Immunopharmacology and Immunotoxicology Downloaded from informahealthcare.com by Swets Information Services on 01/13/11
For personal use only.

Immunophar macology and |mmunotoxicology, 28:341-360, 2006 H
Copyright © Informa Healthcare |nf0rma
ISSN: 0892-3973 print / 1532-2513 online healthcare

DOI: 10.1080/08923970600809470

Immunomodulatory Activities of
HERBSNSENSES™ Cordyceps —
in Vitro and in Vivo Studies

Sharon Ka Wai Lee,! Chun Kwok Wong,' Siu Kai Kong,?
Kwok Nam Leung,? and Christopher Wai Kei Lam!

Department of Chemical Pathology, The Chinese University of Hong Kong, Prince of
Wales Hospital, Shatin, Hong Kong
?Department of Biochemistry, The Chinese University of Hong Kong, Shatin, Hong Kong

The commercially available HERBSnSENSES™ Cordyceps (HSCS) belongs to a culti-
vated strain of Cordyceps sinensis whose immunomodulatory activities has been
renowned in traditional Chinese medicine (TCM) for centuries. The present report is
the first that describes its immunomodulatory features through a series of in vitro and
in vivo experiments. We measured, in peripheral blood mononuclear cells the in vitro
effects of HSCS on the gene expression of cytokines and cytokine receptors, cytokine
release, and surface expression of cytokine receptors using cDNA expression array,
cytometric bead array (CBA), and immunoflorescence staining, respectively, as well as
macrophage phagocytosis and monocyte production of Hy,O, using flow cytometry.
Sixty female BALB/c mice were fed with either HSCS (40 mg/kg/day) or water consecu-
tively for 14 days. Proliferation, cytokine liberation, and CD3/4/8 expression of splenic
cells were measured using 5-bromo-2’-deoxyuridine proliferation ELISA, CBA, and
cytometry immunoflorescence staining, respectively. In vitro results demonstrated that
HSCS induced the production of interleukin(IL)-1f, IL-6, IL-10 and tumor necrosis
factor alphao from PBMC, augmented surface expression of CD25 on lymphocytes, and
elevated macrophage phagocytosis and monocyte production of H,O,. In vivo results
showed that HSCS did not induce splenomegaly and cytokine overliberation. Our
results possibly provide the biochemical basis for future clinical trials.

Keywords Cordyceps Sinensis, Cytokines, Immunomodulatory Agent, Lymphocytes,
Monocytes, Traditional Chinese Medicine.

INTRODUCTION

The heavy reliance on antimicrobial agents in the past decades has prompted
the emergence of resistant pathogenic strains, requiring the recent re-appraisal
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of natural immunomodulatory agents.’ Traditional Chinese medicine (TCM)
has been renowned as a herbal holistic remedy in China for centuries and may
facilitate current studies. Cordyceps sinensis, or winter-worm summer-plant,
is the TCM possessing both suppressive (yin) and enhancing (yang) modulatory
properties in the human body.”” Numerous reports have evinced this dual
modulation from the immunological perspective. A cellular study has shown
that C. sinensis possesses immunosuppression by attenuating blastogenesis,
natural killer (NK) cell activity, and interleukin(IL)-2 productions in the
activated peripheral blood mononuclear cells (PBMC).®’ Animal trials also
have suggested that extracts of C. sinensis might alleviate autoimmune disease
by significantly inhibiting the anti double strand DNA production,® mitigating
proteinuria and serum creatinin levels and renal mesangial proliferation.®% In
vivo studies also have depicted the immunoactivating activities of C. sinensis,
which possibly acts via the enhancement of bone marrow cell proliferation,
macrophage functions, and synthesis of hematopoietic growth factor such as
IL-6” and phagocyte and T helper (Th) cell counts in murine peripheral blood and
spleen.® The active ingredients that contribute to the above pharmacological
activities may be cordycepin, a nucleoside derivative, and polysaccharides,
macromolecules shown as possible immunomodulators from rigorous studies
during the past 40 years.®1V

C. sinensis grows naturally at high altitude such as the Qinghai-Tibetan
plateau in China and thus there is difficulty in assessing values of C. sinensis
as a very precious TCM. With the recent advancement of plant technology,
cultivation of TCM including C. sinensis has become feasible. Yet there has
been scarce systematic and scientific reports depicting the pharmacological
activities of C. sinensis in its cultivated strains. Therefore, we selected a com-
mercially available cultivated C. sinensis, HERBSnSENSES™ Cordyceps (HSCS),
as our subject. Based on the evidence that C. sinensis is an immunomodula-
tory agent and the hypothesis that cultivated strains retain pharmacological
activities of the wild form, we speculated that HSCS also could produce immu-
nomodulatory effects. In this investigation, we conducted both cellular and
animal studies for the investigation of our hypothesis.

MATERIALS AND METHODS

HSCS in capsules was manufactured by the GreaterChina Technology Group
Ltd., Hong Kong conforming to the Good Manufacturing Practice standard.
Each capsule was composed of microcrystalline cellulose (12 %) and cultivated
fruiting bodies of C. sinensis (88 %). Active ingredients including cordycepin
and adenosine were verified by CUCAMed Company Limited, Hong Kong. In
accordance with traditional protocol of TCM preparation, the water-soluble
active ingredients of the HCSC were isolated by heating at 80°C for 4 hr in
autoclaved deionized water. The extracted content was subsequently lyophilized,
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reconstituted by phosphate buffered saline (PBS, Gibco™ Invitrogen Corp,
CA, USA) and finally stored at —20°C. The preparation was filtered through
0.2 um polyethersufone filter before use.

Endotoxin Assay

The level of Gram-negative bacterial endotoxin contaminated in HSCS
was measured by colorimetric method using QCL-1000® Chromogenic Limulus
Amebocyte Lysate kit (Bio-Whittaker, Walkersville, MD, USA), that detects
as low as 0.1 endotoxin unit (EU)/mL in a given sample by comparing with the
endotoxin standard curve'?,

Animails

Female BALB/c mice aged 4—6 weeks and weighed between 20-25 g were
grown under normal laboratory conditions (21 + 2°C, 12 hr light-dark cycle) with
proper feeding of standard rodent chow and water ad libitum. The mice were
either treated with distilled water or HSCS at 40 mg/kg/day consecutively for
14 days and were sacrificed for blood collection and spleen isolation.

Cell Isolation of Monocytes and Lymphocytes

Peripheral blood mononuclear cells (PBMC) were purified from human
buffy coat (Blood Transfusion Center, Hong Kong Red Cross, Hong Kong) by
density gradient centrifugation using Ficoll-Pague™ Plus solution (Amersham
Pharmacia Biotech Ltd., Uppsala, Sweden). The PBMC were incubated in
75 cm? culture flask for 1 hr to separate the suspending lymphocytes and the
adhering monocytes. The monocytes were further detached by incubating with
enzyme-free cell dissociation buffer (Gibco) for 20 min at 4°C. Both lymphocytes
and monocytes were resuspended at 1 x 10° cells/mL in RPMI 1640 medium
(Gibco) supplemented with 10% fetal bovine serum (FBS) (Hyclone Co., UT, USA)
for further assays.

Cell Isolation of Mononuclear Splenic Cells

Murine spleen cells were extracted from the isolated spleen by grounding
on a 70 um nylon mesh immersing in RPMI 1640 medium supplemented with
FBS (10 %). Mononuclear splenic cells were further purified by density gradient
separation using Ficoll-Pague Plus solution and were resuspended in RPMI
1640 medium supplemented with 10% FBS for the subsequent experiments.

cDNA Expression Array

Total RNA was extracted from the untreated control or Cordyceps-treated
human PBMC using RNeasy Mini Kit (Qiagen, Hilden, Germany). Nonradioactive
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GEArray™ Q-series reagent kits (Superarray Bioscience Corp., MD, USA)
were used in conjunction with the GEArray Probe Synthesis (Superarray
Bioscience Corp) to quantify the gene expression profiles of the treated cells. One
aliquot of total RNA (3 pg) was used as the template to produce biotinylated
cDNA probes. The GEArray Q-series membranes dotted with tetra-spot cDNA
fragment of 96 human inflammatory cytokine and receptor genes (Figure 1le)
were hybridized for 18 hr with the ¢cDNA probes. The labeled biotin on the
membrane was detected by chemiluminescent method and the luminescence
intensities of hybridized cDNA probes were analyzed using BioRad Quantity
One™ sgsoftware (Bio-Rad Laboratories, CA, USA). The relative amount of a
given gene transcript was estimated by comparing its signal intensity with that
derived from the housekeeping gene glyceraldehydes-3-phosphate dehydrogenase
(GAPDH)"? (Figures 1 and 2).
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Figure 1: Gene expression of PBMC after stimulation with HSCS. Human PBMC (1 x 10° cells/
mL) were () left untreated or stimulated with HSCS at (b) 0.5 mg/mL, (¢) 1.0 mg/mL, and (d)
1.5 mg/mL for 24 hr, with (e) the location of individual genes on the membrane denoted in
the table. Data shown in this image are from the human inflammatory cytokines and recep-
tors GEArray and are representatives from four separate experiments.
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Figure 2: Upregulation of gene expression of cytokines and cytokine receptor by HSCS. The
data were normalized to the housekeeping gene GAPD. Values shown in the box-plots are
from four separate experiments. Statistical analysis was performed using Kruskal-Wallis test
Test. *p < 0.05, significantly different from unstimulated cells.

Cytometric Bead Array

Interleukin (IL)-1B, IL-12p70, IL-6, IL-8, IL-10, and tumor necrosis factor
(TNF)a in the culture supernatant of treated human monocytes and lymphocytes
were measured by the human inflammation cytometric bead array (CBA) kit
(BD Pharmingen, CA, USA) using flow cytometer (FASCalibur, Becton Dick-
inson) (Figures 3 and 4). IL-6, IL-10, IL-12p70, TNFo, monocyte chemoattractant
proteins (MCP)-1, interferon (IFN)y in the murine serum, and supernatant
of murine splenic mononuclear cells were similarly assayed by mouse inflam-
mation CBA kit (BD Pharmingen)'? (data not shown).

Immunophenotyping of T Cell Markers

Fresh murine splenic cells or treated human lymphocytes (5 x 10° cells)
were harvested, washed, and re-suspended in PBS supplemented with 0.1 %
bovine serum albumin (Gibco). Pooled serum (3 %) was further loaded to block for
nonspecific binding sites. The cells were either incubated with FITC-conjugated

RIGHTS

“‘:f



Immunopharmacology and Immunotoxicology Downloaded from informahealthcare.com by Swets Information Services on 01/13/11
For personal use only.

346 SKW. Leeetal

(A)

2000
1500

1600 [

[THF u] pg/mL

500

500
0.0 0.5 1.0 1.9 2.0

[HSCS] mo/mL

(B}

2000 B .

L LW O

0.0 0b 1.0 15 2.0

[IL-6] pgimL

-1000
[HSCS) maimL

Figure 3: In vitro effects of HSCS on the induction of (A) TNFa., (B) IL-6, and (C) IL-10 from lym-
phocytes. Human lymphocytes (1 x 10° cells/mL) were left untreated or stimulated with HSCS
at 0.5, 1.0, and 1.5 mg/mL for 20 hr. Culture supernatant was collected for cytokine assay
using CBA. Values shown in the box-plots are from five separate experiments. Statistical
analysis was performed by comparing the untreated control to stimulated cells using Kruskal-
Wallis test. *p < 0.05, significantly different from unstimulated cells.
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Figure 3: Continued.

monoclonal antibody or the corresponding fluorescein-conjugated mouse
isotype at 4°C in dark for 30 min. After washing away the unbound anti-
bodies, the cells were resuspended in paraformaldehyde (1%) (Sigmal
Chemical Co. St. Louis, MO, USA). A total of 10,000 events (gated to
exclude nonviable cells) were collected in the log mode using flow cytome-
try. Results were expressed as histograms of relative florescence intensity
(Figures 5 and 8).

Assessment of Phagocytosis

Human monocytes (1 x 10% cells/mL) were primed with lipopolysaccha-
rides (LPS) isolated from strain Escherichia coli 0127:B8 (Sigma) at 20 pug/mL
for 2 hr and then incubated with HSCS for 18 hr. The treated cells were
loaded with FITC-conjugated zymosan A from Saccharomyces cerevisiae
(15 pg/mL; Sigma) for 45 min at 37°C in a CO, incubator. The intracellular
florescence intensity was measured by flow cytometry using BD CellQuest
software. Percentage of macrophage activation was assessed by comparing the
mean fluorescence intensity (MFI) of the test sample with that of the mac-
rophage control (Figure 7).
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Figure 4: In vitro effects of HSCS on the induction of (A) IL-1B, (B) IL-6, (C) IL-10, and (D) TNFa
from monocytes. Human monocytes (1 x 10° cells/mL) were left untreated or stimulated with
HSCS at 0.5, 1.0, and 1.5 mg/mL for 20 hr. Culture supernatant was collected for cytokine
assay using CBA. Values shown in the box-plofs are from five separate experiments. Stafistical
analysis was performed by comparing the untreated control to stimulated cells using Kruskal-
Wallis test. *p < 0.05, significantly different from unstimulated cells.
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Figure 4: Continued.
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Figure 5: In vitro effects of HSCS on the cell surface expression of IL-2 receptor chain o (CD25).
Human lymphocytes (1 x 10° cells/mL) were left untreated or stimulated with various concen-
frations of HSCS for 20 hr. The expression of CD25 was measured using immunoflorescence
staining by flow cytometry. Percentage expression of CD25 was normalized with the isotypic
control. Values shown in the histograms are from five separate experiments. Statistical analy-
sis was performed by comparing the untreated control to stimulated cells using Kruskal-Wallis
fest. *p < 0.05, significantly different from unstimulated cells.

Flow Cytometric Analysis of Hydrogen Peroxide (H,O,)

Human monocytes (1 x 108 cells/mL), after incubating with various con-
centrations of HSCS for 3 hr at 37°C in CO,, incubator, were loaded with 1 pg/mL
dihydrorhodamine-123 (DHR; Molecular Probe Europe BV, Leiden, The Neth-
erlands) for 15 min at 37°C. The nonfluorescent DHR was readily taken up by
the phagocytes during respiratory burst and was converted to a green flores-
cent compound in the presence of H,0,. Percentage of H,O, release was esti-
mated by comparing the percentage of fluoresced cells to the nonfluoresced
cells''® (Figure 6).

Mitogenic Assay

Splenic mononuclear cells were incubated with LPS at 20 ug/mL or phyto-
hemagglutinin (PHA) at 5 pg/mL for 24 hr in a 96-well microtiter plate. The
mitogenic activity of HSCS on splenic mononuclear cells was quantified by col-
orimetric 5-bromo-2’-deoxyuridine (BrdU) cell proliferation ELISA kit (Roche
Diagnostic GmbH, Roche Applied Science, Penzberg, Germany). The absorbance
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Figure 6: In vitro effects of HSCS on the production of hydrogen peroxide (H,O,). Monocytes
(1 x 10 cells/mL) were left untreated or stimulated with various concentrations of HSCS for 3 hr.
The H,0O, synthesis was quantified by florescence staining of DHR using flow cytometry. Per-
centage production of H,O, was calculated by comparing the percentage of DHR fluo-
resced cells to the nonfluoresced cells and expressed as mean + SD. Values shown are from five
separate experiments. Statistical analysis was performed by comparing the unfreated control to
stimulated cells using Kruskal-Wallis test. *p < 0.05, significantly different from unstimulated cells.
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Figure 7: In vitro effects of HSCS on the activation of macrophage phagocytosis. Monocytes
(1 x 10° cells/mL) were prestimulated by LPS (20 ug/mL) for 2 hr and were then left untreated
or incubated with various concentrations of HSCS for another 18 hr. The phagocytic activity
of macrophage was assessed by flow cytometry and the percentage of zymosan* cells relative
to the zymosan™ cells was presented. The bar chart expresses mean + SD from five separate
experiments. Statistical analysis was performed by comparing the untreated control to stimu-
lated cells using Kruskal-Wallis test. *p < 0.05, significantly different from unstimulated cells.
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was recorded at 405 nm with a reference wavelength of 470 nm in an EL340
plate reader (Bio-Tek Instruments, VT, USA) (data not shown).

Statistical Analysis

Nonparametric Mann-Whitney U test was used to compare the effectiveness
of HSCS in the present studies. All statistical analyses were performed using
Statistical Package for the Social Science (SPSS) statistical software for
Windows, version 12 (SPSS Inc. IL, USA). (p < 0.05 was considered as signif-
icantly different.

RESULTS

Endotoxin Level in HSCS

Undetectable endotoxin level was found in the HSCS solution at concen-
tration < 5 mg/mL. Since the lowest detection limit of the assay kit was 0.1 EU/
mg, the amount of endotoxin present in the experimenting drug was considered
negligible.

In vitro Effect of HSCS

As shown by ¢cDNA array analysis by comparing the signal intensities with
densitometry (Figure 1), inflammatory cytokines including IL-1a (coordination:
5B), IL-1B (coordination: 5C), IL-6 (coordination: 6H), and TNFo. (coordination:
12F) (bold and shaded in Figure le) were upregulated upon 24-hr induction
with HSCS at 0, 0.5, 1.0, and 1.5 mg/mL while the expression of anti-
inflammatory cytokines IL-10 remained unchanged among the 96 genes being
screened. Figure 2 shows that gene expression of these cytokines was dose-
dependently upregulated by HSCS, with statistical difference usually reached
at a concentration of 1.5 mg/mL (p < 0.05). The gene expression of IL-2 recep-
tor o also was significantly upregulated by HSCS at 1.5 mg/mL (p < 0.05),
although the induction was rather modest with less than 0.3-fold.

The CBA results indicate that low dosages of HSCS (0.5 and 1 mg/mL)
stimulated in vitro production of TNFo and IL-6 from human lymphocytes
(Figure 3A and 3B) and TNFo and IL-6 from human monocytes (Figure 4B
and 4D) (p < 0.05). However, HSCS at 0.5 mg/mL could only induce IL-10 syn-
thesis from lymphocytes (Figure 3C, p < 0.05) but not monocytes (p > 0.05)
(Figure 4C). Low dosages (0.5 and 1.0 mg/mL) and all tested dosages (0.5, 1.0,
1.5, and 2.0 mg/mL) of HSCS induced in vitro production of TNFo from
lymphocytes (Figure 3A) and IL-6 from monocytes (Figure 4B).

Although the gene expression of IL-1p was induced at 1.0 and 1.5 mg/mL
of HSCS, we could only observe similar induction of IL-1B at 2.0 mg/mL
(Figure 4A). Figure 5 illustrates that HSCS upregulated the cell surface
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expression of IL-2 receptor o at 1.5 mg/mL (p < 0.05) but not at dosages less
than 1.0 mg/mL (p > 0.05), which was consistent with the cDNA array results.

In vitro effects of HSCS on Hydrogen Peroxide

At 1.0 and 1.5 mg/mL, HSCS induced the production of H,O,4 by 25% and
33%, respectively (p < 0.05) (Figure 6). HSCS stimulated peripheral blood
monocytes to engulf the FITC-conjugated yeast in a dose-dependent manner.
When compared with the control, HSCS significantly enhanced phagocytosis
at 2.0 mg/mL (p < 0.05). HSCS at lower concentrations (< 2.0 mg/mL) also ele-
vated the phagocytic response, although statistical significance could not be
reached (p > 0.05).

Effect of HSCS on Spleenomagaly

In vivo safety of HSCS was assessed by whether spleenomagaly was trig-
gered in the BALB/c mice in the whole course of treatment. Results indicate
no significant changes between the spleen weights of the two groups of mice
(p > 0.05). In addition, no obvious differences in the sizes, shapes, and color of
spleens isolated from the two treatment groups were observed.

Mitogenic Activity of HSCS

After 14 days treatment with the HSCS (40 mg/kg/day), median proliferation
of the spleen cells were elevated when compared with that of the water-treated
(control) mice, although statistical differences could not be reached (p > 0.05).
When compared with the unstimulated spleen cells, HSCS elevated the median
mitogenic activity of the LPS and PHA-treated spleen cells to a greater extent
than that of the control (p > 0.05).

Effect of HSCS on Induction of Cytokines

There were no statistical differences in the serum concentrations of
cytokines IL-12p70, TNFo, IFNy, MCP-1, IL-10, and IL-6 in mice after the
14-day treatment with HSCS (p > 0.05). Similarly, in the culture supernatant
of spleen cells after the Cordyceps treatment, we could not detect any signifi-
cant differences in the level of these cytokines (p > 0.05). However, observable
elevation was noted in the mean level of the release of certain cytokines
between the Cordyceps and water treatment groups, including IL-12p70;
TNFo; MCP-1 in serum; TNFa, MCP-1, IL-10, and IL-6 in the culture super-
natant of unstimulated spleen cells; TNFa, IFNy, MCP-1, IL-10, and IL-6 in
the culture supernatant of LPS-stimulated spleen cells; and IL-12p70, TNFa,
IFNy, MCP-1, IL-10, and IL-6 in the culture supernatant of PHA-stimulated
spleen cells.
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Effect of HSCS on Activation of Murine T lymphocytes

Cytofluorogram in Figure 8 illustrates that the 14-day treatment with
HSCS enormously upregulated the expression of cell surface antigen CD3 and
CD4 on spleen cells by 209% and 120 %, respectively. However, we could only
detect a 14 % elevation in the expression of CD8 on spleen cells (data not
shown).

DISCUSSION

Despite the fact that HSCS is a dietary supplement frequently consumed in
Hong Kong, relatively little is known about its immunomodulatory effects.
Here we described cytokine induction, T cell activation, and enhancement of
macrophage functions that may contribute to the in vitro immunomodulatory
activities of HSCS. Animal studies showed that HSCS may strengthen the in
vivo cell-mediated immunity via the activation of T helper cells.

Cytokines control immunological functions by regulating cell proliferation,
survival, differentiation, antigen presentation and trafficking and are there-
fore important parameter in the present study. Our in vitro results showed
that both the gene expression and protein synthesis of cytokine IL-13, TNFa,
and IL-6 were upregulated by HSCS, with statistical significance usually
observed at a dosage of 1.5 mg/mL (Figures 2—4). IL-1B, TNFo, and IL-6 are
proinflammatory cytokines that contribute to the elimination of infectious
agents and to the promotion of wound healing for the restoration of tissue
integrity. ¥ Specifically, IL-1B may activate the innate immunity by sensitizing
dendritic cells.'® IL-6 is involved in the cell-mediated immunity by inducing the
expression of IL-2 receptor o chain (CD25),'617 by functioning as a secondary
signal for the IL-2 production,'® and by participating in the activation,
growth, and differentiation of T cells. 12 TNFo may regulate the immune
response, hematopoiesis, and inflammation and usually acts synergistically
with IL-1B and IL-6.%?% Production of IL-1B, TNFa, and IL-6 by HSCS may
enhance immunity via both innate and cell-mediated immunity.

Also our in vitro results concur with a previous study performed by Chen
et al.®® that also demonstrated the induction of TNFo and IL-1 from PBMC
by polysaccharides extracted from natural C. sinensis.?® This may indicate
that HSCS retains pharmacological activities of the natural form. Apart from
the induction of proinflammatory cytokines, HSCS also stimulated liberation
of the anti-inflammatory cytokines IL-10 in vitro. IL-10 may modulate inflam-
matory cytokines IL-1B, IL-6, TNFo, and IL-10 itself by inhibiting their pro-
duction.®” Besides, IL-6 also may act pleiotropically by inhibiting IL-1B and
TNFo. at the transcriptional level.??

The negative regulation induced by IL-6 and IL.-10 may thereby modulate
the overactivated immune system that is potentially detrimental to the host.
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Figure 8: In vivo effects of HSCS on the surface expression of (A & B) CD3 and (C & D) CD4
antigen on splenic mononuclear cells. (A, C) BALB/c mice freated with water. (B, D) BALB/c
mice freated with HSCS. The cytoflurograms represents a total count of 10,000 cells pooled
from 15 homogenous BALB/c mice. Region M2 shown in the cytoflurogram indicates the acti-
vated T cells that express CD3 or CD4 antigen. Results were a representative from triplicate

experiments.
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However, high dosages of HSCS may accumulate inhibitory substances for
suppressing the IL-6, TNFo, and IL-10 release—even the gene expression was
elevated at these dosages. Further attempts to optimize the dosage of HSCS
in humans are necessary.

Activated Th cells express the low affinity IL-2 receptor chain o (CD25) as
the marker on cell surface. Our in vitro results showed that both the gene and
cell surface expression of CD25 were elevated (p < 0.05 at 1.5 and 2.0 mg/mL).
This suggests that HSCS modulates T cells to respond at low concentration of
IL-2 (Figure 5). The binding of IL-2 cytokine to IL-2 receptor subsequently
triggers rapid proliferation and differentiation of T cells,®® thereby enhancing
the cell-mediated immunity. In addition, this upregulation of IL-2 receptor
expression may be mediated by the co-activating effects of IL-1B, IL-6, and
TNFo?"?® that are induced simultaneously by HSCS from the PBMC.

Macrophages are the primary effector cells of innate immunity. A previous
study suggested that ethanol extracts of natural C. sinensis may enhance
macrophage functions.?® The present study using hot water extract of C. sin-
ensis demonstrated that the in vitro macrophage functions were promoted by
HSCS, possibly through the upregulation of phagocytosis and H,0, synthesis
(Figures 6 and 7). Apart from the elimination of pathogenic bodies, phagocyto-
sis may promote engulfment of apoptotic cells®” for the ultimate remodeling
of tissues.®" The production of H,0,, on the other hand, exerted potential
antitumor and microbicidal activities.®?33 More recent evidence suggests that
H,0, is a secondary messenger for regulating the intracellular signaling of the
mammalian immune system.®*3% HSCS can potentially facilitate the upregu-
lation of the host innate immunity via the activation of macrophages. In addi-
tion, the in vitro pharmacological activities possessed by HSCS were
considered a contribution from the active ingredients that it contains rather
than by bacterial contamination, as suggested by the negligible endotoxin
amount in the drug powder.

Our in vitro findings positively suggest that HSCS possesses immunomod-
ulatory features (Figures 1-8). We further validated our in vitro observation
by performing pre clinical animal trials that focused on the effects of HSCS on
the cell-mediated immunity. We found that normal mice orally fed with HSCS
or control vehicle (H,O) did not possess remarkable differences in cytokine
production. This in vivo result may assure the safety of HSCS by suggesting
that consecutive use over 14 days did not raise inflammation in normal
individuals via the overliberation of cytokines.®? Yet mean serum levels of
cytokines IL-12p70, TNFo, and MCP-1 were detected at an elevating trend
after the consecutive 14-day treatment of HSCS.

IL-12p70 may represent a growth factor for the activated CD4" T cells,
CD8* T cells, natural killer (NK) cells,*” and lymphokine-activated killer
(LAK) cells.#*? IL-12p70 may also promote Thl-specific immune response
by inducing IFNy and IL-18 for the cell-mediated immunity.“® TNFo may
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(44-45)
(46)

activate dentritic cells for the ultimate induction of tumor-specific T cells,
where as MCP-1 may induce granule release from NK and CD8* cells.
Therefore, HSCS may be potentially antitumorigenic and antiinfectious.
Further investigation using tumor-bearing mice as the study model is
pending.

Mitogens were added to the murine spleen cells to mimic the pathogen
stimulation. Our in vivo results demonstrated that HSCS elevated the prolif-
eration of mitogen-stimulated splenic cells when compared with the control.
This may suggest a beneficial role of HSCS in enhancing the immunity for
combating infectious diseases. Also, HSCS may aid in health maintenance as
because it increased proliferation of unstimulated spleen cells. These prolifer-
ative spleen cells were probably the T helper cells, as suggested from the
heightened cell surface expression of CD3 and CD4 spleen cells (Figure 8).
Spleen weight of normal mice fed with HSCS, however, did not significantly
increase when compared with their placebo-treated control. This further
indicates that HSCS did not unnecessarily overexaggerate spleen size.

From the in vivo results, we speculate that HSCS exerts its immunomodu-
latory effects directly on the T cell surface receptors, probably through the
polysaccharides and cordycepin contained in HSCS, rather than by cytokine
signaling. The activated T cells contribute to the enhanced cell-mediated
immunity in a normal individual, which ultimately enhances the body’s
immune system against invading pathogens.

Our in vitro results indicated that HSCS possesses immunomodulatory
activities. The in vivo animal study further strengths the in vitro observation
by demonstrating that HSCS enhances the host cell-mediated immunity.
Therefore, HSCS may be a useful daily dietary supplement to benefit the
human immune system.
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