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Abstract
Aims—To determine if in vitro production of IL-22 and IL-17 correlated with resolution of HCV
infection.

Materials & methods—Human peripheral blood cells isolated from a well-defined cohort of
resolved and chronic HCV-infected subjects were used to measure HCV-, influenza- and mitogen-
activated T-cell proliferation. In addition, IL-22 and IL-17 production was measured via ELISAs
and flow cytometry.

Results—Resolved HCV subjects had a significantly higher T-cell proliferative response to
recombinant NS3 protein compared with chronic HCV subjects. Resolved subjects had a dose-
dependent IL-22 response to recombinant NS3 compared with chronic HCV subjects.

Conclusion—IL-22 production is associated with antigen-specific induction of CD4 + T cells in
individuals that resolved HCV infection, suggesting a potential role for IL-22 in HCV clearance.
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HCV is a global epidemic with over 100 million people infected with the virus worldwide
[1]. Approximately 80% of individuals infected with HCV are unable to spontaneously
resolve the infection, which can potentially lead to liver cirrhosis and hepatocellular
carcinoma. However, approximately 20% of individuals infected with HCV are able to
spontaneously clear the virus [2–6]. Therefore, the knowledge gained from examining
resolved HCV subjects’ immune responses to HCV antigens in comparison with chronically
infected HCV subjects could provide insight into the mechanisms used by the human
immune system to clear HCV, thereby potentially revealing new targets and/or platforms to
treat HCV infection.
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HCV comprises a separate genus, Hepacivirus, in the family Flaviviridae [7]. The virus is a
single-stranded, positive-sense RNA virus, that encodes ten proteins. In particular, the NS3
protein serves as both a helicase and a serine pro-tease, therefore making this protein critical
for HCV replication. Furthermore, HCV has been detected in peripheral blood mononuclear
cells (PBMCs), as well as the spleen, brain and other tissues of HCV infected individuals;
however, the liver is the major site of HCV replication.

An effective adaptive immune response against HCV is dependent on the breadth and
magnitude of the HCV-specific CD4+ T-helper (Th) cell responses against the HCV NS3
protein [8]. Furthermore, NS3 viral peptides contain numerous immunogenic epitopes
recognized by human T cells [9–16]. CD4+ T-cell activation is dependent on the T-cell
receptor recognizing a specific peptide (epitope) bound to MHC molecules expressed on the
surface of APCs. The expression and interaction of co-receptors on the surface of APCs, in
conjunction with the cytokines present in the extracellular milieu, are important factors in
the activation and differentiation of CD4+ T cells.

The function of the CD4+ T-cell subset is to direct or ‘help’ other immune cells, thereby
leading to an effective cell-mediated immune response against pathogens. CD4+ T cells are
phenotypically characterized by the type of cytokines they secrete, along with the expression
of specific transcription factors. The predominant model for the role of CD4+ T-cell
responses in HCV clearance was the Th1 (viral clearance) – Th2 (viral persistence)
paradigm [17,18]. However, recent studies have identified at least six different CD4+ T-cell
subsets, including Th1, Th2, Tregs, Th17, Th22 and Th9 cells. Patients with chronic HCV
have been shown to have higher serum levels of IL-10 and IL-4, suggestive of either Tregs
and/or Th2 cell involvement in HCV persistence [19,20]. The role of Th17 cells in HCV
pathogenesis is largely unknown. Interestingly, IL-17/IL-22-producing T cells were found at
a high frequency in the livers of patients with chronic HCV infection, indicating that IL-22
and IL-17 could be involved in HCV pathogenesis [21]. However, as with IL-17 cytokine
production, the physiological function of IL-22 in viral clearance is not well characterized.

IL-22 is produced by a variety of leukocytes, including Th17, Th22, γδ, NK, NKT and
lymphoid tissue-inducer cells [22]. Conversely, the IL-22 receptor (IL-22R) is expressed
almost exclusively on non-hematopoietic cells, including cells of the pancreas, intestine,
lung, kidney and liver [23,24]. The function of IL-22 has been demonstrated to be both
pathogenic and protective depending on the microenvironment. For example, IL-22
amplifies the TNF-α, IFN-γ and/or IL-17 proinflammatory response, potentially leading to
ankylosing spondylitis and rheumatoid arthritis in humans [25,26]. However, IL-22
produced alone can provide protection and promote tissue regeneration. For example,
murine models of liver inflammation induced by concanavalin A, which induces a T-cell
mediated hepatitis in mice, suggested that IL-22 provided protection to hepatocytes [27–29].
Furthermore, IL-22 could have antiviral effects. For example, Misse et al. demonstrated a
potential association between HIV-1 resistance and IL-22 [30]. Individuals resistant to
continual exposure to HIV-1 had increased IL-22 serum levels and a higher number of
IL-22-producing T cells after non-specific activation with anti-CD3/CD28, when compared
with control groups [30]. Furthermore, single nucleotide polymorphisms (SNPs) in the IL22
gene of individuals were associated with viral clearance and treatment in HCV patients [31].
In addition, IL22 mapped to a locus that contains the genes that are potentially associated
with Theiler’s murine encephalomyelitis virus (TMEV) clearance in mice [32]. B.10 mice, a
mouse strain resistant to TMEV persistence, had SNPs in the promoter region of IL22,
leading to an increase in mRNA for IL-22 [32]. These SNPs were compared with SJL/J
mice, which are unable to clear TMEV, and this comparison suggested that increased IL-22
production in the B.10 (viral clearing) mice could potentially be important for viral
clearance.
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In the current study, we demonstrated that PBMCs isolated from resolved HCV subjects had
a significantly higher T-cell proliferative response to recombinant NS3 (rNS3) protein.
Interestingly, the cell culture supernatants, collected after PBMC activation with the rNS3
protein, showed a significantly higher IL-22 level in the resolved HCV subjects compared
with the chronic HCV subjects. In addition, chronic and resolved HCV subjects did not have
increased levels of IL-17, suggesting that memory Th17 cells are not activated by rNS3.
Flow cytometric analyses of PBMCs stimulated with rNS3 provided evidence of CD4+ T
cells producing IL-22. Taken together, these results suggest that IL-22 production is
associated with antigen- specific induction of CD4+ T cells in individuals that resolved HCV
infection.

Patients, materials & methods
Patient samples

Blood was collected in acid citrate dextrose and PBMCs were isolated over Lymphocyte
Separation Medium (GE-Healthcare, NJ, USA) and preserved in liquid nitrogen.
Quantitative RT-PCR and HCV genotyping were performed at ARUP laboratories (UT,
USA). Chronic HCV subjects used in this study were genotype 1a (Table 1). If the subjects
had no detectable viral load, serum was screened for HCV antibodies by recombinant
immunoblot assay (ARUP laboratories). These studies have been reviewed and approved by
the University of Utah Institutional Review Board.

Cell culture & media
PBMCs were cultured in RPMI 1640 tissue culture medium (BioWhittaker, ME, USA)
supplemented with 25 mM HEPES, 2 mM L-glutamine, 100 U/ml penicillin, 100 μg/ml
streptomycin, 1 mM sodium pyruvate, 5 μg/ml gentamycin (all from Mediatech Cellgro,
VA, USA), 10 U/ml heparin sodium (Fisher Scientific, PA, USA) and 10% pure human
serum (Atlanta Biologicals, GA, USA). Cells incubator for were cultured in a 37°C, 5% CO2
the indicated amount of time.

Antigens & mitogens
The rNS3 protein was expressed and purified as previously described [33]. The recombinant
influenza virus H3 (A/Phillipines/1992) antigen and H5 (A/Vietnam/2004) antigen were
obtained from Protein Sciences (CT, USA). Phytohemagglutinin (PHA, Phaseolus vulgaris;
Sigma, MO, USA) and influenza antigens were suspended in dimethyl sulfoxide, 0.1% and
RPMI-1640.

T-cell proliferation assays
PBMCs (1 × 105 cells/well), in 200 μl complete medium containing 10% human serum,
were plated in round-bottomed 96-well plates and incubated at 37°C, 5% CO2, for either 4
or 6 days, as indicated, pulsed overnight with 1 μCi/well of tritiated (3H)-thymidine
(PerkinElmer, MA, USA), and harvested onto glass fiber filters (PerkinElmer) for
measurement of radiolabel incorporation by liquid scintillation spectroscopy. Results are
presented as the mean counts per minute (CPM) ± standard error of the mean of triplicate
cultures. Proliferation data from PBMCs stimulated with recombinant influenza virus H3
antigen was transformed using a previously described algorithm: log10ΔCPM = log10
[Xexp−Xbkg]. To account for individual variation between subjects, NS3 antigen
proliferation data from PBMCs stimulated with at least three different concentrations (0.1, 1
and 10 μg/ml) were averaged together and the mean background was subtracted.
Subsequently, data was transformed onto a log scale [34]. The delta (Δ) CPM value was the
mean experimental proliferative response minus the mean background.
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ELISA
Cell culture supernatants were assayed for IL-22 and IL-17 cytokine levels by sandwich
ELISA according to the manufacturer’s instructions (R&D Systems, Inc., MN, USA).
Briefly, medium-binding 96-well microtiter plates (Corning Costar, NY, USA) were coated
with capture antibody in phosphate-buffered saline (Thermo Fisher Scientific, Inc., MA,
USA) overnight at 4°C. The plates were washed five times with wash buffer: phosphate-
buffered saline + 0.01% Tween-20 (Thermo Fisher Scientific, Inc.). Supernatants obtained
from cell cultures (100 μl/well) were added for 2 h at room temperature. The plates were
washed five times in wash buffer and detection antibody was added according to the
instructions. Europium-coupled StreptAvidin (200 ng/ml; PerkinElmer) was added for 1 h
and then the plates were washed five times with wash buffer. Enhancing Solution
(PerkinElmer) was added to detect fluorescence. Fluorescence was determined by a Victor2
Fluorometer (Wallac, Finland). Experimental values were determined by comparing the
optical densities with a standard curve derived from recombinant proteins. Negative controls
consisted of background levels of PBMCs in media alone and positive controls were PHA-
activated PBMCs. Each sample was run in duplicate.

Intracellular cytokine staining
PBMC cultures were stained 48 h after stimulation with rNS3 in a dose-dependent manner.
Brefeldin A (BD Bioscience, CA, USA) was added to the cultures according to the
manufacturer’s instructions for the last 4 h prior to antibody staining; however, no further
activation was performed. Extracellular surface staining was performed using a combination
of anti-CD4-pacific blue, anti-CD8-Amcyan, anti-CD3-PEcy7 and 7-amino-actinomycin D
(BD Bioscience). Cells were washed and then fixed and permeabilized with BD Cytofix/
Cytoperm™ buffer (BD Bioscience), washed in BD Perm/Wash™ buffer (BD Bioscience)
and stained with 0.5 μg/ml anti-IL-17F-APC and anti-IL-22-PE (R&D Systems, Inc.) for 45
min at 4°C. Cells were washed and stored until analyzed by flow cytometry.

Results
T-cell proliferative response to HCV NS3 proteins

rNS3 protein, for which the protein sequence was based on HCV genotype 1a, was added
into culture with PBMCs, and the T-cell proliferation was measured by 3H-thymidine uptake
assays. The cohort of subjects included resolved patients and those chronically infected with
HCV genotype 1a (Table 1). Resolved HCV subjects were nonviremic, as determined by
PCR, and were HCV antibody-positive (Table 1). Unfortunately, resolved individuals were
HCV RNA-negative by PCR, excluding the possibility of determining the HCV genotype.
However, all of the resolved subjects had a dose-dependent T-cell proliferative response to
rNS3, suggesting memory T cells specific for HCV were present in these individuals. HCV
viral quantification in chronic HCV subjects was broad, ranging in viral titer from 0.6 × 105

IU/ml to 20 × 105 IU/ml (Table 1). As we have observed previously [18,35], significantly
lower T-cell proliferation was measured in chronic HCV subjects versus resolved (Figure 1
& Table 2). T-cell responses to non-HCV antigens, influenza antigens (H3 and H5) and the
mitogen PHA, were compared with those against rNS3 (Table 2). To be noted, the
proliferation values of rNS3-activated PBMCs in Table 2 are the mean average of the three
rNS3 concentrations that were used in Figure 1, and chronic HCV subjects did have a
proliferative response to rNS3. Interestingly, as demonstrated in previous studies, the T-cell
proliferative response to influenza antigens (in subjects that had a greater than twofold
response over background) and PHA were not significantly different between chronic and
resolved subjects (Table 2). These results suggested that chronic HCV subjects were able to
process, recognize and present antigen similarly to resolved HCV subjects [33,35].
Importantly, noninfected negative control individuals (Table 1; H17–H20) had no T-cell
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proliferative responses when incubated with rNS3 (data not shown). All patients used in this
study had a significant T-cell response to PHA, indicating that the PBMCs were viable
(Table 2 ; data not shown). Therefore, HCV antigen-specific T-cell responses are
significantly different from responses to other viral antigens, suggesting that HCV is able to
specifically modulate the human immune response.

Th17 cells are not involved in HCV clearance
Recently, serum levels of IL-17 were demonstrated to not be significantly different in HCV-
infected subjects in relation to HCV-related fibrosis [21]. However, IL-17 has been
implicated in hepatic inflammation in patients with autoimmune hepatitis and hepatitis B
[36,37]. Interestingly, preliminary studies, comparing gene expression profiles of subject
C4’s PBMCs stimulated with rNS3 to subject C4’s PBMCs with no stimulation,
demonstrated that the stimulated PBMCs had a greater than tenfold increase in IL22 and
IL17 gene expression (microarray data not shown). In an effort to translate the microarray
results obtained from one subject to a larger cohort of subjects, PBMCs from both chronic
and resolved subjects were stimulated with rNS3 at rising doses (0.1, 1, 10 μg/ml), H3 (3
μg/ml), H5 (3 μg/ml) and PHA (2 μg/ml) (Figure 1 & Table 2). Cell culture supernatants
were collected 48 h after antigen stimulation and IL-17 levels were measured by ELISA.
Data was normalized by subtracting the cytokine levels detected from PBMCs treated with
medium alone. The IL-17 cytokine levels induced by rNS3 were not significantly different
between chronic and resolved subjects (Figure 2). However, there was a significant
difference in the resolved (507 ± 104 pg/ml) and chronic (66 ± 33 pg/ml) PHA-induced
IL-17 cytokine levels (data not shown). Furthermore, the IL-17 levels were not significantly
different between chronic and resolved subjects in the H3 or H5 responses (Figure 2).
Therefore, IL-17 cytokine production induced by rNS3 was not significantly different
between chronic and resolved subjects, although mitogen-stimulated PBMCs from subjects
chronically infected with HCV had a significantly lower level of IL-17 production than the
HCV-resolved subjects.

HCV antigen-specific induction of IL-22 cytokine production in T cells
To determine if NS3 induced an IL-22 response in chronic and/or resolved HCV subjects,
PBMCs were incubated with either medium, rNS3 at rising doses (0.1, 1, 10 μg/ml), H3 (3
μg/ml), H5 (3 μg/ml) or PHA (2 μg/ml), supernatants were collected 48 h after antigen
stimulation and IL-22 levels were measured by ELISA. Data was normalized by subtracting
the cytokine levels detected from PBMCs treated with medium alone. Interestingly, the
IL-22 cytokine levels in the cell culture supernatants were significantly higher in PBMCs
from resolved subjects stimulated with rNS3 in a dose-dependent manner, compared with
chronic subjects (Figure 3a). Similar to the IL-17 ELISA results (above), the PHA-induced
IL-22 cytokine response was significantly higher in resolved subjects (2533 ± 390 pg/ml) in
comparison with chronic subjects (405 ± 281 pg/ml; data not shown). The IL-22 levels were
not significantly different between chronic and resolved subjects in the H3 or H5 responses
(Figure 3a). To determine if T cells were the source of the IL-22, flow cytometry was used
to measure the number of CD3+ IL-22+ cells (Figure 3b). The representative flow cytometric
data of a resolved HCV subject suggests that CD3+ T cells are producing IL-22; however,
statistical analysis was not performed due to the low number of subjects tested.

CD4+ T cells produce IL-22
To determine whether CD4+ T cells were producing IL-22, we measured intracellular
cytokine staining by flow cytometry. The flow cytometric dot plots showing increased
numbers of CD4+ IL-22+ cells in the resolved HCV subject’s PBMCs activated by rNS3 (1
μg/ml) suggested that CD4+ T cells comprised at least one source of IL-22 in these cultures
(Figure 4). Although the IL-22 background levels are higher in the resolved HCV subject in
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comparison with the chronic HCV subject, the testing of more subjects is needed to
determine if clearance of HCV and background levels of IL-22 are related. Furthermore,
CD8+ T cells had no detectable IL-22 from PBMCs stimulated with rNS3 (1 μg/ml) in
resolved and chronic HCV subjects (data not shown).

Discussion
The quality of the CD4+ T-cell response has been found to be critical in the clearance of
HCV [9,11,38–40]. In agreement with previous work, our study demonstrates attenuated T-
cell proliferative responses to rNS3 in chronic HCV subjects along with intact influenza
memory and mitogen-activated T-cell proliferative responses, suggesting that HCV is
detected by the immune system in chronically infected subjects; however, HCV is able to
evade clearance, possibly through mechanisms such as antigen-specific induction of Tregs
and/or CD8+ T-cell exhaustion (Figure 1 & Table 2) [33,35]. Taken together, these results
suggest that HCV may be specifically modulating some immune responses consistent with
viral persistence in HCV-infected individuals.

Although the role of IL-22 in viral clearance is not well-defined, evidence suggests that
IL-22 does not act directly on HCV replication [41]. However, IL-22 has been found to
upregulate the production of acute-phase serum proteins such as serum amyloid A, α1-anti-
chymotrypsin and haptoglobin in human hepatoma cell lines, suggesting that IL-22
production can lead to a proinflammatory response [42], which might be thought to be
conducive to viral elimination. In HCV-infected individuals, Foster et al. found a greater
number of intrahepatic lymphocytes secreting IL-22 and IL-17 when compared with
lymphocytes from peripheral blood, suggesting that IL-17/IL-22 could be involved in HCV
pathogenesis within the liver [21]. Furthermore, liver biopsies of chronically infected HBV
and HCV patients were demonstrated to have a significantly higher number of IL-22+ cells
when compared with healthy control liver biopsies, suggesting that IL-22+ cell abundance
increased in the liver during HCV infection [43,44]. Although such previous studies provide
valuable insight into which cells in the liver could be involved in HCV clearance, there are
no studies describing HCV antigen-specific induction of IL-22. In this study, human PBMCs
stimulated with rNS3 yielded a dose-dependent IL-22 response in resolved HCV subjects
(Figure 3a). Importantly, in this study, nonstimulated PBMCs from resolved HCV subjects
had a higher IL-22 background in comparison with PBMCs from chronically infected
subjects (data not shown), suggesting T cells in the periphery of chronically infected
subjects are not producing more background IL-22 in comparison to T cells obtained from
resolved subjects. Therefore, the lack of response from chronic subjects is not due to the
presence of a higher basal level of IL-22. In addition, the IL-22 production by PBMCs
incubated with either H3 or H5 influenza antigens showed an increase in IL-22 production
in the resolved subjects, but this was not significantly higher in comparison to chronic HCV
subjects (Figure 3a). Mitogen-activated T cells had a significant difference in IL-22
production in resolved versus chronic subjects, even though there was no difference in PHA-
induced T-cell proliferation, suggesting that HCV infection could have a broader effect on
T-cell responses than previously thought. However, further investigation into the levels of
IFN-γ and IL-2 produced by CD4+ T cells in conjunction with IL-22-producing cells would
provide more insight into the activation level of these cell types. Therefore, HCV infection
may potentially modulate immune responses, leading to persistent infection and possibly
chronic liver disease.

IL-22R is expressed almost exclusively on non-hematopoietic cells, including epithelial
cells, hepatic stellate cells and hepatocytes, suggesting that IL-22’s effect is tissue-specific
[45]. Ligation of the IL-22R on non-hematopoietic cells by IL-22 leads to the modulation of
a variety of genes encoding for molecules involved in chemotaxis, proliferation, innate
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immunity and inflammation (reviewed in [46]). For example, murine liver models and
hepatocyte cell lines have provided evidence for a therapeutic benefit to exogenous
recombinant IL-22. More specifically, previous studies using a murine stress-induced liver
damage model that simulates ischemia and reperfusion injury leading to acute liver
inflammation had shown a benefit from T-cell-derived IL-22 in hepatocyte regeneration
[47]. Furthermore, it was postulated that IL-22 could provide a potential therapeutic option
to prevent ischemia–reperfusion injury in transplant recipients due to STAT3 activation in a
murine model [47]. The importance of STAT3 activation by IL-22 has been demonstrated
by activation-induced phosphorylation of STAT3 in hepatocytes and thymic epithelium,
which initiated hepatocyte proliferation and thymopoiesis [29,48,49]. It has been suggested
that STAT3 regulates an antiviral response by inducing a strong potent immune response
without leading to immunopathology [50]. In addition, IL-22 has been demonstrated to
inhibit liver fibrosis by targeting hepatic stellate cells, suggesting IL-22 inhibits liver fibrosis
[45]. However, in the case of chronically infected viral hepatitis subjects, the long-term
effect of IL-22 stimulation within the liver could potentially play a role in hepatic
carcinogenesis [43]. Therefore, further investigation into the role of IL-22 in the liver is
clearly needed. Taken together, we hypothesize that IL-22 might have a role in facilitating a
liver microenvironment that is conducive for viral clearance due to IL-22 inducing
hepatocyte proliferation and activation of the immune system in an antigen-specific manner.
Further investigation is underway to identify specific HCV epitopes that could potentially
induce CD4+ IL-22. Identifying HCV-specific epitopes would allow for further investigation
into the potential correlation of an antiviral effect of IL-22 in the liver and T-cell responses
measured in the peripheral blood.

Conclusion
HCV modulates anti-HCV T-cell proliferation in vitro. Although CD4+ T cells are critical in
HCV clearance, mechanisms employed by HCV to avoid detection by these cells are most
likely multifactorial. In this study, we compared T-cell production of IL-17 and IL-22
cytokines in resolved and chronic HCV subject’s PBMCs when stimulated with an HCV
antigen. We demonstrated a significance difference in the IL-22 produced by resolved HCV
subjects. Therefore, HCV-specific induction of in vitro IL-22 correlates with individuals that
have cleared HCV, suggesting a potential anti-viral and/or protective effect of IL-22.
Clearly, further investigation of the role of IL-22 in HCV clearance is warranted based on
the significant difference in the production of this cytokine in resolved versus chronic HCV
subjects.
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Executive summary

• Resolved HCV subjects’ peripheral blood mononuclear cell (PBMC)
proliferative response to recombinant NS3 was significantly higher in
comparison with chronically infected HCV subjects’ PBMC proliferative
response.

• Resolved HCV subjects’ PBMCs stimulated with rNS3 had significantly higher
IL-22 cytokine production, thereby correlating HCV clearance to production of
IL-22 by T cells.

• Further characterization of CD4+ IL-22+ T cells specific for HCV antigens in
the peripheral blood and in the liver would strengthen the observation that IL-22
is important in HCV clearance.

• Due to tissue-specific action by IL-22, further studies are needed to elucidate the
function of this cytokine in the context of the liver microenvironment during
HCV pathogenesis.

• Future studies directed at understanding IL-22/IL-22R biology could potentially
lead to novel therapeutic targets or strategies in multiple human diseases,
including chronic HCV infection.
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Figure 1. Dose-dependent T-cell response to recombinant NS3
Peripheral blood mononuclear cells from HCV chronically infected (n = 8) and resolved
subjects (n = 8) at 1 × 105 cells/well performed in triplicate were incubated with HCV rNS3
protein at 0.1, 1 or 10 μg/ml. 3H-thymidine uptake was measured at day 5. Background was
subtracted from each culture condition, which is represented by ΔCPM.
*p < 0.05, Student’s paired t test.
CPM: Counts per minute; rNS3: Recombinant NS3.
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Figure 2. Production of IL-17 was not significantly different between resolved and chronic HCV
subjects
Peripheral blood mononuclear cells from resolved (n = 8) and chronic (n = 8) subjects were
incubated with either medium, rNS3 (0.1, 1 and 10 μg/ml), H3 (3 μg/ml), H5 (3 μg/ml) or
phytohemagglutinin (2 μg/ml). Cell culture supernatants were collected 48 h after the
addition of antigens, mitogen or medium. Data are normalized to medium.
rNS3: Recombinant NS3.

Cusick et al. Page 13

Future Virol. Author manuscript; available in PMC 2013 May 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 3. T-cell production of IL-22 was significantly different between resolved and chronic
HCV subjects
(A) Peripheral blood mononuclear cells from resolved (n = 8) and chronic (n = 8) subjects
were incubated with either medium, rNS3 (0.1, 1 and 10 μg/ml), H3 (3 μg/ml), H5 (3 μg/
ml) or phytohemagglutinin (2 μg/ml). Cell culture supernatants were collected 48 h after the
addition of antigens, mitogen or medium. Data are normalized to medium. (B)
Representative flow cytometry dot plots of CD3+ IL-22+ expression in a resolved HCV
subject’s cells at 48 h post-antigen stimulation. Flow cytometry data are representative of
four different experiments.
*p < 0.05, Student’s paired t test.
rNS3: Recombinant NS3.
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Figure 4. CD4+ T cells express IL-22 in resolved HCV subjects
Representative flow cytometric dot plots of CD4+ IL-22+ expression. Data are representative
of three different experiments. Top panels are dot plots of peripheral blood mononuclear
cells from a resolved HCV subject. Bottom panels are dot plots of peripheral blood
mononuclear cells from a chronic HCV subject. Gating was determined by both medium
samples (left panels) and fluorescence minus one including the isotype control (data not
shown).
rNS3: Recombinant NS3.
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Table 2

Chronic and resolved HCV subjects’ T-cell proliferative responses to recombinant HCV NS3 protein,
influenza antigens (H3 and H5) and phytohemagglutinin.

Antigen Chronic (n = 8) Resolved (n = 8) Significance

NS3† (log ΔCPM) 3.6 ± 0.2 4.2 ± 0.2 p < 0.05

H3‡ 3.9 ± 0.2 3.9 ± 0.2 ns

H5‡ 3.3 ± 0.3 3.5 ± 0.3 ns

PHA 4.8 ± 0.3 4.9 ± 0.06 ns

†
Values are representative of the log mean of three concentrations (0.1, 1 and 10 μg/ml) of recombinant NS3-induced T-cell proliferative response

minus background (log ΔCPM). Results are expressed as mean ± standard error of the mean of proliferation. Peripheral blood mononuclear cells

were added in triplicate at 1 × 105 cells/well.

‡
Proliferation data are representative of individuals who had a response greater than twofold over medium (control background) for influenza

antigens.

CPM: Counts per minute; ns: Not significant; PHA: Phytohemagglutinin.
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