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Abstract: Cordyceps Sinensis (CS) is a parasitic fungus that has been used as a Chinese medi-
cine for a long time in the treatment of nephritis. In this study, we established an in vitro model
that showed that cultured human mesangial cells (HMC) stimulated with interleukin-1 (IL-1)
plus IL-6 can cause mesangial cell proliferation, increasing production of chemical mediators
and superoxide anion. An in vivo model also proved that this culture medium might lead to renal
injury with hematuria and proteinuria. We cultured HMC, and then an HMC activating model
with HMC incubated with IL-1 and IL-6 was established. We fractionated the crude methanolic
extracts from fruiting bodies of CS with the use of this in vifro inhibition of HMC activation
model as our assay method. Then we established an IgAN animal model with R36A (Pneumo-
coccal C-polysaccharide purified from Streptococcus pneumoniae) as antigen and anti-R36A IgA
monoclonal antibody to form nephritogenic IgA-IC, which can induce hematuria and proteinuria
in mice with IgA deposition in the mesangial area. The fruiting bodies were extracted by silica
gel column chromatography. One out of 6 column fractions, F-2, significantly inhibited the HMC
activation by IL-1 plus IL-6. The acute toxicity test with male institute of Cancer Research mice
showed no liver toxicity or mutagenicity. The mice in the IgAN model fed with 1% F-2 in diet
had significant reduction of hematuria and proteinuria together with histopathologic improve-
ment. Therefore this fraction was then purified by silica gel column chromatography and
high-performance liquid chromatography, which yielded a purified compound H1-A, which can
suppress the activated HMC and alleviate IgAN (Berger’s disease) with clinical and histologic
improvement. These results give us a new regimen for the treatment of patients with IgAN in the
future.

Keywords: Cordyceps Sinensis (CS); human mesangial cells (HMC); IgA Nephropathy (Ber-
ger’s disease); H1-A; Active fraction.

1. Introduction

Cordyceps sinensis (CS), one of the
well-known traditional Chinese medicines, is
a fungus that develops stroma and is found on
the larvae of the Lepidoptera caterpillar [1-3].
Recent studies have demonstrated its multiple
pharmacologic actions such as reducing

damage to renal tubules and protecting the
Na', K"-ATPase on cellular membranes, an
action that is associated with a reduction in
cellular lipid peroxidation [4]. It can de-
crease chronic renal insufficiency [5]. In
rats, it alleviated hematuria and reduced the
elevation of serum creatinine [5]. An extract
of CS increased the volume of blood flow in
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the coronary arteries of animals under ex-
periments [6]. It also reduced resistance and
pressure in the arteries, brain, and peripheral
vascular system [6]. CS also promotes platelet
formation [7]; helped in prevention of hy-
poxia, and acted as a monoamine oxidase in-
hibitor [8]. However, no purified com-
pounds from CS have been used before to
evaluate the previously mentioned pharma-
cologic actions. None of the research con-
ducted on alleviating the histologic lesions of
renal disease was based on any animal model
of IgA mesangial nephropathy (IgAN).

IgAN is a chronic disease [9]. Renal
function is usually normal at its onset, but
gradually a progressive decline in glomerular
filtration rate occurs in some cases. Exten-
sive long-term follow-up studies in France,
Italy, Spain, and Taiwan have indicated that
progressive renal insufficiency develops in
20% to 30% of patients with IgAN 20 years
or more after the disease is initially discov-
ered [10, 11]. Unfortunately, at present no
therapeutic maneuvers have been proved to be
consistently effective. Hence, there is a
pressing need for development of a curative
substance. In this regard, earlier we have
studied the pathogenesis of IgAN and have
hypothesized that mesangial deposition of
nephritogenic IgAIC in glomeruli may acti-
vate resting mesangial cells [12]. The acti-
vated mesangial cells start to release cyto-
kines including IL-1, IL-6, and tumor necrosis
factor- ¢ . These cytokines cause mesangial
cells to release growth factors are similar to
those of the autocrine system, in which a vi-
cious cycle of mesangial proliferation is in-
duced with the release of chemical mediators,
such as platelet-derived growth factor and
transforming growth factor- 5, in addition to
IL-1 and IL-6 [12]. The actions of these cy-
tokines and growth factors are similar to those
of the autocrine system, in which a vicious
cycle of to mesangial proliferation is induced
with release of cemical mediators such as
platelet activation factor, prostaglandin E,,
thromboxane B,, neutral proteinase, and free
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radicals including superoxide anion, which all
lead to the glomerular injury and scloerosis
[12]. However, nephritogenic IgAIC in hu-
mans is still unknown. To solve this prob-
lem first, we established an in vitro model that
cultured HMCs stimulated with IL-1 plus
IL-6, which can cause HMCs proliferation,
increased production of chemical mediators
and superoxide anion [13].

The first study was designed to investigate
this possibility with regard to compounds
from Chinese medicinal herbs. Fifteen spe-
cies of Chinese herbs were collected and ex-
tracted with MeOH.  The herbs were:
Eclipta prostrata, Selaginella tamariscina,
Springlxeris chinensis, Poygonum hypoleu-
cum Ohwi, Glechorna hederacea, Scutellaris
rivularis, Diconodra micrenta, Centella asi-
atica, Verbena officinalis, Abrus cantonensis,
Agrinomia pilosa, Condonacanthus pauci-
fiorus, Xanthium strumarium, Daemonoropus
margaritae, and cordycep smensis. The ef-
fects of methanolic crude extracts of these
herbs on proliferation and cytokine gene ex-
pression and production in human mesangial
cells were determined.

CS crude active extract was the most potent
screened Chinese herbs which inhibited hu-
man mesangial cell proliferation activated by
interleukin-1 5 and interldukin-6. CS crude
active extract also decreased interldukin-1 /3
and tumor necrosis factor- ¢ production.
Moreover, TNF- @ mRNA expression was
inhibited by CS crude active extract. It is
unlikely that cytotoxicity was involved, be-
cause no cell death was observed. We hy-
pothesize that the inhibitory mechanism of
these Chinese herbs may be related to the im-
pairment of gene expression and production
of cytokines in human mesangial cells. The
next step was planned for the isolation of pure
compounds from CS crude active extract and
the elucidation of their mechanism of action.

Before we start to isolate the pure com-
pound, we need animal model. The re-
quirements for animal models include both



specificity and the capacity for developing
renal histopathologic lesions that are similar
to those found in the corresponding human
disorders. In view of the previously de-
scribed considerations, the IgAN models de-
veloped by Rifai [14] were adopted for the
experiments used in developing this investi-
gation. Therefore in this study, the selected
antigen was R36A, a purified
C-poly-saccharide obtained from the cell wall
of Streptococcus pneumoniae [15], and the
antibody used was the IgA monoclonal anti-
body that is specific to R36A to form nephri-
togenic IgAIC [14, 16], which can induce
hematuria and proteinuria in mice with IgA
deposition in the mesangial area [17].

A total of 6 subfractions were obtained
from crude methanolic extract of CS fruiting
bodies. When activated HMCs by IL-1 and
IL-6 were used as target cells, F-2 had the
strongest inhibitory effect on the proliferation
of activated HMCs. Thus, we could observe
the dose-responsive inhibitory action on acti-
vated HMCs by F-2.

In this IgAN mouse model, renal tissue
stained by hematoxylin-eosin stain revealed
histolgoic changes with mesangial cells pro-
liferation and mesangium expansion similar to
those found in human IgAN. The im-
muno-fluorescent stain also revealed mesan-
gial depositions of IgAN and C3 similar to
those found in human IgAN. On clinical
evaluation, these mice were found to have
hematuria and proteinuria. The histopa-
thologic improvement of IgAN in mice fed a
normal diet containing F-2. There was a sig-
nificant decrease in mesangial cell prolifera-
tion and mesangial expansion in mice fed
with a normal diet containing 1% F-2. The
immuno-fluorescent intensity of IgA and C3
on the mesangial area was also significantly
decreased in mice fed a normal diet contain-
ing 1% F-2. On clinical evaluation hema-
turia, proteinuria, or both (urinary albumin/Cr,
0.22 * 0.33 in 1% F-2-treated group vs 0.38
T 0.04 in untreated group, P<0.01) were also
significantly decreased on day 7 after mice
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were fed a normal diet containing 1% F-2.

Then asult toxicity test was performed.
No statistical difference was seen in body
weight and liver function including ALT, AST,
and cholesterol level except an increase in the
ratio of liver weight over body weight (nor-
mal vs 2% F-2: 544 = 0.17 vs 6.71 £ 0.13,
P<0.01). Significantly increased liver cyto-
chrome —450 content was seen in the
F-2-treated group (normal vs 2% F-2: 0.78 *
0.08 vs 1.43 £ 0.09, P<0.01). These results
show that F-2 could both suppress prolifera-
tion of activated HMCs in vitro and prevent
the exacerbation or even cause improvement
of IgAN in an animal model in vivo. F-2 also
had low toxicity. For these reasons we
started to identify the effective compound in
CS.

To extract the pure active compound from
the F-2, we used the entrie isolation process in
each chromatographic cycle and finally by
high-performance liquid chromatography
from methanol extraction to final purification
of compound HI-A. With the use of the
previously described in vitro procedures, the
strongest activity compound HI1-A was ob-
tained in its pure form. The structure of com-
pound H1-A was obtained after the nuclear
magnetic resonance spectrum and Mass study.
The molecular formula of HI-A was
CysH4,0,. To confirm the potential applicabil-
ity of HI-A and to check for obvious toxicity
or mutagenicity, Ames test and acute toxicity
test were conducted on mice from the Institute
of Cancer Research and the results were
found similar to the F-2. They demonstrated
either no acute toxicity or mutagenicity. In
vitro inhibition on HMCs by HI1-A, the Glsg
(Growth inhibitionsy) was 40 1 mol/L.

Simultaneously adding either F-2 or H1-A
on the HMCs stimulated by IL-1 plus IL-6
showed that fluorescence intensity of HMCs
in the S and GO + G phase of the cell cycle
was similar to that of unstimulated HMCs.
Despite the previously mentioned inhibitory
effect on cell proliferation, neither F-2 nor
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H1-A affected cell viability, nor did they exert
cytotoxic phenomena, as judged by trypan
blue incorporation, lactate dehydrogenase re-
lease from cells after 72 hours incubation, and
MTT assay.

Apoptosis was observed in cultured human
mesangial cells after incubation with H1-A at
concentrations of 12.5 and 25 g mol/L.
There was no apoptosis observed in cells
treated with IL-1 5/PDGF-BB only.

The addition of IL-1 5 and PDGF-BB to
cultured human mesangial monolayers re-
sulted in a time-dependent increase in tyro-
sine phosphorylation of several proteins.
The induction was visible at a minimum of 5
minutes and a maximum of 30 minutes. We
noted that several proteins with various mo-
lecular masses were phosphorylated after in-
cubation with IL-1 8 and PDGF-BB. Three
proteins (with apparent molecular masses of
20-30, 60-70, and 200-300 kD) were phos-
phorylated after incubation with IL- /5 and
PDGF-BB, and the phosphorylation was in-
hibited by the addition of HI-A in concentra-
tions of 6.25, 12.5, and 25 y mol/L, consis-
tent with a dose-dependent response. These
data demonstrate that IL-1 5 and PDGF-BB
stimulated protein tyrosine phosphorylation in
human mesangial cells, a reaction that was
inhibited by H1-A.

To determine whether IL-1 4  and
PDGF-BB induced the tyrosine phosphoryla-
tion of Bcl-2 or Bel-XL, we immunoprecipi-
tated whole-cell lysates with Bcl-2 or Bel-XL,
then conducted immunoblotiing with an anti-
body specific for Bcl-2 or Bel-XL.  Proteins
with a molecular mass of 20 to 30 kD were
found to be Bcl-2 or Bcl-XL, both with a mo-
lecular mass of 26 kD. Then we probed the
same nitrocellulose papers with an antibody
specific for tyrosine phospho-proteins, after
stripping tem off, to confirm the tyrosine
phosphorylation of Bcl-2 or Bel-XL.  Bcl-2
or Bcl-XL was detectable in lysates from con-
trol or IL-1 5/PDGF-BB-activated mesangial
cells. The addition of HI-A in various con-
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centrations did not change the intensity of ex-
pression. The tyrosine posphorylation of
Bcl-2 was induced with IL-1 5/ PDGF-BB
and inhibited by HI-A in concentrations of
12.5 and 25 g mol/L in a dose-dependent
manner. The tyrosine phosphorylation of
Bcl-XL was induced with IL-1 5/PDGF-BB
and inhibited by HI-A in concentrations of
6.25,12.5, and 25 g mol/L. In addition, we
applied anti-MAP4, anti-Sre, and anti-Zo-1 to
identify other tyrosine-phosphorylated pro-
teins; however, these attempts were unsuc-
cessful (data not shown). These observa-
tions demonstrate that the tyrosine phos-
phorylation of Bcl-2 or Bcl-XL in human
mesangial cells can be inhibited by H1-A.

The cordyceps grows the fungi in -form a
worm. Cordyceps is considered to be a
pharmaceutical kidney tonic in China over the
past 2000 years. In recent studies, the cor-
dyceps fraction is considered to have potential
protecting the liver [18], in improvement of
the immunity [19]; in protection of cardio-
vascular, endocrine and kidney disease [20].
There is only limited clinical testing in renal
disease to use cordyceps. Thirty patients with
chronic kidney failure (CRF) in the course of
a research [21], who used cordyceps found
creatinine clearance rate and reduced blood
urea nitrogen (BUN) and serum creatinine
(SCr). The combined treatment of Cordyceps
and Jin Shui Bao to a chronic kidney failure
patient, showed decreased serum BUN and Cr
levels, and reduction in the urine protein and
blood pressure. In the clinical treatment of
61 systemic lupus erythematus (SEL) with
nepritis patients without corticosterone and
cyclophospamide showed that after intake of
2-4 grams of cordyceps powder and 0.6 grams
of artemisinin for 3 years, prevented renal
function deterioration and decreased protein-
uria. Also, cordyceps has therapeutic effi-
cacy in the treatment of iatrogenic nephrotox-
icity [22]. It has been demonstrated that CS
can reduce cyclosporin induced nephrotoxic-
ity. Sixty nine patients with renal transplants



received cyclosporine as immunosuppressive
regimens with cyclosporine induced nephro-
toxicity were divided randomly divided into
two groups. Control group received cyclop-
sorin only and the another group received
cyclosporin and cordyceps (3g/per day). The
results showed that the cordyceps group had
decreased serum BUN and Cr levels. In an
another report, mouse treated with cyc-
losporine-A and cordyceps significantly re-
duced interstitial edema tubular necrosis and
fibrosis compared to the group which re-
ceived only cyclosporin A [23]. The preven-
tive mechanism of iatrogenic nephrotoxicity
by CS was considered to be the effect of an-
tioxidant [24]. Because the mouse of reper-
fusion supports the vitamin E has advantage
of showing to the kidney [25]. Also, Shahed
et al. (2001) showed that water fraction of CS
had beneficial effect on the kidney in a is-
chaemia/reperfusion mice model. CS water
fraction could reduce serum Cr level, and the
MCP-1 and TNF-a gene expression was also
suppressed [26].

In this study, first, we relied on our previ-
ous study, in which IL-1 plus IL-6 stimulated
HMC to proliferate with concomitant mor-
phologic change in vitro [12]. The activated
HMC produced PAF and superoxide anion.
With this method, we established an in vitro
assay system. We also demonstrated an
IgAN animal model. With these in vitro and in
vivo assay systems, the proliferation inhibi-
tory activities of fraction F-2, C-11, T-4, and
pure compound HI1-A from methanolic ex-
tracts CS fruiting bodies were isolated. H;A
is an ergosterol. The molecular formula is
CysH4p0, and molecular weight is 410.
There is no corticosteroid effect (data not
shown).

H1-A decreased the population of cells in
S-phase and increased those in the Gy + G
phase. ~ With the use of TUNEL im-
munoflu-orescence staining, we showed that
H1-A conocentrations of 12.5 and 25
mol/L can cause apoptosis in cultured uman
mesangial cells. We also demonstrated that
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IL-1 3 and PDGF-BB can enhance protein
tyrosine phosphorylation in human mesangial
cells and that this activation can be inhibited
by H1-A. Bcl-2 and Bcl-XL are two pro-
teins that we identified with the use of im-
munoprecipitation and immunoblotting.

We demonstrated that the beneficial effects
observed under in vitro result from the effect
of F-2 on inhibition of proliferation in acti-
vated HMCs. In vivo experiment, we ob-
served decreasing mesangial cell proliferation
in animals with IgAN, while treated with F-2.
However, treated animals also had a marked
reduction in immune complex deposition.
Therefore, other potential effects of F-2 that
might account for the reduction in disease in
treated animals should be explored for reduc-
tion in renal blood flow leading to reduced
immune complex deposition, complement in-
hibitory effects, and alteration in function of
the mononuclear phagocyte system. The H1-A
blood level in the mice fed with F-2 per os
was detected with high-performance liquid
chromatography. Since, pharmacokinetic and
hemodynamic studies have not been done,
hence, we have no information on the effect
of either F-2 or H1-A on the renal blood flow.
From the preliminary data in our laboratory,
we know that both H1-A and F-2 are without
complement inhibitory effects (data not
shown). Thus, the most possible mechanism
in the reducing immune-complex deposition
may be through the alteration in function of
the mononuclear phagocyte system.

Several immunosuppressive and cytotoxic
drugs have been used to treat glomeru-
lonephritis.  These include glucocorticoids,
cyclophosphamide, cyclosporine and FK-506
[27,29]. Some of these drugs have systemic
effects, and others have direct effects on renal
cells [30]. Their mechanism  and
sub-cellular regulation are not well known.
In hematopoietic cells, glucocorticoids acti-
vate NF- x B and induce apoptosis [31].
FK-506 and cyclosporine drugs inhibit cal-
cineurin, nuclear translocation of NF-AT and
also interfere with calcineurin interaction with
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phospho-NF-AT [32]. However, little has
been published about their pharmacologic ef-
fects in mesangial cells. In this study, we
showed that H1-A inhibited mesangial prolif-
eration without causing cytolysis. The pro-
gression of the cell cycle was modified, and
some of the mesangial cells were induced to
develop apoptosis. These effects may be re-
lated to some tyrosine phosphoprotein inter-
mediates. Two of them were identified as
Bcl-2 and Bcl-XL. However, we did not ob-
serve a change in the expression of these two
antiapoptotic members. The implications of
these results in human renal disease or lupus
nephritis remain to be clarified.

In conclusion, H1-A may modulate the ef-
fects of Il-1 5/PDGF-BB on glomerular me-
sangial cells, and Bcl-2/Bcl-XL may be a me-
diator at the molecular level. Because the
sub-cellular effect of H1-A is different from
that of glucocorticosteroids, cyclosporine, or
FK506, it may be an alternative to treat hu-
man glomer-ulonephritis or may be used as
adjunctive therapy. Additionally, this report
suggests that tyrosine kinase, Bcl-2, and
Bcl-XL are potential targets for pharma-
cologic interventions in human renal disease.
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