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Objective(s): Chikungunya virus (ChikV) infection is characterized by persistent infection in joints and 
lymphoid organs. The ChikV Capsid protein plays an important role in regulating virus replication. 
In this study, we hypothesized that capsid protein may stimulate dendritic cell (DC) activation and 
maturation and trigger an inflammatory response in mice. 
Materials and Methods: Mice were intraperitoneally injected with capsid protein and examined for 
changes in immunophenotype in lymph nodes (LNs). Next, DCs were treated with capsid protein or 
LPS and then expression of maturation markers, cytokine production, and ability to stimulate CD4+ T 
cells in allo-MLR were analyzed.
Results: Injection of mice with capsid protein led to recruitment of myeloid cells and increased 
activation of T lymphocytes in LNs. Importantly, treatment of DCs with capsid protein prolonged the 
activation of IKB-α and up-regulated the number of CD11c+CD86+DCs and release of TNF-α and IL-
12p70 as well as reducing DC apoptosis, all effects were abolished in the presence of Bay 11-7082. In 
addition, IL-2 production was higher by CD4+ T cells stimulated with capsid-treated as compared with 
LPS-induced DCs. 
Conclusion: The observations revealed that capsid protein participates in the regulation of NF-κB 
signaling and maturation of DCs.
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Introduction
Chikungunya viruses (ChikV) are small spherical 

enveloped viruses causing severe arthritic diseases on a 
global scale, therefore threaten public health with high 
mortality. The ChikV-induced diseases are characterized 
by persistent infection in joints, muscles, lymphoid 
organs, liver, and brain, and the viral replication occurs 
in host cells including macrophages (1) and neuronal 
cells (2). ChikV infection causes tissue damage by 
predominant infiltration of inflammatory cells and 
their activations in infected tissues, leading to host cell 
death (3, 4). The persistence of ChikV RNA is for at least 
4 weeks post-infection (5, 6), and susceptibility is age-
dependent in mice (7). Signaling pathways including 
MyD88 and NF-κB (8), TRIF (9), interferon (IFN) (10), 
and MAPK (11) have been shown to involve in regulating 
the viral replication and inflammatory response. 
Interestingly, the development of vaccines against 
ChikV has been initially successful. Accordingly, an 
attenuated and vectored ChikV vaccine elicits protective 
immunity against pathogens in nonhuman primates 
(12) and DNA vaccination with E1, E2, and capsid genes 
of ChikV induces the release of high-titer antibodies in 
mice (13). In humans, two vaccine candidates including 
MV-CHIK and VRC-CHKVLP059-00-VP have completed 

successfully phase I clinical trials and sre in the ongoing 
phase II study (14-16). 

The immune system is composed of special cells, in 
which dendritic cells (DCs) are the most professional 
antigen-presenting cells involved in innate immune 
responses. DCs can capture and process antigens from 
peripheral tissue to become mature and migrate to 
the secondary lymphoid organs such as lymph nodes 
(LNs) (17). Mature DCs are characterized by Ca2+ influx 
(18), leading to increased expression of co-stimulatory 
molecules and release of inflammatory cytokines and 
chemokines (17), which play an essential role in the 
control of T-cell activation. Recent studies indicated that 
ChikV replication is decreased by inhibiting Cl- channels, 
which are activated by Ca2+ influx (19). Activity of DCs 
to induce CD8+T cell immunity results in inhibition of 
ChikV infection (20, 21). In addition to DCs, T and B cells 
are also known not to be sensitive to ChikV infection 
(20, 22).

Among ChikV proteins, a capsid is the structural 
protein of ChikV and plays a crucial role in the viral 
replication (23) that is blocked by using a picolinate 
organic compound to target this protein (24). Several 
studies on this protein indicated that treatment of 
peripheral blood mononuclear cells (PBMCs) with 
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capsid results in slightly increased intracellular levels 
of IFN-γ and IL-2 in T lymphocytes (25). The persistent 
expression of capsid antigen is detected in ChikV- 
infected mouse macrophages at day 30 after infection 
(4). However, investigation on the regulatory role of 
DC function by this protein and molecular mechanisms 
underlying activation of DCs remain undefined. 

The present study has been performed to determine 
whether capsid protein induces an inflammatory 
response in DCs and mice. To this end, mice were 
intraperitoneally (IP) injected with capsid protein and 
infiltration of different immune cells into and their 
activation in LNs were analyzed. For in vitro experiments, 
bone marrow-derived DCs (BMDCs) were stimulated 
with capsid protein or LPS (used as a positive control) 
and regulatory effect of this antigen on the expression of 
surface markers, cytokine release, cytokine production 
in allogeneic mixed leukocyte reaction (allo-MLR) and 
cell apoptosis were determined. The activity of NF-κB 
was also assessed in capsid and LPS- stimulated DCs.

Materials and Methods
Mice

Wild type pathogen-free BALB/c mice at the age of 6 
to 8 weeks were purchased from Sigma-Aldrich (USA) 
and housed in a specific pathogen-free facility at the 
Institute of Genome Research. The animals had free 
access to food and drinking water. 

In vivo capsid protein treatment 
Six-week-old male BALB/c mice were injected IP with 

capsid protein (10 mg/kg body weight) or PBS for control 
for 48 hr. All capsid-treated and control mice survived 
and did not suffer from major weight loss, indicating 
that this dosage of the drug was well tolerated.

Bone marrow-derived DCs 
BALB/c mice were anesthetized with isoflurane gas 

and bone marrow cells were flushed out of the cavities 
from the femur and tibia with PBS. BMDCs were obtained 
and cultivated as described before (26). In brief, bone 
marrow cells were washed twice with RPMI-1640 and 
seeded out at a density of 4 x 106 cells per 60-mm dish. 
Cells were cultured for 8 days in RPMI-1640 (GIBCO) 
containing: 10% fetal calf serum (FCS), 1% penicillin/
streptomycin, 1% glutamine, 1% non-essential amino 
acids (NEAA), and 50 µm β-mercaptoethanol. Cultures 
were supplemented with GM-CSF (35 ng/mL, Sigma 
Aldrich) and fed fresh medium containing GM-CSF on 
days 3 and 6. Nonadherent and loosely adherent cells 
were harvested after 8 days of culture. Most (80% or 
more) of the cells expressed CD11c, which is a marker 
for mouse DCs. Experiments were performed on days 
8–10. BMDCs were stimulated with Escherichia coli 
lipopolysaccharide (LPS, 100 ng/ml, Sigma-Aldrich) or 
capsid protein {2 µg/ml, this protein was purified by 
Dr. Vu Xuan Nghia as described elsewhere (27)} in the 
presence or absence of NF-κB inhibitor Bay 11-7082 (10 
µM, Sigma-Aldrich).

Immunoblotting
DCs (2 x 106 cells) were pulsed with LPS or capsid 

protein for 30, 60, or 120 min and then snap-frozen in 
dry-ice ethanol bath. Cell pellets were thawed on ice and 

washed twice with PBS, then solubilized in RIPA-1 lysis 
buffer. Samples were stored at -80 °C until use for Western 
blotting. Cell lysates were separated by 10% SDS-PAGE 
and blotted on nitrocellulose membranes. The blots 
were blocked with 5% nonfat-milk in triethanolamine-
buffered saline (TBS) and 0.1% Tween-20. Then the 
blots were probed overnight with anti-phospho (p)-
ERK, anti-ERK1/2, anti p-p38, anti-p38, anti p-IkBα, 
anti-IkBα, anti-Bcl-2, and anti-GAPDH (all from Santa 
Cruz) antibodies diluted in 5% milk in PBS and 0.1% 
Tween-20, washed 5 times, probed with secondary 
antibodies conjugated with horseradish peroxidase for 
1 hr at room temperature, and finally washed 5 times. 
Antibody binding was detected with the enhanced 
chemiluminescence kit (GE healthcare). 

Immunostaining and flow cytometry
Isolated LN leukocytes and BMDCs were analyzed 

by flow cytometry (FACSAria Fusion, BD Biosciences) 
as described (26). Cells (4 x 105) were incubated in 
100 µl FACS buffer (PBS plus 0.1% FCS) containing 
fluorochrome-coupled antibodies to CD45, CD3, CD4, 
CD8α, CD19, CD11c, F4/80, CD68, CD11c, CD86, CD69, 
CD25 and CD11b (all from eBioscience) at a concentration 
of 10 µg/ml. After incubating with the antibodies for 60 
min at 4 °C, the cells were washed twice and resuspended 
in FACS buffer for flow cytometry analysis.

Cytokine quantification in cell culture supernatant 
DCs were stimulated with LPS (100 ng/ml) or capsid 

protein (2 µg/ml) in the absence or presence of NF-
κB inhibitor Bay 11-7082 (10 µM) for 24 hr. Cell culture 
supernatant was collected and stored at -20 °C until use 
for ELISA. TNF-α and IL-12p70 concentrations in DC 
culture supernatants were determined by using ELISA kits 
(eBioscience) according to the manufacturer’s protocol.

Allogenic mixed leukocyte reaction
CD4+ T cell isolation: spleens of Swiss mice were minced 

gently and digested with collagenase IV at 37 °C to separate 
splenic cells and then filtered by 70-micrometer cell 
strainers. Red blood cells were next lysed with erythrocyte 
lysis buffer. The splenic cells were stained with a biotin-
antibody cocktail for 5 min and subsequently anti-biotin 
microbeads for 10 min to attain untouched CD4+ T cells 
from single-cell suspensions by using the mouse naive CD4+ 
T cell isolation kit (Miltenyi Biotech).

Allogenic mixed leukocyte reaction (allo-MLR) was 
determined as previously described (28) with slight 
modifications. In brief, allo-MLR was performed using 
mature BMDCs to activate CD4+ T cells. The CD4+ T cells 
were washed twice with PBS and cultured in 96-well 
plates alone or with BMDCs of BALB/c mice (1:10 DCs to 
T cells, 105 cells/100 μl) at 37 °C/5% CO2 for 5 days. To 
evaluate cytokine production (IL-2, IL-12p70, and IFN-γ), 
the cell culture supernatants were collected at day 5 and 
subjected to ELISA by using ELISA kits (eBioscience) 
according to the manufacturer’s protocol. 

Phosphatidylserine translocation and PI incorporation
To discriminate necrotic/late apoptotic from early 

apoptotic cells, the presence of phosphatidylserine (PS) 
on the outer surface of the apoptotic cells was detected 
from FITC-conjugated annexin V binding to PS at the cell 
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surface and necrosis/late apoptosis was assessed from 
the amount of PI-positive cells. In brief, 4x105 cells were 
harvested and washed twice with annexin washing 
buffer (AWB, 10 mM Hepes/NaOH, pH 7.4, 140 mM NaCl, 
5 mM CaCl2). The cell pellet was resuspended in 100 µl 
of annexin-V-Fluos/PI labeling solution (eBioscience), 
incubated for 15 min at room temperature. After 
washing with AWB, the cells were analyzed by flow 
cytometry (FACSAria Fusion, BD Biosciences).

Statistics
Data are provided as means ± SEM, n represents 

the number of independent experiments. Differences 
were tested for significance using Student’s unpaired 
two-tailed t-test or ANOVA, as appropriate. P<0.05 was 
considered statistically significant.

Results
Changes in immunophenotype in capsid-treated mice 

Mice were sacrificed 48 hr after IP injection with capsid 
protein and then LNs were collected for experiments. 
Infiltration of immune cells into and their activation in 
LNs were determined by flow cytometry. Upon injection, 
numbers of myeloid cells including macrophages 
(CD45+CD68+F4/80+), DCs (CD45+CD11c+), and myeloid 
DCs (CD11c+CD11b+CD8-) were expanded, whereas the 

percentage of B cells (CD45+CD19+) was reduced in LNs 
of capsid-treated mice. In addition, numbers of lymphoid 
DCs (CD11c+CD11b-CD8+), CD4 T (CD45+CD3+CD4+), 
and CD8 T cells (CD45+CD3+CD8+) in LNs were similar 
in both groups of mice (Figures 1A-C). Next, enhanced 
activation of T lymphocytes in LNs of capsid-injected 
mice was also observed as the expression of CD69 
(Figures 1D-E), but not CD25 (data not shown) on CD4, 
and CD8 T cells was significantly up-regulated.

Capsid protein prolonged activation of IκB-α in BMDCs
Recent studies revealed that NF-kB and MAPK 

signaling pathways participate to modulate the release 
of inflammatory cytokines and viral replication in ChikV-
infected cells (8, 11). In this study, BMDCs were treated 
with the positive control (LPS) or capsid protein, and 
total cell protein was extracted by using RIPA-1 lysis 
buffer. Consistently, stimulation of the cells with LPS 
or capsid protein resulted in activations of MAPK (p38 
and ERK1/2) and IκB-α signalings, however, enhanced 
phosphorylation of IκB-α in capsid-treated DCs was 
prolonged for more than 2 hr (Figures 2A-B), whereas that 
in LPS-stimulated DCs was enhanced and intermediately 
degraded within 30 min (26). The difference in NF-kB 
activation between LPS- and capsid-treated DCs would 
be evidence of persistent ChikV infection.

Figure 1. Effect of capsid protein on immune cell infiltration into mouse LNs
A. Original dot plots of CD45+CD11c+, CD11c+CD11b+CD8-, CD45+CD68+F4/80+, CD45+CD19+, CD45+CD3+CD4+ and CD45+CD3+CD8+ cells recruited 
to LNs of mice, which were untreated (control, upper panels) and IP injected with capsid protein (10 mg/kg body weight, lower panels). Numbers 
depict the percent of cells in the respective quadrants
B-C. Arithmetic means (n=4-6) of percentages of CD45+CD11c+, CD11c+CD11b+CD8-, CD45+CD68+F4/80+, CD45+CD19+, CD45+CD3+CD4+ and 
CD45+CD3+CD8+ cells recruited to LNs of mice that were left untreated (control, white bars) or IP injected with capsid protein (black bars). * 
(P<0.05) and ** (P<0.01) represent significant differences from control group, ANOVA
D. Original dot plots of CD3+CD4+ CD69+ and CD3+CD8+ CD69+ cells recruited to LNs of mice, which were untreated (control, upper panels) and IP 
injected with capsid protein (lower panels). Numbers depict the percent of cells in the respective quadrants
E. Arithmetic means (n=4-6) of percentages of CD3+CD4+ CD69+ and CD3+CD8+ CD69+ cells recruited to LNs of mice, which were left untreated 
(control, white bars) or IP injected with capsid protein (black bars). *** (P<0.001) represents significant differences from the control group, ANOVA
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Capsid protein up-regulated DC maturation through 
NF-kB signaling

To ask whether NF-kB activation participates in 
regulating capsid-induced DC function, immature DCs 
were stimulated with capsid protein or LPS in the 
presence or absence of pharmacological inhibition 
of NF-kB with Bay 11-7082 for 24 hr. Afterward, the 
cells were harvested and expression of co-stimulatory 
molecule CD86 (Figures 3A-B) was measured by 
flow cytometry. Similar to LPS-mature DCs, capsid-
treated DCs had significantly higher expression of this 
maturation marker if compared with untreated DCs, the 
effect was attenuated by using Bay 11-7082 (Figures 3A-
B). We next determined the production of inflammatory 
cytokine by capsid-treated DCs. As shown in Figures 

3C-D, stimulation of DCs with capsid protein resulted 
in enhanced IL-12p70 and TNF-α cytokines and the 
effects were inhibited by the presence of Bay 11-7082, 
suggesting that NF-kB signaling contributed to the 
stimulating effect of capsid protein on activation of DCs.

Ability of capsid-stimulated DCs to induce cytokine 
production in allo-MLR

We next evaluated cytokine production in the culture 
of allo-MLR. Capsid- or LPS-treated DCs were cocultured 
with splenic CD4+ T cells at a DC: T cell ratio of 1:10 
for 5 days and levels of IL-2 and IFN-γ cytokines were 
analyzed. As illustrated in Figures 4A-B, both LPS- and 
capsid-stimulated DCs led to cytokine production in 
allo-MLR, levels of IFN-γ and IL-2 were significantly 

Figure 2. Capsid protein prolonged the phosphorylation of IκB-α in DCs
A. DCs were stimulated with LPS (100 ng/ml) or capsid protein (1 µM) for the indicated time: 30, 60, 120 min, or left untreated (control). Protein 
extracts were analyzed by direct Western blotting using antibodies directed to phosphorylated (p)-ERK1/2, p-p38, p- IκB-α, and IκB-α. Equal 
protein loading was controlled by total ERK1/2, p38, and GAPDH antibodies. One representative experiment out of four is shown
B. Arithmetic means±SEM (n= 4) of the abundance of phosphorylated IκB-α as the ratio to GAPDH at 0 (control), 30, 60, and 120 min of incubation 
with capsid protein (black bars) or LPS (grey bars). * (P<0.05) and *** (P<0.001) indicate significant differences from control, ## (P<0.01) shows 
difference from capsid- or LPS-treated DCs, ANOVA

Figure 3. Effect of capsid protein on DC maturation 
A. Original dot plots of CD11c+CD86+ cells, which were untreated (control) or treated with LPS (100 ng/ml) or capsid protein (1 µM) for 24 hr in 
the presence or absence of NF-κB inhibitor Bay 11-7082 (10 µM)
B. Arithmetic means±SEM (n=5) of percentages of CD11c+CD86+ cells, which were untreated (control) or treated with LPS (100 ng/ml) or capsid 
protein (1 µM) in the presence or absence of Bay 11-7082 (10 µM) for 24 hr. *** (P<0.001) indicates significant difference from control, # (P<0.05) 
denotes difference from capsid-treated DCs, ANOVA
C-D. Arithmetic means±SEM (n=4-6) of TNF-α (C) and IL-12p70 (D) cytokines produced by DCs, which were untreated (control) or treated with 
LPS (100 ng/ml) or capsid protein (1 µM) for 24 hr in the presence or absence of Bay 11-7082 (10 µM). *** (P<0.001) indicates significant 
difference from control, ## (P<0.01) shows difference from capsid-treated DCs, ANOVA
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higher in cell supernatants of T cells stimulated with 
either LPS- or capsid-treated DCs as compared with 
control DCs. However, capsid-treated DCs were much 
more powerful in stimulating IL-2 production than LPS-
treated DCs (Figures 4B), indicating that capsid protein 
may lead to a predominant T cell response.

Capsid protein inhibited DC apoptosis
Since mature DCs undergo suicidal cell death, 

additional experiments were performed to examine 
the effect of capsid on early apoptotic and necrotic/late 
apoptotic DC death. Cell membrane scrambling leads 
to PS exposure at the cell surface whereas PI binding 

points to late apoptosis/necrosis, thus annexin V+/PI+ 
cells are considered as late-stage apoptotic cells. As 
shown in Figures 5A-B, exposure of mouse DCs to LPS 
or capsid reduced the number of necrotic cells (annexin 
V+/PI+ cells) and unaltered the number of apoptotic cells 
(annexin V-/PI+ cells), the effects were abolished in the 
presence of Bay 11-7082 in the cell culture. In addition, 
treatment of DCs with capsid resulted in increased 
abundance of anti-apoptotic Bcl-2, whose expression 
was inhibited when the cell culture was incubated with 
Bay 11-7082 (Figures 5C-D). Therefore, the suppressing 
effect on cell death by capsid was also sensitive to the 
activation of NF-κB signaling.

 

  Figure 4. Effect of capsid-stimulated DCs to induce cytokine productions in allo-MLR with CD4+ T cells 
A-B: Arithmetic means±SEM of IFN-γ (A) and IL-2 (B) productions in cell supernatants on day 5 of splenic CD4+ T cells co-cultured with DCs 
untreated (control) or pretreated with LPS (100 ng/ml) or capsid (1 µM) in the presence or absence of Bay 11-7082 (10 µM). ** (P<0.01) and *** 
(P<0.001) show differences from control group, ## (P<0.01) indicates difference from capsid-treated DCs, ANOVA

Figure 5. Effect of capsid protein on DC apoptosis
A. Original dot plots of annexin V+PI+ DCs, which were untreated (control) or treated with LPS (100 ng/ml) or capsid protein (1 µM) in the 
presence or absence of Bay 11-7082 (10 µM) for 24 hr. Numbers depict the percent of cells in the respective quadrants.
B. Arithmetic means (n=4) of percentages of annexin V+PI+ DCs, which were untreated (control) or treated with LPS (100 ng/ml) or capsid protein 
(1 µM) in the presence or absence of Bay 11-7082 (10 µM) for 24 hr. *** (P<0.001) represents significant difference from control group, # (P<0.05) 
indicates difference from capsid-treated DCs, ANOVA
C. Protein extracts were analyzed by direct Western blotting using an antibody directed to Bcl-2. Equal protein loading was controlled by the 
GAPDH antibody. One representative experiment out of four is shown
D. Arithmetic means±SEM (n=4) of the abundance of Bcl-2 as the ratio to GAPDH at 0 (control) and 24 hr of incubation with LPS (100 ng/ml) or 
capsid protein (1 µM) in the presence or absence of Bay 11-7082 (10 µM). *** (P<0.001) indicates significant difference from control, ## (P<0.01) 
shows difference from capsid-treated DCs, ANOVA
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Discussion
In humans, the two vaccine candidates against ChikV 

are under evaluation in the ongoing phase II study 
and until now, no FDA-approved vaccines or targeted 
treatment is available to protect humans from ChikV 
infection (14-16). In mice, DNA vaccination with envelope 
E1, E2, and capsid genes of ChikV elicits protective 
immunity against the pathogen (13, 29), however, the 
effect of the virus antigens on cellular immune response 
is little known (23-25). In this study, injection of mice 
with capsid protein resulted in the infiltration of myeloid 
cells such as myeloid DCs and macrophages into and 
activation of T lymphocytes in mouse LNs (Figure 1). 
In agreement, a recent study indicated that a massive 
infiltration of myeloid cells and their activation lead 
to the release of inflammatory cytokines and cytotoxic 
molecules, causing severe joint inflammation in ChikV-
infected mice (9). ChikV replication is cell type dependent 
as macrophages are sensitive to ChikV infection that is 
inhibited in the presence of IFN, whereas DCs or T or B 
lymphocytes prevent ChikV replication (20, 22). Another 
study indicated that ChikV replication is positively related 
to virus-infected monocytes (30) and cell activation is 
induced by viral antigen rather than the toxicity of active 
viruses (13). In addition, ChikV infection is also limited 
by activation of Cl- channel (19, 20), which is positively 
associated with Ca2+ influx, a maturation-promoting 
factor of DCs. Therefore, the stimulating effect of 
capsid protein on DC biological function in this study is 
expected to limit ChikV infection and spread. 

Several studies have indicated that molecular 
mechanisms involved in the regulation of ChikV 
replication and inflammatory response in different cell 
types are mediated through several signaling pathways 
including MyD88 and NF-κB (8), IFN (10) and RIG-I/
TBK1/IRF3, but not STAT-1 (31). The phosphorylation of 
MAPK induced by ChikV infection is linked to functional 
activation of microglia to produce inflammatory 
cytokines (11). Consistently, we also showed the role of 
NF-κB and MAPK signaling pathways in modulating DC 
function when the cells were exposed to capsid protein. 
Investigations on the effect of ChikV on functional 
biology of different subtypes of DCs have been previously 
reported (21, 29), however, the regulatory roles of DC 
maturation and differentiation by capsid protein and 
the signaling molecules involved in the regulation are 
undefined. In this study, we revealed for the first time 
that the phosphorylation of IKB-α in capsid-treated DCs 
was prolonged for more than 2 hr without its degradation 
(Figure 2), whereas treatment of the cells with LPS leads 
to phosphorylation and degradation of this protein 
within 30 min (26). Recent studies reported that the 
persistent expression of capsid protein in macrophages 
is observed at 30 days post-infection (4) and chronic 
ChikV infection in joint-associated tissue in part is due 
to evasion of antiviral CD8+ T cell immunity (32). The 
evidence suggested that prolonged activation of NF-
κB signaling might influence the T helper (Th)1-Th2 
misbalance, resulting in persistence of ChikV infection.

Importantly, the stimulating effect of capsid protein 
was partially different compared with that of TLR4 ligand 
(LPS) on DC function. Either LPS or capsid stimulation 
enhances the expression of co-stimulatory CD86, 
production of pro-inflammatory cytokines TNF-α and IL-

12p70, and induction of CD4+ T cell differentiation, as well 
as reducing cell apoptosis. However, IL-2 release by CD4+ 
T cells stimulated with capsid-treated DCs was detected 
significantly higher as compared with LPS-treated DCs. 
Consistently, treatment of ChikV-induced mice with anti-
mouse IL-2 antibody reduces joint swelling by inhibiting 
CD4+ T cell infiltration in draining LNs (33).Contrarily, 
ChikV-infected macrophages secrete TNF, IL-6, and 
MCP-1, while the production of IL-10 and IL-12 remain 
unchanged (3). Although both macrophages and DCs 
are immune cells responsible for innate responses, they 
display different phenotypes. Clearly, DCs are CD11chigh 
cells with high antigen-presenting capacity that shape 
the immune system, whereas macrophages are CD11clow 
and MHC class IIlow cells. More importantly, the effects of 
capsid protein on activation and maturation of DCs were 
blunted in the presence of pharmacological inhibition 
of NF-kB with Bay 11-7082 (Figures 2-5), illustrating 
that the immunomodulatory role of capsid protein was 
mediated through the activation of NF-κB in DCs. 

Conclusion
The present study discloses that capsid protein 

induced inflammatory response in mice and elicited the 
immunomodulatory effects of DCs mediated through the 
NF-κB signaling pathway. The events might contribute to 
efficient prevention or treatment against ChikV infection.

Ethical Approval
Animal care and experimental procedures were 

performed according to the Vietnamese law for the 
welfare of animals and were approved by the ethical 
committee of the Institute of Genome Research, Vietnam.

Acknowledgment
The capsid protein of chikungunya virus was provided 

as a gift from Prof Dr Axel Rethwilm, Institut für Virologie 
und Immunbiologie, Universität Würzburg, Germany. 
This research is funded by both Vietnam National 
Foundation for Science and Technology Development 
(NAFOSTED) (grant number 108.06-2017.16) for NT 
Xuan and Science and Technology Programme coded 
KC.10/16-20, Ministry of Science and Technology 
(MOST) for VX Nghia.

Conflicts of Interest
The authors of this paper declare that they have no 

financial/commercial conflicts of interest.

References
1. Labadie K, Larcher T, Joubert C, Mannioui A, Delache B, 
Brochard P, et al. Chikungunya disease in nonhuman primates 
involves long-term viral persistence in macrophages. J Clin 
Invest 2010; 120: 894-906.
2. McPherson RL, Abraham R, Sreekumar E, Ong SE, Cheng SJ, 
Baxter VK, et al. ADP-ribosylhydrolase activity of Chikungunya 
virus macrodomain is critical for virus replication and 
virulence. Proc Natl Acad Sci U S A 2017; 114: 1666-1671.
3. Nayak TK, Mamidi P, Kumar A, Singh LP, Sahoo SS, 
Chattopadhyay S, et al. Regulation of viral replication, 
apoptosis and pro-inflammatory responses by 17-AAG during 
chikungunya virus infection in macrophages. Viruses 2017; 9: 
1-17. 



Iran J Basic Med Sci, Vol. 23, No. 10, Oct 2020

Nghia et al. Effects of capsid from ChikV on dendritic cell function

1274

4. Goh LY, Hobson-Peters J, Prow NA, Gardner J, Bielefeldt-
Ohmann H, Suhrbier A, et al. Monoclonal antibodies specific for 
the capsid protein of chikungunya virus suitable for multiple 
applications. J Gen Virol 2015; 96: 507-512.
5. Silva LA, Dermody TS. Chikungunya virus: epidemiology, 
replication, disease mechanisms, and prospective intervention 
strategies. J Clin Invest 2017; 127: 737-749.
6. Fox JM, Diamond MS. Immune-mediated protection and 
pathogenesis of chikungunya virus. J Immunol 2016; 197: 
4210-4218.
7. Ziegler SA, Lu L, da Rosa AP, Xiao SY, Tesh RB. An animal 
model for studying the pathogenesis of chikungunya virus 
infection. Am J Trop Med Hyg 2008; 79: 133-139.
8. Hoarau JJ, Jaffar Bandjee MC, Krejbich Trotot P, Das T, Li-Pat-
Yuen G, Dassa B, et al. Persistent chronic inflammation and 
infection by Chikungunya arthritogenic alphavirus in spite of 
a robust host immune response. J Immunol 2010; 184: 5914-
5927.
9. Her Z, Teng TS, Tan JJ, Teo TH, Kam YW, Lum FM, et al. Loss 
of TLR3 aggravates CHIKV replication and pathology due to an 
altered virus-specific neutralizing antibody response. EMBO 
Mol Med 2015; 7: 24-41.
10. Partidos CD, Weger J, Brewoo J, Seymour R, Borland EM, 
Ledermann JP, et al. Probing the attenuation and protective 
efficacy of a candidate chikungunya virus vaccine in mice with 
compromised interferon (IFN) signaling. Vaccine 2011; 29: 
3067-3073.
11. Das T, Hoarau JJ, Jaffar Bandjee MC, Maquart M, Gasque P. 
Multifaceted innate immune responses engaged by astrocytes, 
microglia and resident dendritic cells against Chikungunya 
neuroinfection. J Gen Virol 2015; 96: 294-310.
12. Akahata W, Yang ZY, Andersen H, Sun S, Holdaway HA, 
Kong WP, et al. A virus-like particle vaccine for epidemic 
Chikungunya virus protects nonhuman primates against 
infection. Nat Med 2010; 16: 334-338.
13. Muthumani K, Lankaraman KM, Laddy DJ, Sundaram SG, 
Chung CW, Sako E, et al. Immunogenicity of novel consensus-
based DNA vaccines against Chikungunya virus. Vaccine 2008; 
26: 5128-5134.
14. Brandler S, Ruffie C, Combredet C, Brault JB, Najburg V, 
Prevost MC, et al. A recombinant measles vaccine expressing 
chikungunya virus-like particles is strongly immunogenic and 
protects mice from lethal challenge with chikungunya virus. 
Vaccine 2013; 31: 3718-3725.
15. Ramsauer K, Schwameis M, Firbas C, Mullner M, Putnak 
RJ, Thomas SJ, et al. Immunogenicity, safety, and tolerability 
of a recombinant measles-virus-based chikungunya vaccine: 
a randomised, double-blind, placebo-controlled, active-
comparator, first-in-man trial. Lancet Infect Dis 2015; 15: 519-
527.
16. Smalley C, Erasmus JH, Chesson CB, Beasley DWC. Status 
of research and development of vaccines for chikungunya. 
Vaccine 2016; 34: 2976-2981.
17. Granucci F, Foti M, Ricciardi-Castagnoli P. Dendritic cell 
biology. Adv Immunol 2005; 88: 193-233.
18. Xuan NT, Shumilina E, Matzner N, Zemtsova IM, Biedermann 
T, Goetz F, et al. Ca2+-dependent functions in peptidoglycan-
stimulated mouse dendritic cells. Cell Physiol Biochem 2009; 

24: 167-176.
19. Muller M, Slivinski N, Todd E, Khalid H, Li R, Karwatka M, 
et al. Chikungunya virus requires cellular chloride channels 
for efficient genome replication. PLoS Negl Trop Dis 2019; 13: 
e0007703.
20. Webster B, Werneke SW, Zafirova B, This S, Coleon S, 
Decembre E, et al. Plasmacytoid dendritic cells control 
dengue and Chikungunya virus infections via IRF7-regulated 
interferon responses. Elife 2018; 7: 1-22.
21. Long KM, Whitmore AC, Ferris MT, Sempowski GD, McGee 
C, Trollinger B, et al. Dendritic cell immunoreceptor regulates 
Chikungunya virus pathogenesis in mice. J Virol 2013; 87: 
5697-706.
22. Sourisseau M, Schilte C, Casartelli N, Trouillet C, Guivel-
Benhassine F, Rudnicka D, et al. Characterization of reemerging 
chikungunya virus. PLoS Pathog 2007; 3: e89.
23. Damle RG, Jayaram N, Kulkarni SM, Nigade K, Khutwad K, 
Gosavi S, et al. Diagnostic potential of monoclonal antibodies 
against the capsid protein of chikungunya virus for detection 
of recent infection. Arch Virol 2016; 161: 1611-1622.
24. Sharma R, Fatma B, Saha A, Bajpai S, Sistla S, Dash PK, et al. 
Inhibition of chikungunya virus by picolinate that targets viral 
capsid protein. Virology 2016; 498: 265-276.
25. Hoarau JJ, Gay F, Pelle O, Samri A, Jaffar-Bandjee MC, 
Gasque P, et al. Identical strength of the T cell responses 
against E2, nsP1 and capsid CHIKV proteins in recovered 
and chronic patients after the epidemics of 2005-2006 in La 
Reunion Island. PLoS One 2013; 8: e84695.
26. Xuan NT, Wang X, Nishanth G, Waisman A, Borucki K, 
Isermann B, et al. A20 expression in dendritic cells protects 
mice from LPS-induced mortality. Eur J Immunol 2015; 45: 
818-828.
27. Kowalzik S, Xuan NV, Weissbrich B, Scheiner B, Schied T, 
Drosten C, et al. Characterisation of a chikungunya virus from a 
German patient returning from Mauritius and development of a 
serological test. Med Microbiol Immunol 2008; 197: 381-386.
28. Xuan NT, Shumilina E, Nasir O, Bobbala D, Gotz F, Lang 
F. Stimulation of mouse dendritic cells by Gum Arabic. Cell 
Physiol Biochem 2010; 25: 641-648.
29. Garcia-Arriaza J, Cepeda V, Hallengard D, Sorzano CO, 
Kummerer BM, Liljestrom P, et al. A novel poxvirus-based 
vaccine, MVA-CHIKV, is highly immunogenic and protects mice 
against chikungunya infection. J Virol 2014; 88: 3527-3547.
30. Her Z, Malleret B, Chan M, Ong EK, Wong SC, Kwek DJ, et al. 
Active infection of human blood monocytes by Chikungunya 
virus triggers an innate immune response. J Immunol 2010; 
184: 5903-5913.
31. Olagnier D, Scholte FE, Chiang C, Albulescu IC, Nichols C, He 
Z, et al. Inhibition of dengue and chikungunya virus infections 
by RIG-I-mediated type I interferon-independent stimulation 
of the innate antiviral response. J Virol 2014; 88: 4180-4194.
32. Davenport BJ, Bullock C, McCarthy MK, Hawman DW, 
Murphy KM, Kedl RM, et al. Chikungunya virus evades antiviral 
CD8(+) T cell responses to establish persistent infection in 
joint-associated tissues. J Virol 2020; 94:e02036-19.
33. Lee WW, Teo TH, Her Z, Lum FM, Kam YW, Haase D, et al. 
Expanding regulatory T cells alleviates chikungunya virus-
induced pathology in mice. J Virol 2015; 89:7893-7904.


	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgment
	Conflicts of Interest
	References

