is a C-type lectin receptor 
(CLR)82,83 that has been shown to promote uptake and 
presentation of HIV-1 by MHC class I and class II 
molecules.84 Scavenger receptor class B member 1 
(SRB1) has been shown to mediate in HCV uptake 
and presentation.85 The second possibly explana-
tion involves the fact that host factors required for 
HIV-1 and HCV replication might be missing in DCs, 
or DC-specific host factors might restrict HIV-1 and 
HCV replication. For example, cellular factors such 
as cytidine deaminase APOBEC3G  (apolipoprotein-B 
mRNA-editing enzyme, catalytic polypeptide-like 
3G),86,87 the transcription factor NFAT (nuclear factor 
of activated T cells),88 the nuclear factor-κB (NF-κB) 
regulating protein (MURR1),89 and polypyrimidine-
tract-binding protein (PTB)90 have been shown to block 
HIV-1 replication after its entry into resting CD4+ T 
cells, although the relevance of these cellular restric-
tion factors in DCs is not fully studied.  Expression 
levels of APOBEC3G have been shown to correlate 
with resistance of mDCs to HIV-1.91 APOBEC3G 
upregulation by IFNα has been shown to restrict 
HIV-1 infection in pDCs.92 Additionally, engage-
ment of the receptors CCR5 and CD40 with CCL3 
and CD40L respectively enhances the  expression of 
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APOBEC3G in DCs through activation of the ERK 
1/2 and p38 MAP kinase signaling pathways. The 
third possible explanation is that DCs express low 
levels of HIV-1 receptor CD4, as well as co-receptors 
CCR5 and CXCR4.93 HCV co-receptor claudin1 is 
also present at low levels in DCs.81 HIV-1 and HCV 
entry receptors are reviewed in the next section.

HIV-1 uptake by DCs has been shown to trigger 
TLR8 (via ssRNA), which results in phosphorylation 
of RNA Polymerase II (RNAPII) at serine 2 of the 
C-terminal domain (CTD).92 On the other hand, bind-
ing of HIV-1 envelope protein gp120 with DC-SIGN 
results in the activation of Raf-1 and ultimately leads 
to phosphorylation of p65 at serine 276. This modi-
fication on p65 recruits positive transcription elon-
gation factor b (p-TEFb) to the long terminal repeat 
(LTR), which phosphorylates RNAPII at serine 5 
of CTD.92 It has been shown that phosphorylation 
of RNAPII at both serine 2 and serine 5 of its CTD 
promotes full-length transcription of the integrated 
HIV-1 genome and production of HIV-1 proteins. 
Thus, HIV-1 induces innate signaling by TLR8, as 
well as DC-SIGN, and that allows it to cause produc-
tive infection of DCs. Despite this, the frequency of 
blood DCs productively infected with HIV-1 is low. 
This could be due to increased migration of these 
DCs from blood to lymph nodes or due to increased 
rate of apoptosis. Interestingly, HCV glycoprotein E2 
is known to interact with DC-SIGN94 and this interac-
tion has been shown to activate p38 MAPK pathway, 
possibly leading to activation of Raf-1. Therefore, it 
would be interesting to study whether HCV can aug-
ment HIV-1 replication in DCs during HIV-1/HCV 
co-infection.

Role of Dcs in Viral Dissemination
Following antigen uptake and activation, DCs present 
in peripheral tissues migrate to secondary lymphoid 
organs and present the antigen to the naive T cells. 
It is therefore not unreasonable to propose that vari-
ous viruses would exploit this migratory property of 
DCs in order to disseminate to sites that are favorable 
for their replication. Herein, we review the entry and 
 recognition of HIV-1 and HCV into DCs.

HiV-1
As some of the first target cells that encounter HIV-1 
at the mucosa, DCs contribute to the initial stages of 

HIV-1 infection and dissemination.95,96 HIV-1 has been 
shown to inhibit the fusion between endosomes and 
autophagosomes, which not only leads to prevention 
of autophagy-mediated viral degradation and subse-
quent presentation of viral antigens, but also enhances 
the survival of HIV-1 inside DCs.97–100 Enhanced 
survival of HIV-1 is likely to promote its dissemi-
nation to T cells by various mechanisms.  Binding 
and internalization of HIV-1 by DCs is mediated by 
HIV-1 entry receptor CD4 and co-receptors CCR5 
and CXCR4, which are known to be expressed on the 
surface of DCs.101,102 Other chemokine receptors that 
are also suggested to participate in HIV-1 entry are 
CCR3, CCR8, CCR9, and CXCR6.96,103 In addition, 
DCs express C-type lectins such as DC-SIGN, lan-
gerin (also known as CLEC4K or CD207), and DC 
immunoreceptor (DCIR; also known as CLEC4A), 
which bind to HIV-1.96,104 Expression of these recep-
tors depends on the DC subtype, activation state, 
and localization. Even though pDCs express C-type 
lectins such as BDCA2, binding of HIV-1 to pDCs 
is generally mediated by interaction of HIV-1 enve-
lope protein gp120, with CD4 expressed on pDCs. 
 Interestingly, the identity of receptors involved in 
virus-DC interaction seems to affect the fate of virus 
after its binding to the cell surface. The interaction 
between the carbohydrate recognition domain of 
DC-SIGN and gp120 results in internalization of 
HIV-1 into non-lysosomal compartments in DCs, 
where it does not undergo degradation. The internal-
ized virion can then be transported within DCs before 
finally getting transferred to T cells in a process known 
as transinfection. This model of DC-dependent infec-
tion of CD4+ T cells, commonly referred to as the 
Trojan horse model, involves endocytosis of HIV-1 
virion by DCs followed by its transmission to the 
T cells via vesicular exocytosis across the infectious 
synapse. This structure is analogous to the immuno-
logical synapse formed between DCs and T cells in 
the T-cell areas of lymphoid tissue.105 A conflicting 
study,106 however, demonstrated that transinfected 
HIV-1 was fully sensitive to surface-applied soluble 
CD4, which has been shown to inactivate HIV-1 and 
inhibit its entry even after the virus was sequestered 
within the DCs. This phenomenon suggests that the 
sequestered, internalized HIV-1 virions are targeted 
for degradation and only the surface-bound virions 
participate in transinfection. A careful  reexamination 
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of these observations in a different study107 showed 
that mature DCs concentrate viral particles 
within membrane folds, making them accessible 
for  surface-applied soluble CD4. This suggests that 
soluble  surface-applied CD4-induced reduction in 
transinfection could be due to inactivation of seques-
tered HIV-1 virions and that sequestered, internalized 
HIV-1 could participate in transinfection.

The binding of HIV-1 to DC-SIGN enhances the 
formation of infectious synapse; the engagement of 
DC-SIGN by HIV-1 activates Cdc42 and induces 
membrane extensions in immature DCs, thus facili-
tating viral propagation across the infectious synapse. 
It has also been observed that CD4+ T cells participate 
in transinfection by extending membrane protrusions 
into the virus-containing pockets on DCs. This helps 
the virus to emerge from the pocket by engaging CD4 
on the membrane protrusions. DC-SIGN- independent 
mechanisms are also involved in DC-mediated HIV-1 
transinfection of CD4+ T cells.108–113 Recent data indi-
cates that immature DC-mediated HIV-1 transinfec-
tion is partially dependent on DC-SIGN, whereas 
mature DC-mediated HIV-1 transmission to different 
target cells is independent of DC-SIGN and C-type 
lectins.114 However, another study has shown why 
interaction of HIV-1 with DC-SIGN may be impor-
tant for efficient HIV-1 transmission. Clusterin (an 
apolipoprotein) in semen is differentially glycosylated 
compared to clusterin in blood. Clusterin in semen is a 
DC-SIGN ligand and can therefore block the interac-
tion between HIV-1 and DC-SIGN, thereby prevent-
ing HIV-1 transmission to CD4+ T cells. This may 
also explain why exposure to HIV-1 through sexual 
contact is less likely to result in infection compared 
to blood-borne exposure.115

It is known that maturation of DCs increases their 
efficiency in transmitting HIV.56,106,107,114,116–121 DC mat-
uration leads to an upregulation in ICAM-1 (CD54) 
gene expression, which correlates with mature DC- 
enhanced transmission of HIV-1 to CD4+ T cells.120 
Interactions between ICAMs and their ligands on 
T cells can thus be proposed to facilitate DC-T-cell con-
tact and HIV-1 transmission. In fact, it has been shown 
that ICAM-1 (but not ICAM-2 or -3) is important for 
DC-mediated HIV-1 transmission 122 and that block-
ing ICAM-1 on DCs impairs HIV-1  transmission.120 
Because the interaction between ICAM-1 and leu-
kocyte function-associated molecule 1 (LFA-1) is 

important for DC-T-cell adhesion,123 it has been pro-
posed that the interaction between ICAM-1 on DCs 
and LFA-1 on CD4+ T cells is important for HIV-1 
transinfection.120 As mentioned previously, HIV-1 can 
also infect DCs, although less efficiently than CD4+ 
T cells. Many reports have indicated that infected DCs 
can aid in HIV-1 dissemination by transmitting the 
viral progeny to T cells; this process is known as cis-
infection.121,124 Interestingly, HIV-1-infected MDDCs 
show Nef-induced downregulation of CD4 that cor-
relates with enhanced viral transmission.125 These 
results suggest that CD4, which is present at various 
levels in DC-SIGN-positive primary cells, could be 
one of the key regulators of HIV-1 transmission.

It is also important to understand the role of dif-
ferent DC subsets in HIV-1 transmission. pDCs are 
less efficient than mDCs in viral transmission.126 
LCs also appear to transinfect HIV-1 through sur-
face exposed structures similar to those in mature 
DCs.106,116  However, one study suggested that expres-
sion of CLR langerin on LCs acts as a barrier to 
HIV-1  transmission.127 Because different mDC sub-
sets have been shown to transfer HIV-1 to activated 
CD4+ T cells,96 the question of whether LCs can do so 
needs to be resolved.

HCV
The idea that DCs might play an important role in 
dissemination of HCV, a hepatotropic virus, is still 
in its infancy. HCV envelope protein E2, serum of 
HCV- infected patients, and retroviruses that are 
pseudotyped with HCV envelope proteins have all 
been shown to bind specifically to DC-SIGN.94,128,129 
Therefore, it is possible that DC-SIGN mediates the 
binding of blood DCs or hepatic DCs in liver sinusoids 
to the circulating HCV particles. MDDCs express-
ing DC-SIGN were shown to bind HCV pseudovi-
rus and transmit it efficiently when co- cultured with 
the human hepatocellular carcinoma cell line Huh7; 
Huh71 is a cell line that is widely used to study HCV 
pseudovirus entry as well as productive replication of 
recombinant infectious HCV.129,130 Importantly, HCV 
virus-like particles were shown to bind DC-SIGN 
and get targeted to nonlysosomal compartments 
within MDDCs. These particles were thus protected 
from lysosomal degradation, suggesting that, simi-
lar to HIV-1, HCV might also escape the antigen 
processing and presentation pathways in DCs.131 
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HCV bound to blood DCs or hepatic DCs in liver 
sinusoids may allow the transfer of the virus to the 
underlying hepatocytes when DCs traverse the sinu-
soidal lumen in order to gain entry to the hepatic 
lymph. Beside DCs, liver sinusoidal endothelial 
cells (LSECs) have also been shown to bind recom-
binant HCV via interaction of HCV glycoprotein E2 
with DC-SIGN and DC-SIGN-related protein (DC-
SIGNR or CLEC4M) expressed on the surface of 
LSECs.132 However, LSECs have been found to be 
non-permissive to the entry of HCV pseudovirus, 
as well as cell culture-derived HCV.132 Nonetheless, 
high-affinity binding of HCV to LSEC might still be 
an important initial step towards its efficient entry 
into the underlying hepatocytes.

Impact of chronic HIV-1  
and HcV Infection on Dcs
Dendritic cells are responsible for orchestrating a 
successful immune response against viruses; viral 
persistence might therefore be facilitated by its suc-
cessful impairment of DC functions. At the primary 
level, viruses can modulate the frequency of vari-
ous DC subsets by causing their aberrant traffick-
ing, inducing apoptosis, or interfering with their 
 development. Compared with uninfected individuals, 
HIV-1-infected60,133–137 as well as HCV- infected138–143 
individuals have lower numbers of mDCs and 
pDCs. During HIV-1 infection, pDCs migrate to 
the inflamed lymph nodes, where they become 
activated, apoptotic, and, frequently, infected with 
the virus.144,145 During HCV infection, blood DCs 
are enriched in the liver,142,146,147 suggesting that 
increased migration of DCs to the liver, which is 
the primary site of HCV replication, causes the 
observed drop in blood DC count. Other possibilities 
are that HCV targets DC precursors, as reported by 
Sansonno et al,148 or that HCV directly targets DCs 
to reduce their numbers. In this regard, it has been 
shown that HCV core, NS3, and NS5 proteins induce 
apoptosis in mature DCs in vitro.149  Interestingly, in 
vitro studies have shown that HCV envelope gly-
coprotein E2, as well as sera from HCV-infected 
patients, inhibits the migration of DCs towards 
CC-chemokine ligand 21 (CCL21), a CCR7 bind-
ing chemokine that is important for their homing 
to lymph nodes.142 This leads us to an intriguing 
hypothesis that HCV impairs the ability of DCs to 

migrate to the draining lymph nodes, causing them 
to get trapped in the liver. This hypothesis has not 
been thoroughly investigated in vivo.

Under different immunological states, DCs can 
either produce IL-12 or IL-10. While IL-12 pro-
motes the differentiation of CD4+ and CD8+ T cells to 
TH1 cells and CTLs respectively, IL-10 is capable of 
inhibiting the same.6 MDDCs, mDCs, and pDCs from 
HIV-1-infected150–152 and HCV-infected141,143,153,154 
individuals have been shown to upregulate IL-10 and 
downregulate IL-12 and IFNα production in response 
to various maturation stimuli (Fig. 1). Furthermore, 
the ability of NK cells to mediate early antiviral 
defense might be affected by dysregulated produc-
tion of cytokines by DCs. Evidence from several 
studies indicates that defective pDC function during 
HIV-1 infection contributes towards impaired NK cell 
activity, particularly their ability to secrete IFNγ.155,156 
Dysregulation of DC-NK cell crosstalk during HIV-1 
and HCV infection is discussed in later sections of 
this study.

Compared to uninfected individuals, DCs iso-
lated from individuals infected with HIV150–152 and 
HCV141,157–159 were found to be less efficient in stimu-
lating T-cell activation and proliferation, as seen in 
mixed lymphocyte reaction. This inefficient allogenic 
T-cell stimulation by DCs isolated from HIV-199 and 
HCV-infected159 patients could be reversed by neu-
tralization of IL-10, suggesting that virus-induced 
production of IL-10 by DCs could skew the immune 
response towards tolerance by limiting T-cell activa-
tion and proliferation. To gain a different perspective 
on the impact of HIV-1 and HCV on DCs, various 
studies have investigated DC function and patients 
before and after antiviral therapy. Highly active anti-
retroviral therapy for treating HIV-1 infection has 
been shown to restore pDC count as well as IFNα 
production to normal levels.155,160 Similarly, in HCV-
infected patients that were able to clear the virus upon 
IFN/RBV treatment, the frequency of pDCs increased 
substantially and ultimately reached levels observed 
in uninfected controls.161

Molecular Basis of Virus-Dc Interaction
To understand the molecular mechanisms of inter-
action between these two viruses and DCs, various 
in vitro studies have used DC subsets isolated from 
uninfected individuals and exposed them directly to 
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the162 recombinant infectious virus or viral proteins. 
Unlike HIV-1 and many other viruses such as influ-
enza virus and herpes simplex virus 1, recombinant 
and serum-derived HCV have been shown to be poor 
inducers of IFNα production in pDCs. This suggests 
that HCV might inhibit IFNα production by pDCs as 
a strategy to escape IFNα-mediated immune response 
against itself. In pDCs, TLR7 and TLR9 are endo-
somal TLRs, responsible for detecting viral RNA and 
DNA, respectively. Detection of viral RNA or DNA 
leads to the activation of NF-κB and IFN- regulatory 
factors, which control the transcription of type I 
IFNs (IFNα, IFNβ) and various pro- inflammatory 
 cytokines. HCV inhibits IFNα production induced by 
CpG oligodeoxynucleotide (a TLR9 agonist), but not 
by resiquimod (a TLR7 agonist).79,80,164 HIV-1 is also 
known to impair IFNα production by pDCs, indicat-
ing that impaired production of IFNα by pDCs might 
be a common strategy employed by many viruses 
to establish a persistent infection.  Hepatitis B virus 
envelope protein HBsAg and HIV-1 envelope protein 
gp120 have been shown to impair TLR9- mediated 
IFNα production through binding to a C-type lec-
tin, blood DC antigen 2 (BDCA2, also known as 
CLEC4C).162,163 HCV core particles and recombi-
nant noninfectious HCV particles composed of HCV 
core79 and envelope glycoproteins E1 and E279,80,164 
have been shown to block TLR9-mediated IFNα pro-
duction, but whether BDCA2 plays a role in that as 
well is not known. Interestingly, Takahashi et al165 
have provided evidence that pDCs that infiltrate the 
liver during HCV infection could be a major source 
of type I IFNs. In these studies, co-cultivation of 
pDCs with HCV-infected hepatocytes resulted in 
marked IFN production in proportion to the number 
of HCV-infected cells. IFN production was medi-
ated by TLR7, and not TLR9, a finding consistent 
with earlier studies reporting that HCV inhibits TLR9 
but not the TLR7-mediated pathway to suppress IFN 
production.79,80,164 This essentially helps explain why 
infection with HCV leads to a robust expression of 
IFN-stimulated genes in liver166,167 despite its remark-
able ability to attenuate IFN production by infected 
hepatocytes.168

Recent studies have shown that persistent 
viruses can induce the activity of immunosuppres-
sive enzymes in DCs, which leads to suppression of 
antiviral T-cell response. Tryptophan-catabolizing 

indoleamine 2,3 dioxygenase (IDO) activity seems 
to play a central role in the suppressive function of 
DCs.169 On direct exposure to HIV-1, DCs induce 
IDO activity, which leads to inhibition of CD4+ T-cell 
proliferation in vitro.170 Additionally, HIV-1-induced 
IDO activity in pDCs leads to differentiation of naive 
T cells into CD4+CD25+FOXP3+ regulatory T cells 
with suppressive function.171 In simian immunodefi-
ciency virus-infected macaques, IDO activity peaked 
at the same time as the increase in plasma viremia, as 
well as expansion of the CD4+CD25+FOXP3+ T-cell 
subset, which may play an important role in curbing 
the SIV-specific CD4+ T-cell response.172 Enhanced 
IDO activity is found in both HIV-1 and HCV- infected 
patients; further investigation is thus needed to com-
pletely understand its role in the regulation of the cel-
lular immune response against these viruses.

The inability of DCs to facilitate the clearance of 
HIV-1 and HCV-infection patients leads to chronic 
immune activation. Systemic chronic immune acti-
vation is already believed to be the primary driver 
of HIV-1 disease progression and the focus is now 
on understanding its role in the development of liver 
fibrosis, cirrhosis, or hepatocellular carcinoma in 
HCV-infected patients. Recent reports have shown 
that chronic pDC stimulation and IFNα production 
in HIV-1-infected individuals are associated with 
higher risk of progression to AIDS. It is thus becom-
ing increasingly important to understand the role of 
DCs in HIV-1 and HCV-mediated diseases.

crosstalk Between Dcs and nK cells
In addition to their direct antiviral functions, NK cells 
are capable of regulating antiviral immunity by mod-
ulating the function of DCs.173–179 Crosstalk between 
DCs and NK cells promotes activation of both cell 
types. Activated DCs upregulate NK cell effec-
tor functions and NK cells, in turn, induce further 
maturation of DCs. Fernandez et al173 showed that 
DCs are able to promote anti-tumor activity of NK 
cells activity in vivo. Since then, many studies have 
investigated the role of DCs in the “priming” of NK 
cells,180,181 a process that involves both cell-cell inter-
actions and cytokine production. Cytokines produced 
by mDCs, such as IL-12 and IL-18, can promote NK 
cell production of IFNγ in vitro.175,177,180,181 Moreover, 
pDC production of type I IFNs and cell-cell contact 
is essential for promoting NK cell proliferation and 
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cytotoxicity.173,174,176,177 IFNγ produced by activated 
NK cells promotes TH1 cell polarization.174,178 NK cell-
mediated activation of DCs is also known to promote 
the differentiation of DCs that are more efficient at 
inducing CTL responses.179 Furthermore, DC uptake 
of apoptotic bodies produced as a result of NK cell-
mediated lysis of virus-infected cells can promote 
DC maturation and presentation of viral antigens to 
T cells. Therefore, in addition to their direct cytotoxic 
effects, NK cells are capable of boosting the adaptive 
immune response.

In a process referred to as “DC editing,” NK cells 
can kill immature DCs.181 In vitro studies have dem-
onstrated that a low ratio of NK cells to immature 
DCs promotes DC maturation, whereas a higher ratio 
of NK cells to immature DCs can result in NK cell-
mediated killing of DCs.179 NKp30 on NK cells plays 
an important role in this process.181 It is clear that the 
crosstalk between DCs and NK cells plays an impor-
tant role in regulating the antiviral immune response. 
In the next section we discuss the impact of HIV-1 
and HCV on this crosstalk.

HiV-1
Recent evidence has suggested that the crosstalk 
between DCs and NK cells is disrupted during 
HIV-1 infection. mDCs from HIV-1-infected indi-
viduals show reduced secretion of IL-12, IL-15, and 
IL-18, resulting in decreased NK cell activation. 
During HIV-1 infection, activation of NK cells by 
pDCs is impaired because of their lower responsive-
ness to type I IFNs.182 The ability of NK cells to kill 
immature DCs is reduced in individuals with chronic 
HIV-1 infection.183 This defect in NK cell-mediated 
DC editing appears to be largely the result of an 
increase in the percentage of CD56- NK cells with 
impaired NKp30 function.184 The mechanism of HIV-
1-mediated impairment of DC-NK cell crosstalk is 
not fully understood. The effects of two HIV-1 pro-
teins, Tat and Nef, on DCs and NK cells have been 
described.185,186 HIV-1-infected DCs have an upregu-
lation of cell death inhibitors that protects them from 
TRAIL (tumor necrosis factor-related apoptosis-
 inducing ligand)-mediated NK cell  cytotoxicity. This 
upregulation of cell death inhibitors is mediated by 
the high-mobility group box 1 protein (HMGB1).187 
 Furthermore, the crosstalk of HIV-1- infected DCs 
with NK cells has been shown to promote viral 

 replication in HIV-1-infected DCs; however, this 
can be prevented by blocking HMGB1 activity.188 
In addition, increased production of IL-10 during 
HIV-1 infection limits NK cell-mediated lysis of 
immature DCs, which results in accumulation of par-
tially mature, poorly immunogenic DCs in the lymph 
nodes of infected individuals.189

HCV
Compared to healthy individuals190–194 and spontane-
ous resolvers of HCV infection,192,195–197 the frequency 
of NK cells in peripheral blood is reduced in individ-
uals with chronic HCV infection. Additionally, indi-
viduals with chronic HCV infection have an increase 
in NK cell frequency following successful IFN/RBV 
therapy. IL-15 is a cytokine that plays a pivotal role 
in NK cell development, proliferation, and function, 
and therefore reduction in NK cell frequency could 
be attributed to reduction in IL-15 levels. In this 
regard, Meier et al have shown a significant reduction 
in IL-15 levels in HCV patients when compared to 
healthy controls; they have also shown that exogenous 
IL-15 is able to rescue the NK cells of HCV-infected 
patients from apoptosis, resulting in their increased 
ex vivo proliferation and function.193 DCs from HCV-
infected individuals are deficient in IL-15 production 
upon stimulation with IFNα198 and a consequence 
of this DC dysfunction could be inadequate devel-
opment and proliferation of NK cells. DCs express 
MHC class I-related chain A and B (MICA/B), which 
are ligands for NK cell activating receptor NKG2D. 
Interestingly, IL-15 is known to induce the expression 
of MICA/B on DCs; therefore, reduced production of 
IL-15 during chronic infection with HCV can affect 
DC activation of NK cells.198

Human liver epithelial cells express HLA-E, a ligand 
for CD94/NKG2A expressed on NK cells. In compari-
son to healthy individuals, NK cells from individuals 
with chronic HCV infection show higher expression 
of CD94/NKG2A and produce IL-10 and transform-
ing growth factor-β (TGFβ) when cultured with human 
liver epithelial cells, most of which express HLA-E. 
IL-10 and TGFβ production is known to correlate with 
impaired activation of DCs. A blockade of NKG2A has 
been demonstrated to restore the ability of NK cells (from 
HCV-infected individuals) to activate DCs. The block-
ade also stimulates NK cells to generate TH1- polarized 
CD4+ T cells. It is important to realize, however, that 
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HLA-E may also be expressed on cells other than liver 
epithelial cells. In fact, HCV is known to stabilize 
HLA-E expression on intrahepatic APCs;199 this repre-
sents a mechanism by which HCV modulates the NK 
cell response. The dysregulation of DC-NK cell cross-
talk might also have significant consequences for the 
antiviral T-cell and B-cell responses. The development 
of therapeutic interventions aimed at enhancing the 
immune response against HIV-1 and HCV will require 
a complete understanding of the molecular mechanisms 
involved in DC-NK cell crosstalk and how it becomes 
disrupted during chronic HIV-1 and HCV infection.

Modulation of the Immunological 
synapse: Role in HIV-1 and HcV 
pathogenesis
The generation of specific immune responses against 
a pathogen requires the interaction between T cells 

(expressing the cognate receptor) and antigen-loaded 
mature DCs in the lymph nodes.1,200,201 During this pro-
cess a specialized cell-cell junction called the immu-
nological synapse (IS) is formed between these two 
cell types.200–206 Modulation of IS by HIV-1 (Fig. 3) 
has been identified as one of the important strategies 
used by HIV-1 to evade the host immune response in 
order to spread rapidly within the host.

HiV-1
The degree of viral replication in CD4+ T cells 
depends on their state of activation. In vivo stud-
ies have shown that HIV-1 and SIV172 can replicate 
in T cells that have a low activation profile, albeit 
viral replication is much more efficient in activated 
T cells.207–210 A lack of T-cell activation has been 
shown to block several steps in the HIV-1 life cycle, 
including reverse transcription, nuclear import, and 

Can HIV-1
infection of
DCs play an
important role
in modulation
of IS?

Defective IS results
in reduced
activation-induced
cell death of
infected T cells

Efficient spread of
infection from infected
cells to uninfected cells

• DC apoptosis
• DC-induced apoptosis
   of uninfected bystander T cells?

Virological
synapse

Dendritic cell Infected CD4+ T cell

HIV-1

Defective immunological synapse 

Figure 3. Modulation of immunological synapse by HiV-1 and HCV. 
notes: Under normal physiological conditions, resting T cells form immunological synapses (iS) with DCs, leading to lymphocyte activation, cytokine pro-
duction, proliferation, and differentiation. Later the T cells undergo activation-induced cell death (AiCD). HiV-1-infected T cells are impaired in their ability 
to form functional iS with DCs. impaired iS results in attenuation of AiCD and thus prolongs the lifespan of infected lymphocytes. Prolonged lifespan of 
infected lymphocytes allows HiV-1 to continue replicating; in addition, it allows the infected cells to conjugate with uninfected lymphocytes (through the 
formation of a virological synapse), thereby facilitating efficient transfer of HIV-1 from infected lymphocytes to uninfected ones. The open questions in the 
field are whether HIV-1 infection of DCs affects the formation of IS and whether infected DCs induce apoptosis of uninfected T cells upon formation of 
defective iS with infected T cells.
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 integration of the viral genome, as well as transcription 
and export of multiply spliced viral mRNA after its 
entry into quiescent CD4+ T cells.90,211–214 Conversely, 
T-cell activation through T-cell receptor (TCR) liga-
tion or other stimuli often initiates homeostatic pro-
grams of apoptosis such as activation-induced cell 
death (AICD).215,216 The rapid death of infected cells 
will limit viral production and therefore it is postu-
lated that the virus modulates IS to establish a bal-
ance between an apoptosis-prone activation state 
and the replication-unfavorable environment of rest-
ing T cells.217 HIV-1 protein Nef has been shown to 
lower the threshold of TCR activation, resulting in 
induction of an intermediate activation state that pre-
vents AICD and at the same time allows for efficient 
HIV-1 replication.218–222 This model is also supported 
by the “bystander effect” hypothesis, which pro-
poses that most of the apoptotic cell death occurring 
in HIV-1 infection involves uninfected cells rather 
than infected cells. In addition to facilitating efficient 
viral replication, infected lymphocytes are also able 
to efficiently transfer HIV-1 to uninfected lympho-
cytes through the formation of a virological synapse 
(Fig. 3). Contrary to what we have discussed above, 
several groups have shown that various HIV-1 pro-
teins induce apoptosis of infected CD4+ T cells. This 
could be due to the fact that the actual in vivo con-
centrations of these proteins seen in HIV-1 infection 
are largely unknown and in vitro experiments involv-
ing overexpression of a particular protein may not be 
reflective of its in vivo effects. Another interesting 
point is that many HIV-1 proteins such as Nef and 
Vpr have been shown to possess both proapoptotic 
and antiapoptotic effects depending on their expres-
sion levels, the activation state of infected T cells, 
and many other factors.

Several studies have shown that impairment of 
IS formation between infected lymphocytes and 
APCs is Nef-dependent.220,223,224 Rabi et al225 have 
shown that unstimulated primary CD4+ T cells from 
HIV-1-positive “elite controllers”—plasma HIV-RNA 
values persistently below 50 copies/mL throughout 
the course of infection—are as susceptible to HIV-1 
entry and productive infection as viremic patients, 
suggesting that differences in HIV-1 entry and infec-
tion of CD4+ T cells alone cannot explain the elite 
control of viral replication. It is also known that peo-
ple who control HIV-1 often have CD4+ T cells that 

express high amounts of IL-2 and IFNγ in response 
to HIV peptides.226 This implies that infected CD4+ 
T cells can play an important role in controlling the 
infection and that in addition to ensuring that the 
HIV-1-infected T cells do not limit viral production 
by undergoing AICD, impairment of IS by HIV-1 can 
prevent them from participating in successful clear-
ance of the virus.

Most of the studies about IS have centered on 
the T-cell side of the IS (IS-T), whereas the func-
tional significance of the DC side (IS-DC) is poorly 
 understood. It is known that DCs from HIV-1-infected 
patients show increased apoptosis compared to unin-
fected controls.227–229 It has been shown that the stable 
formation of IS results in activation of kinase Akt1. 
Activation of Akt1 promotes the localization of pro-
survival transcription factor NF-κB into the nucleus 
and proapoptotic transcription factor FOXO1 out of 
nucleus into the cytoplasm.230 Therefore, it can be 
hypothesized that HIV-1-mediated disruption of IS ini-
tiates a signaling cascade that results in DC  apoptosis. 
Some surface receptors located at the IS-DC, includ-
ing ICAM-2,231 CD22,232 and CD40,230 lead to the 
activation of Akt1 in DCs. Among these receptors, 
CD40 is particularly interesting as in addition to 
inducing the activation of Akt1 in DCs,230 CD40 has 
been shown to extend their survival.233 CD40 stimu-
lation results in an increased abundance both of the 
antiapoptotic Bcl-2 member Bcl-XL and of the cel-
lular inhibitor of apoptosis protein 2 (cIAP-2).234 This 
suggests that CD40 might play an important role in 
the activation of Akt1 and the antiapoptotic signaling 
relayed from IS-DC.230 This suggestion is supported 
by studies in CD40-deficient mice and CD40L-defi-
cient mice that do not elicit CD4+ and CD8+ T-cell-
dependent immunity, underscoring the importance 
of CD40 ligation in prosurvival effects of IS, as well 
as generation of adaptive immune response. Besides 
Akt1, Notch has also been implicated in inhibiting the 
apoptosis of DCs by inducing the activation of STAT3 
(signal transducer and activator of transcription 3), 
a transcription factor known to promote cell survival. 
 Several studies have reported DC-induced apoptosis 
of T cells.235–240 Because DCs are known to be suscep-
tible to HIV-1 infection, it will be interesting to study 
whether disruption of IS-DC by HIV-1 is responsible 
for triggering DC-induced apoptosis of uninfected 
T cells during IS formation. It will also help to shed 
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light on the role of DCs on bystander T-cell death dur-
ing HIV-1 infection.

One of the studies has shown that cytoskeletal 
remodeling mediated by Wiskott-Aldrich syndrome 
protein (WASp) in DCs is necessary for normal 
immune synapse formation and T-cell priming.241 
In DCs, the loss-of-function mutation of WASp can 
also abolish the activation of NK cells by DCs.242 The 
HIV-1 pathogenicity factor Nef is known to modulate 
WASp activity, leading to altered TCR signaling in 
T cells;243 in contrast, the effect of HIV-1 on WASp 
within DCs is not well understood. HIV-1 protein Nef 
has been shown to trigger the secretion of various 
cytokines and chemokines (including CC-chemokine 
ligand 3 [CCL3] and CCL4) by infected APCs.244–247 
This can lead to increased HIV-1 replication in CD4+ 
T cells that get attracted to APCs in response to CCL3 
and CCL4 secretion.244

HCV
As discussed in previous sections of this study, while 
HCV is primarily a non-lymphotropic virus, it has also 
been found to replicate in PBMCs as well. Although 
the impact of HCV on IS has not been investigated 
thoroughly, we hypothesize that HCV can modulate 
IS either by infecting DCs and/or T cells or via solu-
ble HCV proteins. Modulation of IS can interfere with 
T-cell activation, leading to weak T-cell response; 
additionally, suboptimal activation of T cells can 
prevent AICD, thus allowing HCV to persist inside 
them for longer periods. Like HIV-1, HCV could also 
exploit IS to spread efficiently across PBMCs and 
this may explain why neutralizing-antibodies against 
HCV do not always clear the virus.

A widely used approach to assess the antigen-
presenting function of DCs is their ability to induce 
proliferation of allogeneic naïve T cells. Many stud-
ies have demonstrated that this function is impaired 
in MDDCs from patients with HCV infection.153,158 
DCs expressing HCV core and E1 proteins have been 
shown to prime CD4+ T cells abnormally.248 HCV 
core protein impairs the priming of specific T-cell 
responses by DCs even when it is added exogenously 
in the culture media.249 This is an important observa-
tion because HCV core protein is present in the sera 
of infected patients and could therefore be respon-
sible for mediating a number of T-cell- inhibitory 
effects in vitro and in vivo. Krishnadas et al250 

 studied the effect of soluble HCV proteins on DCs of 
healthy uninfected individuals and showed that indi-
vidual HCV proteins (core, NS3, NS4, NS5) or fused 
polyprotein (core-NS3-NS4) can impair functions of 
both immature and mature DCs by downregulating 
the expression of co-stimulatory and antigen presen-
tation molecules, reducing IL-12 secretion, induc-
ing the expression of Fas ligand (FasL) to mediate 
apoptosis, interfering with allostimulatory capacity, 
and inhibiting TLR signaling and nuclear transloca-
tion of NF-κB.  Interestingly, HCV proteins did not 
directly inhibit T-cell proliferation, suggesting that 
they might instead affect the ability of DCs to conju-
gate with T cells during IS formation. Modulation of 
IS by both HIV-1 and HCV can have profound effects 
on the rate of viral replication as well as generation 
of adaptive immune response. The impairment of IS 
by these two viruses, especially through their inter-
action with DCs is gaining a lot of interest. In years 
to come, we will notice a significant growth in our 
understanding of IS-DC and how various chronic 
viruses affect it.

Immune Response in the Liver: Role 
of Hepatic Antigen presenting cells
Besides liver-resident DCs, several other liver cell 
populations such as LSECs, stellate cells, and Kupffer 
cells251 can present antigens and influence the antivi-
ral immune response. However, these APCs exist in 
a state of active tolerance, thus contributing towards 
a tolerogenic liver environment, as evidenced by 
spontaneous acceptance of liver allografts.252 These 
liver APCs continuously secrete immunosuppressive 
cytokines such as IL-10 and TGFβ1.253 This raises the 
question of whether the tolerogenic properties of liver 
APCs contribute towards the establishment of persis-
tent HCV infection and whether liver is a site favor-
ing the evasion of immune response against HCV, as 
well as other viruses.

Access to liver biopsies from HCV-infected and 
HIV-1/HCV co-infected patients is limited; isola-
tion of adequate numbers of hepatic APCs is also 
difficult. Therefore, little is known about the role 
of hepatic DCs in HCV infection. Kupffer cells and 
LSECs do not support HCV replication. In vivo stud-
ies have demonstrated that hepatic DCs and LSECs 
can present exogenous antigen to naïve T cells, but 
this does not lead to effective T-cell response, either 
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due to inhibition of T-cell polyfunctionality or due to 
acquisition of an immunosuppressive phenotype by 
T cells. Uptake of viral particles by hepatic APCs may 
prime CD4+CD25+FOXP3+ regulatory T cells, which 
are known to dampen the CD8+ T-cell response. This 
results in failure of the immune system to eradicate 
the virus from the liver. In chronic HCV infection, 
antigen-specific CD8+ T cells in liver are frequently 
reported to become dysfunctional and unable to 
secrete IFNγ and IL-2.254 In light of these observa-
tions, it is important to advance our understanding of 
the role of hepatic APCs in priming of HCV-specific 
T cells.

The antigen presentation ability of hepatocytes 
has not been studied thoroughly since hepatocytes 
are generally inaccessible to naive T cells as a result 
of the barrier formed by LSECs. However, electron 
microscopy studies have shown that hepatocytes con-
tain microvilli that can pass through fenestrations in 
the endothelium, allowing them to make contact with 
the naive T cells in the sinusoidal lumen.255 Normally, 
hepatocytes do not express MHC class II molecules, 
but aberrant expression of MHC class II molecules 
has been noted in cases of clinical hepatitis.256,257 
Therefore, it will not be unreasonable to believe that 
hepatocytes can induce HCV-specific CD4+ T cells 
or modulate the antiviral activity of pre-activated 
CD4+ T cells. Studies on transgenic mice have also 
shown that hepatocytes can directly stimulate CD8+ 
T cells, although the stimulated T cells seem to 

Table 2. impact of host genetic variations on DC functions during HiV-1 and HCV infection.

Dc function affected by the polymorphism Virus Gene involved References
early recognition of viral signatures and induction  
of innate and adaptive immune responses

HCV TLR2 261
TLR3 262,263
TLR7 264–267
TLR8 267
iRF1 268
iRF7 269

HiV TLR3 270
TLR4 271
TLR7 272,273
TLR8 274
TLR9 271,275–277
iRF1 278
iRF7 279

Presentation of viral peptides to T cells as well as  
crosstalk with NK cells

HCV HLA class ii 172,280–304
HiV HLA class ii 305–308

Binding to viral envelope, interaction with naïve T cells  
and migration

HCV DC-SiGN 309
HiV DC-SiGN 310–313

lack  cytotoxicity, possibly due to an absence of co- 
stimulatory molecules on hepatocytes.258,259

Impact of Host Genetic Variations  
on Dc Functions During HIV-1  
and HcV Infection
Studying the role of host genetic variations in deter-
mining infection outcome will facilitate our under-
standing of HIV-1 and HCV pathogenesis. Several 
genetic polymorphisms have been reported to be 
associated with low rates of spontaneous clearance, 
poor treatment response, or accelerated disease pro-
gression during the chronic phase of infection. Some 
of these polymorphisms or rare mutations are found 
in genes that control DC functions such as recogni-
tion of virus, priming of T cells, migration to lymph 
nodes, and cross talk with NK cells (summarized in 
Table 2). Understanding the mechanistic underpin-
nings behind these genetic associations will allow us 
to gain a deeper insight into the immune evasion strat-
egies adopted by HIV-1 and HCV infection, in addi-
tion to helping us devise better treatment options.

Future of Anti-HcV Treatment  
with and without HIV-1 co-Infection
Since its introduction in 1996, highly active antiret-
roviral treatment (HAART) against HIV-1 has been 
quite successful in controlling HIV-1 infection. The 
current standard treatment for treating HCV genotype 
2–3 infection is a combination of pegylated interferon 
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 (PEG-IFN) and an antiviral drug, ribavirin (RBV). 
Current therapy for HCV genotype 1 consists of an 
HCV protease inhibitor, telaprevir or boceprevir, in 
combination with PEG-IFN and RBV. In contrast to 
HIV-1, treatment of HCV has been difficult because 
of the low rate of success and a high rate of treatment 
discontinuation, primarily owing to side effects of 
IFN/RBV therapy. A sustained virological response 
is defined as persistent absence of serum HCV RNA 
for 6 months or longer after therapy and is generally 
regarded as a cure for HCV infection. However, HCV 

treatment is toxic and has significant side effects such 
as anemia, thrombocytopenia, neutropenia, diarrhea, 
and flulike symptoms such as fever, chills, fatigue, 
headache, and muscle aches. Therefore, it becomes 
very important to determine the predictive factors of 
successful treatment response.

In order to understand the role of DCs in treatment 
outcome—as well as to study the impact of IFN/RBV 
therapy on DCs—various studies have attempted to 
characterize the phenotypic and functional status of 
blood DCs before or during IFN/RBV therapy. Table 3 

Table 3. DC-related predictors of sustained virological response to the iFN/RBV therapy.

Treatment time point predictor of sustained virological response Ref.
Baselinea High CD83 expression and low iL-10 production of DCs 4,314
week 4b and week 48b Higher allostimulatory activity of MDDCs from patients 5,315
Post-treatmentc Higher percentage of BDCA-1+ mDCs, as well as higher levels of CD86+ cells,  

in both BDCA-1+ mDCs and pDCs 
CD86 and CD83 increase as well as eRK1/2 or p38-MAPK phosphorylation  
upon TLR7-cell triggering in MDDCs

6,316

Baselined Lower chemotaxis index of pDCs to CXCL12 and CXCL10 7,161
week 12e Higher frequency of pDCs 8,317

notes: aweekly administration of PeG-iFNα2b (1.5 μg/kg of body weight) by subcutaneous injection (s.c.) plus oral ribavirin at a dose of 1000–1200 mg, 
depending on the body weight, for 24 weeks; bPeG-iFNα2b (75–135 μg/week, s.c.) plus oral ribavirin (600–1000 mg/day) for 48 weeks; cPeG-iFNα2b 
(1.5 μg/kg of body weight/week, s.c.) plus oral ribavirin (800–1200 mg/day) for 6 or 12 months according to the HCV genotype; dPeG-iFNα-2a (180 μg/week, 
s.c.) plus oral ribavirin (1000–1200 mg/day) for up to 48 weeks; ePeG-iFNα2b (75–135 μg/week, s.c.) plus oral ribavirin (600–1000 mg/day) for 48 weeks.

Table 4. Direct-acting antiviral agents for hepatitis C virus infection.

HcV protein Function Inhibitors
phase I phase II phase III Licensed

NS3/NS4A  
protease

Post-translational processing  
of HCV poly-protein

GSK2336805 
iDX320 
MK-5172 
VX-985

ACH-0141625 
BMS-650032 
GS-9256 
GS-9451 
ABT-450/ra

TMC435 
Bi 201335

Telaprevir 
Boceprevir

NS5B  
polymerase

RNA-dependent RNA  
polymerase required for copying  
the HCV-RNA genome as well  
as mRNA synthesis

Nucleos(t)ide  
analogues 
GS-6620

Nucleos(t)ide 
analogues 
iDX184 
PSi-7977 
Mericitabine 
iNX-08189

None None

Non-nucleos(t)ide  
analogues 
GS-9669

Non-nucleos(t)ide  
analogues 
ABT-333 
ABT-072 
GS-9190 
VX-222 
VCH-916

None None

NS5A involved in HCV replication but  
the exact function is not clear

AZD7295 
PPi-461

ABT-267 
GS-5885

BMS-790052 None

note: Latest update on these drugs is available at: http://clinicaltrials.gov/.
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highlights those studies that have  demonstrated a 
 correlation between the phenotypic and/or functional 
status of DCs with sustained virological response. Both 
IFN and RBV have nonspecific and largely unknown 
mechanisms of action; therefore, various drugs that 
can directly target HCV at various stages of replica-
tion are currently under development (summarized in 
Table 4).  Supplementation of PEG-IFN/RBV with tel-
aprevir or boceprevir in a treatment-naive population 
improved sustained a virological response of between 
40% and 75%.  Additionally, treatment duration was 
shortened from 48 weeks to 24–48 weeks for approx-
imately 50% of patients. In treatment-experienced 
populations, the treatment response after supplement-
ing PEG-IFN/RBV with telaprevir or boceprevir was 
∼30% for non- responders, ∼55% for partial respond-
ers, and 75% to 85% for relapsers. Telaprevir and 
boceprevir and many other drugs that are in the pipe-
line will begin a new era of HCV treatment, the ulti-
mate goals of which will be to shorten the duration of 
therapy, improve sustained virological response rates, 
and minimize the side effects. Many clinical trials are 
underway which will address whether these direct-
acting antiviral (DAA) drugs will be equally effica-
cious during HIV-1/HCV co-infection. Moreover, in 
light of the suggested role of DCs in harboring and 
disseminating HCV, it will be interesting to study if 
the efficacy of anti-HCV drugs is dependent on their 
ability to clear the virus from DCs.

conclusions and Future perspectives
In the last few years, enough evidence has accumu-
lated to suggest that both HIV-1 and HCV target DCs 
to cripple the innate and adaptive immune response 
directed against them. Both viruses affect the ability of 
mDCs to produce key cytokines that are necessary for 
the development and activation of an effective T-cell 
response. In addition, they seem to use similar strate-
gies to attenuate the potent antiviral IFNα response 
in pDCs. Besides interfering with the natural antiviral 
activity of DCs, these viruses also use DCs as vehicles 
for widespread dissemination within the host.

In future, the key issues for improving our under-
standing of the interaction of HIV-1 and HCV 
with DCs include the molecular mechanisms of 
viral entry, processing, and presentation by DCs; 
the identification of mechanisms that regulate the 

balance between intrahepatic tolerance and immu-
nity; the impact of HCV, if any, on the formation of 
immunological synapse between DCs and T cells; 
molecular mechanisms involved in DC-NK cell 
cross-talk; and the role of HCV-infected DCs in aid-
ing viral  transmission. Answers to these questions 
will not only help us understand the immunobiology 
of these two viruses but will also contribute towards 
the development of better treatment strategies aimed 
at generating a protective immune response that 
controls viral infection, without any significant side 
effects.
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