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Enhancement of IL-18 expression by Paecilomyces tenuipes
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Abstract Paecilomyces tenuipes is a popular medicinal
mushroom, and has received extensive attention for med-
ical application because of its various physiological
activities. However, there is limited information about the
anticancer and immunomodulatory activities of Paecilo-
myces tenuipes . This study attempted to evaluate the effect
of an extract from the cultured fruiting bodies of Paecilo-
myces tenuipes (PTE) on the expression of the interleukin-
18 (IL-18) gene in rat pheochromocytoma (PC) 12 cells
and rat brain. Related mRNA levels were determined by
reverse transcription-polymerase chain reaction (RT-PCR).
Protein levels were measured by Western blot and immu-
nohistochemistry. Our results demonstrated that PTE
induced IL-18 gene expression both in vitro and in vivo.
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Treatment of PC12 cells and rat brain cells with 10 pg/ml
and 20 mg/kg PTE, respectively, yielded significant
increases of IL-18 levels. Significantly, IL-18-immunore-
active neurons were detected in the Purkinje cells of the
cerebellum. IL18-immunohistochemical staining was
markedly enhanced in animals treated with PTE compared
to findings in the untreated controls. These results suggest
that PTE could be a potential candidate as an immune
activator or anticancer drug.
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Immune system

Introduction

Paecilomyces tenuipes (also referred to as Isaria japonica)
is one of the famous Chinese medicinal entomopathogenic
fungi, together with other fungi such as Cordyceps sinensis
and Cordyceps militaris. It is a parasitic fungus on the
larvae of Lepidoptera, and belongs to the subphylum
Ascomycotina, class Pyrenomycetes, order Clavicipitales.
Both Paecilomyces and Cordyceps are genera of the family
Clavicipitaceae. P. tenuipes is traditionally used in Japan,
Korea, and China as a time-honored tonic and to alleviate
the effects of blood loss, fatigue, and anorexia (Zhu et al.
1998a, b). It has been reported that P. tenuipes and its
glycoprotein constituent protect against anemia in mice
treated with 5-fluorouracil (Takata et al. 2008). The known
bioactive compounds obtained from P. tenuipes include
cordycepin, tenuipesine, sterol, cyclopeptide, and poly-
saccharides (Kikuchi et al. 2004a; Yin et al. 2007).
The fruiting bodies of P. tenuipes are highly valued as
medicinal herbs, due to their various biological and phar-
macological activities, including immuno-stimulating and
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anti-tumor activities (Lee et al. 1996; Liu et al. 1996;
Borchers et al. 1999; Song et al. 2007; Chen et al. 2008).

Cytokines are crucial intracellular regulators that have
important physiological roles in a wide range of disease
processes. Interleukins (ILs) are the largest group of cyto-
kines that stimulate immune cell proliferation and differ-
entiation. IL-18 is a multifunctional cytokine having roles in
both innate and adaptive immune responses. IL-18 is a
member of the IL-1 family of cytokines and was originally
described as an interferon-y-inducing factor (IGIF) (Okam-
ura et al. 1995a). It has a variety of biological functions,
including stimulation of the proliferation of activated T cells,
enhancement of the activity of natural killer (NK) cells,
induction of the production of interferon (IFN)-y by helper
T1 (Thy) cells (Micallef et al. 1996; Okamura et al. 1995b),
and the induction of granulocyte—-macrophage colony-
stimulating factor (GM-CSF) by activated T cells (Ushio
et al. 1996). IL-18 induces gene expression and synthesis of
tumor necrosis factor (TNF), IL-1, Fas ligand, and several
chemokines (Dinarello 1999). Moreover, IL-18 has been
shown to serve as an adjuvant in conjunction with certain
DNA vaccines (Swencki-Underwood et al. 2006). However,
little is known about the regulation of IL-18 gene expression,
which would be modulated in the cytokine network, as seen
in the regulation of other cytokines. Previously, it has been
reported that Cordyceps militaris extract induced IL-18 in
mouse brain (Kim et al. 2008). However, there is little
information on the pharmacological actions of the cultured
fruiting bodies of P. tenuipes. Moreover, despite the exten-
sive research on several aspects of P. tenuipes, there is a lack
of knowledge about the mechanism underlying the regula-
tion of cytokines by P. tenuipes. Therefore, this study was
designed to evaluate the effect of an extract from the cultured
fruiting bodies of P. tenuipus on the expression of IL-18 in
PC12 cells and in rat brain.

Materials and methods
Materials

RPMI 1640, fetal bovine serum (FBS), Dulbecco’s phos-
phate-buffered saline (DPBS), Trizol ™ reagent, and tryp-
sin-ethylene diamine tetraacetic acid (EDTA) solutions
were purchased from Invitrogen (Carlsbad, CA, USA).
Moloney murine leukemia virus (M-MLV) ribonuclease,
oligo dT (deoxythymidine) primer, dNTPs (deoxynucleic
acid triphosphate), Taq polymerase, specific primers (for
IL-18 and f-actin), and 100 bp DNA ladder were pur-
chased from BioNEER (Daejeon, Korea). A low-molecu-
lar-weight protein marker was purchased from BioRad
(Richmond, CA, USA). A bicinchoninic acid (BCA) pro-
tein assay kit was purchased from Pierce (Rockford, IL,

USA). Other reagents were special grade and purchased
commercially.

Cultivation of P. tenuipes

For the study, P. tenuipes was purchased from the Korea
Agricultural Culture Collection (KACC No-40503),
Suwon, Korea. To cultivate a stock culture of P. tenuipes,
potato dextrose agar (PDA) slants were inoculated with
mycelia and incubated at 25°C for 7 days. This culture was
then used for the seed culture inoculation. The mycelia
were transferred to the seed culture medium by punching
out approximately 5 mm” of the slants with a sterilized
cutter. This seed was inoculated into a 500 ml flask con-
taining 200 ml of synthetic medium (40 g/l glucose, 10 g/l
yeast extract, 0.5 g/l KH,POy,, 0.5 g/1 K,HPO,4-3H,0, and
0.5 g/l MgS0O,) and incubated at 25°C in a rotary shaker
(110 rpm) for 5 days. To cultivate P. fenuipes fruiting
bodies, silkworms (Bombyx mori, China; 100 g) were
packed into culture bottles and sealed using polypropylene.
The bottles were sterilized at 121°C for 90 min, inoculated
with the P. tenuipes seed culture, and incubated for 20 days
at 25°C. Once the hyphae of P. tenuipes reached the bottom
of the culture bottles the bottles were moved to a cold room
at 16°C with 95% relative humidity, and placed under an
incandescent light of 1,000 Lux to induce primordium
formation. The incubator containing P. tenuipes was ven-
tilated four times a day to provide fresh air.

Crude extract preparation

Two hundred grams of fruiting bodies of P. tenuipes were
extracted with 70% ethanol at room temperature for 7 days.
The extracts were then filtered and evaporated with a rotary
evaporater. The residue was then stored at —80°C and
freeze dried. The dried sample was weighed. The yield was
calculated using the following formula:

Yield (%) = (mass of P.tenuipes/mass of dried extract)
x 100

The yield was 5.7%. The dried extract was dissolved in
phosphate-buffered saline (PBS) and filtered through a
0.45 pm membrane filter (Millipore, Bedford, MA, USA)
and then stored at 4°C before use.

Cell culture and treatment

Rat pheochromocytoma (PC) 12 cells, purchased from the
Korean Cell Line Bank, were grown in RPMI-1640 sup-
plemented with 10% FBS, L-glutamine (4 mM), penicillin
(100 units/ml), and streptomycin (100 pg/ml) and incu-
bated at 37°C in a humidified atmosphere of 5% CO, and
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95% air. The cells were treated with saline or with 10 pg/
ml of PTE for 2, 4, or 8 h. The treated cells were harvested
by trypsinization.

Animals and treatment

Male Sprague-Dawley rats (280-320 g), approximately 3
months old, were used in all experiments. The animals
were housed four per cage and maintained under controlled
environmental conditions (22 4+ 2°C, 12 h light/dark
cycle). Food (Certified Rodent Diet 5002; Orient Bio,
Seongnam, Korea) and tap water were available ad libitum.
All efforts were made to minimize animal suffering and to
reduce the number of animals used. All experimental
procedures were performed in accordance with the NIH
Guide for Care and Use of Laboratory Animals (NIH
publication No.80-23 revised 1996) and related ethical
regulations of our university.

Before treatment, the rats were weighed and PTE was
prepared in PBS to achieve the desired dose, which was
based on the average weight of the animals. For the dose—
response study, 3 rats per group were treated intraperito-
neally (i.p.) with 10, 20, 30, or 40 mg/kg body weight PTE
and killed 4 h after dosing. Control groups received an
equal volume of PBS. For the time-course study, animals
were treated with 1 ml of PBS for a nominal dose of 0
(vehicle control) or 20 mg/kg body weight of PTE or
lipopolysaccharide (LPS). Three animals were treated per
dose group and time point, and groups for each dose and
time point were housed in separate cages. Rats were killed
2, 4, and 8 h after dosing. An untreated group of rats was
also included, which were killed at time zero when the
other animals were dosed. Control and unstressed rats were
killed immediately after the removal from their home
cages. The brains were rapidly extirpated, cleaned of fat
tissue, frozen in liquid nitrogen, and stored at —70°C for
further analysis.

Total RNA isolation

Total RNA was extracted from the frozen tissues and
cultures, using Trizol (Invitrogen) according to the manu-
facturer’s instructions. Briefly, 1 ml of Trizol reagent was
added to the cells harvested from each culture flask or
50 mg of rat brain tissue. A total of 200 pul of chloroform
was then added to extract the RNA into the aqueous phase
following centrifugation (12,000xg at 4°C for 15 min).
The aqueous phase was removed and the RNA was
collected by the addition of isopropanol and incubated at
—20°C for 60 min, followed by centrifugation at
12,000x g at 4°C for 15 min. The RNA pellet was then
washed in 70% ethanol and resuspended in 20 pl of diethyl
pyrocarbonate-treated H,O (DEPC H,0). Total RNA was
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quantified by spectrophotometer and its integrity was
established by formaldehyde agarose gel electrophoresis.

Reverse transcription-polymerase chain reaction
(RT-PCR)

For the cDNA synthesis, 2 pg of isolated total RNA was
used as the template for RT-PCR. A 40 pl aliquot for the
RT reaction was set up as follows: 2 ng of total RNA was
incubated with 4 pl of 10 pmol oligo dT primers and
heated at 65°C for 10 min and then immediately stored on
ice. To each tube was added: 0.6 pl of 200 unit reverse
transcriptase (M-MLV), 5 ul of 5x reaction buffer, 4 pl of
100 mM dithiotreitol (DTT), 4 pl of 2.5 mM dNTPs, 10 ul
of cDNA template, and 0.2 pl of 40 unit RNase. Synthesis
occurred for 60 min at 42°C, followed by treatment at
70°C for 5 min to inactivate the RT enzyme. The quality of
cDNA was verified by PCR amplification of fS-actin.

Polymerase chain reaction (PCR) and the analysis
of PCR products

For rat brain and PC 12 cells, IL-18 gene-specific primers;
forward:  5-ATGGCTGCCATGTCAGAAGA-3*  and
reverse: 5'-GTAGGTTATCATAAGGCTCG-3’ (GeneBank
Accession No. NM019165.1) for 653 base pair (bp) PCR
product were used. For normalization, the -actin gene was
used (forward: 5'-CCTCTATGCCAACACAGT-3' and
reverse: 5'-AGCCACCAATCCACACAG-3’ (GeneBank
Accession No. NM031144.2) for 155 bp PCR product). The
cDNA in the RT product was amplified using Taq DNA
polymerase. A PCR reaction was performed in 20 pl of the
total volume using 10 pmol of the corresponding primers. The
cDNA was amplified under the following reaction conditions:
denaturation at 94°C for 45 s, annealing at 55°C for 45 s for
IL-18, and at 56°C for f-actin, and polymerization at 72°C for
45 s. The cyclic process was performed 35 times for IL-18,
and 30 times for f-actin. The PCR products were analyzed on
1.2% agarose gel and visualized with ethidium bromide. The
stained intensity of individual bands was evaluated with Gel
Quant software (DNR Bio-Imaging Systems, USA).

Immunoblot assay

Protein was isolated with Trizol (Invitrogen) according to
the manufacturer’s protocol. Subsequently, the protein
concentration was determined using a BCA protein assay
kit (Pierce). Twenty micrograms of the protein extract was
separated by sodium dodecyl sulfate (SDS)-polyacryamide
gel electrophoresis and then transferred to a polyvinylidene
difluoride (PVDF) membrane. The blots were pretreated
with 5% horse serum and then incubated with mouse
monoclonal antibody (anti-IL-18, 0MA-04051, Affinity
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BioReagents, 1:1,000) as the primary antibody at room
temperature for 2 h. The blots were washed and incubated
with biotinylated goat anti-mouse IgG as secondary anti-
body for 2 h. The enzyme productivity was visualized by
the use of the Vectastain avidin—biotin conjugate (ABC) kit
(Vector, Burlingame, CA, USA) according to the manu-
facturer’s instructions. PBS containing 0.05% Tween 20
was used as washing buffer throughout the experiment. A
digital image system was used to determine the density of
the bands (Gel Quant; DNR Bio-Imaging Systems).

Immunohistochemical analysis

For immunohistochemical analysis, the experimental ani-
mals were anesthetized with ketamine and perfused with
saline followed by 4% paraformaldehyde in phosphate buf-
fer (0.1 M, pH 7.4). The brain and stomach were removed,
post-fixed in 4% paraformaldehyde for 24 h, and then
transferred to 30% sucrose in 0.1 M PBS for at least 24 h for
cryoprotection. Coronal 35 pm-thick sections were cut with
a cryostat (Reichert-Jung). Endogenous peroxidase activity
was blocked with 0.5% H,0, in methanol. Non-specific
binding sites were blocked by incubating the sections in PBS
containing 1.5% normal goat serum (NGS), 0.5% bovine
serum albumin (BSA), and 0.1% Triton X-100. These sec-
tions were then incubated for 24 h in primary antibody (anti-
IL-18; Affinity BioReagents, 1:500). After removal of the
primary antibody, sections were washed three times with
PBS and incubated in peroxidase-linked secondary antibody
(1:200) for 2 h at room temperature followed by three
washes with PBS. Color for the peroxidase-linked antibody
was developed with diaminobenzidene (DAB) as chromo-
gen. Sections were transferred onto gelatinized glass slides,
dehydrated, cleared, mounted in distyrene plasticizer xylene
(DPX), and coverslipped. Finally, the sections were viewed
under an inverted fluorescence microscope (TE2000; Nikon,
Tokyo, Japan) and photographs were taken.

Statistical analysis

The data were expressed as means + SD. Statistical sig-
nificance was assessed with one-way analysis of variance
followed by Tukey’s post-hoc test for multiple group
comparisons. Differences with p values less than 0.05 were
considered statistically significant.

Results

Induction of IL-18 mRNA and protein

Cytokines are recognized as primary mediators of cachexia
through their actions in the periphery and the central

nervous system (CNS), and they have diverse actions in the
brain, modulating and mediating both systemic host
responses to disease and local changes caused by CNS
inflammation, infection, and injury (Rothwell 1999).
Because IL-18 is a pleiotropic cytokine, isolated as an
important modulator of immune responses, and its
expression in the brain is associated with the regulation of
multiple functions, we examined the effects of PTE on the
mRNA and protein expression levels of this cytokine in rat
brain.

Figure 1 shows the dose—response effect of PTE on the
IL-18 mRNA expression level. Significant changes were
observed with all doses after 4 h treatments, which raised
IL-18 mRNA levels in the rat brain by 168-268% above
levels in the saline treated controls. As shown in Fig. 1, the
most effective concentration was at 20 mg/kg, which
yielded significant increases of IL-18 mRNA levels of
about 268% above those in the untreated controls. How-
ever, two concentrations of PTE (10 and 30 mg/kg) ele-
vated IL-18 mRNA levels by 200% above that of the
control group. PTE administration elicited a significant
dose-dependent effect on IL-18 mRNA levels at 4 h. PTE
at a dose of 40 mg/kg was not as effective as other doses.
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Fig. 1 Effect of different doses of Paecilomyces tenuipes extract
(PTE) on interleukin-18 (IL-18) mRNA levels in rat brain. Rats were
treated with 10, 20, 30, or 40 mg/kg PTE in saline as described in
“Materials and methods”. After 4 h treatment, RNAs were extracted
from whole brain tissue isolated from individual animals and
analyzed separately by reverse transcription-polymerase chain reac-
tion (RT-PCR). Representative RT-PCR (upper panel) and quantifi-
cation of relative intensity data (lower panel) are shown for IL-18
mRNA levels. The values were normalized to f-actin and are
expressed as means &+ SD (n = 3), with the level of IL-18 mRNA in
the saline-treated control group taken as 100%. Con untreated control.
*P < 0.05 versus control group
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Next, we examined the time course of the effect of PTE
on IL-18 mRNA levels in rat brain. As shown in Fig. 2a,
PTE significantly increased the IL-18 mRNA levels by
719% at 4 h, and by 619 and 514% at 2 and 8 h, respec-
tively compared with the control, and this induction was
much greater than that obtained with LPS treatment. This
result suggests that IL-18 gene expression was significantly
increased by the treatment with PTE.

To evaluate the in vitro induction of IL-18 mRNA by
PTE, PC12 cells were treated with 10 pg/ml PTE for 2, 4,
and 8 h. The related induction of IL-18 mRNA was
determined by RT-PCR. As shown in Fig. 2b, maximum
induction of IL-18 mRNA was observed at 4 h.

To determine whether the PTE-induced expression of
IL-18 mRNA was accompanied by an increase in protein
levels, Western blot analysis was performed with anti-IL18
antibody. As indicated in Fig. 3, treatment of rats with
20 mg/ml PTE yielded a remarkable increase in IL-18
protein levels above that of the saline-treated control.

Immunohistochemical analysis of IL-18 gene
expression induced by PTE

We also evaluated the expression of IL-18 enzyme in rat
brain by immunohistochemistry. Interestingly, in the cer-
ebellum of the rat brain, IL-18 protein expression in Pur-
kinje cells was activated by PTE treatment (Fig. 4). IL-18
immunohistochemical staining was significantly different
in the PTE-treated groups as compared to that in the saline-
treated animals.

IL-18
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Fig. 2 Time-course effect of PTE and lipopolysaccharide (LPS) on
IL-18 mRNA levels in rat brain (a), and effect of PTE on IL-18 mRNA
levels in PC12 cells (b). Rats were treated with 20 mg/kg of PTE and
10 mg/kg of LPS and PC12 cells were treated with 10 pig/mlof PTE for 2,
4,or 8 has described in “Materials and methods”. Each treatment group
was analyzed separately by RT-PCR. Representative RT-PCR and
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Discussion

Paecilomyces tenuipes is one of the well-known medicinal
entomogenous fungi, and has multiple therapeutic func-
tions, including immunomodulatory and antitumor activi-
ties. However, much less is known about its effect on the
regulation of cytokines. The present study has clearly
demonstrated for the first time that PTE can induce the
expression of the IL-18 gene at the mRNA and protein
levels. These activities may be attributed to the presence of
bioactive compounds. Besides cordycepin and polysac-
charides (Yin et al. 2007), a number of bioactive constit-
uents have been reported from P. fenuipes. These include:
tenuipesine A (Kikuchi et al. 2004a), spirotenuipesine A
and B (Kikuchi et al. 2004b), paecilomycine A, B, and C
(Kikuchi et al. 2004c), 4 f-acetoxyscirpene-3, 15-diol (Nam
et al. 2001; Oh et al. 2001; Yoo et al. 2005), ergosterol
(Nam et al. 2001), and beauvericin and its analogues
(Nilanonta et al. 2000, 2002). Moreover, phthalic acid,
stearic acid, di (2-ethylhexyl) phthalate, and cholesterol
were also reported from this mushroom (Song et al. 2007).
In our study, the active compounds in PTE were not ana-
lyzed; however, previous studies with a similar extraction
process suggest that active ingredients may be present
in the PTE. For example, a bioactive compound from
P. tenuipes (BCTP), extracted with ethanol, contains
cordycepin, tenuipesine, sterol, and cyclopeptide, and has
been reported to exert an inhibitory effect on monoamine
oxidase A (MAO-A) and monoamine oxidase B (MAO-B)
(Kan et al. 2006), and to have an antidepressant effect in
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quantification of relative intensity data are shown for IL-18 mRNA
levels. The values were normalized to f-actin and are expressed as
means + SD (n = 3), with the level of IL-18 mRNA in the saline-treated
control group taken as 100%. Con control treated with saline. "P < 0.05
versus control group. Upper and lower panels show representative
RT-PCR products and relative intensity data, respectively
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Fig. 3 The expression of IL-18 protein by Western blotting in rat
brain. Rats were treated with 20 mg/kg of PTE for 2, 4, or 8 h as
described in “Materials and methods”. Equal amounts (20 ng) of
protein were subjected to 12% sodium dodecyl sulfate polyacryamide
gel electrophoresis (SDS-PAGE) (a) and Western blot analysis was
carried out using anti-IL-18 (19 kDa) antibody (b); quantification of
relative intensity data are shown for IL-18 protein levels (lower
panel). The values were normalized to f-actin and are expressed as
means + SD (n = 3), with the level of IL-18 in the saline-treated
control group taken as 100%. Con control treated with saline.
*P < 0.05 versus control group

Fig. 4 Photomicrographs of IL-18-immunostained sagittal sections
through the cerebellum in controls (/) and PTE (2, 3, and 4)-treated
animals. PTE (20 mg/kg) was intraperitonially injected into rats. After
4 h, sagittal sections through the cerebellum were incubated with IL-
18 antibodies and visualized with diaminobenzidine (DAB) reaction

rats (Yin et al. 2007). Similarly, some edible mushrooms,
including Cordyceps militaris, extracted with ethanol have
been shown to exhibit tyrosinase inhibitory activity (Chien
et al. 2008). Ethanol extracts of the fruiting bodies of
Phellinus linteus have demonstrated strong anti-angio-
genic, antioxidant, and xanthine oxidase inhibitory activi-
ties (Song et al. 2003). As we know, ethanol is by far the
most commonly used solvent for plant extracts. Recently,
Koh et al. (2009) have reported that an ethanol extraction
procedure (70-80% ethanol) allows the separation of small
molecules including bioactive marker compounds (gallic
acid, ellagic acid, rutin, rubusoside, and steviol monoside)
from plants, without risking the loss of many unknown
compounds. On the basis of these observations, it is rea-
sonable to speculate that PTE may contain biologically
effective ingredients.

The expression of IL-18 plays a crucial role in innate and
adaptive immune responses. Its levels can be upregulated
following LPS stimulation (Sugama et al. 2007) or treat-
ment with IFN-y (Suk et al. 2001). IL-18 was found to be
associated with numerous inflammatory-associated disor-
ders, including arthritis, infections, autoimmune diseases,
and cancer (Boraschi and Dinarello 2006; Park et al. 2007,
Dinarello and Fantuzzi 2003; Alboni et al. 2010). In the
present study, we examined the transcriptional and trans-
lational changes of the IL-18 gene in response to treatment
with PTE. The results indicate that there was an alteration in
IL-18 gene expression in response to the PTE, and that the
change occurred in a dose- and time-dependent manner.
Although the mechanism for these changes is not com-
pletely understood, reports in the literature have suggested
that IFN-y increased IL-18 gene expression via IFN con-
sensus sequence-binding protein (ICSBP) and activator
protein-1 (AP-1) elements (Kim et al. 2000). One possible
mechanism could be the activation of IFN-y production via

products. Photographs were captured with an inverted microscope
(Eclipse TE 2000-U; Nikon) at magnifications of x 100, x200, and
x400. Note the increased IL-18 immunoreactivity found in the
animals treated with PTE. Arrows in 1 and 2 show purkinje cell layer;
arrowheads in 4 show purkinje cells. PK Purkinje cells. Bar 50 pm
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stimulation of the IL-18 promoter and its gene expression.
This view is supported by the findings that Cordyceps
militaris extract induced IL-18 mRNA expression via
enhancement of the P1 promoter region, and this resulted in
the activation of IFN-y production (Kim et al. 2008).
Moreover, LPS and Cordyceps militaris extract induced IL-
18 gene expression in rat brain (Kim et al. 2000, 2008). In
agreement with these reports, our data once again demon-
strated that LPS increased IL-18 expression in rat brain, and
a further increase was observed with the use of PTE.

IL-18 is an important modulator of immune responses
and has been shown to be pleiotrophic. It has been reported
that IL-18 can be expressed in the central nervous system
(CNS), where it not only influences homeostasis and
behavior, but also participates in neuroinflammatory and
neurodegenerative processes (Alboni et al. 2010). The most
interesting finding in the present study is the identification
of IL-18 immunoreactive neurons in the Purkinje cells of
the cerebellum. Although the implication of this effect is
unclear, previous studies suggest an autocrine effect of IL-
18 on the CNS (Alboni et al. 2010). Moreover, it has been
shown that intracerebral administration of IL-18 can
modulate scrapie pathogenesis, possibly through a
microglia-mediated pattern (Pasquali et al. 2006). Addi-
tionally, it was reported that PTE stimulated T-cell immune
responses and enhanced myeloid growth factors such as
GM-CSF in cultured Peyer’s patches cells in response to
concanavalin A (Takano et al. 2005). GM-CSF has been
used clinically in cancer chemotherapy, for leucopenia
(Danova and Aglietta 1997). Interestingly, IL-18 has been
shown to be essential for IFN-y production, and it induces
GM-CSF from peripheral blood mononuclear cells
(PBMCs) (Ushio et al. 1996).

In conclusion, the present study demonstrates that PTE
upregulates the expression of IL-18 in PC12 cells and rat
brain. This finding may have profound implications, and
Paecilomyces tenuipes may be a potential agent for the
treatment of numerous inflammatory-associated disorders
including rheumatoid arthritis and autoimmune diseases, as
well as cancer.

Acknowledgments This study was supported by Technology
Development Program (20080329) of the Ministry of Agriculture and
Forestry (ARPC), Republic of Korea.

References

Alboni S, Cervia D, Sugama S, Conti B (2010) Interleukin 18 in the
CNS. J Neuroinflammation 7:9

Boraschi D, Dinarello CA (2006) IL-18 in autoimmunity: review. Eur
Cytokine Netw 17:224-252

Borchers AT, Stern JS, Hackman RM, Keen CL, Gershwin ME
(1999) Mushrooms, tumors, and immunity. Proc Soc Exp Biol
Med 221:281-293

@ Springer

Chen X, Lu J, Zhang Y, He J, Guo X, Tian G, Jin L (2008) Studies of
macrophage immune-modulating activity of polysaccharides
isolated from Paecilomyces tenuipes. Int J Biol Macromol
43:252-256

Chien CC, Tsai ML, Chen CC, Chang SJ, Tseng CH (2008) Effects on
tyrosinase activity by the extracts of Ganoderma lucidum and
related mushrooms. Mycopathologia 166:117-120

Danova M, Aglietta M (1997) Cytokine receptors, growth factors and
cell cycle in human bone marrow and peripheral blood
hematopoietic progenitors. Haematologica 82:622-629

Dinarello CA (1999) IL-18: a THI-inducing, proinflammatory
cytokine and new member of the IL-1 family. J Allergy Clin
Immunol 103:11-24

Dinarello CA, Fantuzzi G (2003) Interleukin-18 and host defense
against infection. J Infect Dis 187:370-384

Kan HW, Ming L, Zheng LF, Yin YY (2006) Effect of bioactive
compounds from Paecilomyces tenuipes on monoaminoxidase
activity in mice and levels of monoamine neurotransmitter in
hippocampus of rats with chronic unpredictable stress. Clin
Rehabil 10:100-103

Kikuchi H, Miyagawa Y, Nakamura K, Sahashi Y, Inatomi S, Oshima
Y (2004a) A novel carbon skeletal trichothecane, tenuipesine A,
isolated from an entomopathogenic fungus, Paecilomyces tenu-
ipes. Org Lett 6:4531-4533

Kikuchi H, Miyagawa Y, Sahashi Y, Inatomi S, Haganuma A,
Nakahata N, Oshima Y (2004b) Novel spirocyclic trichothe-
canes, spirotenuipesine A and B, isolated from entomopatho-
genic fungus, Paecilomyces tenuipes. ] Org Chem 69:352-356

Kikuchi H, Miyagawa Y, Sahashi Y, Inatomi S, Haganuma A,
Nakahata N, Oshima Y (2004c) Novel trichothecanes, paecil-
omycine A, B, and C, isolated from entomopathogenic fungus,
Paecilomyces tenuipes. Tetrahedron Lett 45:6225-6228

Kim YM, Im JY, Han SH, Kang HS, Choi I (2000) IFN-gamma up-
regulates IL-18 gene expression via IFN consensus sequence-
binding protein and activator protein-1 elements in macrophages.
J Immunol 165:198-205

Kim CS, Lee SY, Cho SH, Ko YM, Kim BH, Kim HJ, Park JC, Kim
DK, Ahn H, Kim BO, Lim SH, Chun HS, Kim DK (2008)
Cordyceps militaris induces the IL-18 expression via its
promoter activation for IFN-gamma production. J Ethnopharma-
col 120:366-371

Koh GY, Chou G, Liu Z (2009) Purification of a water extract of
Chinese sweet tea plant (Rubus suavissimus S. Lee) by alcohol
precipitation. J Agric Food Chem 57:5000-5006

Lee JH, Cho SM, Song KS, Hong ND, Yoo ID (1996) Character-
ization of carbohydrate-peptide linkage of acidic heteroglyco-
peptide with immuno-stimulating activity from mycelium of
Phellius linteus. Chem Pharm Bull (Tokyo) 44:1093-1095

Liu F, Ooi VEC, Liu WK, Chang ST (1996) Immunomodulation and
antitumor activity of polysaccharide/protein complex from the
culture filtrates of a local edible mushroom, Tricholoma
lobayense. Gen Pharmacol 27:621-624

Micallef MJ, Ohtsuki T, Kohno K, Tanabe F, Ushio S, Namba M,
Tanimoto T, Torigoe K, Fujii M, Ikeda M, Fukuda S, Kurimoto
M (1996) Interferon gamma-inducing factor enhances T helper 1
cytokine production by stimulated human T cells: synergism
with interleukin-12 for interferon-gamma production. Eur J
Immunol 26:1647-1651

Nam KS, Jo YS, Kim YH, Hyun JW, Kim HW (2001) Cytotoxic
activities of acetoxyscirpenediol and ergosterol peroxide from
Paecilomyces tenuipes. Life Sci 69:229-237

Nilanonta C, Isaka M, Kittakoop P, Palittapongarnpim P, Kam-
chonwongpaisan S, Pittayakhajonwut D, Tanticharoen M, The-
btaranonth Y (2000) Antimycobacterial and antiplasmodial
cyclodepsipeptides from the insect pathogenic fungus Paecilo-
myces tenuipes. Planta Med 66:756-758



Mycoscience (2011) 52:260-267

267

Nilanonta C, Isaka M, Kittakoop P, Trakulnaleamsai S, Tanticharoen
M, Thebtaranonth Y (2002) Precursor-directed biosynthesis of
beauvericin analogs by the insect pathogenic fungus Paecilo-
myces tenuipes. Tetrahedron 58:3355-3360

Oh GS, Hong KH, Oh H, Pae HO, Kim IK, Kim NY, Kwon TO, Shin
MK, Chung HT (2001) 4-Acetyl-12, 13-epoxyl-9-trichothecene-
3, 15-diol isolated from the fruiting bodies of Isaria japonica
Yasuda induces apoptosis of human leukemia cells (HL-60).
Biol Pharm Bull 24:785-790

Okamura H, Nagata K, Komatsu T, Tanimoto T, Nukata Y, Tanabe F,
Akita K, Torigoe K, Okura T, Fukuda S (1995a) A novel
costimulatory factor for gamma interferon induction found in the
livers of mice causes endotoxic shock. Infect Immun 63:3966—
3972

Okamura H, Tsutsi H, Komatsu T, Yutsudo M, Hakura A, Tanimoto
T, Torigoe K, Okura T, Nukada Y, Hattori K (1995b) Cloning of
a new cytokine that induces IFN-gamma production by T cells.
Nature 378:88-91

Park S, Cheon S, Cho D (2007) The dual effects of interleukin-18 in
tumor progression. Cell Mol Immunol 4:329-335

Pasquali P, Nonno R, Mandara MT, Di bari MA, Ricci G, Petrucci P,
Capuccini S, Cartoni C, Macri A, Agrimi U (2006) Intracerebral
administration of interleukin-12(IL-12) and IL-18 modifies the
course of mouse scrapie. BMC Vet Res 2:37

Rothwell NJ (1999) Cytokines—killers in the brain? J Physiol
514:3-17

Song YS, Kim SH, Sa JH, Jin C, Lim CJ, Park EH (2003) Anti-
angiogenic, antioxidant and xanthine oxidase inhibition activities
of the mushroom Phellinus linteus. J Ethnopharmacol
88:113-116

Song WS, Jun DY, Kim JS, Park HS, Kim JG, Seu YB, Bae YS, Yang
CH, Woo MH, Kim YH (2007) Suppressive effect of ethyl
acetate extract of Paecilomyces japonica on cell cycle progres-
sion of human acute leukemia Jurkat T cell clone overexpressing
Bcl-2. Food Chem 100:99-107

Sugama S, Fujita M, Hashimoto M, Conti B (2007) Stress induced
morphological microglial activation in the rodent brain: involve-
ment of interleukin-18. Neuroscience 146:1388-1399

Suk K, Yeou Kim S, Kim H (2001) Regulation of IL-18 production by
IFN gamma and PGE2 in mouse microglial cells: involvement of

NF-kB pathway in the regulatory processes. Immunol Lett
77:79-85

Swencki-Underwood B, Cunningham MR, Heavner GA, Blasie C,
McCarthy SG, Dougherty T, Brigham-Burke M, Gunn GR,
Goletz TJ, Snyder LA (2006) Engineering human IL-18 with
increased bioactivity and bioavailability. Cytokine 34:114—124

Takano F, Yahagi N, Yahagi R, Takada S, Yamaguchi M, Shoda S,
Murase T, Fushiya S, Ohta T (2005) The liquid culture filtrates
of Paecilomyces tenuipes (Peck) Samson (=Isaria japonica
Yasuda) and Paecilomyces cicadae (Miquel) Samson (=Isaria
sinclairii (Berk.) Llond) regulate Th1 and Th2 cytokine response
in murine Peyer’s patch cells in vitro and ex vivo. Int
Immunopharmacol 5:903-916

Takata T, Tanaka T, Yahagi N, Tsuchida H, Ishigaki Y, Tomosugi N,
Fushiva S, Takano F, Ohta T (2008) The liquid culture filtrates
of entomogenous fungus Paecilomyces tenuipes and its glyco-
protein constituent protects against anemia in mice treated with
5-fluorouracil. Biol Pharm Bull 31:1565-1573

Ushio S, Namba M, Okura T, Hattori K, Nukada Y, Akita K, Tanabe
F, Konishi K, Micallef M, Fujii M, Torigoe K, Tanimoto T,
Fukuda S, Ikeda M, Okamura H, Kurimoto M (1996) Cloning of
the cDNA for human IFN-gamma-inducing factor, expression in
Escherichia coli, and studies on the biologic activities of the
protein. J Immunol 156:4274-4279

Yin YY, Ming L, Zheng LF, Kan HW, Li CR, Li WP (2007)
Bioactive compounds from Paecilomyces tenuipes regulating the
function of the hypothalamo-hypophyseal system axis in chronic
unpredictable stress rats. Chin Med J (Engl) 120:1088-1092

Yoo O, Son JH, Lee DH (2005) 4-Acetoxyscirpendiol of Paecilomy-
ces tenuipes inhibits Na (4)/D-glucose co-transporter expressed
in Xenopus laevis oocytes. ] Biochem Mol Biol 38:211-217

Zhu JS, Halpern GM, Jones K (1998a) The scientific rediscovery of
an ancient Chinese herbal medicine: Cordyceps sinensis: part 1.
J Altern Complement Med 4:289-303

Zhu JS, Halpern GM, Jones K (1998b) The scientific rediscovery of
precious ancient Chinese herbal regimen: Cordyceps sinensis:
part II. J Altern Complement Med 4:429-457

@ Springer



	Enhancement of IL-18 expression by Paecilomyces tenuipes
	Abstract
	Introduction
	Materials and methods
	Materials
	Cultivation of P. tenuipes
	Crude extract preparation
	Cell culture and treatment
	Animals and treatment
	Total RNA isolation
	Reverse transcription-polymerase chain reaction (RT-PCR)
	Polymerase chain reaction (PCR) and the analysis of PCR products
	Immunoblot assay
	Immunohistochemical analysis
	Statistical analysis

	Results
	Induction of IL-18 mRNA and protein
	Immunohistochemical analysis of IL-18 gene expression induced by PTE

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


