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Abstract

Ependymoma is a rare and chemotherapy-resistant brain tumor, which has
resulted in a delay in the development of drugs to treat it. A subclass of su-
pratentorial ependymomas (ST-EPN), designated ST-EPN-zinc finger-trans-
location-associated (ZFTA, ST-EPN-ZFTA), exhibits the expression of a fu-
sion protein comprising ZFTA and v-re/ reticuloendotheliosis viral oncogene
homolog A (RELA), an effector transcription factor of the nuclear factor-
kappa B (NF-«B) pathway (ZFTA-RELA). The expression of ZFTA-RELA re-
sults in the hyperactivation of the oncogenic NF-«B signaling pathway, which
ultimately leads to the development of ST-EPN-ZFTA. To identify inhibitors
of the NF-«B signaling pathway activated by the expression of ZFTA-RELA,
we used a doxycycline-inducible ZFTA-RELA-expressing NF-«B reporter cell
line and found that extracts of the fungus Neosartorya spinosaIFM 47025 ex-
hibited NF-«B inhibitory activity. We identified eight compounds [aszonapy-
rone A (2), sartorypyrone A (3), epiheveadride (4), acetylaszonalenin (5), (R)-
benzodiazepinedione (6), aszonalenin (7), sartorypyrone E (8) and (Z, 2)-
N,N-(1,2-bis[(4-methoxyphenyl)methylene]-1,2-ethanediyl)bis-formamide

(9)] from N. spinosa IFM 47025 culture extract using a variety of chromato-
graphic techniques. The structures of these compounds were identified
through the analysis of various instrumental data (1D, 2D-NMR, MS, and op-
tical rotation). The NF-xB responsive reporter assay indicated that com-
pounds 2, 3, 5,7, and 9 exhibited inhibitory activity. We further evaluated the
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inhibitory activity of these compounds against the expression of endogenous
NEF-«B responsive genes (CCNDI, LICAM, ICAM]I, and TNF) and found that
compound 2 showed significant inhibitory activity. Further studies are re-
quired to elucidate the mechanism of action of compound 2, which may serve
as a lead compound for the development of a novel therapy for ST-EPN-
ZFTA.

Keywords

Aszonapyrone A, Neosartorya spinosa, NF-xB Signaling Pathway,
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1. Introduction

Fungi are an important biological resource known to produce numerous useful
compounds [1]-[3]. In particular, fungi of the genus Aspergillus are widely dis-
tributed throughout the world and have been reported to produce a wide variety
of secondary metabolites together with their sexual counterparts, Neosartorya [4]
[5]. Our research group has been engaged in the search for useful compounds for
drug development from the secondary metabolites produced by Aspergillus fungi
[6].

Ependymoma is a rare brain tumor for which the development of effective
pharmaceutical treatment has been hindered by the limited number of patients
and their resistance to chemotherapy [7]. Consequently, there is a pressing need
to identify useful compounds for the development of therapeutics for this disease.
A subclass of supratentorial ependymomas (ST-EPN), designated ST-EPN-zinc
finger-translocation associated (ZFTA, ST-EPN-ZFTA), exhibits the expression
of a fusion protein comprising a nuclear localization protein with zinc finger do-
mains, ZFTA, and v-re/ reticuloendotheliosis viral oncogene homolog A (RELA),
an effector transcription factor of the nuclear factor-kappa B (NF-xB) pathway
(hereafter referred to as ZFTA-RELA) [8]-[10]. The NF-«B pathway is an intra-
cellular signaling pathway that transmits extracellular stimuli, such as inflammatory
cytokines, into cells [11] [12]. Itis engaged in a number of processes, including acute
and chronic inflammatory reactions, cell proliferation, apoptosis, and tumorigen-
esis. In the absence of extracellular stimuli, RELA binds to inhibitor of «B (IxB)
and localizes to the cytoplasm. Upon stimulation, IxB is phosphorylated and sub-
sequently degraded, resulting in RELA translocation to the nucleus and regulation
of its target gene expression. Even in the absence of stimulation, ZFTA-RELA con-
stitutively localizes to the nucleus and hyperactivates the oncogenic NF-«B signal-
ing pathway through the expression of its target genes, which ultimately leads to
the development of ST-EPN-ZFTA [8]. Given the lack of effective chemotherapy
for ST-EPN-ZFTA, we and others have conducted screening to isolate compounds
that inhibit NF-xB activity caused by the expression of ZFTA-RELA [6] [13].

In a previous report [6], we isolated epi-aszonalenin B (1) from the extract of
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Aspergillus novofumigatus IFM 55215 as an inhibitor of NF-xB activation caused
by ZFTA-RELA (Figure 1). The present study was carried out to isolate similar
NF-«B activation inhibitors from the extract of the culture of Neosartorya spinosa
IFM 47025.

2. Material and Methods
2.1. General

Ultra pressure liquid chromatography (UPLC)-Electrospray ionization (ESI)-
mass spectrometry (MS) analysis was performed using a Xevo G2-XS QTof Sys-
tem (Waters Corporation, Milford, MA, USA). Low pressure liquid chromatog-
raphy (LPLC) was used with an SSC-3160 pump (Senshu Scientific Co., Ltd., Tokyo,
Japan) and ULTRA PACK ODS-SM-50A column (50 pum, 300 x 11 mm; Yamazen
Corp., Osaka, Japan) equipped with a YRU-8883 RI-UV detector (Shimamuratach,
Tokyo, Japan). High performance liquid chromatography (HPLC) analysis was
performed using a Jasco PU-4185 pump, an AS-4150 auto sampler, and an MD-
4140 PDA detector (JASCO Co. Ltd., Tokyo, Japan). The substrates were isolated
using a Jasco PU-2089 pump (JASCO Co. Ltd.) and an MS-4010 PDA detector
(JASCO Co. Ltd.) equipped with a CHF122SC fraction collector (ADVANTEC,
Tokyo, Japan) or a Waters 1525 Binary HPLC Pump and a DOCOSIL column (5
pm, 6 mm x 250 mm, Senshu Scientific) maintained at a temperature of 30°C
using a CHRATEC column oven and equipped with a Waters 2998 PDA detector.
NMR spectra were obtained using a JEOL (Tokyo, Japan) ECZ500R spectrometer
(500 MHz for 'H and 125 MHz for *C) in CDCl;, MeOD-d,, or dimethyl sulfoxide
(DMSO)-ds solvent. 'H and "*C chemical shifts were referenced to solvent signals
(CDCls: 6y 7.26 and 8¢ 77.0, MeOD-d,: 8y 3.31 and 8¢ 49.0, DMSO-d;: 8y 2.50 and
Oc 39.5 ppm). Optical rotations were measured using a P-1000 photopolarimeter
(JASCO Co. Ltd.).

2.2. Fungal Material

N. spinosaIFM 47025 [14] was provided by the Medical Mycology Research Cen-
ter, Chiba University through the National BioResource Project, Japan.

2.3. Fermentation of N. spinosa IFM 47025 and Isolation of
Compounds 2 -9

Milled rice (Akitakomachi, 600 g) was soaked in tap water for 60 min and trans-
ferred to 50 mL tubes with 0.2 pum filtered lids. After sterilization, N. spinosa IFM
47025, which was cultured on a PDA agar medium (Nissui Pharmaceutical Co.,
Ltd.) for 7 days at 30°C, was inoculated into the rice medium and incubated at
30°C for 21 days. The culture was extracted two times with methanol overnight,
and the methanol solution was filtered through filter paper. The supernatant was
concentrated to obtain the residue (Figure 2(a)). This residue was added to an
ethyl acetate (AcOEt) and 2.8 mol/L hydrochloric acid solution (3 mL) and ex-

tracted. This extract solution was combined with the first extract solution and
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concentrated in an evaporator. This AcOEt extract (3.3 g) was dissolved in ace-
tonitrile and defatted twice with n-hexane. Acetonitrile was removed by evapora-
tor to obtain acetonitrile extract (2.7 g). The acetonitrile extract was added to
methanol and centrifuged to obtain methanol-insoluble (535.3 mg) and metha-
nol-soluble fraction. This solution was fractioned into five fractions (Fractions
No. 1 - 5) using silica-gel column chromatography. The column was eluted in the
following order: 300 mL of n-hexane/AcOEt (8:2), 100 mL of n-hexane/AcOEt
(6:4), 100 mL of n-hexane/AcOEt (4:6), 100 mL of n-hexane/AcOEt (2:8), 100 mL
of AcOEt/acetone (2:1), 100 mL of AcOEt/acetone (2:5), 100 mL of acetone, and
methanol. Epiheveadride (4, 15.4 mg) was isolated from 63.0 mg of Fraction No.
1 (260.9 mg) with the HPLC system under the conditions described in the Sup-
plementary Information. Fraction No. 3 was added to methanol to obtain
aszonapyrone A (2, 179.9 mg) as methanol-insoluble and methanol-soluble frac-
tions. Sartorypyrone A (3, 16.3 mg) was isolated from this methanol soluble frac-
tion with LPLC and the HPLC system. Acetylaszonalenin (5, 250.5 mg) was iso-
lated from Fraction No. 4 as methanol-insoluble with the addition of methanol.
(R)-benzodiazepinedione (6, 3.9 mg) was isolated from the methanol-soluble frac-
tion of Fraction No. 5. In the isolation of compounds from the large-scale cultures
(Figure 3), the incubation and extraction were repeated three times under the
same conditions as described above to obtain AcOEt extract (8.9 g). This was ex-
tracted with acetonitrile and n-hexane to obtain acetonitrile (MeCN) extract (6.4
g) and hexane extract (2.6 g), respectively. The methanol (MeOH) insoluble ma-
terial generated when MeOH was added to the MeCN extract was washed several
times with MeOH to obtain aszonalenin (7, 1.3 g). The MeOH-soluble fraction
was further fractionated into six fractions using silica-gel column chromatog-
raphy. The MeOH-insoluble material generated when MeOH was added to frac-
tion No. 4 (1.7 g) was washed with MeOH to obtain acetylaszonalenin (5, 729.6
mg). Fraction No. 5 (243.2 mg) was further fractionated into 13 fractions using
LPLC to obtain fractions No. 5-10 as sartorypyrone E (8, 15.9 mg). Also, (R)-ben-
zodiazepine (6, 6.3 mg) and (Z, 2)-N, N-[1,2-bis([4-methoxyphenyl]methylene)-
1,2-ethanediyl]bis-formamide (9, 4.4 mg) were isolated from fractions No. 5 - 5
(17.8 mg) and No. 5 - 6 (11.3 mg) using HPLC. These isolated compounds were
identified by the comparison of 'H and "C nuclear magnetic resonance (NMR)
data (Figure 4-11), the analysis of 1D and 2D NMR data, high resolution MS anal-
ysis and optical rotations for the comparison of the stereochemistry of 6 and 8
with that of references [15]-[17].

Aszonapyrone A (2) HR-ESI-MS obsd 457.2951, caled for C,sHyOs [M+H]*
457.2954; '"H NMR: § (CDCL) 6.01 (1H, s, H-5°), 4.94 (1H, brs, H-16), 4.75 (1H,
brs, H-16), 4.46 (1H, dd, /= 11.5, 5.2 Hz, H-3), 2.60 (2H, d, /= 6.9 Hz, H-15), 2.39
(1H, dd, /=9.2, 5.7 Hz, H-14), 2.33 (1H, d, /= 11.5 Hz, H-12), 2.17 (3H, s, H-7),
2.05 (3H, s, H-2”), 1.96 (1H, m, H-7), 1.95 (1H, m, H-1), 1.70 (1H, m, H-12), 1.65
(2H, m, H-2), 1.61 (1H, m, H-11), 1.60 (1H, m, H-6), 1.45 (1H, m, H-7), 1.41 (2H,
m, H-6), 1.34 (1H, m, H-11), 1.10 (1H, dd, /= 12.3, 2.3 Hz, H-9), 1.03 (1H, dt, /=
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12.6, 4.0 Hz, H-1), 0.92 (1H, d, /= 11.5 Hz, H-5), 0.84 (3H, s, H-18), 0.84 (3H, s,
H-19), 0.84 (3H, s, H-20), 0.76 (3H, s, H-17).; *C NMR: § (CDCl;) 171.5 (C-17),
167.3 (C-2°), 159.6 (C-6’), 149.7 (C-13), 106.5 (C-16), 103.1 (C-3’), 81.2 (C-3), 59.8
(C-9), 55.3 (C-5), 54.4 (C-14), 40.3 (C-8) , 40.1 (C-7), 37.8 (C-4), 37.4 (C-10), 38.2
(C-1), 38.2 (C-12), 28.0 (C-19), 23.6 (C-2), 23.4 (C-11), 21.4 (C-27), 19.7 (C-7),
18.7 (C-15), 18.7 (C-6), 16.4 (C-18), 16.3 (C-20), 15.0 (C-17).

Sartorypyrone A (3) HR-ESI-MS obsd 457.2952, calcd for CxsHy1Os [M+H]*
457.2954; 'H NMR: 6 (CDCl;) 5.89 (1H, brs, H-5’), 5.31 (1H, dd, /= 7.5, 6.3 Hz,
H-14), 5.04 (1H, dd, /= 6.9, 5.7 Hz, H-9), 4.88 (1H, brs, H-18), 4.64 (1H, dd, /=
8.6, 4.6 Hz, H-3), 4.61 (1H, brs, H-18), 3.21 (2H, d, /= 7.5 Hz, H-15), 2.30 (1H,
dt, /= 13.8, 5.7 Hz, H-1), 2.18 (3H, s, H-7’), 2.09 (2H, m, H-11), 2.07 (3H, s, H-
2”),2.06 (1H, m, H-7), 2.05 (2H, m, H-12), 2.03 (1H, m, H-1), 1.83 (1H, m, H-2),
1.77 3H, s, H-16), 1.76 (1H, m, H-7), 1.71 (1H, dd, /= 10.3, 2.3 Hz, H-5), 1.57
(2H, m, H-6), 1.57 (3H, s, H-17), 1.55 (1H, m, H-2), 0.93 (3H, s, H-19), 0.77 (3H,
s, H-20); *C NMR: § (CDCl;) 171.1 (C-17), 166.3 (C-2’), 165.8 (C-4’), 160.1 (C-
6’), 146.6 (C-10), 139.4 (C-13), 135.7 (C-8), 123.9 (C-9), 120.4 (C-14), 109.2 (C-
18), 101.2 (C-3’), 100.8 (C-5°), 79.0 (C-3), 51.0 (C-5), 39.6 (C-12), 39.2 (C-4), 38.2
(C-7),31.8(C-1),28.6 (C-2),26.2 (C-11),26.0 (C-19), 23.5 (C-6), 22.6 (C-15),21.3
(C-27),19.7 (C-7), 17.4 (C-20), 16.3 (C-16), 16.0 (C-17).

Epiheveadride (4) HR-ESI-MS obsd 331.1182, caled for C;sH;00s [M+H]*
331.1182; '"H NMR: § (CDCL) 3.14 (2H, m, H-3), 2.88 (1H, dd, /= 13.2, 2.9 Hz,
H-7), 2.45 (1H, m, H-9), 2.23 (2H, m, H-4), 2.16 (1H, m, H-3"), 2.10 (1H, m, H-
8),2.10 (1H, m, H-2”), 1.76 (1H, t, /= 12.6 Hz, H-7), 1.53 (1H, m, H-3’), 1.14 (2H,
m, H-2’), 1.08 (3H, dd, /= 7.5, 6.9 Hz, H-17), 1.01 (1H, m, H-2”), 0.86 (3H, t, /=
7.5 Hz, H-1"); *C NMR: § (CDCl;) 165.2 (C-11), 165.2 (C-12), 164.8 (C-13), 164.0
(C-10), 146.1 (C-2), 146.0 (C-1), 145.0 (C-6), 144.1 (C-5), 47.8 (C-8), 40.8 (C-9),
31.5(C-3’),27.9 (C-7), 23.4 (C-2”), 22.0 (C-4), 21.7 (C-2), 21.4 (C-3), 13.9 (C-1’),
12.9 (C-17).

Acetylaszonalenin (5) HR-ESI-MS obsd 416.1974, calcd for CysHzsN3Os [M +
H]* 416.1974; 'H NMR: 6 (CDCl;) 8.00 (1H, d, /= 8.0 Hz, H-7), 7.68 (1H, dd, /=
7.5,1.0 Hz, H-21), 7.40 (1H, dt, /= 8.5, 1.0 Hz, H-19), 7.26 (1H, dt, /= 8.5, 1.0 Hz,
H-6), 7.23 (1H, d, /= 7.5 Hz, H-4), 7.16 (1H, t, /= 7.5 Hz, H-20), 7.08 (1H, t, /=
7.5 Hz, H-5), 6.91 (1H, d, /= 8.0 Hz, H-18), 5.88 (1H, s, H-2), 5.88 (1H, dd, /=
17.0, 10.5 Hz, H-2’), 5.13 (1H, d, /= 10.5 Hz, H-1’), 5.10 (1H, d, /= 17.0 Hz, H-
1), 3.89 (1H, t, /= 8.5 Hz, H-11), 3.38 (1H, dd, /= 13.5, 8.5 Hz, H-10), 2.59 (3H,
s, 1-COCH,), 2.43 (1H, dd, /= 14.0, 9.0 Hz, H-10), 1.18 (3H, s, H-5’), 0.98 (3H, s,
H-4’); *C NMR: § (CDCl;) 170.5 (1-COCHs), 169.3 (C-17), 166.4 (C-13), 143.3
(C-2%), 142.0 (C-8), 133.7 (C-15), 133.4 (C-9), 132.4 (C-19), 131.1 (C-21), 128.9
(C-6),127.5(C-14), 125.5 (C-20), 124.2 (C-4), 124.0 (C-5), 120.4 (C-18), 119.2 (C-
7), 114.3 (C-1°), 82.1 (C-2), 60.1 (C-3), 56.5 (C-11), 40.7 (C-3’), 30.6 (C-10), 24.1
(1-COCH,;), 22.8 (C-5’), 22.5 (C-4’).

(R)-benzodiazepinedione (6) [a] S —41.3° (¢ 0.3, MeOH), HR-ESI-MS obsd
304.1084, calcd for C;sH14N;0, [M-H]™ 304.1086; 'H NMR: § (CDCls) 7.78 (1H,
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d, /= 8.0 Hz, H-21), 7.52 (1H, t, /= 8.0 Hz, H-19), 7.42 (1H, d, /= 7.5 Hz, H-4),
7.30 (1H, d, /= 8.0 Hz, H-7), 7.23 (1H, t, /= 7.5 Hz, H-20), 7.13 (1H, s, H-2), 7.12
(1H, d, /= 8.5 Hz, H-18), 7.04 (1H, t, /= 7.5 Hz, H-6), 6.93 (1H, t, /= 7.5 Hz, H-
5), 4.09 (1H, dd, /= 9.0, 4.0 Hz, H-11), 3.38 (1H, dd, /= 15.0, 6.0 Hz, H-10), 3.13
(1H, dd, /= 15.5, 9.0 Hz, H-10); *C NMR: § (CDCl;) 173.7 (C-17), 170.9 (C-13),
138.1 (C-15), 138.1 (C-8), 134.2 (C-19), 131.7 (C-21), 128.4 (C-14), 127.1 (C-9),
125.8 (C-20), 124.8 (C-2), 122.5 (C-18), 122.3 (C-6), 119.8 (C-5), 118.8 (C-4),
112.4 (C-7), 110.5 (C-3), 54.5 (C-11), 25.0 (C-10).

Aszonalenin (7) HR-ESI-MS obsd 374.1872, calcd for C;3H,4N;0, [M+H]*
374.1872; '"H NMR: § (CDCL) 7.82 (1H, dt, /= 7.5, 1.2 Hz, H-21), 7.45 (1H, td, J
= 8.0, 1.4 Hz, H-19), 7.22 (1H, t, /= 7.5 Hz, H-20), 7.15 (1H, d, /= 6.9 Hz, H-4),
7.08 (1H, dt, /= 7.5, 1.2 Hz, H-6), 6.93 (1H, d, /= 8.0 Hz, H-18), 6.72 (1H, dt, /=
7.5,1.2 Hz, H-5), 6.62 (1H, d, /= 7.9 Hz, H-7), 6.11 (1H, dd, /= 17.8, 10.9 Hz, H-
2’), 5.58 (1H, s, H-2), 5.12 (1H, d, /= 10.9 Hz, H-1), 5.11 (1H, d, /= 17.2 Hz, H-
1’),4.00 (1H, brt, /= 8.1 Hz, H-11), 3.47 (1H, dd, /= 13.8, 7.5 Hz, H-10), 2.42 (1H,
dd, /= 14.0, 9.0 Hz, H-10), 1.14 (3H, s, H-5"), 1.05 (3H, s, H-4’); *C NMR: &
(CDCl;) 169.9 (C-17), 166.9 (C-13), 149.0 (C-15), 143.7 (C-2’), 134.1 (C-8), 132.7
(C-19),131.2(C-9), 131.2 (C-21), 128.6 (C-6), 126.8 (C-14), 125.3 (C-4), 124.9 (C-
20), 120.6 (C-18), 118.4 (C-5), 109.2 (C-7), 114.3 (C-17), 81.7 (C-2), 60.7 (C-3),
57.0 (C-11), 41.4 (C-3°), 33.4 (C-10), 22.7 (C-4’), 22.5 (C-5).

Sartorypyrone E (8) [a] D 8.5 (c 0.8, MeOH), HR-ESI-MS obsd 431.2792,
calcd for CysHs9Os [M-H]™ 431.2797; '"H NMR: 6 (CDCl;) 5.97 (1H, s, H-5), 5.15
(1H, t, /= 7.5 Hz, H-8), 5.15 (1H, t, /= 7.5 Hz, H-16), 5.07 (1H, t, /= 7.0 Hz, H-
12), 3.22 (1H, dd, /= 10.5, 2.0 Hz, H-20), 3.05 (2H, d, /= 6.5 Hz, H-7), 2.23 (1H,
m, H-18), 2.18 (3H, m, H-22), 2.04 (1H, m, H-10), 2.04 (2H, m, H-15), 2.04 (1H,
m, H-11), 1.97 (1H, m, H-11), 1.95 (1H, m, H-10), 1.95 (2H, m, H-14), 1.95 (1H,
m, H-18), 1.72 (3H, s, H-23), 1.68 (1H, m, H-19), 1.60 (3H, s, H-25), 1.56 (3H, s,
H-24), 1.34 (1H, m, H-19), 1.14 (3H, s, H-27), 1.11 (3H, s, H-26); *C NMR: §
(CDCl;) 168.3 (C-2), 167.5 (C-4), 161.7 (C-6), 136.4 (C-9), 136.0 (C-17), 135.9 (C-
13), 125.6 (C-16), 125.4 (C-12), 122.6 (C-8), 103.1 (C-3), 101.6 (C-5), 79.1 (C-20),
73.8 (C-21), 40.8 (C-10), 40.8 (C-14), 38.0 (C-18), 30.9 (C-19), 27.7 (C-11), 27.5
(C-15), 25.6 (C-27), 25.0 (C-26), 22.8 (C-7), 19.6 (C-22), 16.3 (C-23), 16.2 (C-25),
16.1 (C-24).

(Z,2)-N,N-[1,2-bis[ (4-methoxyphenyl)methylene]-1,2-ethanediyl]bis-
foramide (9) HR-ESI-MS obsd 351.1345, calcd for C;0H19N,O4 [M-H]™ 351.1345;
'H NMR: 6§ (DMSO-d,) 9.59 (1H, s, NH, cis), 9.47 (1H, s, NH, cis), 9.38 (1H, d, /
= 11 Hz, NH, trans), 9.31 (1H, d, /= 11 Hz, NH, trans), 8.20 (1H, s, H-9/9, cis),
8.19 (1H, s, H-9/9’, cis), 7.88 (1H, brd, H-9/9’, trans), 7.80 (1H, d, /= 11 Hz, H-
9/9’, trans), 7.50-7.42 (m, H-4/4’), 6.96-6.90 (m, H-5/5), 6.56 (1H, s, H-2/2’), 6.54
(1H, s, H-2/2’), 6.50 (1H, s, H-2/2’), 3.78 (3H, s, 5-OCH3), 3.78 (3H, s, 5-OCHs);
BC NMR: § (DMSO-d,) 164.5 (C-9, trans), 160.3 (C-9, cis), 160.2 (C-9, cis), 158.8
(C-6/6’), 158.6 (C-6/6’), 158.6 (C-6/6’), 158.3 (C-6/6’), 131.8 (C-3/3’), 131.6 (C-
3/3%), 130.7 (C-1/1’), 130.6 (C-4/4’), 130.6 (C-8/8), 130.5 (C-4/4’), 130.5 (C-8/8’),
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130.4 (C-4/4’), 130.4 (C-8/8’), 130.3 (C-4/4’), 130.3 (C-8/8’), 130.2 (C-1/17), 123.2
(C-2/2), 122.1 (C-2/2’), 121.8 (C-2/2°), 120.3 (C-2/2’), 114.1 (C-5/5"), 114.1 (C-
5/5%), 114.1 (C-7/7"), 114.1 (C-7/7), 113.9 (C-5/5"), 113.9 (C-7/7’), 113.8 (C-5/5"),
113.8 (C-7/7°), 55.1 (5-OCHy), 55.1 (5’-OCH3).

2.4. UPLC-ESI-MS Analysis

The samples were analyzed using UPLC-ESI-MS under the conditions that were
previously described [6].

2.5. Cell Culture

The NF-«B responsive luciferase reporter cell line 6E8 was previously established
[6] and was cultured in Dulbecco’s modified Eagle medium (Nacalai Tesque) sup-
plemented with 4.5 g/L glucose, 110 mg/L sodium pyruvate, 10% (v/v) fetal bovine
serum (Biowest), and antibiotic-antimycotic solution (Nacalai Tesque), hereafter
referred to as culture media, at 37°C in 5% CO, conditions. The expression of
ZFTA-RELA in 6ES8 cells was induced by the addition of 150-300 ng/mL doxycy-
cline (DOX, Clontech) to the culture medium.

2.6. Luciferase and Relative Viable Cell Count Assays

For the luciferase assay, cells were seeded at 25,000 cells/well in 96-well clear-bot-
tom plates (Thermo Fisher Scientific) and cultured in the culture media supple-
mented with or without the indicated fungal extracts overnight. To induce the
expression of ZFTA-RELA in 6E8, DOX was added to the culture media at the
indicated concentration. The luciferase assay was conducted using the TriStar LB
941 instrument (Berthold) and the following reaction buffer: 100 mM Tris-HCl
(pH7.8, nacalai tesque), 5 mM MgCl, (Wako Pure Chemical), 250 uM coenzyme
A trilithium salt (Oriental Yeast), 150 pM adenosine triphosphate (nacalai tesque),
150 pg/mL D-luciferin potassium salt (Cayman Chemical), 0.5 mM dithiothreitol
(Nacalai tesque), 50 puM ethylenediaminetetraacetic acid (pH8.0, Dojindo), and
0.1% Triton X-100 (Sigma-Aldrich).

The relative viable cell number was quantified using the Cell Count Reagent
SF (Nacalai Tesque) in accordance with the manufacturer’s instructions using
the TriStar LB 941 (Berthold) instrument. ICs, was determined using Prism 9
(GraphPad).

2.7. Quantitative Reverse-Transcription PCR (qPCR)

Total RNAs were purified using NucleoSpin RNA (Macherey-Nagel) and reverse-
transcribed into cDNAs by ReverTra Ace (Toyobo), following the manufacturers’
instructions. QPCR was performed using TB Green Premix Ex Taq II (TaKaRa)
on a StepOne real-time PCR (Thermo Fisher Scientific). The relative mRNA ex-

pression level was determined by the 2744

method using TATA box binding pro-
tein (TBP) as an endogenous control to normalize the samples [6] [18]. The pri-

mers used in the present study were as follows: (1) Cyclin D1 (CCNDI) F, 5’-CAA
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TGA CCC CGC ACG ATT TC-3’; R, 5’-CAT GGA GGG CGG ATT GGA A-3/,
(2) intercellular adhesion molecule 1 (ICAMI) F, 5’-ATG CCC AGA CAT CTG
TGT CC-3’; R, 5°-GGG GTC TCT ATG CCC AAC AA-3’, (3) LI cell adhesion
molecule (LICAM) F, 5’-TGT CAT CAC GGA ACA GTC TCC-3%; R, 5’-CTG
GCA AAG CAG CGG TAG AT-3’, (4) TBPF, 5-GAG CCA AGA GTG AAG
AACAGTC-3%R,5-GCT CCCCACCAT ATT CTG AAT CT-3’, and (5) tumor
necrosis factor (TNF) F, 5’-CCT CTC TCT AAT CAG CCCTCT G-3; R, 5’-GAG
GAC CTG GGA GTA GAT GAG-3’.

2.8. Statistics

The means of three or more groups were compared with a one-way analysis of
variance (ANOVA) with Tukey’s or Dunnett’s post-hoc tests using Prism 9
(GraphPad). Statistical significance was defined as p < 0.05.

3. Results
3.1. Isolation of Compounds from N. spinosa IFM 47025

Previously, we established the HEK293-derived cell line 6E8, which exhibits
ZFTA-RELA expression and NF-xB responsive luciferase activity in a DOX
dose-dependent manner [6]. To identify fungal culture extracts that contain
NF-«B activity inhibitors, a screening test was conducted using 13 different
fungal culture extracts at 5 pg/mL and 6E8 cells (data not shown). The fungal
culture extracts were selected based on their inhibitory activity against NF-«B
responsive luciferase activity and their cytotoxic activity in 6E8 cells. The cul-
ture extract of N. spinosa IFM 47025 inhibited the NF-xB-responsive luciferase
activity by 57% compared to the DMSO control cells, in which the expression
of ZFTA-RELA was induced with DOX but no fungal extracts were added. This
extract also showed a relatively low cytotoxic activity on 6E8 cells, with an 11%
reduction in viable cell numbers compared to the DMSO control cells. There-
fore, rice cultures of this fungus were extracted with MeOH and fractionated
using various organic solvents to examine their NF-«B inhibitory activity (Fig-
ure 2(a) and (b)). The search for compounds from the five fractions obtained
by chromatographic fractionation revealed the isolation of two known com-
pounds, aszonapyrone A (2) [19] [20] and sartorypyrone A (3) [20], from the
fraction No.3 (Figure 1 and 2). Additionally, the three known compounds, epi-
heveadride (4) [21], acetylaszonalenin (5) [22] [23] and (R)-benzodiazepinedi-
one (6) [22], were isolated (Figure 1). Although the fraction No. 5 showed NE-
kB activation inhibitory activity, an active compound could not be identified
due to its low content in a small-scale culture. Therefore, a larger-scale culture
was conducted to isolate more active compounds. As a result, three additional
compounds {aszonalenin (7) [23], sartorypyrone E (8) [15], and (Z£,2)-N, N-
[1,2-bis([4-methoxyphenyl]methylene)-1, 2-ethanediyl]bis-formamide (9)
[24]} were isolated along with the aforementioned compounds 5 and 6 (Figure
3).

DOI: 10.4236/aim.2024.149032

455 Advances in Microbiology


https://doi.org/10.4236/aim.2024.149032

K. Ishikawa et al.

1: R=CHO, 11§
5:R=Ac, 11R
7:R=H, 11R 2,

Figure 1. Structures of isolated compounds 2 - 9 from N. spinosa IFM 47025 and epi-
aszonalenin B (1).
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Figure 2. Purification of inhibitors for ZFTA-RELA-induced NF-«B responsive luciferase activity from N. spinosa IFM 47025 ex-
tracts. (a) Isolation scheme of compounds from N. spinosa IFM 47025. (b) and (c) Effect of extracts and fractions from culture of
N. spinosa IFM 47025 on NF-«B responsive luciferase activity induced by the expression of ZFTA-RELA in 6E8 cells. Each extract
and fraction were added at a final concentration of 5 ug/mL in 0.05% DMSO. The mean value of the DMSO control was set to 100%.

N = 4 each. Data shown are the mean + standard deviation (SD). The dots on the graph are the relative luciferase activity of indi-
vidual samples. ns, not significant; *, p < 0.05; ****, p < 0.0001.
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Figure 3. Isolation and purification of compounds 5 - 9 from N. spinosa IFM 47025
extracts of large-scale culture.
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Figure 9. 'H, *C NMR and MS spectra of aszonalenin (7).
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Figure 11. 'H, *C NMR and MS spectra of (Z.2)-N,N-[1,2-bis[(4-methoxyphenyl)methylene]-1,2-ethanediyl]bis-formamide (9).

3.2. NF-kB Activation Inhibitory Activity of Isolated Compounds

To investigate the inhibitory activity of 2-9 from N. spinosa IFM 47025 on the
NEF-«B-responsive luciferase activity, we used 1, which was previously identified
as an inhibitor of NF-«B activity induced by ZFTA-RELA [6], as a positive control.
Of these compounds, all but compound 6 exhibited NF-xB activation inhibitory
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activity compared to the DMSO control (Figure 12(a)). Induction of ZFTA-RELA
expression increased relative cell numbers (no DOX vs. DMSO in Figure 12(b)),
suggesting that activation of the NF-«B pathway increased cell numbers in 6E8
cells. Compounds 2, 3, 5,7 and 9 at 5 pg/mL reverted the relative cell numbers to
levels similar to those without DOX, which is probably due to inhibition of the
NEF-«B pathway (Figure 12(b)). Notably, these compounds did not cause a signif-
icant decrease in relative cell numbers compared to the no DOX control (No DOX
vs 2, 3,5,7 and 9 in Figure 12(b)). This indicates that these compounds are not
cytotoxic in 6E8 cells at this concentration. As these compounds significantly in-
hibited NF-xB-responsive luciferase activity induced by the expression of ZFTA-
RELA (Figure 12(a)) but did not exhibit significant cytotoxicity in 6E8 cells (Fig-
ure 12(b)), we next tested the effect of these compounds on the expression of en-
dogenous NF-xB-responsive genes, namely CCND1, LICAM, ICAMI, and TNF
[6] [18] [25] [26]. In addition to compound 1, which we previously showed to
inhibit NF-«B reporter activity and expression of endogenous NF-«B responsive
genes [6], compound 2 showed significant inhibitory activity (Figure 13). The in-
hibitory effect of compounds 1 and 2 on NF-xB-responsive luciferase activity in-
duced by the expression of ZFTA-RELA was observed in a dose-dependent man-
ner (Figure 14(a)). The ICs, values of 1 and 2 were 2.0 ug/mL (5.0 uM) and 5.3
pug/mL (11.6 uM), respectively. At high concentrations (30 pg/mL), these com-
pounds significantly reduced the relative viable cell numbers (Figure 13(b)), sug-

gesting that they may possess cytotoxic properties at higher concentrations.
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Figure 12. Effect of isolated compounds 2-9 from M. spinosa IFM 47025 and epi-aszonalenin B (1) on the NF-«B responsive lucif-
erase activity and relative viable cell number in 6E8 cells. NF-«B responsive luciferase activity induced by the expression of ZFTA-
RELA (a) and relative viable cell number (b) in 6E8 cells cultured overnight in the absence (No DOX) or presence (DMSO, 1-9) of
300 ng/mL DOX. Each compound was added at a final concentration of 5 pg/mL in 0.05% DMSO. The mean value of the DMSO
control was set to 100%. Data shown are the mean + SD. Each point on the graph is the luciferase activity (a) and relative cell number
(b) of an individual sample. N = 4 each. ns, not significant; ¥, p < 0.05; **, p < 0.01; ****, p < 0.0001.

DOI: 10.4236/aim.2024.149032 461 Advances in Microbiology


https://doi.org/10.4236/aim.2024.149032

K. Ishikawa et al.

(a) (b) (©) (d) ns

E]
2
=
2

***
ns ns ns ****
*okk **% *
****
5 £ ] 5 ! 54 ﬁ
7 37 %% % 7 2507 gokk Kk 5257 ek ok g
= = 2 173
£ £ 200 A £20 . s, % {, -I—
< < . 3
2
Z ]P ? E3 Z 150 Z1s =3 z 'I'
£ g £ . T 2, E3
S 3 100 S 10 JF o
R S of® T 3 - g =
S ol® 3 = PRE -3 J
° o 50 s 5 3 S
H % z . 5
k] 2 Lol s 5
= = k] ——— 3
20 T & 4

& ® & O > d o > & &
S & ¥ § ¥ & 5
< < < <

Figure 13. Effect of isolated compounds (2, 3, 5, 7 and 9) from N. spinosa IFM 47025 and epi-aszonalenin B (1) on the expression
of endogenous NF-«B responsive genes. Relative expression levels of CCNDI (A), LICAM (B), ICAMI (C), and TNF (D) mRNAs
in 6E8 cells cultured overnight in the absence (No DOX) or presence (DMSO, 1,2, 3,5, 7, and 9) of 150 ng/mL DOX. Each compound
was added at a final concentration of 10 ug/mL in 0.1% DMSO. The mRNA expression levels were normalized to the No DOX
controls. Data shown are the mean + SD. Each point on the graph is the relative mRNA expression level of an individual sample. N
= 3 each. ns, not significant; *, p < 0.05; **, p < 0.01; ***, p < 0.0005; ****, p < 0.0001.
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Figure 14. Dose-response curves of compounds 1 (shown in blue) and 2 (shown in red) on the NF-«B responsive luciferase activity
(a) and relative viable cell number (b) in 6E8 cells. 6E8 cells were cultured overnight with 300 ng/mL DOX and either 1 or 2 at the
indicated concentration in 0.3% DMSO. The mean value of the DMSO control was set to 100%. Data shown are the mean + SD. N
= 4 each. The statistic comparisons were conducted between the test samples and the DMSO controls. ns, not significant; **, p <
0.004; ***, p = 0.0001; ****, p < 0.0001.

4. Discussion

The present study sought to identify compounds that inhibit the oncogenic NF-
kB activity from the culture extract of V. spinosaIFM 47025 using an assay system
constructed in our previous study [6]. As a result, aszonapyrone A (2) was iden-
tified as an inhibitor of NF-xB responsive luciferase reporter activity from the
MeCN extract. Furthermore, compound 2 inhibited the expression of endogenous
NEF-«B responsive genes. These results suggest that compound 2 functions as an
inhibitor of NF-«B activity induced by the expression of ependymoma-causing

ZFTA-RELA fusion protein. Compound 2 was first isolated from Aspergillus
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zonatusIFO8817 [23] and has been demonstrated to exhibit anti-bacterial activity
against bacteria including methicillin-resistant Staphylococcus aureus (MRSA)
[27], growth inhibitory effects on human cancer cells [20], and inhibitory activi-
ties against NADH-fumarate reductase [28]. Kanokmedhakul et a/ also converted
this compound to chevalones B and C by chemical cyclization and reported the
cytotoxic activity of these compounds against cancer cells and their antimicrobial
activity against Mycobacterium tuberculosis[29]. However, the inhibitory activity
of compound 2 against NF-«B signaling and its isolation from N. spinosa are re-
ported for the first time in this paper.

While compounds 3, 5, 7, and 9 significantly inhibited NF-xB-responsive lucif-
erase activity induced by ZFTA-RELA expression but not the expression of en-
dogenous NF-xB-responsive genes in the present study. The observed discrepancy
may be attributed to differences in sensitivity between these assays. Further inves-
tigation of experimental conditions may facilitate the detection of the inhibitory
effects of these compounds on the expression of endogenous NF-xB-responsive
genes.

Compounds 5 and 7 exhibited inhibitory activity against NF-xB-responsive lu-
ciferase activity, whereas their putative biosynthetic intermediate, compound 6,
did not (Figure 12). These results suggest that a certain planarity of molecular
structure due to multiple consecutive ring structures is important for NF-«B sig-
naling inhibitory activity. While compound 2 demonstrated inhibitory activity
against the expression of endogenous NF-«B responsive genes, compounds 3 and
8, which were presumed biosynthetic intermediates of compound 2 [29], showed
no activity despite having similar structures (Figure 13). This result suggests that
the presence of B and C rings of compound 2 may be responsible for the inhibitory
activity. In addition, dysiherbol A, a meroterpene compound with a multiple-ring
structure possessing the same decalin ring as 2, has been reported to exhibit rela-
tively strong NF-«B inhibitory and cytotoxic activities under different activity
evaluation conditions [30]. On the other hand, the oxidized form of dysiherbol A
at the C-3 position of the A ring exhibited a 10-fold decrease in both activities.
The activity of 2 may be reduced due to the presence of an acetoxy group at the
C-3 of the A ring. Therefore, deoxygenation of the C-3 of 2 may enhance NF-«B
inhibitory activity.

Similar to compound 1, which was previously identified as an NF-«B signaling
inhibitor [6], compound 2 showed NF-«B signaling inhibition (Figures 12 and
13). However, their direct application for the treatment of ST-EPN-RELA is pre-
cluded by the observation that both compounds have been demonstrated to exert
cytotoxic effects on cultured cells at higher concentrations (Figure 14(b)). It is of
the utmost importance to elucidate the pharmacological mechanism of action of
these compounds and modify them to obtain derivatives that inhibit NF-«B sig-
naling at lower concentrations and possess a wider safety range. Given that ZFTA-
RELA localizes to the nucleus in a stimulus-independent manner [8], it can be

inferred that the inhibitory effect of compound 2 is not on pathways leading to
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IxB degradation [11] [12]. Rather, it is likely to be on the nuclear transport, tran-

scriptional activation, and/or post-translational modifications of ZFTA-RELA.

5. Conclusion

Eight known compounds 2-9 were isolated from the culture extract of N. spinosa
IFM 47025 and their structures were identified through a comparison of the data
presented in the relevant literatures. The inhibitory activity of compounds 2, 3, 5,
7 and 9 was demonstrated in the NF-xB responsive reporter assay. Moreover, 2
showed significant inhibitory activity in the expression of endogenous NF-«B re-
sponsive genes and a dose-dependent inhibition in the NF-«B responsive reporter
assay. However, the cytotoxic effects of compound 2 on 6E8 cells at high concen-
trations indicate the necessity for the development of compounds with higher ac-
tivity and safety. This study provides useful lead compounds for the development
of ST-EPN-RELA therapeutics.

Acknowledgements

The authors thank the National BioResource Project, Japan for providing N. spi-
nosa IFM 47025, and Rio Komuro for technical help.

Funding

This work was partly supported by a DAIGAKUTOKUBETSU KENKYUHI

Grant from Musashino University and the Takeda Science Foundation.

Authors’ Contributions

K. Ishikawa, conceptualization, data curation, funding acquisition, investigation,
methodology, writing original draft, writing review & editing. N. Kamiya, inves-
tigation, isolation and structure determination. M. Ishii and K. Ichinose, funding
acquisition and writing review & editing. T. Yaguchi, resources and writing review
& editing. S. Ohata, conceptualization, data curation, funding acquisition, inves-

tigation, methodology, writing original draft, writing review & editing.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1] Hyde, K.D,, Xu, J., Rapior, S., Jeewon, R., Lumyong, S., Niego, A.G.T., et al. (2019)
The Amazing Potential of Fungi: 50 Ways We Can Exploit Fungi Industrially. Fungal/
Diversity, 97, 1-136. https://doi.org/10.1007/s13225-019-00430-9

(2] Tamiya, H., Ochiai, E., Kikuchi, K., Yahiro, M., Toyotome, T., Watanabe, A., et al.
(2015) Secondary Metabolite Profiles and Antifungal Drug Susceptibility of Aspergil-
lus Fumigatus and Closely Related Species, Aspergillus Lentulus, Aspergillus Udaga-
wae, and Aspergillus Viridinutans. Journal of Infection and Chemotherapy, 21, 385-

391. https://doi.org/10.1016/j.jiac.2015.01.005

DOI: 10.4236/aim.2024.149032

464 Advances in Microbiology


https://doi.org/10.4236/aim.2024.149032
https://doi.org/10.1007/s13225-019-00430-9
https://doi.org/10.1016/j.jiac.2015.01.005

K. Ishikawa et al.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

Frisvad, J.C., Hubka, V., Ezekiel, C.N., Hong, S.-B., Novakova, A., Chen, A.]., et al.
(2019) Taxonomy of Aspergillus Section Flavi and Their Production of Aflatoxins,
Ochratoxins and Other Mycotoxins. Studies in Mycology, 93, 1-63.
https://doi.org/10.1016/j.simyc0.2018.06.001

Samson, R.A., Hong, S., Peterson, S.W., Frisvad, J.C. and Varga, J. (2007) Polyphasic
Taxonomy of Aspergillus Section Fumigatiand Its Teleomorph Neosartorya. Studies
in Mycology, 59, 147-203. https://doi.org/10.3114/sim.2007.59.14

Hong, S., Go, S., Shin, H., Frisvad, J.C. and Samson, R.A. (2005) Polyphasic Taxon-
omy of Aspergillus fiimigatus and Related Species. Mycologia, 97, 1316-1329.
https://doi.org/10.1080/15572536.2006.11832738

Ishikawa, K., Ishii, M., Yaguchi, T., Katada, T., Ichinose, K. and Ohata, S. (2022) epi-
Aszonalenin B from Aspergillus novofumigatus Inhibits NF-xB Activity Induced by
ZFTA-RELA Fusion Protein That Drives Ependymoma. Biochemical and Biophysi-
cal Research Communications, 596, 104-110.
https://doi.org/10.1016/j.bbrc.2022.01.076

Bertero, L., Ricci, A.A., Tampieri, C., Cassoni, P. and Modena, P. (2022) Ependy-
momas. Pathologica, 114, 436-446. https://doi.org/10.32074/1591-951x-817

Parker, M., Mohankumar, K.M., Punchihewa, C., Weinlich, R., Dalton, ].D., Li, Y., et
al. (2014) Cllorf95-RELA Fusions Drive Oncogenic NF-xB Signalling in Ependy-
moma. Nature, 506, 451-455. https://doi.org/10.1038/naturel13109

Pietsch, T., Wohlers, 1., Goschzik, T., Dreschmann, V., Denkhaus, D., Dorner, E., et
al. (2014) Supratentorial Ependymomas of Childhood Carry C1Iorf95-Rela Fusions
Leading to Pathological Activation of the NF-«B Signaling Pathway. Acta Neuropa-
thologica, 127, 609-611. https://doi.org/10.1007/s00401-014-1264-4

Cachia, D., Wani, K., Penas-Prado, M., Olar, A., McCutcheon, L.E., Benjamin, R.S., et
al. (2014) Cllorf95-RELA Fusion Present in a Primary Supratentorial Ependymoma
and Recurrent Sarcoma. Brain Tumor Pathology, 32, 105-111.
https://doi.org/10.1007/s10014-014-0205-1

Hoesel, B. and Schmid, J.A. (2013) The Complexity of NF-«B Signaling in Inflamma-
tion and Cancer. Molecular Cancer, 12, Article No. 86.
https://doi.org/10.1186/1476-4598-12-86

Liu, T., Zhang, L., Joo, D. and Sun, S. (2017) NF-xB Signaling in Inflammation. Signa/
Transduction and Targeted Therapy, 2, Article No. 17023.
https://doi.org/10.1038/sigtrans.2017.23

Harrold, A.P., Cleary, M.M., Bharathy, N., Lathara, M., Berlow, N.E., Foreman, N.K,,
et al. (2020) In vitro Benchmarking of NF-«B Inhibitors. European Journal of Phar-
macology; 873, Article 172981. https://doi.org/10.1016/j.ejphar.2020.172981

Yaguchi, T., Imanishi, Y., Matsuzawa, T., Hosoya, K., Hitomi, J. and Nakayama, M.
(2012) Method for Identifying Heat-Resistant Fungi of the Genus Neosartorya. Jour-
nal of Food Protection, 75, 1806-1813.

https://doi.org/10.4315/0362-028x.jfp-12-060

Bang, S., Song, J.H., Lee, D., Lee, C., Kim, S., Kang, K.S., et al. (2019) Neuroprotective
Secondary Metabolite Produced by an Endophytic Fungus, Neosartorya fischeri
JS0553, Isolated from Glehnia littoralis. Journal of Agricultural and Food Chemistry,
67, 1831-1838. https://doi.org/10.1021/acs.jafc.8b05481

Huang, P., Wang, Y., Luo, S., Geng, H., Ruan, Y. and Wang, A. (2015) Procedure—

Economical Enantioselective Total Syntheses of Asperlicins C and E. Tetrahedron
Letters, 56, 1255-1258. https://doi.org/10.1016/j.tetlet.2015.01.084

DOI: 10.4236/aim.2024.149032

465 Advances in Microbiology


https://doi.org/10.4236/aim.2024.149032
https://doi.org/10.1016/j.simyco.2018.06.001
https://doi.org/10.3114/sim.2007.59.14
https://doi.org/10.1080/15572536.2006.11832738
https://doi.org/10.1016/j.bbrc.2022.01.076
https://doi.org/10.32074/1591-951x-817
https://doi.org/10.1038/nature13109
https://doi.org/10.1007/s00401-014-1264-4
https://doi.org/10.1007/s10014-014-0205-1
https://doi.org/10.1186/1476-4598-12-86
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1016/j.ejphar.2020.172981
https://doi.org/10.4315/0362-028x.jfp-12-060
https://doi.org/10.1021/acs.jafc.8b05481
https://doi.org/10.1016/j.tetlet.2015.01.084

K. Ishikawa et al.

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

Knowles, S.L., Vu, N., Todd, D.A., Raja, H.A., Rokas, A., Zhang, Q., et al. (2019) Or-
thogonal Method for Double-Bond Placement via Ozone-Induced Dissociation Mass
Spectrometry (OzID-MS). Journal of Natural Products, 82, 3421-3431.
https://doi.org/10.1021/acs.jnatprod.9b00787

Herranz-Pérez, V., Nakatani, J., Ishii, M., Katada, T., Garcia-Verdugo, .M. and
Ohata, S. (2022) Ependymoma Associated Protein Zfta Is Expressed in Immature Ep-
endymal Cells but Is Not Essential for Ependymal Development in Mice. Scientific
Reports, 12, Article No. 1493. https://doi.org/10.1038/s41598-022-05526-y

Kimura, Y., Hamasaki, T., Isogai, A. and Nakajima, H. (1982) Structure of Aszonap-
yrone A, a New Metabolite Produced by Aspergillus zonatus. Agricultural and Bio-
logical Chemistry, 46, 1963-1965. https://doi.org/10.1080/00021369.1982.10865366

Eamvijarn, A., Gomes, N.M., Dethoup, T., Buaruang, J., Manoch, L., Silva, A., et al
(2013) Bioactive Meroditerpenes and Indole Alkaloids from the Soil Fungus Neosar-
torya fischeri (KUFC 6344), and the Marine-Derived Fungi Neosartorya laciniosa
(KUFC 7896) and Neosartorya tsunodae (KUFC 9213). Tetrahedron, 69, 8583-8591.
https://doi.org/10.1016/].tet.2013.07.078

Hosoe, T., Fukushima, K., Itabashi, T., Nozawa, K., Takizawa, K., Okada, K., et al.
(2004) A New Nonadride Derivative, Dihydroepiheveadride, as Characteristic Anti-
fungal Agent against Filamentous Fungi, Isolated from Unidentified Fungus IFM
52672. The Journal of Antibiotics, 57, 573-578.
https://doi.org/10.7164/antibiotics.57.573

Yin, W., Grundmann, A., Cheng, J. and Li, S. (2009) Acetylaszonalenin Biosynthesis
in Neosartorya fischeri: Identification of the Biosynthetic Gene Cluster by Genomic
Mining and Functional Proof of the Genes by Biochemical Investigation. Journal of
Biological Chemistry, 284, 100-109. https://doi.org/10.1074/jbc.m807606200

Kimura, Y., Hamasaki, T., Nakajima, H. and Isogai, A. (1982) Structure of Aszon-
alenin, a New Metabolite of Aspergillus zonatus. Tetrahedron Letters, 23, 225-228.
https://doi.org/10.1016/s0040-4039(00)86791-x

Breinholt, J., Kjeer, A., Olsen, C.E., Rassing, B.R., Klaveness, ]., Rise, F., et al (1996)
A Bis-Formamidodiphenylbutadiene from the Fungus Hamigera Avellanea. Acta
Chemica Scandinavica, 50, 643-645.

https://doi.org/10.3891/acta.chem.scand.50-0643

Arabzade, A., Zhao, Y., Varadharajan, S., Chen, H., Jessa, S., Rivas, B., et al (2021)
ZFTA-RELA Dictates Oncogenic Transcriptional Programs to Drive Aggressive Su-

pratentorial Ependymoma. Cancer Discovery, 11, 2200-2215.
https://doi.org/10.1158/2159-8290.cd-20-1066

Zheng, T., Ghasemi, D.R., Okonechnikov, K., Korshunov, A,, Sill, M., Maass, K.K., et al
(2021) Cross-Species Genomics Reveals Oncogenic Dependencies in ZFTA/Cl1orf95

Fusion-Positive Supratentorial Ependymomas. Cancer Discovery; 11, 2230-2247.
https://doi.org/10.1158/2159-8290.cd-20-0963

Gomes, N, Bessa, L., Buttachon, S., Costa, P., Buaruang, J., Dethoup, T., et al. (2014)
Antibacterial and Antibiofilm Activities of Tryptoquivalines and Meroditerpenes Iso-
lated from the Marine-Derived Fungi Neosartorya paulistensis, N. laciniosa, N. tsu-
nodae, and the Soil Fungi N. fischeri and N. siamensis. Marine Drugs, 12, 822-839.
https://doi.org/10.3390/md12020822

Kaifuchi, S., Mori, M., Nonaka, K., Masuma, R., Omura, S. and Shiomi, K. (2015)
Sartorypyrone D: A New NADH-Fumarate Reductase Inhibitor Produced by Neosar-
torya fischeri FO-5897. The Journal of Antibiotics, 68, 403-405.

https://doi.org/10.1038/ja.2014.167

DOI: 10.4236/aim.2024.149032

466 Advances in Microbiology


https://doi.org/10.4236/aim.2024.149032
https://doi.org/10.1021/acs.jnatprod.9b00787
https://doi.org/10.1038/s41598-022-05526-y
https://doi.org/10.1080/00021369.1982.10865366
https://doi.org/10.1016/j.tet.2013.07.078
https://doi.org/10.7164/antibiotics.57.573
https://doi.org/10.1074/jbc.m807606200
https://doi.org/10.1016/s0040-4039(00)86791-x
https://doi.org/10.3891/acta.chem.scand.50-0643
https://doi.org/10.1158/2159-8290.cd-20-1066
https://doi.org/10.1158/2159-8290.cd-20-0963
https://doi.org/10.3390/md12020822
https://doi.org/10.1038/ja.2014.167

K. Ishikawa et al.

[29] Kanokmedhakul, K., Kanokmedhakul, S., Suwannatrai, R., Soytong, K., Prabpai, S.
and Kongsaeree, P. (2011) Bioactive Meroterpenoids and Alkaloids from the Fungus
Eurotium chevalieri. Tetrahedron, 67, 5461-5468.
https://doi.org/10.1016/j.tet.2011.05.066

[30] TJiao, W., Shi, G., Xu, T., Chen, G., Gu, B., Wang, Z., et al (2016) Dysiherbols A-C

and Dysideanone E, Cytotoxic and NF- B Inhibitory Tetracyclic Meroterpenes from
a Dysidea sp. Marine Sponge. Journal of Natural Products, 79, 406-411.

https://doi.org/10.1021/acs.jnatprod.5b01079

DOI: 10.4236/aim.2024.149032 467 Advances in Microbiology


https://doi.org/10.4236/aim.2024.149032
https://doi.org/10.1016/j.tet.2011.05.066
https://doi.org/10.1021/acs.jnatprod.5b01079

	Aszonapyrone A Isolated from Neosartorya spinosa IFM 47025 Inhibits the NF-κB Signaling Pathway Activated by Expression of the Ependymoma-Causing Fusion Protein ZFTA-RELA
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. General
	2.2. Fungal Material
	2.3. Fermentation of N. spinosa IFM 47025 and Isolation of Compounds 2 - 9
	2.4. UPLC-ESI-MS Analysis
	2.5. Cell Culture
	2.6. Luciferase and Relative Viable Cell Count Assays
	2.7. Quantitative Reverse-Transcription PCR (qPCR)
	2.8. Statistics

	3. Results
	3.1. Isolation of Compounds from N. spinosa IFM 47025
	3.2. NF-κB Activation Inhibitory Activity of Isolated Compounds

	4. Discussion
	5. Conclusion
	Acknowledgements
	Funding
	Authors’ Contributions
	Conflicts of Interest
	References

