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Pathogenesis of ependymomas arising due to abnormal ependymal cell
differentiation

Shinya OHATA

Research Institute of Pharmaceutical Sciences, Faculty of Pharmacy, Musashino University
1-1-20 Shinmachi, Nishi-tokyo, Tokyo 202-8585, Japan

Ependymoma, a tumor of the ependymal cells that line the walls of the ventricles, is a rare disease with a poor
prognosis. There is a need for academia-led efforts to understand the mechanisms of ependymoma formation and
to explore new therapeutic targets, because ependymomas are resistant to chemotherapy and difficult to treat
surgically. The most aggressive subclass of supratentorial ependymomas have been reported to express the fusion
protein ZFTA-RELA (named C110rf95-RELA at the time of application). In the present study, phenotypic analysis
of ZF'TA-deficient mice was performed with the aim of investigating whether serious side effects could appear in
ependymoma treatment strategies based on functional inhibition of ZFTA-RELA. We found that ZF'74-deficient
mice develop and grow normally and that functional inhibition of ZFTA-RELA is a promising ependymoma
treatment strategy. From fungal extracts, we identified epi-Aszonalenin B as a compound that inhibits the NF-kB
oncogenic signaling pathway that is activated by the expression of ZFTA-RELA. epi-Aszonalenin B is expected
to be a lead compound for the development of ependymoma therapeutics.
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MM DREA R T 5 AR OE Th 5 LA,
100 5 A 3-5 NIZHIET 2D 2 iEG Th Y,
ST OMRERIFFHMER WD 2-3%% Hed 5 . /N
BLURATIE, ZELRRBEOABRIGIERA 2200
FETH Y, BEOEE, UIBREHE, FFEOZMNIT X
o TUTAMRHIBIBRZ IR BRGHEIC K D B RaE %
THOHELHDL Y. ZnFEFCTOEZA, EAJEICKH
ACFRIEODFITIW SN TR Y, Aok %
KO CTHUERERRBR A HEITH TH D 29, 2D L H I,
AR EEEEICHETH Y, MIESTH D Z &
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ATIER 10%). T b b ERIBEO TR b M D
B\ 7 5 Z(ST-EPN-RELA) T, HEREREMZ RTE
% 737 '8 zinc finger, translocation associated (ZFTA, H
FERFO A PRI Cllorf95) & Nuclear factor-kappa B (NF-
kB) WAL T T NMBEREOER R T =7 F—
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Fig. 1 Schematic of NF-kB pathway activation
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(A) In the absence of inflammatory cytokines or other stimuli, the subcellular localization of the RELA-p50 complex (NF-kB) is restricted to

the cytoplasm because the nuclear migration signal sequence (NLS) of RELA is masked by IkB.

(B) When IkB kinase (IKK) is activated by inflammatory cytokines or LPS stimulation, IkB is phosphorylated bi IKK and is subsequently

degraded by the proteasome. This exposes the NLS of RELA, which translocates NF-«B to the nucleus and triggers an inflammatory response

via transactivation of its target genes.

(C) When ZFTA-RELA is expressed, ZFTA-RELA is constitutively translocated to the nucleus and promotes expression of its target genes in

a stimulus-independent manner. This excessive inflammatory response causes ST-EPN-RELA.

|2 ST-EPN-RELA FEIEDJFIK & 72 % (Fig. 1). ZFTA-
RELA ODOFSHERHSE 1L ST-EPN-RELA DIEHHENIE & 72 5
T ENEIFEE NS ), BT ZETA OFSRE A FHE
T5Z LK DRWERNRRET SN H o7, £z,
ZFTA-RELA DOERBATHE OB R T3 BLHIERAE O 5
HMIARHCTH 7. BT, ZFTA-RELA (2K % NF-
k B {EMALDOBHEAIT ST-EPN-RELA DIRERHE L LT
HFINTWER, A7V —=2 7 R0ORBEB LY
— MBI OBEF T+ AThbiL TV i o 2. KT
JTERRETIE, IO &M - RETL22 &Ik, k
KIERFERRICET D 2 HIE L.

2. RBEERMABIZH TS Zita DRI

ZFTA-RELA % ZFTA B85 T ELHEFERIZ L > T
RENFIEENTWD Z ERHEESND Z L0 d 19,
ZFTA OFEBLT 1 7 7 A )L L BIa TR BRI O iR

I EARTEIIER T ORI D Z L3 IR SN D.

UL, ERAREOIRABIRIZIIT 5 ZFTA OFREHT
177 A VIFRHTH ST, v A= (LV) T,
et 15.5 B (E15.5) EICHhgERiilie T b 5 ik 7Y

7RIS BRI L EMRE ST T, EMIRE
SN gh e BAGHNE (pre-E1 M) 1XHZAER £ Tl
Fhik 7V T RlE & AR O ERE 2R D, A1% 5 B (PS)
F CITIBRBAT A EAGHIAE (BT MEfm) ~& o bd
%1720 | LV BEZ$51F D~ A ZframRNA OFBL7 1
7 7 A NVERLNITRL, E14.5,E17.5,P0, P2, P5, P9,
P15 & LV BEN S AR L7Z cDNA & AW CEEMR Y
AT —RHEEHNE (QPCR) #1T-7- (Fig. 2A). HiBE
RN Z &1Z, Zfia mRNA OFHRY 7R B L~ /LIT E17.5
TE—ZIZELTEY, ZHIEHERRZ Y 7 /a5
pre-E1 Al ~D#Em R E (E15.58) &, pre-El Mifan»
5 El fila~oiaer) st (P LK) ORICALE LT
WL SRR TIRIC R Y, B N ZFTA L~ ¥
A Zfta O H AR ERGICEBE T HHE B
C110rf95/ZFTA Hiik%& T E18.5 IRIXIZRIT 5 Zfta
DR EZFTI=L 2 A, LV BEA T 5 Forkhead box
protein J1 (FoxJ1, E1 a4 & @BME IR Frila
WZHBLT DB ) RIS Zta & F8BL L T

(Fig.2B-B") . ZTH O DOFERIL, Zfta 23~ 7 A pre-El
AR EREICHELS 5 Z L AR LTV 5.
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Fig. 2 Expression of mouse Zfta in embryonic pre-E1 cells

(A) Expression profile of Zfta mRNA in the anterior portion of the lateral walls of LV assessed by qPCR. Thp was used as an internal control.
Data shown are the mean + standard deviation (SD). Each point on the graph is the relative Zfta expression level of an individual mouse. N = 6
each.

(B-B””) Coronal cryosections of wildtype (WT) E18.5 mouse embryos were stained with anti-human ZFTA (B) and anti-FoxJ1 (B”’) antibodies.
The merged and magnified image of the region indicated by white boxes in B and B’ is shown in B”. Arrows in B” indicate the co-expression
of ZFTA and FoxJ1. Bar = 100 um.

Figure 2, 3, and 4 are taken from Herranz-Pérez et al., 20222 and converted to black and white. This article is licensed under
a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution, and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. To view a copy of this licence, visit below. Full color images
are available in the original article?".

http://creativecommons.org/licenses/by/4.0/



3. XML RET SEERFHE ZFTA-
RELAIZ& % ZFTADHIR LR

El Hifla% & teiE s i B AR o b & (e 4
20 OPOEFERFPIE S TEBY, MERTR
¥ (ciliary transcription factors) & FE[ZAL TS 2223,
% 21X, MCIDAS %5 = — F3° % Multicilin i3~ 7 2 Jgf1
@ FoxJ1 BHERT E1 MfE T, Myb I3#HER~D 20K
P72 El fifa TENENFEE L, El filao i ba e
S5 2029, HEBEE K DS ZFTA ORBL A (e 3
BINE S IMEFTARLT-DIT, b b ZFTA O FiRES %
HEEL T 729 —PLR—F—7F5 %3 RICHA
L, #hx 2BBRER T2 a— 5577 A Kedk
R A7 27 FLTAY T =5 —VilBra i L
7= 2. ZOiER, GMNC, MCIDAS, MYB, RFXI1,
RFX2, RFX3 MLy 7 = T —BIEMHEBEIC R S®
DT ERBASMNTRY, RELTRFEEN ZFT4 D3
BT 2 2 & AR S 72, MCIDAS 13 OfE
GRS ORBLZRET 572 20, —HORE=T R
527 FA{E L MCIDAS SZMET L AV N & PEHR
L7=. ZOfER, ZFTA O 250 HHEE Ltz 2 5
® MCIDAS JEE MR FINFET 2 2 &2 R LT,

203T HifEZ V7= LR O #4E 10 & [ERIZ, ZFTA-
RELA Oi@FEIFEEL, HEK293 #flass b Lz K%
YA 7 ) M ZFTA-RELA 2 5LHIIE (6ES fllfi)
IRV TNIEMED ZFTA mRNA ORI %2 L7- (Fig.
3Aleft). L7 L, ZFTA-RELA |X RELA mRNA D% 5
R 5. 2 Te o7z (Fig.3Aright). Rk ZFT4 -
MBS Z DT TAI RERAWAY 72T —ET v
A TI%, ZFTA-RELA 3V 7 = 7 —BiEM & HN
SHTA, ZFTA F 721X RELA XN & w7205 7= (Fig.
3B). T HOfEFIE, ZFTA-RELA 23 ZFTA @ 5' Lt
BN AAET DB OIGEET L A R 2B LU TED
FEBLZEHE L TV D FIREEZ RIE L CW 5. milR o —
HWORKI AT 7 b EBERO ZFTA-RELA &AL
BN OIEH 16:29% AT, ZFTA-RELA JE&MT L A
FOBAHEEARLY ZATEE 2D, ZFTA OF) 600 1 L
Wil ZFTA-RELA JGSEMERLSIZ RH L7, b o
MCIDAS 35 X U ZFTA-RELA J&&BLAIE, E1 A O%E
EITET D ZFTA FEBLIZ1T T/ <, ST-EPN-RELA D%
JEIZI1T D ZFTA-RELA HEUEHEIC T 545 Z & 231
FrEni- (Fig. 30).

4. Zfta OHEREREHT

ZFTA 13— RME iR 7 ¢ v T — L2 B
DT ENRTRIENTEY, OBIRETDIZEnD
2D, DNA fEEZ o378 E U THRET D Z E DHIFFS
-, LU S, ZFTA OBSREMENTIZ N E TR

AENTWIRNSTZZ LD, ~ T A Zfta D—EEH B
A7 NE—BTEBRIN Zia™'™ )y 7 A
~ U ADORBMENT T2 2 LIk, Zfta DRESE
RS2 = & BRI T-. Zita™ DRRART InbE LA
7o Zfiamm!l < 7 A%, WIS A TV TTHEIE S
n, L b 1 FEMAR TR, Bihb H o7, P31-
34 2BV, REITZEAER (WT) ~ U R & Zfigm/m!
<R ETRIRE ThoT-. RIFBEAEE L ORS/
AR Zftam/m < 7 A S HIfF SN2 A T VT
BESNT-. £, Zfta™t L Zftamiml OBFHEAT D
T, —~EH ODFOBIFRBETH-72. ZhbD
FERIN G, ZFTA ORIER~ T ADIRE, ik, £HIC
KEREEZHZO I RN EDVRBE T,

El #HIfRORAECK$ 2 Zfta s IREEOREICZ S
WTC, v hue—v (WTBLW Zfta™’r) & Zfta™m!
O El Ml OfHE, Bis 738, SEEHEE, &M
FaME Y 9RO 7 & 2Rt Lz, b
WICRHEIZR N2 o7 (Fig. 4). ZNUHDFERN G,
Zfta™m! <7 2 CE Bl RS EFIMHMEL TS Z
ERB BN o, TR ORERN D, ZFTA-RELA
D ZFTA B85y OMSRERLE X EANEIRIFRIIE /20 5 5 =
EDNTRBE I NI, Zfta OKREH LKL DI AR RE
WCREREBEE 2N L 2EET S L, ZFTA-
RELA O ZFTA 5y OREBEZ B35 Z & 1%, ST-EPN-
RELA (2319 2 EIWER DD 22\ EFRIRES & 705 2 &3
Mrrs .

5. ZFTA-RELA D#%#1TH#44%

ZFTA-RELA (XEFEPICEIZRBET 2 2 LIk - T,
FENAME NF-kB ¥ 7 V2 BRICE L S ST
EPN-RELA RIEDJFIK & 722 203, % Ot 72 k% Rk
IR TH o 72, Fx OFSET V—7"TlL, ZFTA B2
B OJREY 7 VEF] (NLS) &, & OrEHEH
EEFE LTz, & BRAESRBHAHIR KSR B AL
BEFAF SRR 0 18 6 R B A T 28 O FRRIE - ez &
DILFERFFEIC L > T, T NLS IZHEET 5 s taig
& ZFTA Wi Jr O IEHE ARG 21T 72 o I /G R, W
OFEAICEE 72T X ) FREEERE L7z (Toma-Fukai
etal,inrevision). ZNHDT I VAT T = T EHR
Liz& 25, REBENTORIRSEHER & ok,
ZFTA-RELA D173, NF-« B iEME, ST-EPN-RELA
TEPERE (ESZRSRE - PRRERAFEE v & —JWRe R LT
FFEE IR A L AR =) N K== & & O 3L FAFE)
DEFEIE T L. BLEORS RN S, ZFTA-RELA &%

RO EA/ER 2 BAET 5 Z £ 12 L - T ST-EPN-
RELA OFFENENHI S 41D 2 & IR S 7.
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Fig.3 ZFTA-RELA-responsive element upstream of ZFTA

(A) ZFTA (left) and RELA (right) mRNA expression levels in doxycycline-inducible ZFTA-RELA expressing HEK293 cells. Cells were
cultured in the absence (DOX-) or presence (DOX+) of doxycycline overnight, and the mRNA levels of ZFTA and RELA were quantified by
qPCR. Data shown are the mean + SD. Each point on the graph is the relative mRNA level of an individual sample. N = 3 each. **** p <0.0001;
N.S., not significant. Note that the primer set used to amplify RELA cDNA targets the 3' UTR of RELA, so it amplifies endogenous RELA, but
not exogenous ZFTA-RELA.

(B) Luciferase assay upon transfection of HeLa cells with mock, RELA, ZFTA and ZFTA-RELA expression plasmids. Luciferase activities
were normalized by the mean of the activity obtained in cells co-transfected with pGL4.26 ZFTA (-3,149 — +2) and mock plasmids. Data shown
are the mean + SD. N =4 each. **** p <0.0001; N.S., not significant.

(C) Luciferase assay upon transfection of HeLa cells with ZFTA-RELA expression plasmids and the series of deletion mutants for ZFTA’s
upstream sequence used in Fig. 2B. Luciferase activities were normalized by the mean of activity obtained in cells transfected with pGL4.26
empty plasmid. The labels on the graphs indicate only the start of the ZFTA upstream sequence. For example, pGL4.26 ZFTA (-3,149 - +2) is
labeled as "-3,149". Data shown are the mean + SD. N = 4 each. **** p <0.0001; N.S., not significant.

(D) Schematic diagram of the constructs used in Fig. 7E. Light grey and grey letters indicate WT and mutant sequences, respectively.

(E) Luciferase assay upon transfection of HeLa cells with ZFTA-RELA expression plasmids and the constructs shown in Fig. 7D. Luciferase
activities were normalized by the mean of activity obtained in cells transfected with pGL4.26 ZFTA (-577 — +2), which is indicated as “-577”.
Each point on the graph is the relative luciferase activity of an individual sample. N = 8 each. **** p <0.0001; N.S., not significant.

(F) Models of the ZFTA expression in the WT allele (a) and ZFTA-RELA expression in the ST-EPN-RELA allele (b). RE, responsive element.
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Fig.4  Normal development of E1 cells in Zfta™"™! mice

(A-D) Wholemount preparations of the lateral walls of the LV were observed by SEM in WT (A) and Zfta™"™! (B) mice. Bar = 2.5 um. The
number (C; n =40 E1 cells from 4 control mice, n =41 E1 cells from 4 Zfta™"™! mice; p = 0.80) and length (D; n = 48 cilia from 4 control mice,
n = 48 cilia from 4 Zfta""™ mice; p = 0.28) of E cells’ motile cilia were quantified and plotted. Data shown are the mean + SEM. Each point on
the graph is the number of cilia in an individual E cell (C) and the length of an individual cilium (D). N.S., not significant.

(E-K) Wholemount preparations of the lateral walls of LV at P30-35 were stained with antibodies against y-tubulin (green in E,F), GFAP
(green in H,I), acetylated tubulin (green in J,K) and p-catenin (magenta in E,F,H-K) in the control (E,H,J) and Zfta™"" (F,I,K) mice. Bars = 10
pum (H,IL-Q) and 40 pm (I,K). (G) The number of BBs was quantified in the WT (n = 48 E1 cells from 3 mice) and Zfta™"™' (n = 48 E1 cells
from 3 mice, p = 0.50) E1 cells. Data shown are the mean + SD. Each point on the graph is the number of BBs in an individual E1 cell.

(L—Q) Coronal cryosections were stained with anti-aSMA (green in L,M), anti-FoxJ1 (magenta in L,M,P,Q), anti-CD24 antigen (green in
N,0), anti-S100p (magenta in N,0) and anti-RFX1 (green in P,Q) antibodies in the control (L,N,P) and Zfta™""! (M,0,Q) mice at P30-35. Bar

=10 um. The white arrows in N and O indicate the CD24-immunoreactive motile cilia of E1 cells. The white arrows and arrowheads in P and Q

indicate the RFX1/FoxJ1-double positive E1 cells and RFX1-positive parenchymal cells, respectively. LV, lateral ventricle; St., striatum.



6. ZFTA-RELA MHFIRIZL D NF-xB BEFMHIL
ZHET HLEYNDIER

ZFTA-RELA OFHLUZ LV FEHE I NS NF-« B 161
DOFLEANE, ST-EPN-RELA DRI L 7225 2 L3
FFEND W NF-kB BAERARZ Y —=0 7DD
T v A REHFDH DI, T HEK293 H3E NF- «
B IGEML YT = 5 —F LiR— & —flakkic, Fx
HA1 27V (DOX) #E% ZFTA-RELA-FLAG 7t v
FEEALE., &bEWLY T =T —BEERL

(100ng/mL ® DOX CHsE L7/ n—r DLy T =5
—BVEME,/DOX 2L CHE L1/ mn—r DLy 7 =
F—YIEMN) AR L7 a— 28R L, 6E8 L
L7z, ZOMRakKY, ®FEREREE R L, DOX AT
NI L OFE N CHUE ISR L 7. 6E8 X, DOX OH
BHRAFAC ZFTA-RELA-FLAG DOFEBRE LY 7 =5 —
BIEEER LT,

SRIREE T, Bk A 22 ZIRIRMEM A AT 2 2 L0 D
EIMBARICBWCERAREYBRR TS, BEFO
WACHIPER 5 B %8 B S NI BRI BB AR 3R AI2 1
Penicillium sp. 7> b1 DAL= U R Aspergillus
terreus > HIFHNTZ O NNAX F N D 20, THERE
HEEPEE X — A )y — R EHEROEHE
IR ZHE N T P I BB MR O B RS £ OWE
Hos S % 15T, 6ES flla% VT ZFTA-RELA
WXL ->CHEEND NF-kB MLy 7 =T —ViE
PEDIHERE 27 V—= 7 LT (RIE RFEH
AR e TG EEER, ) & o ILfF
Wge. RPELFEIIFGE 2=y N T7 Ay NAT 4 v
==X & TEERRAIAE T 0 Y = 7 M) Ik BAZERR
B). ZORER, Aspergillus lentulus fIHEH#ID> 5 BV2 15
FOWRI 7 a7 ) THINE T NF-« B R Z2HET S
ZEDIRENTWA terrein Z[RIE L72 2D, 2 b Ok
BiZ, 6E8 # Wy T =T —8T v A ZFTA-
RELA fl& 5 /R BOFRBUC L - THEZLD NF-
k B IGMEIC T 2ERZ A7 ) —=0 745729
DEHETEXDLT v EARTHDLIEERLTND.

A. lentulus LI#+T NF-k B [LEEMEZ R LT A
novofumigatus IFM 60866 DfHH#) % 43 L (Fig. 5A) ,
ZFTA-RELA (T L - THE IS NF-k B &ML~
7 =T —PEMICHT D 2 Oy OREE T L
7= (Fig.5B). #2 %53V C18 B 7 L% /= LPLC
D7Z7var s IHFANICHEERBELZRL,
Aszonalenin % A CUW /= [Fig. 5C (1)]. 6E8 & Hu 7=
NF- k B I&&MENL V7 = 7 —BIEHEOEL, Miat
1%, HfasEss, Lo 7 =7 —BRIGOMER Y, JEFE
R nECLsbobaetBE21oN5.
HeLa/CMV-luc #fEERIZH A M AT a v A LA (CMV)

DENH—/TrE—Z—DHIN T LY 7 =T
—EERIEEWICRBT 5720, ZOKEHW LYY
=7 —EBEEOME CLF, Avr2—7 &A1) I3,
FERF R E 2 3 5. A THWZ T X TOR
JEIZEUNT, Aszonalenin [IH U X —T vEA DL
7 =7 —BIEMEL Y b ZFTA-RELA 12K 5 NF-«k B i
BN 7 2 T —BIEMEEZ TR R L7z (Fig.6A). Z
N6 OREFIE, Aszonalenin (2 X 5 NF- « B &ML~
7 = 7 —BEHEOMER, D &by
7 = 7 —BSOIHRRABLEITER L2 & &R
BT55D0THD.

FRIIHRERIRE U7 IR FEm 2 A L TR
v, ZOEEEZRET ST, L0 IHERE Ak
FHIEDRMEEW DREIENLTD Z E N TE 582,
F %~ 1%, A novofumigatus TFM 60866 7> ©
Acetylaszonalenin [Fig. 5A,C(2)] , 3 X U\ epi-aszonalenin
B & C[Fig.5C(3),(4),D] % A. novofumigatus IFM 55215
MOHEEL 39, NF-kB I ISEMAL L7 =27 —8T vt
ALy —T A THM L7 (Fig. 6B-D).
acetylaszonalenin 1%, NF-k B IGSZEMENL VT =T —EE
PEEF TR, AV E—=T A DALY T =T —E
EMHELECPMHEELAE (Fig 6B) Z &b,
acetylaszonalenin 3 FEFFRAIBLEEH 2> Z & 2VR
W S47=. epi-aszonalenin C 1%, {KIRE (=3 ug/mL)
TIEINSEDNY T =7 —BIEMZ FREICHE L
2, EIERE (Z10ug/mL,) THENF- kB ISEMLY 7
=7 —BEREN T =T v DOLY T =T —F
EHEX Y b HE L (Fig.5D). LL, Zhbo
R E I, epi-aszonaleninC (X4 7 % —7 & A D
N7 =T —PIEMEE 50%LL EFEE L (Fig. 6D).
—77, ZFTA-RELA OB LV FHE S5 NF-« B Jis
BN T 2T —BIEMEIZXT D epi-aszonalenin B O
FREZIRIL, WU Z—7 v 10T HHEEDRS
INSUVMEIREE (S3 41 g/mL) IZB W T HRFHHIICA EIC
K&EMo7 (Fig. 6C). T b DFERIZL, epi-aszonalenin
B 7% ZFTA-RELA #3M NF- kB )& ML~ 7 = T —
BIEEEAETHZ L ATRB LTINS,

6E8 il TI1X, WEME NF-k B JREMEIZ T TH D
CCNDI1, ICAM, LICAM O 3 FEDFEBLHY DOX LK
FFRNTHI L 7. Wiz, Zh b OBIR T ORBUIKIE
9~ aszonalenin 35 & N epi-aszonalenin B D2 % E &/
PCR % W THET L 72. 6E8 % 300 ng/mLDOX T71E
TH# L34, CONDI O%Hi#13 DOX JEFETIC
EE_RTHBEICHM L (Fig. 7A). 20 CCND1 D3H
BOHNNL, epi-aszonaleninB (Fig. 7TA) ORI LY
H BN S 407273, aszonalenin (Fig. 7A) (21X HNH] S
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Fig. 5 Identification of aszonalenin as an inhibitor for ZFTA-RELA-induced NF-kB responsive luciferase activity.

(A) Purification scheme of aszonalenin and acetylaszonalenin from A. novofumigatus IFM 60866. AcOEt, ethyl acetate; ext., extract; Fr.,
fraction; HCOOH, formic acid; MeCN, acetonitrile; MeOH, methanol.

(B) Effect of extracts from A. novofumigatus IFM 60866 on NF-kB responsive luciferase activity induced by expression of ZFTA-RELAFUSI1
in 6E8 cells. Each fraction was added at a final concentration of 10 ng/mg in 0.1% dimethyl sulfoxide (DMSO). The mean value of the DMSO
control was set to 100%. n = 8 each. Data shown are the mean + SD. The dots on the graph are RLU of individual samples. The results of
comparison with DMSO control by Tukey's test are shown: N.S., not significant; ***, p = 0.001.

(C) Structures of aszonalenin (1), acetylaszonalenin (2), epi-aszonalenin B (3), and epi-aszonalenin C (4).

(D) Purification scheme of epi-aszonalenin B and C from A. novofumigatus IFM 55215.

Figures 4, 5, and 6 are reprinted with permission from Ishikawa et al. 2022, Biochem Biophys Res Commun'®.
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Fig. 6 Titration assays of aszonalenins and epi-aszonalenins.

(A-D) Titration assays of aszonalenin (A), acetylaszonalenin (B), epi-aszonalenin B (C), and epi-aszonalenin C (D) in ZFTA-RELA-induced
NF-«B responsive (white bars) and CM V-enhancer/promoter-driven constitutive (gray bars) luciferase activities. The mean value of the DMSO
control was set to 100% RLU. Data shown are the mean + SD. Each point on the graph is RLU of an individual sample. N = 4 each. N.S., not
significant; *, p < 0.05; *** p <0.0005; **** p <0.0001.
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Fig. 7 Effect of aszonalenin and epi-aszonalenin B on the expression of endogenous NF-kB responsive genes.

(A—C) Relative expression levels of CCNDI (A), ICAM1 (B), and LICAM (C) mRNAs in 6E8 cells cultured overnight in the absence (-) or
presence (+) of 300 ng/mL DOX. The mRNA level of the DOX control is set to 100%. Aszonalenin (Asz.) or epi-aszonalenin B (epi-B) dissolved
in DMSO were added at 3 pg/mL to 6ES8 cells cultured in the presence of DOX. DMSO indicates solvent control. 7BP was used as an internal
control. Data shown are the mean + SD. Each point on the graph is the relative mRNA expression level of an individual sample. n =8 each. N.S.,

not significant; *, p < 0.05; *** p <0.0005; **** p <0.0001.
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