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Identification of Ophiocordyceps gracilioides as an antitumor
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Cordyceps s.l. are parasitic ascomycete fungi in traditional medicine. Among many Cordyceps s.l.,
Ophiocordyceps sinensis or Cordyceps militaris, known as “To-chu-ka-so” in Japan, have been
extensively examined regarding their medicinal use. Several biological activities and pharmacological
effects of Cordyceps s.I. have been reported, including liver function improvement, anti-cancer,
anti-oxidation, anti-aging, and anti-diabetic activities. It was also suggested that Cordyceps s.I. can be
used to support conventional cancer therapies, such as surgery, radiation therapy, and chemotherapy to
reduce their side effects. Regarding its anti-cancer activity, Cordyceps s.l. induce apoptosis or cell cycle
arrest in cancer cells, and reduce metastasis in experimental animal models. In addition, inhibition of
the nuclear factor kappa B (NF-kB) signaling pathway or the down-regulation of tumor-promoting
inflammatory cytokine expression in cancer cells may be the molecular mechanism of the anti-cancer
effects of Cordyceps s.1..

Inflammatory genes are the key players in tumor progression and metastasis, and are known to be
controlled by transcription factors such as NF-xB or signal transducer and activator of transcription 3
(STAT3). As the inflammatory cytokine IL-6 is a potent activator of STAT3 and the main target gene
of NF-kB, the NFkB-STAT3-1L-6 inflammatory pathway is considered an attractive pharmacological
target to control the pathogenesis of many types of tumors. Although more than 600 species of
Cordyceps s.l. have been identified, most have not been well explored regarding their potential for
medicinal use.

In this study, the profiles of constituents of ten different species of Ophiocordyceps, which is an
unexplored species of Cordyceps s.l., were analyzed and their anti-tumor effects were examined further
by targeting the NFkB-STAT3-1L-6 inflammatory pathway. Furthermore, bioassay-guided investigation

of the extract of Ophiocordyceps gracilioides using 4T1 breast cancer cell lines expressing a luciferase



reporter gene of NF-xB or STAT3 led to the isolation of the active components with anti-metastatic

activity in O. gracilioides.

1. Identification of Ophiocordyceps gracilioides by its anti-tumor effects through targeting

the NFkB-STAT3-1L-6 inflammatory pathway (= % SCHik 1)

The profiles of constituents of ten different species of Ophiocordyceps, which is an
unexplored species of Cordyceps s.l., were analyzed and their anti-tumor effects were further
examined. Although all Ophiocordyceps samples exhibited similar peak patterns, O.
gracilioides had a distinct constituent profile from the other samples. Furthermore, O.
gracilioides was the most active in suppressing the transcriptional activities of both NF-xB
and STATS3, and the production of IL-6 from breast cancer cells. This study demonstrated that
O. gracilioides is a relatively unexplored Cordyceps s.l. that may have medicinal potential to

inhibit the NFkB-STAT3-1L-6 inflammatory pathway in cancer.

2. Anti-metastatic effects of ergosterol peroxide from the entomopathogenic fungus

Ophiocordyceps gracilioides on 4T1 breast cancer cells (2% 3Cidk 2)

The bioactive compounds ergosterol peroxide and ergosterol from the methanolic extract of
O. gracilioides mycelia were identified related to its anti-cancer effects by targeting the
NF-xkB and STAT3 inflammatory pathways. Using gene-reporter assays, | demonstrated that
ergosterol peroxide markedly inhibits both NF-xB and STAT3 activity in 4T1 cells, whereas
ergosterol had limited effect. Consistent with their effects on NF-xB and STAT3 activity,
ergosterol peroxide, but not ergosterol, exerted anti-proliferative effects on 4T1 cells.
Furthermore, ergosterol peroxide significant inhibited both the migration and invasion of 4T1
cells in vitro, and pre-treatment of 4T1 cells with ergosterol peroxide significantly inhibited
the formation of experimental lung metastases in vivo. Collectively, | demonstrated that
ergosterol and ergosterol peroxide can be isolated from O. gracilioides mycelia, and further
identified ergosterol peroxide as an active constituent of its anti-metastatic effects through the

inhibition of NF-xB and STAT?3 inflammatory pathways in 4T1 breast cancer cells.
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Identification of Ophiocordyceps gracilioides as an antitumor natural
drug resource (HUMEE M RKIRFEM &R & L T D Ophiocordyceps
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AMFRITERBBICHFELZEANS TEREZED TRERO T, HEQEEREHR LS
LCTHIBILTWD, ZIVE TIEHA AAER 72 E12-50 T Ophiocordyceps sinensis <°
Cordyceps militaris (%% &) ZH OIS TWD D, £ OMOFE TIEADHEH
ROHE - BB OEE L SF 0 DAFFEENID 720, ARG SCCTIEE 1L IRBRABFZERT TRt A
LTWAOAHREREKT A 77 VIZONT, 26 OFEBFHREAN LN TH2 LT
AR FEMEIE L CoRMMEZ R LIAFERCR P RE STV D, RS, 28 AMIaic
BV TS RERICE < Z & 23 540 TV 2855 K 1 Nuclear factor-kappa B (NF-kB) &
Signal transducer and activator of transcription 3 (STAT)ICEH L, XAHEFEHDO RN TH
Ophiocordyceps J& 2 DWW TIRZEIFZE L TV 5,

FTHLIETIE, I0FHEOABERE T A 77 ) OFEIEMEIZONT, v U AR A
ATL HIT kT 2 BB E . 72 5 ONS NF-«B & STAT3 4l E 2 FEAE I FEBR L T
%, ZDOfEH. Ophiocordyceps gracilioides (7 A A 1 & AR %2 LUK O. gracilioides)
D3 M AEREEREEEIER . 72 5 NS NF-xB & STAT3 O#fil{EM . IL-6 FEAMHIIEM %
RbMRTHEL R L, £REERKON 727 7 A U 7T, O.gracilioides (%
OBER & i L TRAR DD ZRA L TN D Z BRI N,




S HIZH 2 B CIE, O. gracilioides DHLH AAEH 240 5 1EMER Y DIRIE 2 BEEIZ U723
RIFFRORLEDNFE I TS, TOFER, O. gracilioides D £ % / — Al 5. 4T1
Al NF«xB & STAT3 Oili J7 Z#fHE 3 A 1EM L& & LT, ergosterol peroxide 35 & O°
ergosterol Z# [Fl7E LT\ 5, X 52 4T1AIEIZIS 1T D NF-xB 38 L U STAT3 1A /E .

72 B ONC HEFEHNHIE A 13 ergosterol [ Z5%F L C ergosterol peroxide 78 & W AWV R AR L7z, =
B OREFIZAINZ T, ergosterol peroxide IZ in vitro To 4T1 flifd DI - BEHEE 2 #1il L

S 5| Z ergosterol peroxide (2 & % 4T1 HEFE O RTALERIL, in vivo SEBRIGITHEAFE € 7 /L C D fifidia
B ZAEICE Lz, LLEDOFERIE, 0. gracilioides D#r7= 7 A& & L COEEM,:
Z B 572N L, A1z C ergosterol peroxide (% O. gracilioides D HLAEIGIEM: 2 1 5 T2 72 SKPE
PR T % Z & 2D TR LI REBEERMFRRNR Th 5 LFHETE 5,
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