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Abstract
Individuals with chronic HCV infection have impaired response to vaccine, though the etiology
remains to be elucidated. Dendritic cells (DC) and monocytes (MN) provide antigen uptake,
processing, presentation, and costimulatory functions necessary to achieve optimal immune
responses. The integrity of antigen processing and presentation function within these antigen
presenting cells (APC) in the setting of HCV infection has been unclear. We used a novel T cell
hybridoma system that specifically measures MHC-II antigen processing and presentation
function of human APC. Results demonstrate MHC-II antigen processing and presentation
function is preserved in both myeloid DC (mDC) and MN in the peripheral blood of chronically
HCV-infected individuals, and indicates that an alteration in this function does not likely underlie
the defective HCV-infected host response to vaccination.
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1. Introduction
Hepatitis C virus (HCV) is a leading cause of chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma worldwide [1;2]. It is estimated that over 120 million people are
HCV-infected, with particularly higher rates in Asia where hepatitis A (HAV) and B (HBV)
co-infection is common [3]. It is currently recommended that individuals with chronic HCV
infection receive vaccination against HAV and HBV. The rationale for these vaccines
derives from an increase in mortality with acute HAV co-infection, and accelerated
progression to cirrhosis in HBV co-infection [4;5]. However, impaired antibody titers to
HAV [6;7] and antibody titers and seroconversion to HBV vaccination [8;9] has been
observed in the setting of chronic HCV infection. One possible explanation is a defect in
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APC function. DC are the most potent APC to elicit naive T-cell activation. In peripheral
blood, two major DC populations can be identified: CDllc+ mDC and CD123+
plasmacytoid DC. mDC are felt to be the primary DC subpopulation that provides both
antigen presentation and costimulation necessary for naïve T cell activation. Our group and
others have observed intact ability of mDC from HCV-infected subjects to activate
allogeneic T cells [10;11;12]. Other groups however have found mDC from chronic HCV-
infected subjects to be defective in activating T cells [13;14]. Notably, all of these studies
used assays of allogeneic T cell activation as a measure of DC function. In particular, such
assays assess the ability of DC that are presenting endogenous antigen already present on the
APC surface to costimulate T cells, and do not evaluate the ability of APC to process and
present exogenous antigens [15;16].

In this study we have focused specifically on the antigen processing and presentation ability
of mDC and MN from HCV-infected individuals. We use a novel HLA-DR matched T cell
hybridoma system that is costimulation independent to specifically ask if mDC and MN
from HCV-infected individuals have a defect in MHC-II antigen processing and
presentation. Results indicate that although there is heterogeneity in responses elicited by
APC from both HCV-infected subjects and healthy controls, both groups have similar
overall antigen processing and presentation capability.

2. Materials and Methods
2.1. Study subjects

Recruitment and participation of healthy and HCV-infected subjects was approved by
University Hospitals Case Medical Center and Cleveland VA Medical Center Institutional
Review Boards, and written informed consent was obtained from all subjects for peripheral
blood sampling. Subjects were screened for HLA-DR15.01 expression initially by analysis
of whole blood for HLA-DR15 expression by flow cytometry (biotin anti-HLA-DR15
antibody (One Lambda), followed by streptavidin-APC (InVitrogen)). Subject cells
expressing HLA-DR15 using this low resolution assay underwent high-resolution analysis
by PCR (Biosynthesis) to identify individuals that were HLA-DR15.01 subtype positive as
previously described [17]. 14 HCV infected individuals and 13 healthy controls that all
screened positive for HLA-DR15.01 were enrolled in the study. Clinical chemistry values,
platelet counts, HCV genotypes, and HCV viral loads were obtained from the Cleveland VA
clinical laboratory.

2.2. Cell purification
All blood was collected in heparin containing green top tubes and rocked overnight.
Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll Paque Plus (Amersham
Biosciences) density gradient centrifugation. MDC were isolated from PBMC using the
BDCA-1 kit (Miltenyi Biotec) according to the manufacture's instructions. MN were
isolated using the Monocyte Isolation Kit II kit (Miltenyi Biotec) and PBMC were
additionally incubated with anti-CDlc antibody (Miltenyi) and anti-CD2 beads (Miltenyi) to
minimize contamination of MN by mDC and T cells respectively. HLA-DR expression was
determined using anti-CDllc-APC (Biolegend) and anti-HLA-DR-PECY5 (BDBiosciences)
for mDC and anti-CD14-PE (BDBiosciences) and anti-HLA-DR-APC (BDBiosciences) for
MN.

2.3. Antigen processing and presentation assays
Antigen processing and presentation assays were performed as previously described [18;19].
Briefly, freshly prepared MN (5×104) or mDC (5×103)/well were cultured in 96 well plates
with the HLA-DR15.01- restricted HEL-specific T cell hybridoma clone (15HEL, 1×105/

DH et al. Page 2

Cell Immunol. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



well) and incubated with titrated concentrations of hen egg lysozyme (HEL, Roche) or HEL
peptide (aa 14–37, Genemed Synthesis) in DMEM based medium with 10% FCS. After 22
hrs, supernatants were harvested and IL-2 levels measured by ELISA (eBioscience).
Aliquots of a single batch of 15HEL T cell hybridoma cells were frozen so that freshly
prepared mDC and MN could be tested with an identical T cell cell line readout.

2.4. Statistical Analysis
As the data were not normally distributed and the sample size was small nonparametric
procedures were used. For continuous outcomes, comparisons between the groups were
made with Mann-Whitney U test. Spearman rank correlations were used to assess the
relationships between continuous variables. SPSS 17 and GPower (3.1.0)were used to
perform the statistical and power calculations respectively.

3. Results
3.1. Subjects

We obtained samples from 14 individuals with chronic-HCV infection without prior HCV
treatment that were HLA-DR15.01 positive. Table 1 summarizes clinical information. None
of the subjects had overt signs or symptoms of hepatic decompensation and only one had a
low serum albumin (2.9 g/dL). Aspartate aminotransferase/platelet ratio index (APRI,
calculated as aspartate aminotransferase (AST) (U/L)/upper normal × 100/platelet count
(109/L)]) is associated with liver fibrosis in HCV infected individuals [Shaheen, 2007
#2926] and has been shown to correlate with progression of disease and mortality [Sinn,
2008 #2950][Ngo, 2006 #2948][Nunes, 2010 #2949]. Eight of 14 subjects had an APRI<0.5
(associated with lower likelihood of advanced stage liver disease), 6 of 14 subjects had an
APRI > 0.5, and 4 of 14 subjects had an APRI >1 (associated with a greater likelihood of
advanced stage liver disease) [20].

Control subjects were healthy individuals from the university and hospital employee
community. Mean age of controls was 47, and this is statistically lower than the mean age of
56 for HCV infected subjects (p<0.003). Four of 13 controls were female, while 1 of 14
HCV infected individuals were female. This reflects the general pool of healthy control
donors that are a somewhat younger population and the HCV-infected subjects in the VA
system that are overwhelmingly males from the Vietnam era of military service. Only one
subject was African American as the HLA-DR15.01 subtype is uncommon in persons of
African descent.

3.2. Antigen processing and presentation assays
The goal of these studies was to specifically determine if there is an MHC-II antigen
processing and presentation defect in APC from HCV-infected individuals. HLA-DR-15.01
restricted CD4+ T cell hybridomas were used to study MHC-II antigen processing and
presentation. Hybridomas are stable immortal cell lines that provide quantitative and
reproducible responses well suited for comparative studies [18;19;21]. They were generated
in HLA-DR transgenic mice, but respond to human APC as previously described [18]. The
specific T cell hybridoma clone was selected as it secretes IL-2 in proportion to amount of
specific peptide-MHC on the APC surface. This DR15-restricted T cell hybridoma clone
was previously shown to be CD80 and CD86 costimulation independent and therefore
provides a readout that is dependent on levels of expression of specific peptide:MHC-II
complexes [17]. T cell hybridomas respond immediately after thawing from
cryopreservation, permitting utilization of a single stock of T cells for analysis of APC
isolated freshly at different time points. The APC therefore becomes the main variable in the
experimental system. We have used this HLA-DR-restricted T cell hybridoma system to
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identify a defect in antigen presentation by cord blood MN [19] and preserved antigen
presentation function in MN from HIV-infected individuals [17].

mDC purified from PBMC by positive selection using immuno-magnetic beads from 9
HCV-infected individuals and 10 healthy controls were studied using this experimental
system. Fig. 1A and 1B demonstrates the amount antigen presentation at varying
concentrations of soluble HEL or peptide for the entire group of HCV infected individuals.
Soluble HEL must be taken up, processed, and presented, while peptide can bind HLA-DR
on the mDC surface and does not require uptake and intracellular processing to be presented.
There is heterogeneity in the ability to present both soluble and peptide antigen, but there is
no significant difference in presentation function at any concentration of HEL or peptide
comparing mDC from controls vs. the total group of HCV-infected subjects (p>0.35).

MN were purified from PBMC of 14 HCV-infected individuals and 13 healthy control by
negative selection using immuno-magnetic beads s. Fig. 2 demonstrates no significant
difference in presentation at any concentration of soluble HEL or specific peptide antigen
comparing MN from the total group of HCV-infected individuals (Fig 2A and B, p>0.4) vs.
healthy controls.

While antigen processing and presentation is preserved in HCV-infected individuals, we
sought to determine if there were relationships between the clinical course of the HCV
infection and APC antigen presentation that may explain the observed heterogeneity in
activity in the HCV infected subjects. We evaluated APRI as a continuous variable, serum
HCV level, and albumin. mDC antigen presentation negatively correlated with APRI (Fig.
3A, r=−0.71, p<=0.03) while there was no relationship for MN (Fig. 3B, r=−0.09, p=0.76).
With an effect size (0.71) this large, the sample size of 9 should be sufficient for a
correlation with a one-tail test, an alpha of 0.05 and a power of 0.86. HCV levels and
albumin did not correlate with antigen presentation by mDC or MN (data not shown).

During the latter stages of antigen processing the HLA-DR molecule is loaded with
processed HEL peptide to be presented. Therefore the HLA-DR expression levels could
directly affect antigen presentation. In the past we have found only a weak correlation
between HLA-DR expression and antigen presentation in one study, and none in another
[17;19]. We have taken this to suggest that within the physiologic levels of HLA-DR
normally present, that the intracellular events of processing and peptide loading are more
limiting than surface HLA-DR expression in determining presentation and T cell activation.
Here we found no statistical difference in the HLA-DR levels in mDC or MN comparing
HCV-infected and healthy control groups (Fig. 4). Also, we did not find a correlation
between HEL or peptide presentation and HLA-DR levels in the HCV-infected or control
subjects.

4. Discussion
In the current study we observed intact MHC-II antigen processing and presentation
function in ex vivo blood mDC and MN from individuals with untreated chronic HCV
infection. To our knowledge this is the first report specifically analyzing levels of peptide-
MHC complexes on APC of untreated chronic HCV individuals. We have shown previously
that our system using T cell hybridomas is not costimulation (CD80 or CD86) dependent
[17;19]. This MHC class II antigen processing and presentation assay encompasses a
number of steps that lead up to presentation of the specific peptide on HLA-DR of an APC.
These include uptake of HEL antigen via receptor-mediated endocytosis or
macropinocytosis, trafficking to an acidified compartment for degradation, loading on
intracellular HLA-DR, and trafficking to the cell surface. Adhesion molecule interactions
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are also necessary for a successful T cell response. It is of course possible that one part of
this process could be partially defective while another part of this process compensates for
the defect, resulting in overall intact function.

We have previously observed mDC to be in an increased state of activation, as reflected by
increased CD83 and CD86 expression, in the setting of HCV infection [12]. Additionally,
expression of these markers tended to correlate with serum AST and ALT, indicating a
relation between degree of liver inflammation and circulating mDC activation/maturation
state. Here we observed APRI level (a function of AST and platelet count) negatively
correlated with mDC antigen processing and presentation function within the HCV infected
group. Interestingly there is a trend toward better mDC antigen presentation in the HCV
infected subjects with lower APRI. It is therefore possible that in earlier stage liver disease
there is in fact enhanced antigen processing and presentation function.

Reduced response to HAV and HBV vaccination in the setting of chronic HCV infection
may be due to a number of factors. Elements necessary for a successful antibody mediated T
dependent vaccine response include B cells, helper CD4+ T cells, and primarily DC as APC.
There are multiple functions of APC necessary to shape the helper CD4+ T cell and optimal
antibody producing B cell responses, including APC maturation and migration, production
of specific chemokines and cytokines, and contact dependent costimulation. Alterations in
some of these mDC functions, including maturation state, chemokine and cytokine release
have been observed [22;23;24;25;26]. Previous analyses of mDC ability to activate T cells
have selectively utilized assays of allogenic T cell activation, and there has been some
controversy regarding results, with one study observing a defect in mDC [14] and others
observing no defect [10;11;12]. As a result, it has been unclear whether on a per cell basis
mDC from HCV infected individuals are able to prime naïve T cells. Reduced numbers of
peripheral blood mDC have been observed in HCV-infected individuals as well
[11;14;27;28] and may play a role in the defective response to vaccine. Here we specifically
focused on analysis of peptide-MHC complex formation and presentation, the culmination
of uptake, degradation and trafficking of antigen. We found that this specific APC function
is preserved in the setting of chronic HCV infection.

It is quite possible that the mechanisms for the defects in HAV and HBV vaccination are
multi-factorial. There have been a paucity of data concerning global T or B cell defects in
HCV-infected individuals. Defects in either or both of these compartments could certainly
hamper optimal vaccine induced antibody responses. Dolganiuc et al found that mDC
induced more Tregs in HCV infected individuals, which could hamper T helper responses
[29]. Nisii et al found an accumulation of dysfunctional CD8+ T cells in livers of subjects
with chronic HCV suggesting global T cell defects may be present [30]. Defects in CD4+
helper T cells have not been reported. A better understanding of the nature and scope of
immune defects in HCV-infected individuals is warranted as the morbidity of HAV and
HBV infection in individuals with chronic HCV is significant. Such an understanding should
guide development of strategies to obtain optimal vaccine-induced protection against
hepatitis viruses.

5. Conclusions
Overall there is no antigen presentation defect in mDC and MN from chronically HCV
infected individuals at the stage of disease prior to significant hepatic decompensation. The
data does, however, suggest a relationship between milder stage HCV disease and better
antigen processing function. The implications of these findings are that in chronically HCV
infected individuals prior to hepatic decompensation that a defect in antigen presentation is
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not the likely etiology of the reduced vaccine responses that others have observed in this
group.
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Fig. 1. mDC antigen presentation
Purified mDC (5×103/well) from healthy controls and HCV-infected individuals were
incubated with soluble HEL (A) or peptide (B) and T cell hybridoma (1×105/well) for 22
hrs. IL-2 levels were determined by ELISA.
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Fig. 2. MN antigen presentation
Purified MN (5×104/well) from healthy controls and HCV-infected individuals were
incubated with soluble HEL (A) or peptide (B) and T cell hybridoma (1×105/well) for 22
hrs. IL-2 levels were determined by ELISA.
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Fig. 3. Relationship between antigen presentation and APRI score
The relationship between IL-2 levels at the 33 μg/ml concentration of HEL and the APRI
score are presented for mDC (A) and MN (B).
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Fig. 4. HLA-DR levels on mDC and MN
Purified mDC and MN were stained with anti-CD14, CD11c, and HLA-DR. HLA-DR MFI
of the purified CD14+ MN and CD11c+ mDC and are shown.
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