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Abstract
Hepatitis B virus (HBV) vaccination is recommended for individuals with hepatitis C virus (HCV)
infection given their shared risk factors and increased liver-related morbidity and mortality upon
super-infection. Vaccine responses in this setting are often blunted, with poor response rates to
HBV vaccinations in chronically HCV-infected individuals compared to healthy subjects. In this
study, we investigated the role of T cell immunoglobulin mucin domain-3 (Tim-3)-mediated
immune regulation in HBV vaccine responses during HCV infection. We found that Tim-3, a
marker for T cell exhaustion, was over-expressed on monocytes, leading to a differential
regulation of IL-12/IL-23 production with in turn TH17 cell accumulation, in HCV-infected HBV
vaccine non-responders compared to HCV-infected HBV vaccine responders or healthy subjects
(HS). Importantly, ex vivo blockade of Tim-3 signaling corrected the imbalance of IL-12/IL-23 as
well as the IL-17 bias observed in HBV vaccine non-responders during HCV infection. These
results suggest that Tim-3-mediated dysregulation of innate to adaptive immune responses is
involved in HBV vaccine failure in individuals with chronic HCV infection, raising the possibility
that blocking this negative signaling pathway might improve the success rate of HBV
immunization in the setting of chronic viral infection.
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Introduction
HCV infection is a common cause of chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma, and is the leading indication for liver transplantation in the United States. Given
the shared risk factors for transmission, co-infection of HBV with HCV is quite common
and may lead to more significant liver disease, including higher rates and more rapid
progression to liver cirrhosis and liver cancer1-5. As such, HBV vaccine is recommended as
the primary means to prevent HBV super-infection and its associated increase in morbidity
and mortality in HCV-infected individuals. However, vaccine response (seroconversion with
a hepatitis B surface antibody titer >10 IU/L) in this setting is often blunted, with poor
response rates to a standard course of HBV vaccinations in chronically HCV-infected
individuals when compared to healthy populations (40~60% versus 90~95%); this is
especially noted in the setting of advanced fibrosis and liver cirrhosis6-8. Our recent data
suggests that even in the setting of relatively preserved hepatic function, seroconversion
rates in HCV-infected individuals are still much lower than age-matched healthy subjects
(53% versus 94%)9. To improve seroconversion rates following HBV immunization,
approaches have included different administration routes (intradermal), higher doses of
HBV vaccine (40 μg), or adding adjuvants (CPG 7909, levamisole, GM-CSF). These
approaches have led to varying degrees of improvement in healthy subjects, but have had
limited success in virally-infected individuals, in part due to a lack of information regarding
cellular and molecular mechanisms that inhibit immune responses in this setting.
Additionally, a poor vaccine response in HCV-infected subjects is also observed following
other adult immunizations, including hepatitis A vaccine, influenza vaccine, and
pneumococcal vaccine; this phenomenon is also observed in the setting of human
immunodeficiency virus (HIV) infection as well as in other immunosuppressed settings,
such as organ transplantation, cancer chemotherapy, and hemodialysis, suggesting a possible
shared mechanism of vaccine non-response in immunocompromised hosts10-11.

The mechanism for vaccine-induced immune response involves activation of antigen
presenting cells (APCs) and expansion of antigen-specific T and B lymphocytes upon
encountering antigen. Given the fact that these HBV vaccine non-responders also have poor
recall responses to tetanus toxoid or Candida, it has been suggested that HBV vaccine failure
may be due to defects in APCs12-13, in HBsAg-reactive T cells14-17, or in accumulation of
regulatory T cells18, indicating that broad immune modulation may be occurring in vaccine
responses during chronic viral infection. It is well-established that the immune system is
precisely regulated by an intricate balance between positive and negative signals to ensure
adequate responses against pathogens, and yet prevent over-activation of lymphocytes and
thus autoimmunity. Programmed death-1 (PD-1) and T cell immunoglobulin mucin
domain-3 (Tim-3) represent such inhibitory pathways to regulate T cell responses and serve
as markers for T cell exhaustion during chronic viral infection19-23. We have previously
shown that PD-1 is up-regulated on CD4+ T cells, leading to impaired activation of T helper
cells with decreased IL-2 production during chronic HCV infection, and this is particularly
significant in HCV-infected HBV vaccine non-responders when compared to HBV vaccine
responders9. The role of Tim-3-mediated regulation of innate to adaptive immunity during
the HBV vaccine response in the setting of HCV infection has yet to be determined.

IL-12, a cytokine composed of p40 and p35 subunits, is essential for linking innate to
adaptive immune responses24-26. How IL-12 produced by monocytes endows T and B
lymphocyte responses is unclear, but the discovery of IL-23--a heterodimer of IL-12p40 and
a unique IL-23p19 subunit with functions that differ from IL-12p35--offers new insights into
the role of their balance in the immune responses during infection27-29. More specifically,
IL-12 and IL-23 share a common chain, p40, but the production of p35 and p19 in response
to infection is differentially regulated and their functions are distinct and often antithetical.
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IL-12 is involved in the induction or amplification of the TH1 response, whereas IL-23 has
been associated with the generation of IL-17-producing T helper cells (TH17), which have
been associated with persistent infection and autoimmune disorders24-29.

In this report, we focus on the role of Tim-3-mediated regulation on IL-12/IL-23/IL-17
production in HBV vaccine responses during chronic HCV infection, and demonstrate the
involvement of Tim-3-mediated innate to adaptive immune dysregulation in HBV vaccine
failure during chronic HCV infection.

Materials and Methods
Subjects

The study protocol was approved by the institutional review board at East Tennessee State
University and James H. Quillen VA Medical Center (ETSU/VA IRB, Johnson City, TN).
The work described herein was carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki). A total of 47 HCV-infected subjects
with defined responses to HBV vaccine and 16 healthy subjects were recruited for this
study. All subjects gave written informed consent for this study. The subjects were divided
into three groups of populations: 1) HCV-infected HBV vaccine non-responders (HBV-NR,
defined as hepatitis B surface antibody titer <10 IU/L at 1-6 months following a standard
course of HBV vaccination, n=22); 2) HCV-infected HBV vaccine responders (HBV-R,
defined as hepatitis B surface antibody titer >10 IU/L at 1-6 months following a standard
course of HBV vaccination, n=25); 3) healthy subjects who were negative for HBV, HCV,
and HIV infection (HS, n=16). All HCV patients have relatively preserved hepatic function
and there are no significant difference in ALT and AST levels between HBV-NR and HBV-
R; those with end-stage liver diseases or cirrhosis were excluded from this study. HCV
genotype and viral load were performed by Lexington VAMC, with no significant
differences between HCV-infected, HBV-NR and HBV-R. The majority of the study
subjects were male. The mean age of the HCV-infected subjects was comparable to HS.

Cell isolation and culture
Human peripheral blood mononuclear cells (PBMC) were isolated from the peripheral blood
of study subjects by Ficoll-density centrifugation with lympho-H (Atlanta biological,
Lawrenceville, GA), which were then viably cryopreserved in freezing medium in liquid
nitrogen. If indicated, CD14+ T cells were further purified from isolated PBMC by
incubation with a magnetic beads-conjugated with anti-CD14 antibody, followed by positive
selection per the manufacturer’s instruction (purity > 95%; Miltenyi Biotec., Auburn, CA).
The purified cells were cultured as described19.

Flow cytometry
Purified CD14+ monocytes were stimulated by 1 μg/ml of Toll-like receptor (TLR) 4 ligand
- lipopolysaccharide (LPS) (BD Pharmingen) and 2.5 μg/ml of TLR 7/8 ligand - R848
(InvivoGen, San Diego, CA) for 6 h, Brefeldin A (BioLegend, San Diego, CA) was added
5h prior to harvest the cells forbidding cytokine secretion. PBMCs were stimulated by 100
ng/ml of phorbol 12-myristate 13-acetate (PMA) and 1 μg/ml of Ionomycin (InvivoGen,
San Diego, CA) for 6h, with Brefeldin A added 5h prior to harvest the cells. Specific
antibody direct conjugates for cell surface staining were carried out using Tim-3-APC
(R&D, Minneapolis, MN), CD4-APC or CD14-FITC (Miltenyi Biotec Inc, Auburn CA),
followed by intracellular staining for IL-12p35-APC (R&D), IL-23p19-PE (eBioscience), or
IL-17A-PE (eBioscience). The intracellular cytokine staining was carried out using the
Inside Stain kit (Miltenyi Biotec) per manufacturer’s instructions. Isotype-matched control
antibodies (eBioscience) and fluorescence minus one (FMO) controls were used to

Wang et al. Page 3

Vaccine. Author manuscript; available in PMC 2014 April 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



determine background levels of staining and adjust multicolor compensation as a gating
strategy. The cells were analyzed on a FACSCalibur flow cytometer (BD, Franklin Lakes,
NJ) using CELLQuest or FlowJo software.

Tim-3 blockade
Purified CD14+ cells or PBMCs were incubated with LEAF™ anti-human Tim-3 antibody
(10 μg/ml, BioLegend) or control IgG for 72h, followed by stimulation with LPS/R848 for
6h or PMA/Ionomycin for 6h, then subjected for flow cytometric analysis of IL-12p35,
IL-23p19, or IL-17A as described above.

Statistical analysis
Study results for each group are expressed as the mean ± standard deviation (SD).
Comparison between two groups is performed by SPSS-18 software. Pair wise t-test is used
to compare the significance of changes in Tim-3 blocking experiments. Correlation between
Tim-3 expression on monocytes and IL-12p35 or IL-23p19 as well as IL-17A expressions
were analyzed using a Pearson Correlation program. Values of P< 0.05 (*), P< 0.01(**), or
P<0.001 (***) were considered significant. NS denoted no significance.

Results
Differential expression of IL-12/IL-23 by monocytes in HCV-infected HBV-NR and HBV-R or
HS

To determine whether the blunted HBV vaccine response is associated with an impaired
innate immunity during HCV infection, we first compared IL-12/IL23 production by
monocytes in HCV-infected subjects with defined HBV vaccine responses. To this end,
CD14+ monocytes isolated from HCV-infected, HBV-NR and HBV-R, or HS, were ex vivo
stimulated with LPS/R848 for 6h; intracellular IL-12p35 and IL-23p19 expressions by
CD14+ monocytes were examined by flow cytometry. As shown in Fig. 1A (left panel), the
percentage of IL-12p35 expressing monocytes was found to be significantly lower in the
group of individuals with chronic HCV infection (n=45) when compared to HS (n=16).
Within the group of HCV-infected individuals, however, IL-12p35 expression by monocytes
from HBV-NR (n=20) was found to be significantly lower than those in HBV-R (n=25).
Notably, the mean fluorescence intensity (MFI) of IL-12p35 expression level by monocytes
was also lower in HBV-NR compared with HBV-R of HCV-infected individuals versus HS,
although there were no significant differences observed between HBV-NR and HBV-R or
between HBV-R and HS; the MFI between HBV-NR and HS was significant (Fig. 1A right
panel).

IL-12 and IL-23 are both mainly produced by activated antigen-presenting cells, including
monocytes/macrophages and dendritic cells (DCs), upon encountering pathogens. They have
distinct and often contradictory roles in promoting antimicrobial immune-responses and
diseases in vivo. IL-12 is important in stimulating TH1 responses that are essential for host
defense and pathogen clearance24-26. IL-23 is a pro-inflammatory cytokine that plays an
important role in chronic infection and autoimmune diseases27-29. In addition to determining
IL-12 expression, we examined IL-23 level in our cohort. As shown in Fig. 1B, in contrast
to IL-12p35, IL-23p19 expression was found to be significantly higher in monocytes from
HCV-infected, HBV-NR than HBV-R, or HS; and this held true in measuring the MFI of
IL-23p19 expression levels among the different groups of subjects. Taken together, these
results suggest a differential regulation of IL-12/IL-23 expressions by monocytes from
HCV-infected, HBV-NR versus HBV-R, or HS.
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Tim-3 expression is associated with an imbalance of IL-12/IL-23 production by monocytes
of HCV-infected HBV-NR versus HBV-R or HS

We have previously observed that Tim-3 is involved in the differential regulation of IL-12/
IL-23 expressions during HCV infection (Wang JM et al. J Virol. in press). To determine the
role of this inhibitory pathway in regulation of innate immune responses to HBV
vaccination, we examined Tim-3 expression on CD14+ monocytes from chronically HCV-
infected, HBV-NR versus HBV-R, or HS. As shown in Fig. 2A, Tim-3 expression on
monocytes was found significantly higher in HCV-infected, HBV-NR (n=22) than HBV-R
(n=25), or HS (n=16), not only in the percentage of Tim-3 positive cell frequency, but also
in the MFI of Tim-3 expression level. With Pearson correlation analysis, Tim-3 expression
was found to be closely associated with the ratio of IL-23/IL-12 production by monocytes,
not only in HCV-infected, HBV-NR and HBV-R, but also in HS (Fig. 2B). These results
suggest that Tim-3 may function as a regulator for control of IL-12/IL-23 expressions, and
its expression level might serve as a marker to predict HBV vaccine response in the setting
of HCV infection.

Tim-3-mediated differential regulation of IL-12/IL-23 expressions by monocytes is
associated with an increase in TH17 cells in HCV infected HBV-NR versus HBV-R or HS

Given the pivotal role of IL-12/IL-23 balance in TH17 cell differentiation, we next sought to
determine whether the observed differential regulation of IL-12/IL-23 expression may lead
to generation of TH17 cells, and whether there is any difference in TH17 cell development
between HBV-NR and HBV-R during HCV infection. To this end, PBMC isolated from
chronically HCV-infected individuals with defined HBV vaccine responses and HS were
stimulated with PMA/ionomycin, and the prevalence of IL-17+ CD4+ T cells was assessed
by flow cytometric analysis. As shown in Fig. 3A, chronically HCV-infected HBV-NR
(n=14) exhibited significantly higher frequencies of IL-17+ cells in CD4+ T populations than
HBV-R (n=14) or HS (n=16). Additionally, the IL-17 expression level (MFI) in CD4+ T
cells was also observed to be higher in HCV-infected, HBV-NR versus HBV-R, or HS.
Importantly, the increased frequency of IL-17+ CD4+ T cells was found to positively
correlate with Tim-3 expression on CD14+ monocytes as well as IL-23/IL-12 productions by
CD14+ monocytes (Fig. 3B), suggesting that Tim-3-mediated differential regulation of
IL-12/IL-23 production contributes to the development of TH17 cells, which might in turn
contribute to the HBV vaccine non-respons frequently observed during chronic HCV
infection.

Tim-3 blockade on monocytes corrects the balance of IL-12/IL-23 and reverses IL-17
expressions in HCV-infected HBV-NR

The observed Tim-3 expression and differential regulation of IL-12/IL-23/IL-17 productions
might be a concurrent but unrelated phenomenon during HCV infection. To determine the
role of Tim-3 on IL-12, IL-23, and IL-17 expressions, we isolated CD14+ monocytes or
PBMCs from HCV-infected individuals (HBV-NR n=22, HBV-R 25) and HS (n=16),
incubated ex vivo with anti-Tim-3 (αTim-3) or a control antibody (IgG) for 72h, and then
stimulated with LPS/R848 or PMA/ionomycin for 6h, followed by detecting IL-12/IL-23
and IL-17 expressions by flow cytometry. As shown in Fig. 4A, representative dot plots and
summary data of IL-12p35 versus IL-23p19 expressions in CD14+ monocytes, blocking
Tim-3 signaling significantly improved IL-12p35 production in HCV-infected, HBV-NR as
well as HBV-R, but not in HS. In contrast, blocking Tim-3 pathway significantly inhibited
IL-23p19 in HCV-infected HBV-NR, but not in HBV-R or HS.

Since Tim-3 is also up-regulated on T cells and other types of immune cells, such as natural
killer cells, B lymphocytes, and regulatory T cells, in HCV-infected patients, we examined
the role of Tim-3 on lymphocyte IL-17 expression. Interestingly, blocking Tim-3 in purified
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CD4+ T cells or monocyte-depleted PBMCs increases the Th17 cell population, suggesting a
direct inhibitory role of Tim-3 on IL-17-secreting CD4+ T (Th17) cells. However, Th17 cell
differentiation is inhibited in CD4+ T cells incubated with monocytes pre-treated with Tim-3
blocking antibody, which may correct IL-12/IL-23 secretions (Wang JM et al. J Virol. in
press). Additionally, we observed inhibition of Tim-3 signaling in whole PBMCs to
determine its overall effect on IL-17 production by TH cells. As shown in Fig. 4B,
representative dot plots and summary data of IL-17A expression in CD4+ T cells, blocking
Tim-3 signaling in bulk PBMCs ex vivo for 72h followed by PMA/ionomycin stimulation
for 6h significantly reduced the number of TH17 cells up-regulated in HCV-infected HBV-
NR, but not in HBV-R or HS. Taken together, these results suggest that Tim-3 signaling on
monocytes overrides its effect on other types of cells in PBMCs, resulting in an overall
stimulatory effect on IL-17 production or TH17 cell development, and indicating that Tim-3
regulation on monocytes IL-12/IL-23 secretion alters IL-17 production or TH17 cell
development. This may play a critical role in HBV vaccine response during chronic HCV
infection.

Discussion
Vaccine responses in the setting of chronic HCV infection are blunted, with poor response
rates to a standard course of HBV vaccination in chronically HCV-infected individuals
when compared to healthy populations (40~60% versus 90~95%)6-9. This study again
confirms this discrepancy and raises the possibility that responses to vaccination may be
impaired at least in part by up-regulated expression of the negative immunomodulator,
Tim-3. Our data consistently demonstrate that HBV vaccine non-responders have up-
regulation of Tim-3 expression that correlates with an imbalance of IL-12/IL-23 production
by monocytes, and accumulation of TH17 cells, an immune dysregulation that can be
corrected by Tim-3 blockade.

Tim-3 is an immunoinhibitory receptor predominantly expressed on activated T cells and
functioning through interaction with its natural ligand, galectin-9, expressed on both
haematopoetic and parenchymal cells. Up-regulation of Tim-3 appears to be a marker for T
cell anergy, with selective up-regulation on “exhausted” T cells; inhibition of its signaling
via anti-Tim-3 antibody has led to improved T cell function and viral clearance in several
models30-33. While Tim-3 has been identified as an inhibitory receptor expressed on
dysfunctional T cells, its role in human innate immune responses during viral infection
remains less-well studied. We have recently studied the trans- versus cis-association of
Tim-3 and Gal-9 on monocytes stimulated with TLR ligands, and found that trans-
association of Tim-3/Gal-9 leads to an inhibition, whereas cis-association of Tim-3/Gal-9
causes activation, of monocytes through TLR signaling (Ma CJ et al. manuscript submitted).
Additionally, Tim-3 in viral clearance during HCV and/or HIV infections has been
extensively studied30-33, but its role in vaccine responses during chronic viral infections
remains unknown; it may serve as a novel marker or readout of immune exhaustion and
vaccine non-response during chronic infection. Our preliminary results presented here add to
a compendium of data by suggesting a role for Tim-3 in vaccine responses in
immunocompromised hosts. We aim to generate more data to establish a cut-off level of
Tim-3 and IL-12/IL-23 expressions that is predictive of HBV vaccine responses in chronic
viral infections. We are also working towards establishing new guidelines or policies to
improve the vaccine success rate by blocking Tim-3 signaling while re-immunizing in HBV-
NR as a clinical application.

IL-12 and IL-23 are paradoxically regulated, exhibiting contradictory functions in disease
conditions; the precise mechanism for their differential expression remains unclear. IL-12
suppresses IL-23 and IL-17 production and, vice versa, IL-23 inhibits IL-12 and IFN-γ
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production, indicating cross-regulation between the IL-23/Th17 and IL-12/Th1 pathways.
We have recently shown that HCV-induced Tim-3 expression inhibits IL-12 production
through delivering a negative signal to TLR-mediated STAT-1 activation in monocytes34-35.
We further discovered that HCV-induced Tim-3 expression up-regulates IL-23 expression
by stimulating TLR-mediated STAT-3 phosphorylation (Wang JM et al. J Virol. in press).
Therefore, we propose a theoretical model in which HCV-induced Tim-3 controls the
balance of IL-12/IL-23 through differential regulation of STAT-1/STAT-3 in innate
immunity, leading towards differentiation or expansion of TH17 cells, a process that is more
significantly evident in HBV-NR during chronic HCV infection. This novel model, as
depicted in Fig. 5, is plausible by providing an insight into the understanding of immune
modulation of vaccine failure as well as the pathogenesis of HCV persistence.

The adaptive immune system is crucial for the elimination of viral infections, but
dysregulation of adaptive immune responses can also lead to the development of
inflammatory and autoimmune diseases. TH17 cells are the newest member of the TH cell
family that is characterized by their ability to produce specific cytokines such as IL-17A,
IL-17F, IL-22, and CCL2036. The conditions for the differentiation of TH17 cells in human
system have not been fully elucidated, but the cytokine ratio of IL-12/IL-23 produced by
monocytes seems to play a pivotal role in several disease models37-39. Functionally, TH17
cells contribute to host defense as a new effector TH cell subset with a role in protection
against pathogens through activities on immune and non-immune epithelial cells. Their
activities, however, are also pivotal in the development of autoimmune diseases under
pathologic conditions40-44. In this study, we provide pilot evidence indicating that TH17
cells accumulate in the peripheral blood of HCV-infected individuals, especially noted in
HBV vaccine non-responders. Tim-3 blocking ex vivo reverses TH17 cell development,
suggesting that HCV-induced, Tim-3-mediated differential regulation of IL-12/IL-23
expressions by monocytes is critical in TH17 cell development. It thereby might be evident
that the STAT-3/IL-23/IL-17 pathway, rather than the STAT-1/IL-12/IFN-γ axis, may be
crucial for viral persistence and vaccine non-response during HCV infection.

HBV vaccine responders and non-responders are usually classified by antibody response and
are generally believed to result from differentiation of TH1/TH2 polarization induced by the
vaccine in the setting of chronic viral infection. We and others have found that the
mechanisms underlying viral persistence and vaccine non-response during HCV infection
are likely multiple and that HCV-mediated expressions of inhibitory molecules regulating
innate to adaptive immune responses may play a pivotal role. Specifically, we and others
have shown that HCV-induced negative signaling molecules, including program death-1
(PD-1), suppressor of cytokine signaling-1 (SOCS-1), killer cell lectin-like receptor
subfamily G member 1 (KLRG-1), and Tim-3, play key roles in inhibiting several
intracellular signaling pathways, including MAPK, Jak/STAT, and Akt/PI3K, and lead to
inhibition of monocyte IL-12 production, suppression of T cell responses, promotion of B
cell activation and proliferation, and induction of CD4+CD25+Foxp3+ regulatory T cell
accumulation during HCV infection9,34-35,45-56. It should be noted that activated B cells
during HCV infection are often antigen non-specific and produce “non-sense” IgG/IgM or
autoimmune antibodies, whereas their ability to produce antigen-specific antibodies, such as
anti-HBs or HCV neutralizing antibody, is jeopardized during the course of HCV
infection46-48. Nevertheless, this study provides pilot evidence that HCV-induced Tim-3
expression can differentially regulate IL-12/IL-23 expression by monocytes, leading to
TH17 cell development. At this point, it is still unclear why Th17 correlates with HBV
vaccine response, particularly whether it is a cause or result of HBV vaccine non-response.
We do know that, in addition to TH1 response being switched to TH2 response, anti-
inflammatory cytokine IL-10/TGF-β expressions are up-regulated, leading to a more
significant increase of CD4+CD25+Foxp3+ regulatory T cells (Tregs)52-54 in HBV vaccine
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non-responders versus responders18. Our data is in line with a report that tumor-associated
Tregs express the IL-23 receptor, which activates STAT3 in this cell type and leads to up-
regulation of the Treg-specific transcription factor, Foxp3, and the regulatory cytokine,
IL-1057. These findings add new insight to the overall picture of HCV pathogenesis,
underscoring the importance of immunotherapy in conjunction with antiviral treatment in
the management of chronic HCV infection and its associated vaccine non-response56.
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Abbreviations

ALT alanine transaminase

AST aspartate transaminase

HBV hepatitis B virus

HBV-NR hepatitis B vaccine non-responder

HBV-R hepatitis B vaccine responder

HCV hepatitis C virus

HIV human immunodeficiency virus

HS healthy subject

IL-12 interleukin-12

IL-17 interleukin-17

IL-23 interleukin-23

KLRG-1 killer cell lectin-like receptor subfamily G member 1

PBMC peripheral blood mononuclear cells

PD-1 programmed death-1

SD standard deviation

STAT signal transducer and activator of transcription

Tim-3 T cell immunoglobulin mucin domain-3
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Fig. 1. Differential regulation of IL-12p35 and IL-23p19 productions by monocytes in HCV-
infected HBV-NR versus HBV-R or HS
Purified CD14+ monocytes from chronically HCV-infected HBV-NR (n=20) and HBV-R
(n=25) or HS (n=16) were stimulated with TLR ligands LPS and R848 for 6h, immune
stained with conjugated antibodies against IL-12p35 and IL-23p19, followed by flow
cytometric analysis. Isotype-matched control antibodies and fluorescence minus one (FMO)
controls were used to determine background levels of staining and adjust multicolor
compensation as gating strategy. A) The representative dot plots of IL-12p35 versus
IL-23p19 expressions in CD14+ monocytes without stimulation and TLR-stimulated
monocytes from HCV-infected HBV-NR and HBV-R or HS is shown above. Summary data
of the positive cell frequency and the MFI of IL-12p35 expression in gated CD14+ cells in
different group of subjects. Each symbol represents an individual subject, and the horizontal
bars represent median values. *P<0.05; **P<0.01; ***P<0.001; NS=no significance. B)
Summary data of the percentage of IL-23p19+ cells and the MFI of IL-23 expression level in
CD14+ monocytes of HCV-infected HBV-NR versus HBV-R or HS. *P<0.05; **P<0.01;
NS=no significance.
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Fig. 2. Tim-3 is over-expressed on CD14+ monocytes, which positively correlates with up-
regulation of IL-23p19 and negatively correlates with IL-12p35 expression in HCV-infected
HBV-NR and HBV-R or HS
Purified CD14+ monocytes from chronically HCV-infected HBV-NR (n=22) and HBV-R
(n=25) or HS (n=16) were stimulated with or without TLR ligands LPS and R848 for 6h,
then immune stained with conjugated antibodies against Tim-3, IL-12p35 and IL-23p19,
followed by flow cytometric analysis. A) The representative overlay histogram of Tim-3
expression on CD14+ monocytes from HCV-infected HBV-NR (red line) and HBV-R (blue
line) versus HS (black line) against isotype control (grey filled area) is shown on the left.
The percentage of positive cell frequency and the MFI of Tim-3 expression level on gated
CD14+ cells in HCV-infected HBV-NR versus HBV-R or HS are shown on the right. Each
symbol represents an individual subject, and the horizontal bars represent median values.
*P<0.05; **P<0.01; ***P<0.001. B) The correlation between Tim-3 expression and the ratio
of IL-23p19/IL-12p35 production by CD14+ monocytes from HBV-NR and HBV-R of
HCV-infected individuals as well as HS, analysis by Pearson Correlation with 2-tailed
significance. *P<0.05.
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Fig. 3. TH17 cells are significantly up-regulated in HCV-infected HBV-NR and are associated
with Tim-3 expression and differential regulation of IL-23/IL-12 production by monocytes
PBMC from HCV-infected HBV-NR and HBV-R or HS were stimulated with PMA/
ionomycin for 6h, immune stained with CD4 and IL-17A, followed by flow cytometry
analysis. A) Representative dot plots of IL-17A expression in CD4+ T cells without
stimulation and stimulated CD4+ T cells from HCV-infected HBV-NR versus HBV-R or HS
are shown on the left; and summary data of percentages of the positive cell frequency and
MFI of IL-17A expression level in CD4+ cells from each group is shown on the right.
*P<0.05; **P<0.01; ***P<0.001; NS=no significance. B) IL-17 expression by CD4+ cells is
positively correlated to the Tim-3 expression on CD14+ cells. *P<0.05. IL-17 expression by
CD4+ cells is also positively associated with the ratio of IL-23/IL-12 produced by CD14+

cells. *P<0.05.
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Fig. 4. Tim-3 blockade improves IL-12p35 and inhibits IL-23p19 productions by CD14+

monocytes, leading to reduction of TH17 cells in HCV-infected HBV-NR
A) Purified CD14+ monocytes from HCV-infected HBV-NR and HBV-R or HS were
incubated with αTim-3 and control IgG antibody for 72h; then stimulated with LPS/R848
for 6h, followed by flow cytometry analysis of IL-12p35 and IL-23p19 expressions.
Representative dot plots and summary data measuring IL-12p35 and IL-23p19 productions
by CD14+ monocytes in HCV-infected HBV-NR versus HBV-R or HS with the blockade of
Tim-3 or IgG antibody are shown. *P<0.05; **P<0.01; NS = no significance. B) PBMCs
from HCV-infected HBV-NR and HBV-R or HS were incubated with αTim-3 and control
IgG antibody for 72h, and then stimulated with PMA/ionomycin for 6h, followed by flow
cytometry analysis of IL-17A expression in CD4+ T cells. Representative dot plots and
summary data measuring IL-17 production by CD4+ T cells in HCV-infected HBV-NR
versus HBV-R or HS with the blockade of Tim-3 or IgG antibody are shown. *P<0.05;
**P<0.01; *** P<0.001; NS = no significance.
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Fig. 5. Proposed model for Tim-3-mediated differential regulation of IL-12 and IL-23 production
by monocytes
HCV-driven up-regulation of Tim-3 expression on monocytes inhibits IL-12 and enhances
IL-23 productions, respectively. This Tim-3-mediated IL-12/IL-23 alteration in innate
immunity would lead to a milieu conducive for accumulation of TH17 cells in the adaptive
immune response, which might contribute to vaccine non-response during chronic HCV
infection.
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