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Cordyceps sinensis (C. sinensis) is well known for its modulating effect on host immune system.
As dendritic cells (DC) are professional antigen-presenting cells (APC) that play a key role in cancer
immunotherapy, the maturation of DC is critical to the induction of T-cell responses. We investigated
the effect of C. sinensis extract on the maturation of human monocyte-derived DC and the secretion
of cytokines. Peripheral blood mononuclear cells (PBMC) from healthy donors were cultured with
granulocyte-macrophage colony-stimulating factor (GM-CSF) and interleukin-4 (IL-4) for 6 days, then
stimulated by hot-water extract of C. sinensis for 2 days. Stimulation with C. sinensis extract increased
cell surface expression, and the RMFI (ratio of mean fluorescence intensity) of CD80, CD83, CD86
and HLA-DR are 1.70 £ 0.32, 1.20 £ 0.01, 2.29 £ 0.29 and 1.44 £ 0.23 (n =5, p < 0.05), respectively.
Moreover, when co-cultured with allogeneic T cells, C. sinensis extract caused the significant
production of IL-12 p40 (256.8 + 185.4 pg/mL, control group is 98.2 £ 46.73 pg/mL) and IFN-y (311.1
+ 156.4 pg/mL, control group is 22.5 + 35.1 pg/mL). In conclusion, these findings suggest that C.
sinensis extract is a potent stimulator of DC and may be related to modulation of Th1 cells functions.
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INTRODUCTION

Cordyceps sinensis (C. sinensis) is a parasitic organism that grows on Hepialus armoricanus until the caterpillar
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dies and the fungus sprouts from the caterpillar’s head. It is used as an important component in many Chinese
prescriptions for thousands of years to restore energy and promote longevity.

There are many studies reported that C. sinensis has important biological activities in the modulating immune
responses'~ and inhibiting tumor cell growth*’. In host immune system, it reduced the PMN activation®, enhanced the
NK cell activities™® and macrophage phagocytic function’. It further induced the expression of IL-2 and IFN-y'° with
the protective effects against the immunological liver injury of mice". In anti-tumor effect, an in vivo study revealed
that the sarcoma 180, Lewis lung carcinoma, B16 melanoma* and liver carcinoma cells' in mice were significantly
suppressed by the treatment of C. sinensis'*'*. However, the mechanisms of the anti-tumor effect of C. sinensis have
not yet been realized.

Dendritic cells (DC) are potent professional APCs that play an important role in the immune system, especially in
mediating the activation of primary T lymphocytes'®. The findings of the functions of DC have made it a preferred
adjuvant for cancer immunotherapy today'®. Immature DC (imDC) take up antigens at the entry sites of infectious
pathogens and move into secondary lymphoid tissues. During the process, imDC convert into mature DC. After
maturation, DC lose the endocytic capacity but enhance the expression of the co-stimulatory molecules (CD80 and
CD86) and major histocompatibility complexes (MHC). The mature DC activates both the helper and cytotoxic T
cells through MHC-peptide complexes, co-stimulatory factors, and multiple cytokines, such as IL-12 and IFN-y. Then,
the activated cytotoxic T cells have the killing effect on cancer cells. Therefore, the maturation stage of DC plays a key
role in the initiation of immune response for clinical application in anti-tumor therapy'”.

To investigate the influence of C. sinensis extract on DC, we studied the phenotypic changes of DC from human

peripheral monocytes and the production of cytokines after co-cultured with allogeneic T cells.

MATERIALS AND METHODS

Preparation of C. Sinensis Extract

Dried C. sinensis, including fruiting bodies and mycelia, was offered by pharmacy of Lin-Kou Chang Gung
Memorial Hospital (Taoyuan, Taiwan). Fifty grams of C. sinensis was soaked in 500 mL of distilled water at room
temperature, and then boiled for 2 hours. The supernatant was collected and the substance was boiled one more time.
The combined supernatants were allowed to settle for 12 hours, filtered through a 0.22 pm filter, and then stored at 4
°C. Very low level of endotoxin was detected in the C. sinensis extract, i.e. below 0.03 EU/mL, when assayed with the

Limulus amebocyte-lysate E-Toxate test (Sigma, St Louis, MO, USA) according to the manufacturer’s instruction.
Generation and Culture of DC

Peripheral blood monocytic cells (PBMC) were isolated from fresh whole heparinized blood of different healthy
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donors by Ficoll-Hypaque (1.077 g/mL, Gibco Invitrogen, Carlsbad, CA, USA) density gradient centrifugation in
Lymphoprep. PBMC were re-suspended in RPMI 1640 medium and allowed to adhere in culture flasks for 2 hours at
37 °C. Nonadherent cells were removed by extensive washes and adherent monocytes were cultured in RPMI 1640
containing 10% fetal bovine serum (FBS), 100U/mL penicillin, 100 pg/mL streptomycin, 2 mM L-glutamine, 100
mM sodium pyruvate, 1% nonessential amino acids, and supplemented with GM-CSF (800U/mL, BD PharMingen,
San Diago, CA, USA) and IL-4 (400U/mL, BD PharMingen). Because of the short half-life of the cytokines, GM-
CSF and IL-4 were added one more time to the cultures at day 3 or day 4. The purity of the cell preparation was

evaluated by flow cytometric analysis with anti-CD14 staining (> 80% viable monocytes).
In Vitro Activation of DC

Monocyte-derived DC were cultured at 1 x 10° cells/mL in 24-well plates either in medium alone or in the
presence of 100 ng/mL LPS (from Escherichia coli, Sigma) or 500 pg/mL C. sinensis for 48 hours after 6 days of
generation of the immature DC. Then, the cells were analyzed by flow cytometry for immunophenotypings of DC or

addition of T cells for DC-T cell co-cultures.
Immunophenotyping of DC

Monocyte-derived DC were stained using FITC- or PE-labeled mAb specific for CD80, CD83, CD86, and
HLA-DR (BD PharMingen). Briefly, 5 x 10° cells were incubated with the relevant mAbs or their isotype-matched
controls for 20 min at 4 °C and washed. The fluorescent intensity was measured with a FACSCalibur flow cytometer
(BD PharMingen) and analyzed with CELL Quest software. Results are expressed as percentage of positive cells and
in terms of relative mean fluorescence intensity (RMFI), calculated as follows:

RMFI = (MFItreatment - MFIcontrol)/MF Icontrol
Cytokine Detection

PBMC were isolated from fresh heparinized whole blood of different healthy donors by density gradient
centrifugation. PBMC were re-suspended in RPMI 1640 medium for 2 hours at 37 °C. Non-adherent cells were
collected to use as the allogeneic T cells.

Allogeneic T cells 1 x 10%well were co-cultured with mature DC. After 5 days, the supernatants were collected.
The cytokines, IL-12 and IFN-y, in culture supernatants were determined by sandwich enzyme-linked immunosorbent

assay (ELISA) (Pharmingen) according to the manufacturer’s protocol.
Statistical Analysis

Data from the C. sinensis- or LPS-stimulated DC were compared with unstimulated DC, using unpaired or
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paired Student # tests. A value of p < 0.05 is considered statistically significant.

RESULTS
C. Sinensis Extract Enhanced the Phenotypic Maturation of DC

To study the effect of C. sinensis extract on the maturation of DC, human monocytes derived DC were cultured
with GM-CSF and IL-4 for 6 days, followed by another 2 days in the presence of C. sinensis (500 ug/mL). As a
positive control, human monocytes were cultured with GM-CSF and IL-4 for 6 days, followed by another 2 days in
the presence of lipopolysaccharide (LPS), a known activator of DC. The resulting population of immature DC and
mature DC were analyzed by flow cytometry.

The expression level of CD83, a maturation marker for DC, as expressed by RMFI (ratio of mean fluorescence
intensity) on monocyte-derived DC after cultured without stimulus, and with LPS and C. sinensis extract are 1, 1.84 £
0.32, 1.21 £ 0.01, respectively. The expression levels of CD80, CD86 and HLA-DR as expressed by RMFI were also
examined. The data showed that the C. sinensis extract up-regulated the expression levels of CD83, HLA-DR and co-
stimulatory molecules CD80 and CD86 (Table 1). An increase in the expression of various markers also occurred after
treating cells with LPS. Typical data of phenotypes are shown in Fig. 1. This indicated that the DC are activated by C.

Sinensis extract.

C. Sinensis Extract Induced 1L12-p40 and IFN-y Production after DC-T Cells Cocultures

Next, we evaluated the function of mature DC activated by C. sinensis extract. Immature DC from PBMC
cultured with GM-CSF and IL-4 for 6 days, then added C. sinensis extract, LPS, or without stimulus. On day 8,
allogeneic T cells were added at stimulator/responder ratio of 1:10 and co-cultured with DC for 5 days. The cell-free
supernatants were collected and the cytokines were measured by ELISA.

C. sinensis-primed mature DC co-cultured with allogeneic T cells secreted much more 1L-12 p40 (256 + 185.43
pg/mL) when compared with the control group (98.22 +46.73 pg/mL). IFN-y secreted by C. sinensis-primed mature DC

Table 1. Effects of C. sinensis extract on DC phenotypes

CD80 CDS83 CD86 HLA-DR
Control 1 1 1 1
LPS 2.60 +£0.43* 1.84 £0.32%* 270+ 1.11 1.74 £0.21*
C. sinensis 1.70 £ 0.32* 1.20+0.01* 2.29+0.29* 1.44 +£0.23*

After stimulation of immature DC with C. sinensis extract (500 pg/mL), LPS (100 ng/mL), or vehicle control for 48
hours, the fluorescent intensity of CD80, CD83, CD86 and HLA-DR were measured by flow cytometry. Data are
shown as ratio of mean fluorescent intensity (RMFI) + SD of 5 independent experiments. *p < 0.05 compared with
control group.
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Fig. 1. Phenotype of mature DC differentiated with LPS and C. sinensis extract. The immature DC from PBMC were
cultured with GM-CSF (800 U/mL) and IL-4 (400 U/mL) for 6 days, then blank (thin-lined histogram), C. sinensis
extract 500 pg/mL and LPS (thick-lined histograms) were cultured for another 2 days. The cell surface phenotype
of CD80, CD83, CD86 and HLA-DR were measured by flow cytometry. One representative example of 5

experiments is shown.

co-cultured with allogeneic T cells are also significantly higher than those of control group (Fig. 2). These results

indicated that the C. sinensis-primed mature DC possessed functional effects.

DISCUSSION

In this study, we analyzed the effects of C. sinensis extract on human monocyte-derived DC. In culture, DC
exists in two phenotypically and functionally distinct states, immature and mature. Immature cells are adept at
endocytosis and express relatively low levels of surface MHC class I, MHC class II (in human that is HLA-DR) and
co-stimulatory molecules (CD80 and CD86). The differentiation of immature DC into mature DC is important to the
immune response and in clinical application. During differentiation, DC up-regulate the expression of MHC class 1,
MHC class II and co-stimulatory molecules to increase their efficiency as antigen presenting cells. Here we have
demonstrated that the C. sinensis extract is a potent maturation factor for human monocyte-derived DC by up-
regulating the expressions of CD80, CD83, CD86 and HLA-DR. Besides, we had tested three concentrations of C.
sinensis extract, 100, 300, and 500 pg/mL (data not showed). The concentration-dependent effect by C. Sinensis was
noticed with in these concentrations. The maximum effects were observed at both 500 and 300 pg/mL. This may be
caused by individual differences from donors.

A key advance in dendritic-cell immunotherapy might provide the relevant signals to induce T cell differentiation

and activation that are either not produced appropriately or down-regulated by the tumor. IL-12 plays an important role
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Fig. 2. Cytokine production in supernatant of allogeneic T cells stimulated with or without C. sinensis-primed mature
DC. The production of IL-12 p40 (256.8 + 185.43 pg/mL) and IFN-y (311.1 £ 46.73 pg/mL) from C. sinensis-
primed mature DC are significantly higher than those of the control group. * p <0.05 compared with the control

group, n =3.

in inducting maturation of Th1 cells from naive ThO cells and a key cytokine in anti-tumoral responses'®?’. IL-12 also
acts on NK cell, Thl cells and CD8+ T cell to stimulate IFN-y production and induces cytolytic activity*'. Therefore,
IFN-y is not only a mediator of innate immunity. In adaptive immunity, IFN-y produced by T cells most
enhanced by IL-12 possesses important immune functions. The sequence of reactions involving IL-12 and IFN-y
is central to cell-mediated immunity against intracellular microbes. In addition, the Th1 cells that produce IFN-y
have been shown to exert a powerful anti-tuomr effect”?. Compared with the control group, we have
demonstrated that the production of IL-12 p40 and IFN-y by DC stimulated with C. sinensis extract is
significantly promoted. Although the precise source of IFN-y secretion remains unclear, it seems that the C.
sinensis extract initiate the production of IL-12 from DC and then direct the T cells to proliferation. However,
whether it helps ThO cells differentiation into Thl cells or not, has not yet been convinced. It needs to have
further research.

In conclusion, our data demonstrated that the C. sinensis extract used in our study influences the
maturation of human monocyte-derived DC. Moreover, C. sinensis-primed mature DC displayed increased
production of IL-12 and IFN-y when co-cultured with allogeneic T cells. It indicates that the C. sinensis
extract may help Th cells to differentiate into Thl cells although we need more data to prove. These
observations suggest that the natural herb, C. sinensis, can be applied as a promising adjuvant in

immunotherapy.
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