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Abstract Mycelia products from wild-form Cordyceps

sinensis could be constantly produced in a large scale and

would be a better source of this herbal medicine. Our

purpose was to investigate the immunological effects of an

orally administered hot-water extract cultured mycelium of

C. sinensis in lupus-prone (NZB/NZW) F1 hybrids. Forty

female mice were divided into four groups and were given

2.4 mg/g/day oral doses of C. sinensis starting at three

(group A), six (group B), or eight (group C) months of age,

whereas the remaining group (group D) served as a control.

Survival, proteinuria, and titers of anti-double-stranded

DNA autoantibodies were evaluated. Treatment with C.

sinensis resulted in increased survival, decreased protein-

uria, and reduced titers of anti-double-stranded DNA

antibody in groups A and B. Moreover, the mice in groups

A and B showed significantly reduced percentages of

CD4? T cells (*P \ 0.05) and increased percentages of

CD8? T cells in peripheral blood mononuclear cells

(PBMC) after C. sinensis administration. At 6 months of

age, the proliferation rate of BrdU-incorporated spleen

cells was significantly decreased after 48 and 72 h of C.

sinensis treatment (**P \ 0.01) in group A of mice. In

conclusions, early medication with C. sinensis induced the

redistribution of PBMC and attenuated the disease severity

of lupus in (NZB/NZW) F1 mice.
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Introduction

Cordyceps sinensis (Berk) Sacc. is set much value on tra-

ditional Chinese medicine. Composed of a parasitic

Cordyceps fungus and its host, the larva of, Hepialus ar-

moricanus Oberthur [1, 2], Cordyceps sinensis (C.

sinensis) is a common ingredient of nourishing tonics used

to replenish health. Chemical analysis has revealed that C.

sinensis contains protein, glycosides, nucleosides, poly-

saccharides, fats, vitamin B12, cordycepicacid, and

ergosterol. Major chemical constituents in Cordyceps

include nucleosides such as, adenosine, adenine, hypox-

anthicine nucleoside, uracil, thymine, uridine, guanidine,

thymidine, 30-deoxyadenosine (also called cordycepin);

steroids such as ergosterol peroxide, cholesteryl palmitate,

eogosterol; polysaccharides such as galactomannan; alka-

nols such as D-mannitol (also called cordycepic acid). It

also contains a large quantity of crude proteins, essential

amino acids, multiple trace elements and some vitamins

[3]. Medical research has expanded the uses of C. sinensis,

as a curative agent. For example, extracts of this organism

possess broad functions in stimulating the immune system,

in inhibiting tumor growth, and in treating inflammation
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and oxidation [4–8]. Practioners of traditional Chinese

medicine believe that C. sinensis may have immunomod-

ulatory effect on the human immune system depending on

the strain-specific constitutes of cultured and fermented C.

sinensis mycelia.

Systemic lupus erythematosus is an autoimmune disease

characterized by multiorgan involvement and various man-

ifestations, including the production of autoantibodies.

Among the murine models of lupus (NZB/NZW) F1 hybrid

mice have a phenotype most similar to that of human lupus.

Extracts of wild C. sinensis were reported to improve sur-

vival and inhibits anti-ds DNA antibody production in lupus

mice [9]. Because cultured mycelium might be easily

reproduced, the purpose of our study was to investigate the

effects of orally administered hot-water extract cultured

mycelium (CM) of C. sinensis on early, middle and late stage

onset of 3-, 6-, or 8-month-old (NZB/NZW) F1 hybrid mice.

Materials and methods

Mice

Forty female 1-month-old (NZB/NZW) F1 mice were

purchased (The Jackson Laboratory; Bar Harbor, Maine,

USA). All mice were bred under the specific pathogen-free

condition at the Animal Resource Services Facility at the

National Defense Medical Center and mice were followed

by the ‘‘Principles of laboratory animal care’’ (NIH pub-

lication No. 86-23, revised 1985). The mice were divided

into four groups (10 mice/group). Three groups were given

oral doses of cultured mycelia of C. sinensis 2.4 mg/g/day

starting at 3 (group A, early stage), 6 (group B, middle

stage), or 8 (group C, late stage) months of age. The

remaining group (group D) served as a control.

C. sinensis cultured mycelia (CM)

Cultured mycelia from C. sinensis were obtained (Chang

Gung Biotechnology Company, Taipei, Taiwan). The

reliable species of C. sinensis from H. armoricanus

Oberthur were selected and the high-tech fermented/low-

temperature culturing procedure was used to produce and

isolate the biologically active gradients. Mannitol, ribo-

nucleosides, protein, fats, vitamin B12, and ergosterol were

thus obtained to make cultured mycelia (CM). The per-

centage of similarity between 18S and 25S rDNA base

pairs was 100% with wild-type (Fig. 1). The extracts from

cultured mycelia were tested for endotoxin (lipopolysac-

charide) and peptidoglycan before large-scale production.

A dose curve from 1 to 16 mg/g/day was performed.

Cultured mycelia from C. sinensis were made up in water

and the extracts were fed by oral gavage five times

(Monday–Friday) a week starting at 3 months of age until

12 months of age. The control animals were fed with water

to control for the effect of feeding.

Outcome measures

The mice were monitored daily and examined at 1-month

intervals to assess survival, proteinuria, peripheral lym-

phocytes, and titers of anti-double-stranded (ds) DNA

antibody.

Proteinuria

Urine samples were obtained every 2 weeks to measure its

protein content (Bayer Labstix, Bayside Medical Supplies

Inc., Ontario, Canada). A grade of 0, 1, 2, 3, 4, or 5 was

given to urine protein concentrations of 0–30, 30–100,

100–300, 300–2,000, and [2,000 mg/dl, respectively.

Severe proteinuria was defined as [ 100 mg/dl ([2?).

Peripheral lymphocytes

Blood was obtained from all mice at 12 months of age by

means of the retro-orbital venous plexus for fluorescence-

activated cell sorting. Single-cell suspensions of peripheral

blood mononuclear cells (PBMC) and spleenocytes (which

were depleted of erythrocytes by 3-amino-9-ethylcarbazole

lysis buffer) were prepared in phosphate-buffered saline

(PBS) containing 0.1% (w/v) bovine serum albumin and

0.1% (w/v) NaN3. Aliquots were individually stained using

anti-CD3-fuorescein isothiocyanate, anti-CD19-phycoery-

thrin, anti-CD4-phycoerythrin, and anti-CD8-phycoerythrin

monoclonal antibodies. The samples were then analyzed

(FACScan; Becton Dickinson Richmond, CA, USA) using

forward and side scatter to gate out dead cells and debris.

Data were collected after treatment with CM.

wild type C. sinensis AACCCTCGAG CCCCCCGCCT CGCGGCGGCG GGGCCCGGCC TTGGGGGTCA

current cultured mycelium AACCCTCGAG CCCCCCGCCT CGCGGCGGCG GGGCCCGGCC TTGGGGGTCA

Fig. 1 Comparisons of first 50 (321–370) bases of the ITS2 rDNA sequence from wild-type C. sinensis and current cultured mycelia (CM)

products
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Cellular proliferation of DNA synthesis detection by

BrdU enzyme-linked immunosorbent assay (ELISA)

The ELISA procedure was performed essentially as

described by Roche Molecular Biochemicals. Briefly

5 9 103 cells/100 ll/well of splenocytes from mice groups

A, B, C and D at 6-month-old were seeded in flat-bottom

96-well plates. A 10 ll/well of BrdU labeling solution was

added to the cells after 24, 48 and 72 h. After three times of

wash, anti-BrdU-POD-coupled antibodies were incubated

in wells for 90 min at room temperature. The reaction was

terminated by the addition of 0.05 ml of 5% (w/v) sodium

dodecyl sulfate (SDS). Each sample was tested in triplicate.

The results were read at 450 nm using a SPECTRAmax

reader (Molecular Devices Corporation, Sunnyvale, CA,

USA).

Autoantibodies

Blood was also obtained by means of the retro-orbital

venous plexus to assess for anti-DNA antibodies. Sera for

anti-DNA analysis were collected from whole blood in

non-heparinized tubes. Immunoglobulin (Ig) G antibodies

to dsDNA were assayed, as previously described [14]. In

brief, calf thymus DNA (Sigma Chemicals, St Louis, MO,

USA) was reconstituted to 0.5 mg/ml with PBS and fro-

zen in aliquots at –20�C. DNA-coated plates were

prepared, and microtiter plates were coated with 0.1 ml of

10 lg/ml methylated BSA (Sigma Chemical Co) in PBS

and left overnight at 4�C. The plates were washed three

times with PBS, 0.05 ml of 2.5 lg/ml dsDNA was added,

and they were incubated overnight at 4�C. The plates

were washed three times with PBS with 0.05% Tween-20

(PBS/Tween) and blocked with 0.1 ml of 1 mg/ml gela-

tin-PBS for 2 h at room temperature or overnight at 4�C.

Serum was diluted 1:50 (previously determined to be the

optimal dilution) in gelatin-PBS and added to each well in

0.05 ml aliquots. A standard curve was made by serial

dilution of known concentrations of anti-DNA B cell

hybridoma soup (generously donated by Dr. B.-L. Chiang,

National Taiwan University, Taipei, Taiwan), and ELISA

units, or E. U., were determined by comparing samples

with one optimal dilution ratio of hybridoma supernatant.

After the aliquots were incubated for 1–1.5 h at room

temperature, they were washed three times with PBS/

Tween. Horseradish peroxidase-conjugated goat anti-IgM

or IgG (Jackson ImmunoResearch Laboratories, INC, Bar

Harbor, Maine, USA) was added to gelatin-PBS at a

1:5,000 dilution and incubated for 1 h at room tempera-

ture. After three washes with PBS/Tween, the reaction

was initiated with 50 ml of 0.55 mg/ml 2.20-axino-bis-3-

ethylbenthiazoline-6-sulfonic acid in citrate buffer (pH

4.2) containing 0.03% (v/v) H2O2. The reaction was

terminated by adding 0.05 ml of 5% (w/v) sodium

dodecyl sulfate. Each sample was tested in duplicate.

Readings from gelatin-PBS represented background lev-

els, and known positive and negative sera were used as

controls. The results were read at 420 nm (SPECTRAmax

reader; Molecular Devices Corporation, Sunnyvale, CA,

USA).

Statistical analyses

Survival curves were estimated using the Kaplan–Meier

method, and the curves were compared by means of

Mantel–Cox analysis. Unpaired t test, one-way ANOVA

were used to compare the differences between means of

groups in the assay of proteinuria, flow cytometry, cellular

proliferation and autoantibodies and statistical analysis was

performed using SPSS.

Results

Cultured mycelia (CM) from C. sinensis improved

survival rates in groups A and B mice

Treatment with cultured mycelia (CM) from C. sinensis

improved survival in early treatment of groups A and B

mice. Figure 2 illustrates the survival curves (***P \ 0.001

in groups A and B compared with group D at 12 months of

age). All mice in groups A and B survived until 8 months of

age, with a 90% survival rate at 12 months of age. In con-

trast, mortality was observed in groups C and D beginning

at 7 months of age. These results indicated that the

early prescription with cultured mycelia attenuated dis-

ease severity in autoimmune lupus-prone (NZB/NZW) F1

mice.

The severity of proteinuria was decreased in mice

treated with cultured mycelia from C. sinensis

Early treatment with cultured mycelia (CM) from C. sin-

ensis attenuated the severity of proteinuria in groups A and

B mice (**P \ 0.01 in groups A and B compared with

group D at 12-month of age). Figure 3 illustrates the data

regarding proteinuria. At 6 months of age, 60% of group D

(control) mice had severe proteinuria; this rate increased to

80% at 10 months and 100% at 12 months. A similar

pattern was seen in group C mice. However, proteinuria

was more severe in group C mice at 8 and 9 months than in

the control mice. In contrast, 50, 60, 60, and 60% of group

A mice had severe proteinuria at 4, 6, 8, and 10 months of

age, respectively. Before treatment with cultured mycelia,

fewer mice in group B (40%) than in group A had severe

proteinuria at 4 and 5 months of age.
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Mice in groups A and B showed significantly reduced

percentages of CD4? T cells in PBMC after C. sinensis

administration

Mice in groups A and B had decreased percentages of

CD3? T lymphocytes and increased percentages of CD19?

B lymphocytes from peripheral mononuclear cells (PBMC)

compared with percentages in the other groups (*P \ 0.05)

(Fig. 4). Regarding total T lymphocytes, groups A and B

mice had fewer CD4? T cells (*P \ 0.05) and mild higher

levels of CD8? T cells than the other groups. However,

group C mice, which received treatment with cultured

mycelia at 8 months of age, had almost the same per-

centage of PMBC as that of the control mice at 12 months

of age.

Serum levels of anti-dsDNA autoantibody were

reduced after C. sinensis administration

Serum levels of anti-dsDNA autoantibody were reduced in

the groups treated with cultured mycelia (CM) from C.

sinensis. Figure 5 shows the serum levels of IgG anti-

dsDNA antibody determined at 3–12 months of age in the

treated and control groups. Treatment decreased levels of

IgG anti-dsDNA autoantibody in group A at 6 months of

age compared with groups B and C (**P \ 0.01). Levels

were also decreased in group B at 7 months of age

immediately after the treatment. In contrast, group C,

which received cultured mycelia at 8 months of age, had

only a mild decrease in serum anti-dsDNA IgG levels

immediately after treatment but continuous decrease till the

end of 12 months of age. Most of group D (control) mice

died because of lupus-like autoimmune disease, so that

levels of IgG anti-dsDNA autoantibody were decreased at

the end of 12 months of age.

C. sinensis reduced proliferation of splenocytes from

group A mice at 6-month-old

Based on the observation that C. sinensis treatment

decreased levels of IgG anti-dsDNA autoantibody in group

A mice at 6 months of age compared with groups B and C

(**P \ 0.01), and with our unpublished data showed that

C. sinensis treatment also mildly decreased the percentage

of CD4? T cells from PBMC in group A mice compared

with groups B and C at 6-month of age. Six months of age

were chosen as the time point to measure the proliferation

rate of peripheral T cells. Treatment with cultured mycelia

(CM) from C. sinensis reduced proliferation rate in early

treatment of group A mice. Cellular proliferation was

detected after CM treatment by BrdU incorporation rate.

The ratio compared with basal rate was significantly

decreased in group A at either 48 or 72 h after BrdU
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Fig. 2 Cultured mycelia (CM) from C. sinensis improved survival

rates in groups A and B of mice. Comparison of survival curves in A,

B, C and D groups of mice. Survival rate represents the percentage of

mice survival on individual dates of months. The percentage of

survival rate (***P \ 0.001: groups A and B compared with group D

at 12 months of age; *P \ 0.05: group C compared with group D at

12 months of age)
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Fig. 3 The severity of proteinuria was decreased in mice treated with

cultured mycelia (CM) from C. sinensis. Cumulative incidence of

severe ([2?; 100 mg/dl) proteinuria in A, B, C and D groups of mice.

Urine samples were obtained every 2 weeks for protein measurements

by Labstix� (Bayer Labstix, Bayside Medical Supplies Inc., Ontario,

Canada). (**P \ 0.01: groups A and B compared with group D at

12 months of age)

280 Clin Exp Med (2009) 9:277–284

123



incorporation. **P \ 0.01 when comparing CM-exposed

group A cells to groups B, C, and D cells was illustrated in

Fig. 6.

Discussion

The effects of cultured mycelian therapy on autoimmune

disease have been described. Many studies used wild

extracts or fruiting bodies of C. sinensis as the sources for

investigation. However, the bioactive ingredients existed

might be different among daily extracts. Fermented

mycelia can be constantly produced in a large scale and

will be a better source of this herbal medicine. We exam-

ined the differential effects of temporal changes with

cultured mycelium in lupus-prone mice during the early,

middle and late stages of clinical disease. Treatment in the

early and middle stages of disease development signifi-

cantly increased the survival rate (***P \ 0.001).

The effect of C. sinensis treatment on murine lupus

models, such as (NZB/NZW) F1 and MRL lpr/lpr mice has

been studied. The data show changes in levels of antinu-

clear autoantibody levels in both strains; however, the

temporal pattern of disease development was not detected.

Fig. 4 Percentages of PBMC

expressing CD3?, CD19?,

CD4?/CD3?, and CD8?/CD3?

at 12 months of age.a,b
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For example, crude extracts of wild-type C. sinensis pro-

long the life span of female (NZB/NZW) F1 mice and

inhibit the production of anti-dsDNA antibodies in vivo,

but the level of proteinuria and the redistribution of lym-

phocytes on PBMC were not examined [9].

Yang et al. [10] isolated a pure compound (H1-A) from

C. sinensis and investigated its effect on inhibiting the

progression of autoimmune disease in MRL Ipr/Ipr mice.

Mice treated daily with oral H1-A 40 lg/kg/day for

8 weeks had a progressive reduction in anti-dsDNA pro-

duction when compared with the control group. In terms of

clinical presentation, the treated group reduced lymphad-

enopathy, delayed progression of proteinuria, and

improved kidney function. Histological analysis of kidney

tissue indicated that H1-A could inhibit the mesangial

proliferation evident in lupus-related nephritis. This may

further support the argument that C. sinensis has immu-

nomodulatory effects on autoimmune diseases. However,

this animal model critically differs from ours with regard to

disease pathogenesis and phenotype. MRL lpr/lpr mice

have a defect of Fas receptor that causes lymphoprolifer-

ation and accelerated autoimmunity [11]. Therefore, the

temporal pattern of disease development may differ

between the models, yielding different end results after

treatment with cultured mycelia. Our study of cultured

mycelia from C. sinensis in (NZB/NZW) F1 mice signifi-

cantly further support the potential use of C. sinensis on

early prevention of lupus.

Autoreactive CD4? T cells have been recognized as a

key factor in the pathogenesis of (NZB/NZW) F1 mice

[12–15]. CD4? T cells can induce B cells to secrete cat-

ionic IgG anti-dsDNA antibodies, and they also stimulate

autoreactive B cells to produce high-affinity pathogenic

autoantibodies [16, 17]. Fluorescence-activated cell sorting

analysis of PBMC demonstrated a reduced percentage of

CD4? T lymphocytes in (NZB/NZW) F1 mice that

received cultured mycelia in the early and middle phases.

Moreover, the deposition of immune complex was signif-

icantly decreased during cultured mycelia therapy in our

group A mice by immunofluorescent staining (our unpub-

lished data). In mice, genetic deletion of B cells strongly

suppresses systemic autoimmunity, providing a rationale

for depleting B cells to treat autoimmunity. However, there
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Fig. 5 Serum levels of anti-dsDNA autoantibody were reduced in C.
sinensis treated groups. Comparisons of serum levels of IgG anti-

dsDNA antibodies at 3–12 months of age were determined by

enzyme-link immunosorbant assay (ELISA) after C. sinensi (CM)

administration. Group bar chart with error bars showing serum levels

of IgG anti-dsDNA antibodies at different months of age. Sera for

anti-DNA analysis were collected with non-heparinized tubes using

peripheral blood. Standard curve was made by serial dilution of anti-

dsDNA autoantibody producing-B cell hybridoma supernatant. E.U.

(ELISA unit) was determined by comparing samples with one optimal

dilution ratio of hybridoma supernatant (***P \ 0.001, **P \ 0.01,

*P \ 0.05: for group A compared with groups B, C and D at 5,

6 months of age; compared with groups C and D at 7–9 months of

age and compared with group D at 10–12 months of age)
(###P \ 0.001, ##P \ 0.01, #P \ 0.05: for group B compared with

groups C and D at 7, 8 months of age and compared with group D at

9–12 months of age)
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Fig. 6 Cultured mycelia (CM) from C. sinensis reduced proliferation

of splenocytes from group A mice at 6-month-old. Cellular prolif-

eration was detected after CM treatment by BrdU incorporation rate.

A 5 9 103 cells/100 ll/well from each group of mice at 6-month-old

were seeded in flat-bottom 96-well plates and cells were collected and

incubated as basal (I). A 10-ll-well of BrdU labeling solution was

added to the cells after 24 (II), 48 (III) and 72 h (IV). The time point

values were compared against the basal level (time zero).The ratio

was calculated using II, III and IV as dividend and I as divisor.

**P \ 0.01 when comparing CM-exposed group A cells to groups B,

C, and D cells
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was an increase in B cells as well as the reduction in

autoantibodies in our present study; perhaps, due to lower

CD4? T lymphocytes and therefore less help to B cells [18,

19].

Regulatory T (Treg) cells induce immune tolerance by

suppressing host immune responses against self- or non-

self-antigens, thus, playing critical roles in the prevention

of autoimmune diseases. As regulatory/suppressor T cells

can suppress immunity against any antigen, they emerge as

an ideal therapeutic target [20]. Several distinct subtypes of

CD8? suppressor cells (Ts) have been described that could

find application in treating RA or SLE [21]. In our study,

groups A and B mice had fewer CD4? T cells (*P \ 0.05)

and mild higher levels of CD8? T cells than groups C and

D mice; it might be possible that cultured mycelia from C.

sinensis could increase the activity of CD8? regulatory/

suppressor T cells [22].

Although many studies have addressed cultured myce-

lium-induced immunomodulation, the mechanism

remained unclear. H1-A inhibited tyrosine phosphorylation

of human mesangial proteins, probably including Bcl-2 and

Bcl-XL [10]. These findings suggested that that H1-A

modulate some subcellular signal-transduction pathways

and changes the balance between proliferation and apop-

tosis of mesangial cells in vitro and in vivo. Our results

suggested that the cultured mycelia-mediated immuno-

suppression target a particular cell population, decreasing

the CD4?/CD8? ratio, for example. The proliferation rate

of BrdU-incorporated spleen cells was also significantly

decreased after 48 and 72 h of CM treatment in group A

mice. It has been demonstrated that the spleen cells from

autoimmune-prone mice were more sensitive to oxygen

and pressure compared with normal mice [23]. Future

experiments will determine whether CD4? T cells lym-

phocytes in (NZB/NZW) F1 mice of lupus are particularly

susceptible to apoptosis after treatment with cultured

mycelia from C. sinensis.

Several classes of drugs are currently used to treat sys-

temic lupus erythematosus; however, their clinically

significant adverse effects pose considerable difficulties. C.

sinensis since has been used as daily nourishing tonics is

suggested for early prevention of lupus disease in our

study. The current cultured mycelian products might

potentially provide therapeutic and preventive benefits to

patients with lupus.
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