Efficacy of Artemisia annua polysaccharides
as an adjuvant to hepatitis C vaccination
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ABSTRACT. The traditional Chinese medicine Artemisia annua can
prevent and treat hepatitis following an unclear mechanism. The aim
of this study was to evaluate the effects of A. annua polysaccharides
(AAP) on hepatitis C virus (HCV). A pcDNA3.1/NS3 expression
vector was constructed. Ninety female BALB/c mice were randomly
divided into six groups: high-dose AAP (1 mg/mL) + HCV/NS3
plasmid; middle-dose AAP (0.5 mg/mL) + HCV/NS3 plasmid; low-
dose AAP (0.1 mg/mL) + HCV/NS3 plasmid; HCV/NS3 plasmid;
high-dose AAP (1 mg/mL); normal saline control (N = 15). Except
the control group and the high-dose AAP group, other groups
were inoculated with 50 pg pcDNA3.1-HCV/NS3 plasmid. Serum
antigenic-specific antibody was detected after the last immunization,
and the levels of secreted IFN-y and IL-4 were measured. pcDNA3.1/
NS3 plasmid was successfully constructed, and the extracted product
contained HCV/NS3 sequence. Compared with single inoculation
with HCV/NS3 DNA vaccine, the specific antibody levels induced
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by middle-dose AAP plus HCV/NS3 DNA vaccine were significantly
different in weeks 1, 3 and 5 (P < 0.05). However, there were no
significant differences in the antibody levels induced by high-dose and
low-dose AAP as adjuvant compared with those of single inoculation
with DNA vaccine (P > 0.05). The level of serum IFN-y secretion
was significantly higher than that of IL-4 secretion. Compared with
the single HCV/NS3 DNA vaccine group, AAP plus HCV/NS3 DNA
vaccine groups had significant increased IFN-y levels (P < 0.05), but
the IL-4 levels were not significantly different among these groups (P
>0.05). AAP, as the adjuvant of HCV/NS3 DNA vaccine, can widely
regulate the humoral immunity and cellular immune function of
normal and cyclophosphamide-induced immunocompromised mice.
AAP can promote IFN-y secretion probably by inducing Thl-type
cellular immune response.
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INTRODUCTION

The hepatitis C virus (HCV), which is mainly transmitted through blood, is the
pathogenic factor of hepatitis C. Chronic HCV infection can lead to chronic liver inflamma-
tion, necrosis, and fibrosis, and may develop into cirrhosis or even hepatocellular carcinoma
in some patients, thus greatly endangering the health and lives of patients (Li et al., 2012;
Marks and Jacobson, 2012). Currently, there are about 170 million HCV-infected patients
worldwide, Approximately 35,000 new cases of HCV infection occur annually in China,
which has become a serious social and public health issue. The common therapeutic drugs
for HCV infection are a-interferon and ribavirin, which have low curative rates. Therefore,
DNA vaccine research is of critical clinical significance for the prevention and treatment of
HCYV infection. However, due to the high degree of variability of HCV envelope proteins,
it is difficult for the neutralizing antibodies generated by vaccination to prevent and clear
HCYV infection effectively, resulting in prominence of the role of cellular immunity (Saalau-
Bethell et al., 2012). In addition, after the human body is infected by HCV, the cellular im-
mune response is weak in most people in whom chronic hepatitis can develop, while a small
number of people with strong cellular immune response experience complete removal of the
virus and full recovery (Rudd et al., 2012).

Artemisia annua, the drying aerial part of the Compositae A. annua L., is a commonly
used traditional Chinese medicine with the functions of more moderately, minimizing response
to heat, preventing malaria, and enhancing immunity (Elfawal et al., 2012). Research on 4.
annua mainly focuses on artemisinin and other terpenoids and their volatile oils, but studies on
the polysaccharides contained in A. annua have rarely been reported. In recent years, studies
have demonstrated that active polysaccharides in traditional Chinese medicines play a univer-
sal role in immunoregulation and immunoenhancement (Singh et al., 2011). Studies have also
shown that 4. annua polysaccharides (AAP) can effectively improve the human body’s cel-
lular immune function. Therefore, this research focused on the effects of AAP on the immune
response to hepatitis C and its properties.
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MATERIAL AND METHODS
Animals

Female BALB/c mice (H2-d) at 5-6 weeks old were purchased from the Department
of Laboratory Animal Science, Capital Medical University [certificate of conformity No.
SCXK (Beijing) 2012-0046]. All the mice were gavage feeding for 2 weeks.

Other reagents and apparatus

Reagents were sourced as follows: pcDNA3.1/NS3 expression vector and HB101
bacteria (Institute of Biomedical Engineering, Chinese Academy of Medical Sciences);
tryptone and yeast extract (Shanghai Baoman Bio-Tech Co., Ltd., Shanghai, China); re-
striction endonucleases Xhol and Hindlll (Beijing Ruize Kang Technology Co., Ltd., Bei-
jing, China); low-temperature high-speed centrifuge (Beijing Jingli Centrifuge Co., Ltd.,
Beijing, China); biochemical incubator (Shanghai LEAD-Tech Scientific Instrument Co.,
Ltd., Shanghai, China); electrophoresis apparatus (Labnet Intl., Edison, NJ, USA); UV
spectrophotometer (Shanghai AoXi Technology Instrument Co., Ltd, Shanghai, China);
gel imaging analysis system (Heraeus, Hanau, Germany); AAP (Changzhou Shenma Phar-
maceutical Co., Ltd., Changzhou, China ); mouse interferon (IFN)-y and interleukin (IL)-4
enzyme-linked immunosorbent assay (ELISA) reagent kits (Santa Cruz Biotechnology,
Santa Cruz, CA, USA).

Construction of pcDNA3.1/NS3 expression vector

The HCV/NS3 sequence was amplified by polymerase chain reaction (PCR) with
NS3 sequence (1467 kb) as the template to introduce an Xkol restriction endonuclease site and
initiation codon in the upstream region and an HindlIIl restriction site and termination codon
in the downstream region. The product was purified and subjected to be joined with the PCR
product of the HCV/NS3 fragment under the action of T4 ligase after digestion by the enzymes
of Xbarl and HindIIl with pcDNA3.1 (-) as the cloning vector.

Quantitative and qualitative detection of NS3 plasmid

A UV spectrophotometer was used to detect DNA concentration and purity (A, /
A, The extracted plasmid was digested with restriction endonucleases and confirmed by
agarose gel electrophoresis. Reaction system (20 uL): DNA 0.2-1 pg, 10X buffer 2.0 pL, re-
striction enzyme 1-2 pL, add ddH,0 to 20 uL.

Animal grouping and immune inoculation

A total of 90 BALB/c mice were randomly divided into six groups (N = 15): 1) high-
dose AAP (1 mg/mL) + HCV/NS3 plasmid; 2) middle-dose AAP (0.5 mg/mL) + HCV/NS3
plasmid; 3) low-dose AAP (0.1 mg/mL) + HCV/NS3 plasmid; 4) HCV/NS3 plasmid; 5) high-
dose AAP (1 mg/mL); and 6) normal saline control. Except for the control group and the
high-dose AAP group, the mice of each group were inoculated with 50 pg (time/mouse) of
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pcDNA3.1-HCV/NS3 plasmid by multi-point injection in the quadriceps femoris, a total of 5
weeks, and the immune reaction was boosted once 7 days later. Meanwhile, the mice of groups
1, 2, 3, and 5 were intragastrically provided with corresponding doses of AAP after each im-
munization, and gavage was conducted once every other day, during which the body weights
of mice and unusual circumstances were closely monitored.

Detection of serum antigenic-specific antibody

Tail blood was collected in weeks 1, 3, and 5 after the last immunization, and sepa-
rated to collect serum, which was stored at -20°C. The mouse serum-specific immunoglobulin
(IgG) antibody levels were detected by indirect ELISA, and the absorbance at 450 nm was
detected on a microplate reader.

Cytokine detection

Eyeball blood was collected 10 days after booster immunization for serum preparation
to determine the IFN-y and IL-4 secretion levels.

Statistical analysis

SPSS 15.0 (SPSS, Chicago, IL, USA) was used for data analysis. The measurement
data are reported as means =+ standard deviation (SD). The measurement data and the numera-
tion data of groups were compared by a group-design Student /-test and a ? test, respectively.
The significance level was bilateral o = 0.05.

RESULTS
Determination of pcDNA3.1/NS3 concentration and purity

The purified and extracted plasmid was measured with a UV spectrophotometer. The
range of plasmid concentration was 9.5-10.5 pg/mL, and the purity reached 0.90 or above
(Table 1). The required DNA concentration for mouse immunization was 10 pg/mL, indicating
that the extracted DNA met the requirements for concentration and purity.

Table 1. pcDNA3.1/NS3 concentration and purity (A, /A,
Sample
1 2 3 4 5
DNA concentration (pg/mL) 9.75 10.16 9.82 10.08 9.68
DNA purity (OD,/OD,) 1.62 1.69 171 1.67 1.68

Agarose gel electrophoresis results

The theoretical length of the NS3 gene in HCV should be 1673 bp. The electrophoretic
bands of the extracted product after digestion are shown in Figure 1. There was a clear band at
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1700 bp in the same position as that of the band obtained after electrophoresis of the digested
pcDNA3.1/NS3 plasmid. The results confirmed that the extracted product contained the HCV/
NS3 sequence.

Figure 1. Agarose gel electrophoresis analysis of the HCV-NS3 plasmid. Lane I: marker; Lane 2: pCDNA3.1/NS3
plasmid.

Serum antigenic-specific IgG level

Figure 2 shows that different levels of antibodies were generated in immunized mice
of each group in the first week after the second immunization. Compared with single vaccina-
tion with the HCV/NS3 DNA vaccine, the specific antibody levels induced by middle-dose
AAP plus HCV/NS3 DNA vaccine were significantly different in weeks 1, 3, and 5 (P <0.05).
However, there were no significant differences in the antibody levels induced by the high-dose
and low-dose AAP as adjuvant compared with single vaccination with DNA vaccine alone
(P > 0.05). With elapsed time, the specific IgG levels rose in both the middle-dose AAP plus
HCV/NS3 DNA vaccine group and the single DNA vaccine group; this trend, however, did not
appear in the high- and low-dose AAP immunoadjuvant groups (Figure 2).

Cytokine detection

Overall, the level of serum IFN-y secretion was significantly higher than that of IL-4
secretion. Compared with the single HCV/NS3 DNA vaccine group, the AAP plus HCV/NS3
DNA vaccine groups had significantly increased IFN-y secretion (P < 0.05). In particular, the
IFN-y secretion level was the highest in the middle-dose AAP plus DNA vaccine group, with
the difference being statistically significant (P < 0.01). However, the secretion levels of IFN-y
were not increased with elevating dosage of AAP. The IL-4 secretion levels were not signifi-
cantly different among the groups (P > 0.05). The IFN-y secretion level was also increased in
the AAP group of single high-dose administration (Figure 3).
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Figure 2. Effects of AAP on serum antigenic-specific IgG levels. Comparison is with the single DNA vaccination
group, P <0.05. AAP = Artemisia annua polysaccharides.
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Figure 3. Effects of AAP plus HCV NS3 on serum cytokine levels. AAP = Artemisia annua polysaccharides.

DISCUSSION

HCYV, a single-stranded positive-sense RNA virus with a full-length genome of 916 kb,
consists of a 5'-untranslated region, a 3'-untranslated region, and a single central open reading
frame (ORF). The ORF can encode a poly-protein precursor composed of approximately 3000
amino acids. The ORF in the viral genome can be first translated into a multi-protein form,
and then processed into more than 10 kinds of structural and nonstructural proteins under the
action of the HCV viral protease and signal peptide enzymes of the host cells (Besse et al.,
2012; Shiryaev et al., 2012). The T and B lymphocyte epitope prediction of HCV genome se-
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quences and clinical and basic research suggest that there might be multiple T and B lymphocyte
epitopes in the NS3 region. The HCV nonstructural protein NS3-encoded virus helicase and pro-
tease have highly conserved amino acid sequences (Gupte and Arankalle, 2012). According to
clinical reports, the NS3 region plays an important role in the HCV replication cycle. Antibodies
targeting the anti-NS3 area appear in the early stages of infection, usually earlier than or simul-
taneously with the core antibody. Immunization in vivo experiments have shown that CD4+ and
CD8+ response induced by HCV core antigen C dendritic cells are weaker than that induced by
HCV/NS3 gene-modified dendritic cells (Peres-da-Silva et al., 2012; Vicenti et al., 2012).

Plasmids are commonly used DNA cloning vectors. The plasmid used in this study
was pcDNA3.1, containing an anti-AMP gene and a CMV promoter. X/ol and HindIII restric-
tion sites were introduced by primer design; these enzymes were then selected for the diges-
tion and enzymolysis of the NS3 plasmid DNA. Higher animals can produce specific immune
responses to virus infection, including humoral immunity and cellular immunity. The former
is manifested through B cells, which produce neutralizing antibodies that can eliminate the in-
fection ability of viruses through binding, thus playing a major role in eliminating extracellu-
lar free virus (Thomas et al., 2012; Zhu et al., 2012). The mechanisms of action of the antibod-
ies are to change the virus surface configuration, or to combine with virus epitopes adsorbed
on susceptible cell receptors to prevent virus adsorption and invasion into susceptible cells for
proliferation (Estrabaud et al., 2011). In addition, after cells are infected by enveloped virus,
virus-encoded protein may appear on the membrane to bind with a corresponding antibody for
cell lysis with the participation of a complement or to break open and destroy virus-infected
cells through antibody-dependent cell-mediated cytotoxicity (Ke and Chen, 2011). Due to the
high variability of HCV envelope glycoprotein, it is difficult for the generated neutralizing
antibodies to prevent and eliminate virus infection in an effective way; however, it is also nec-
essary to consider the important role that humoral immunity plays in HCV infection.

Traditional Chinese medicines are efficient biological response modifiers, which gen-
erally have the effect of enhancing immune function with no toxic or side effects on normal
cells, and thus are promising for development into new vaccine adjuvants. The combination
of traditional Chinese medicines with vaccines plays a certain role in both prevention and
treatment of diseases, potentially taking an adjuvant effect (Yeh et al., 2011; He et al., 2012).
Therefore, to search for suitable adjuvants from traditional Chinese medicines with immune
activities is a meaningful subject for research in artificial immunity. Studies have shown that
AAP has a wide range of regulatory functions in the humoral and cellular immunity of normal
and immunocompromised mice induced by cyclophosphamide (Misra et al., 2012). More-
over, AAP shows capacity for promoting B lymphocytes to synthesize IgG and IgM in animal
studies, and can also improve the IgA levels in immunocompromised patients, increasing the
numbers of spleen antibody-secreting cells and specific rosette formation (Zhai et al., 2010).
Therefore, this study used AAP as the immune adjuvant for an HCV/NS3 DNA vaccine to
observe the effect of their joint application on humoral immune response.

The analysis of the detection of cytokine secretion levels suggested that AAP plays a
role in promoting [FN-y secretion, and many previous studies also have confirmed that AAP
has a function in stimulating IFN formation (Rezvan, 2013). Consistent with the results of
antibody-level studies, AAP, as an adjuvant, is also not dose-dependent for the secretion of
IFN-y. Middle-dose AAP was the most ideal adjuvant for joint induction of IFN-y level with
DNA vaccination, which seemed to further confirm that high-dose AAP may have an immu-
nosuppressive effect. The 1L-4 level detected in each group was significantly lower than the
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IFN-y level. IFN-y is a Th1-characteristic cytokine, and IL-4 is a Th2-characteristic cytokine.
This result suggested that AAP might be more effective as an adjuvant in the induction of Thl
cellular immune response. However, the increase in IFN-y secretion could also directly pro-
mote the differentiation of B cells, and meanwhile stimulate B cells to secrete antibodies, also
potentially enhancing the humoral immune response to some extent (Olofsson et al., 2012).

In summary, middle-dose AAP showed an adjuvant effect on HCV/NS3 DNA vac-
cine-induced antibody levels and cytokine secretion. However, the mechanism by which AAP
enhanced humoral immune response still needs to be further explored.
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