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Anti-cancer effects of filbertone

in hepatocellular carcinoma (HCC) cells.
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a-syn a-synuclein

AFL Alcoholic liver disease

ALP Alkaline phosphatase

AMLI12 Alpha mouse liver 12
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CYP26A1 Cytochrome P450 family 26 subfamily A member 1
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ZHQF AI3EQ] HepG2¢t Huh7ol 242t IWE& A elsto] MTT assays T3l etqith. 1 A3
TR gEHOR AEFC] Uhdte RS AT B FE oA AN HAE

AMLI2Y] BHES AAHAS u) S0 e 29k o2 Fa AMEL 119 A

kel
ot

o deidl H4& Yetll= Aoz FAH[UT meb Ax sEodM dnE
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gAdol| et BxA wAUESS 8lsla A western blotS S 8FITh A8k d <

ke

Ho=z A MAPKs Ao AEH 29} down streamol] 3|F3H, AXFTAE X o2 3}
STAT3, SOCS3°] 'Td& &Asiqlty. 1 23}, AWES MAPKs Aled@d = el g

Slo]l STAT3S} SOCS32] FAS A= Aoz Felwde}. webA ST4T3SE SOCS39]

24 AAE F3l W Ee] T Al W AEE A AAUSES T8t HAd

IHES A FFAEE AF8-3F0] RNA-sequencing= 733} Tth RNA-seq HIo|HE &
3l Gene set enrichment analysis (GSEA) 212 33t A3} A2y AdAH 25 Aol
ek 22ES gelstqitl. T3k RNA-seq HlolE]ol A [fold change[>1.6 7] o & 24319
= W & A7lol Hlal ZtollA HolHowm WA ET HE A thAlel] sk EAQ)
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FQL'

srolateirt. Hie]l Ax FEelA "uEY A
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E 32 AASE SRIstaiAr HepG2 MEell Al 21S F7kete] AW ES A3 &
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Zage BASAT. T, £ AT AE 4 A @ AES Fot B
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and activator of transcription 3 (STAT3).



1. 1\13

T

1.1 A X3¢}t (Hepatomacellular carcinoma)

HQEE oM AR e AT SFS T A HolAd S (Liver metastases)

A TFES] 80 % olds AkAIEY] wiEel [2, 3] YWHA o R IFAEQEE FRQtolEhar

»

A= HCCE A AlAIGA oAz 7HE Bol MdH = ez 58 o AW

o
=

39S AAet o5 7F g £ ZEE obo|t} [4]. 2021 FAAGONA I AL 9l
L AMGEIE AYE 19 o AAER AT 10w W

A w2 F
161.1% ol iy oiv] 1.0 (0.6 %) 5 7Fsklar, 29191 AGAZ APdE 61.57 B3|
258 o =t 2021 GAMEES Ao (36.87), 7FYF (20.0M), WEY (17.59), 9

(14.179), #AFY 13.5%) «£o2 Hge 28912 7S on, AA AEE <l
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a0hQl AR ol Sr, A o FR F 59 AERe] AP vk Aol (5] =F

dol7b AW EH HARlE FWE =4 gAY e FRelAe FeF AwTt

Ax A =AE ALsor Ik [6]. @A XA kere] dimEAl HAl
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2 oj33}o]

Receptor tyrosine kinase (RTK)

¥

t}

p=Sge)
= 1

Sorafenib@} Lenvatinib®] %127, ©]

TKIZ <HA U [7].

=
—

A=

bt

S

Sorafenib

Sorafenib 2]

w3k TKI

Aoz UERT [8].

s

S

$ vy,

Stz o $ 7} )

&=

2= 10~30 % ©]

ol 4

]

T e [3].

]

Nl

o}

o} [9].

1.2. 9]¢ 3F&A A L7HA 3 (Non-alcoholic fatty liver disease)

B

e

»AO

)

Al 5 9% o]

A

~

}

R

). o714 Aol

2l

=
L

o] A|WZF (Fatty liver) ©|2}al Aeol®E T} [10].

A
A

o

o

(Non-alcoholic fatty liver disease, NAFLD) ©. 2 F-FH T} [12]. A AMAANA 7}

KR
| N

ZF2 3} (Non-alcoholic fatty liver disease, NAFLD)
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Abgolt e Aol gl AEeld g 0] AWFel Fbue Agow Aejwtt

z
>
e
—
)
rlr
w

A5 (Simple steatosis), H] ¢ Z-&4 A %7+ (Non-alcoholic Steatohepatitis),

7+ W3 (Cirrhosis), ZFAI3E%F (Hepatocellular carcinoma) ©f o2& 4> A~ E ] 1TH4g

o

rd %ol [13] Ad#A3L (Cardio vascular disease) o] A flglo] & FHo=E
A2 ATk [14]. NAFLD®] 9J&IAt=E v wha} thALS ot Aol =M [15], #12%
I [16], olAARES (17, 18] 55 AAlEa v T3 YA T AsEE [19],
thdAl WA F39 [20], AAZEEe] A 2 2745 [21, 22] = NAFLDY 99 ==
71720t F < wEREA o] w2, 1990t F-E 2019W@7H4] A A A A4 22 NAFLD2]
FHES °F 30 % olH, 2019 7]+ A AlA Q1Y oF 4% 1°] NAFLDel 3 3dat=
Ao ® BHAHAT 23] E3F T Aol AdR] 7~184]9] H]FHE©] 2008 8.4 % A
2016 143 % = T7F FAE HolW, o] H|wkE Frbel] wel A= Adaglol
NAFLD9] §WEo] Y wzA 713 o= HQltl [24]. NAFLDY dArA el Anpe=
w9~ ohFEFARE 3y Fk FaE A
o]’fo] NASH=Z o= glom [25 26], WA dFo= <3 Fepae Hz, A4
3 Ador A AR 1 AWs gRlssint [27]. AA7HA NAFLDE 3 Zst7]
sl AL S wAgo] JFokw [28] ofF Agg wpole wiA et mAAR] AEHE
ATk [29]. H o= v L F2A AWHESE (NAFLD) 2 tiAb o] okl =gk A gkl

Metabolic dysfunction-Associated Fatty Liver Disease (MAFLD) = ©o]l&o2 Al

g st 71E9] NAFLD #hs ¥A3S #=3h d3s JHS b4 &8 vy g
ALE Elgloy, ol H|EIEAAS AYUAA AFxzste] ARl 8RS FAE
A7l HAeES fgk wWEs v|E=S syl s AAIEAY [30-32]. o1& EE

12



[33]. #Hel @npoldls Am H WAl HIFom A AA LdF AQelM= olH

Hhol#l 29} ¥ HCCS WA Eo] Hidle

XY

A7} eSS 1 Global Burden of Disease
ATFeA = vgd=, =, "5 5 AR AA FEo] S w7belA dANbA o ®E HCC
LA Eo] FIFEAT [34]. M=molA = ofn] ZFolA RS A NAFLDZF HCCS F&
Ao1o 7 yehon o]2]dk A= NAFLDOlA 2&¥d HCcol et §dAdo] 713t
AS HolFEn [29, 35]. B¢k NAFLDSF #&E HCCE AXF 9 % 573l o™, NAFLDe) A

olg¥l HCC A5 ThE

Fo
ro,

o7 f¥E HCC IFAEHT Alg9go] 128 o

2

golE Y} [36]. NAFLDE

o

L,

3te] o} WM F] EREHA et HCCO
A M=yl g2 7-dske] v)E] =t} [37]. YEo X NAFLDZ <13 vHd BE 714

(Chronic hepatitis B, CHB) 3+#}2] HCC ¥ 93 o] 3u] Z7}8)

2
mlo
-
o
k]
i
32
o
s
o}

steatosis”} oFd iAol S FWHEE NAFLD7F CHB $H#}9] 7hoto] Q3 oste v
AT A3t R} [38]. HE FElvEd A= vlnfoly 2, v X gE A g

(Non-alcoholic fatty liver disease, NAFLD) 2.2 <l

rol
)
=
e
12
s
of
N
Y
[e}(]
o
k]
%0
O
o
s
W
9

ek oledt ddES HRh B, dAsFTeR fEE ANzt ARl

L
(o3

DAEGo R HE WHE 7FH NAFLD ~#HE# ] H&3 4= gls A=E XNEHY

AdFe F 94 Zu 2 S3 LOL FU2HE 22 g3 JdE Aoz A gl
a% solEyl2 Ak =24 = dd Ex 3t AWl (Monounsaturated fatty acids) ©] 714



N

Zol LDL AtstE Ha 54 viAE Mo RA deudst 28 Addadiks
ofite 4= Qi HuEFQlow, ki Agl A EZHQ EFFHE (Tocopherol),
Y E2HE (Phytosterol), L-o}F=2]\ (L-arginine), ¥ (Selenium) ©°] FHF3sft}ar
el A Aot [40]. g adipogenesis€t HHEE ALY THS FAAAIPO = AW
G = dAste] @ ZaE yEd Aow BAuFu [41]. oWy Enf
(Corylus maxima and C.avellana) ] % 37| A<l W E (Filbertone, (5-Methylhept-2-en-
4-one)) < Fo]EFY QoA TAFF oM, FEZAL C:Hi40, MW., 126.22g/mol ©]T}
[42]. I8 % F=E AXA W3] (FEMA) oA g 3138 4= Sy o}
dujEe] A Ao digh A= ofds] FEeid. dAAZMA Bad AW Ee i

LPS Azl ola] A3ty LW AHE (Microglia) 7} #4353t 9% 212 MCP-1, TNF-q,
7

IL-1p S 7aA gaksl F3=2  Yehfal, MAPKs, NF-«B Al HEHZE
AAEtE A7 Ayl HauEdok [43]. T3 i ES cAMP AZAGARES

G gtaste] A FAH Y ASS A7, HFD FAo A oA AFA Aol E7H

dHe] A7F SRIEIAT [44]. tlEo] W= Alkaline phosphatase (ALP) €4S 53]

a-syn FAS ZFAAIAH  Parkinson’s disease (PD) WElE #3td 4 ue AU}

HuQlaL [45], <=5 AA Ak}t olyA]l +d 249 7ss HehlAY [46]. shA| Rt
=

< Ao m fiE RdEAd A dea ofd wE HA

B

v & oA moe
o)A etk Wb A7 W AWES EnE vFe] mol, ¥ ATelAE
v 2

gl Fse Fastad sk

1.5. 9 F+3A £4 (Nutrigenomics)
2 A= RNA @7]A4<E74 (RNAsequencing) = 7|HFES. 2 3 HALA #4& &3
AW =9 Aot S-S gl o2 &4 W F Gene-Set Enrichment Analysis

(GSEA) & &3l RNA-seq 22397} Ay o] A= JHE o] &3}



AW E A ot 1Fe] b @Ak 2Fo] (difference analysis genes) = 1] g

12 A8t (Gene-set) & Zsrow, 1 Az AW ES] A= AEFT7] FE22 FolsHi

o] e et BetA oed A%E B A8/ ool HAERS
shdsty] A% ARe W PHL RASE Bl B A0E slheE.

1.6. #E]:=AF A} (Retinoic acid Metabolism)

HIER A (retinol) = olUx] #3324, AN47s &, AE WY, AxAbE, Axs4,

o2 03 S I} [47-52]. HE3F retinol S 1004 H¢F WX AT 5ol F23F 7
55 ot dUdAE AU [53]. EHFE BE AS A oA 943 AT

flO.E 2 B-carotenestt HIEFRD A9] o] AFH ol o7t FF Faoll ofEsfoF et [54].

4

uhebA A8 HIERR AT SR e AEe AFTE BEIIU Aad (L AF
of AAZE AHD A4 vER Al vAA] A3 (VAD) FHEIZE HH o= A7lE
B mq 75 Ak, A Adl, WE § AT Astm oot [55]. o] Hd] A
5 7beh MEEdEel Al HE A Ay 2 EAH AAEZ]T (WHO) olA=

AAl-oF Grorel MIER A9 FEE HFol offE Aol s =7ke] ofdo] At

aly

7F AAAE (HSCs) = Aol L3 retinol] 80% = AFdt= AFioln, Q.
Al FHEETE FH9 Ve S o [57]. 13y 1F &4 Al HSCsE 248t Ho &
AoFAI 3 (myofibroblast like cells) 9} H]52gt M =Z transformation®©] ¥ WAl 1+ A3}
(liver fibrosis) 7} ¥HAI3FC} [58]. 2=, HSCst A& RAES A a1, 2= 7+e] VAD

| 7Fo.®2 $HEE O] retinol

ol

AEI R o], AFo 2 AFHE retinol chylomicrons &
binding protein (RBP) ¥} A3 ¥ STRA6 TE&AE Tl AXLEZ FFET [59]. T4

retinol<> lecithin retinol acyltransferase (LRAT) ol 2]3J] retinyl ester= 3% ALy, F 71X <]

15



Arsl GAIE A A el A all-trans-retinal (ATRA) 2 AFsE T 3 AR Ao 4 = retinal
dehydrogenase family (RDHS, RDH1 and RDHI11), alcohol dehydrogenase (ADH1, ADHIB and

ADHI1C), membrane-bound short-chain dehydrogenases/reductases (DHRS3 and DHRS4) ©l| 2] 3]
retinol?} retinal 7+t HINEE FA| St F WA v]7FSGA GA A= retinaldehyde
dehydrogenase 1 family®ll <3} A1,A2,A3(ALDH1A1, ALDHIA2, ALDH1A3) ©| 2|3} retinol
o] all-trans-retinoic acid (ATRA) = AFs}lE T [60]. U] 71940 GAIZ ¥ ATRAE ©]
9] retinolZ HEE A o H}d ATRAZF HEFFEHE o] F7] 984 & Cytochrome
p450 familyQl CYP2641, CYP26B1°l ©]3l AtstE o] A A= ojoF gt} [61]. AFA &€

ATRA+= cellular retinoic acid-binding proteins (CRABP1 and CRABP2) o A3t & o=z &

2

7+ ATRAE retinoic acid receptor/retinoic X receptor (RAR/RXR) heterodimer?} Z $+3}H A
24 FA%e AAE BAFED [62]. ol A BARE Ba) AE B, T4 2

A Ads 24 5 duar d8A o ol Adtel] WEr RARS/RXRs 7]

16



Reti

nol

17

LRAT
DGAT1
Retinyl ester P Retinol
CEST s
ADH1 DHRS3 RDH10
ADH2 DHRS4 RDH11
ADH3 RDH5
Cytoplasm Retinal
/ nucleus \ !
BXR | 9cRA RALDHA1
CRBP1 RXRa 3RABP2 gﬁtg:ﬁz
CRABP2 RXRB I l 3
RARP2 RXRy ATRA
- ESatedh
TGase2 RAR& 3RABP2 sRABP1 CYP26A1
PEPCK RAR CYP26B1
CYP26A1 ¥ G
PPAR ATRA 4-oxo-RA
PPARS ABF 4-OH-RA
Schematic figure 1. Retinol metabolism in liver.
Retinol soD1T [Beatt
RE SOD2 - eyeliniD1 =5
f SOD3 — —c-myc &
LRAT T l CATT = laxini >
DGAT1 T TXN T axin2 —
DGAT2 T ucp2 T
Retinyl ester Retinol
CRBP1 T CES1 1 CRBP1 T
4] ADH1 T DHRS3 T
ADH2 T DHRS4 T
ADH3 T RDH5 T
nucleus CRBP1 T 1
RALDHA1
R,Z‘(,F(‘R HS==i~9chA RALDHA2
8 CRABP2 > ¢ RALDHA3 T
RXRB T v 3
RXRyND ATRA
MRARot 5 [LATRA " | A ATRA o o6a1 1
CRABP1 ND
RARD1 - e l CYP26B1 ND
Y
PPAR ATRA \j_*c’)"l_"’_'ﬂﬂﬁ
\ PPARS — ABF
Schematic figure 2. Retinol metabolism in NAFLD.




1.7. A|E3F p450 (Cytochrome P450 family)

Cytochrome P450-> o2 ZA oA WA {72 (A 7MY & Froz &4
3k}, Cytochrome P450 familyQ! Cytochrome P450 26A1 (CYP26A41) < retinoic acid (RA) TIA}
o} Ul 2EE, SHRE o]9le] AE Ao dolets oA M xS FEL
2 B CYP26BIE F A D WA A HHAEY [65, 66]. A CYP26417F

CYP26BI> o2l oA RaxQow, diddads CcyP6Ci> ZHdHEHA Lot

-

CYP2641,CYP26BI°] 5510 Wad 21 S1ssinh [67). o, PRt AFeke] @
M 99 Zvk wEEel AEA mole vAm AgE & Jee welFgow,

CYP26412- NEl HMEY wildz2x AXE o]Fd 7|AH &S sho] Az ol

FTATE [68, 69]. AITH7F CYP26412] EHL F4H9 A5 TS F45 A
[ AYEds U 7 dvkal GRAEY =, CYP26417F T A (Oncogene) ©] A
2S5 YeRlY [70]. F7HH o2 @A all-trans-retinoic acid (ATRA) © ¥ 4S EsHslo] o

g SHAE ARE T == AREEHA Y (71, 72]. & ATeAE AXF THAE
HepG2ollAl AW ES Ag)3t 3 CYP26413 CYP26BI1S] W&ol 7HA¥S mRNA $59

A 18T whekA W EO| retinoic acid WAFS 24 sle] Al

=4
of N
mlo
19
2
ol
k
-

il

ol &t

Aol et Aoz Hojxt)

m (

1.8. STAT3

ZEA A A IL-6/STAT3 pathway] A3l 4 d&d 71 Al @3S =43 [73],
ol EFE HHjolA dArjHom BAsE I BT Ve s I [74]. I 27| 9T
HE-g-o] o3} Interleukin-6 (IL-6) 2} Epidermal Growth Factor (EGF) ¢ =4 & $3l o4
A FAAE 2k BoE SRIHAT [75]. STAT37E A E olF W2 A+ o] F

oA, 7] HoPLARE g Bsge weldrhs Fo] wAe

=
12
Ho
=
2

18



o, @Al WA L WY 53] Sol pel@th o] HAHAT [76]. AT Afo] W=

W STAT3E A oAl o] A&, STUT3e] Frd e 719t sixpse] ZoF 7] =

7h dd AHsg, b AW 58 wEete] %7 £4 fue Aol FJAEAY [77-80]. W

2 chere o 3

Lo

H4 gQlow del SUTIE HACR

Oft

e o A= Al

-

Basglow [81] 53] HCCO #AA A o= 5 vt

19



2. Alg ¢

o
oL

2.1. A%k

M3 v el AF&-% dulbecco’s Modified Eagle 's Medium (DMEM, high glucose) <} fetal
bovine serum (FBS), penicillin-streptomycin, trypsin-EDTA solution, phosphate-buffered saline
(PBS) Welgene (Gyeongsan, Korea) oA 438}t Ml3Zo| *2]¥ Filbertone ((E)-5-
methyl-hept-2-en-4-one, 98%) © Sigma Aldrich (St. Louis, MO, USA) oAl F-¢J gl o,
Dimethyl sulfoxide 99.8% (DMSO) ¢} chloroform< SAMCHUN PURE CHEMICAL CO, LTD
(Gyeinggi-do, Korea) A 433t MTT &2l AF-8-% thiazolyl blue tetrazolium bromide
(MTT) = Sigma-Aldrich (St. Louis, MO, USA)oll A F43tth AlE @id &3}
71995l AF&3F ECL> (CYANAGEN, Italy) oA %1 8F3I T} Tris> VWR chemicals
(pennsylvania, USA)ol A -8} 31, NaCl & SAMCHUN PURE CHEMICAL CO, LTD
(Gyeinggi-do, Korea), 0.1% Tween-20-> Sigma Aldrich (St. Louis, MO, USA) Z5-H

AR T mRNA &40 A8 primer bioneer (Deajeon, Korea ) Z5-H -8}t

22. Al v
22.1. AE

A ZEAI L5 (Hepatocyte) 1 AMLI2 cellsi= penicillin-streptomycin (10,000 units/mL
sodium penicillin G, 10,000 pg/mL streptomycin) 2} 10% FBS 7} £9{3F media (Dulbecco’s
Modified Eagle’s Medium (DMEM, high glucose)) Il 4] 5 %, CO,, 37 °C &0 A% &

elFtHo)E] A 7] ¥ Th Mediaxz= 2¥ 0l 3 HA wAE o, A3 A

B

T~ 4x

10° cells/ mL=Z 24 well plate ©] +-3}o] A glo] ARE-31SIT).



222, G AR

Q1A zkk M3 (Human hepatocellular carcinoma cell line) 1 HepG2, Huh7+= penicillin-
streptomycin (10,000 units/mL sodium penicillin G, 10,000 pg/mL streptomycin) ¢} 10% FBS 7}
£ 9%} media (dulbecco’s Modified Eagle’s Medium (DMEM, high glucose)) 4] 5 %, CO.,
37°C F20] fFrAHE eIy 2AelA 7180w, mediat 299 3 WA

W A 5k T

23. AIZ AEE SA

AMLI12 A|3E (2x10% cells/mL) & 48 well plate®ll seeding d}al WAl wl s}t 17t

l-‘\l

FRFA S HepG2 (2x10° cells/mL) €} Huh7 (2x10* cells/mL) - 48 well plate®l] seeding 3}l

A v skt o2 viAE AAG 5, AHES (0 puM, 25 uM, 50 pM, 100 pM, 150

p

uM, 200 pM) FEEZ 3 A3 AJFE 250 uL/well B A2 3FaL 5%, COs, 37 °C F5-0]
A E = ATtHlolE ol A 48413t F<t wikatlth. Wi § wiAE A A S 3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) &< (0.5 mg/mL) 250 uLE 7}
welloll H718Fe] 5%, CO,, 37°C 7hsx QlTtHIolE ol A 1A]7E &<k WA ZIH. o] §- MTT
L NS A AS F formazan A2 H0]7] $18) DMSO 300 uLES z2Hzte] wellol] 3 7}1a1o]
205 QF WSSt Formazan 27d-& F+3] ¢ $ microplate readers AF8-3Fe] 570

nmoll X FF s SAST 54" F3E @2 ths Aol didste] Alx AEES

Cell viability (%) = Control absorbance - sample absorbance / Control absorbance x 100
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24. AE FHE 5F

QI ZFQFAIAE HepG2 (8x10° cells/mL) & 24 well plate®l] seeding 3}l HHA wlj &3} Sl o).
g0 wiAE AAstL, ZHE (0 uM, 100 uM, 150 pM, 200 uM) & =H 2 3] 4] %)

A BZ 500 pLiwell & A 2|3t 5%, CO,, 37 °C 0] F-A %= <lFFulolElol A 24, 48,
72 AZE EQE wikeklth AR Zhzkel Alzbel met wjA| & A ASEAL 3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) &< (5 mg/mL) 250 pLE Z} well
of A7Fsked 5%, CO,,37°C 7h SlIFFHICIE A 1A17E & )b Wk A Z T °o]F MTT

L NG A AS F formazan A2 H0]7] $18) DMSO 300 uLE 2Hzte] welloll 3 7}1a}1o]

205 QF WSSl Formazan 274-& F+3] ¢ $ microplate readers AF8-3Fe] 570

—_

mol A EHEE HRSo, FYE go ML FAEL Toe] WHES A

25. RNA £3 2 3% ¥
HepG2 Al322] ujx]& A A3+ § DPBS (without calcium chloride, without magnesium
chloride, pH 7.0~7.6, 271~299 mOsm/kg H-0) 1 mL/well 2¢] + " washing 3t} o] 3
TRIzol & AH&3to] 1 mLiwell & #£F5t] AXE &aflstint. &ald AEE Bol 15
mL microtube (Axygen, USA) ° %71 $ chloroform (0.2 mL/tube)= 3 7}3l 133} vortexing
(Scientific industries, USA) & %t % microcentrifuge (Labogene, Denmark)E A}-8-3F9] RNA
pelletS 2|3}t RNAS] F4AA S =0]7] 98l 70 % EtOHZ F H washing 31521
70 % EtOH & ¢+ 3] #|4 3k & RNase free water ©l] 53T} 2] g RNAE BioDrop

N

uLITE Spectrophotometer (Biochrom Ltd, UK) & o] 83l RNA AHS 33831 1 ng total

RNA & A3t}
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2.6. GAALEA WES (Reverse transcription)
mRNA (messenger RNA) & cDNA (complememtary DNA) 2 ¥/d3}7] 9138l 1ngl =
%3t total RNASL} Recombinant RNase inhibitor (40 U/uL, TaKaRa), Reverse transcriptase (200

U/uL, enzynomics), ANTP (10 mM, Promega), 5X M-MLV RT buffer (Promega), Random primer

(150 ng/uL, TaKaRa) & A}&38}o] FH]glom, FF H-FS RNase free water2 25 uLs

uk3=lt}. o] % Thermal Cycler Dice (TP600) ver.3.00 (TaKaRa, Japan) = ©]-8-3}9] cDNAE

moﬂ'

43t} cDNA 34 protocol Th-3} T,

* 37°C (60 min), 72°C (10 min), 4°C (5 min).

27. a4 A

Reverse transcription (RT) ¥H&- 22 A3 cDNAE TP S =2 3o mRNA

f

il

A=staLal

i

Polymerase Chain Reaction (PCR)= 33}ttt 4 ¥ cDNAE T 7} 22 TB Green®

f

Premix Ex Taq™ II (Tli RNaseH Plus) (TaKaRa Bio Inc, Japan) 2 primer (Bioneer, Korea) =
#1713 H, Quantstudio 3 Real-time PCR 7] 7] (Life Technologies Holdings Pte Ltd., Singapore)

£ o] &3l SHEAFT 7 AEEY AR HdAFS RPLPO (36B4)2] o2

28. AIZ g9d 5 2 99l Hr|FTF

HepG2 cellsE PBSel A% 3lo] RIPA bufferol] &3jA171 5 AlZ Thild-S &3)std o)
g3l @A 5% += micro BCA Protein Assay Kit (Thermo Fisher scentific) & A}-8-3}<]
AEFslh A3 o] ThilA (20~30 pg) S 8~10 % SDS-polyacrylamide gel
electrophoresis (PAGE) o 7] & 3} 3L, nitrocellulose transfer membrane (NC membrane)

(GVS, Korea) 2.2 &7 Th 5 % (W/V) skim milk (BD Difcp)= 1A]%F &<t blocking -, TBS-T
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(20 mM Tris-HCI, 150 mM NaCl, 0.1 % Tween-20) = 10%% & Al ¥ washing 3} t}. o] %
1%} antibody<$! anti-p-STAT3 (1:5,000, Cell signaling, #91318S), anti-STAT3 (1:4,000, Santacruz,

#SC-482), anti-SOCS3 (1:5,000, Cell signaling, #29238S), anti-p-p44/42 (Erk1/2) (1:5,000, Cell
signaling, #9101), anti-p44/42 (ERK) (1:5,000, Cell signaling, #9102), anti-p-p38 (1:5,000, Cell
signaling, #4631), anti-p38 (1:5,000, Cell signaling, #8690), anti-p-SAPK/INK (1:5,000, Cell

signaling, #9251), anti-SAPK/JINK (1:5,000, Cell signaling, #9252) = 4 °C ©l| 4] overnight

stl o™ TBS-TE 1534 3W¥ washing ¢+ % HAFstE A (peroxidase) 7} F-2HE 24}

o~

&
I

-
R

o|N

7 shsk @ (ECL) =

¢
4

antibody S 220l A 1A]7F WS- A 7o} vkl

Agate] el geld AEg S1sgi. vud 3

iy
[

A %2 Fusion Solo S (Vilber,

France) & AME-31% a1, whalal k2 B-actin (1:10,000, Sigma, #A2066) S 2 H 3} T}

2.9. RNA €714 EE4 (RNA sequencing analysis)

2.9.1. RNA preparation, library preparation, and RNA-Seq

A g ol Al AL-8-% Total RNA (1 ug)= DNase= *]2]3}<] Illumina ] Truseq Stranded Total
RNA Kit (San Diego, CA, USA) & A}-&3lo] glolHeg] &2 W%l RNA 5 ribosoaml
RNAE A|A35}7] 913 Ribo-Zero Removla Kit (Illumina) & AF-&3F3 T Y2 RNAE
AAE AL 22403 F AT, ol fiH 7 A4 H F viAH O 2 PCRE 53] DNA
fragments7} &% T} o] g A WHE0] % RNA-seq h¢]H 2] 2] & Illumina NovaSeq 6000
gH] | A paired-end 150 bpread Z o] 2 Al P E A Th vpx] 9O 2 [llumina 2] BaseSpace
£ AR&3te] bel Y-S FASTQ St & Wgksto] doly & 2jo] WSty &0l

w2 = .

2.9.2. Analysis of Differentially Expressed Genes and Molecular Pathways in liver.
AW Eo]  AZE FFxA A RNA sequencing HIOlE|E EAsH7] 8 WA
Trimmomatic ver. 0.395 AF&3to] W FH9 sequencing =5 FEHPsal, &
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Ho]HE Mus musculus.GRCm39 7|9 Fd Aol wisd3l7] 93] HISAT2 (ver. 2.2.1) &
283t} o] % SAMtools® Y3 =& 41¥l3}al, feature Count (Subread v2.0.3) & &3l
A HdS S8 ddo] ©e FHAAE AAT T DESeq2 package (R v4.2.2 ) &
AFg-3le] B do]E & normalize 3FSITE [29]. ©]% limma package (v3.54.1) & ©]-&3}¢]

p-value 0.05 ©]3}, [log2 (Fold change)[>1.6 ©]74<%] FHAES Abol7t &= Bd FHAE

2.10. SAIEA]

BoAslo] B Ayl 33] WSS o] mean+ SDE XA o, Ay} o2t
H] 2= GraphPad PRISM 5.0 software (GraphPad, San Diego, CA, USA) & A}-&3}o] &7
TAS TR B BE g dAviR]E4t £412] One-way ANOVA (analysis of
variance) & AF&3oto] A A F AL S Tukey: Compare all pairs of columns &

AREBHH p<0.05 oA Fodhe HolFlen, A4 wode ERE #7)s

ﬂd
22
=
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Table

Table 1. List of human primer sequences used for qRT- PCR.

Genes Forward(5’-3’) Reverse(5’-3’)

RPLPO CAG GTG TTC GAC AAT GGCAG CACTGG CAA CAT TGC GGAC

CYP2641 | CTG GCT GCCTCT CTAACCTG GAT CAC CGG CAC GTAGCATT

CYP26B1 | ACCTGC CCT TCA GTG GCTA GCT GCT CTC AAT GAG GAG GT

WEEI ATG TGC GACAGA CTCCTCAAG | TCACTG GCT TCC ATG TCT TCA
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3. 9+ 23

3. 1. Filbertone reduces cell viability of hepatocarcinoma (HCC) cells in dose-dependent manner.

HepG29} Huh7¢]l

7 0]
-

All

i
el

J.
—~
110

FEEE (0 pM, 25 uM, 50 pM, 100 pM, 150 pM, 200 uM) 484 7+ 5 2]

of

HepG2¥} Huh79] AE&0] &= 9

kv
a-

All

T AT (19 2).
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CHa

Figure 1. The chemical structure of filbertone (5-Methylhept-2-en-4-one).
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Figure 2. Filbertone does-dependently reduces cell viability in HCC cells.

(A) HepG2, (B) Huh7 cells were cultured in 24-well plate for 24 h and then were treated with different
concentrations of filbertone (0 uM, 25uM, 50 uM, 100 uM, 150 uM, 200 uM) for 48 h. The cell
viability was analyzed by MTT assay. The percentage was calculated by comparing the O.D. 570 nm.

Data represent means + SD (n=4). *p<0.05, **p<0.01, ***p<0.001, ns: not significant compared with

the controls.
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3. 2. Filbertone have no cytotoxicity effects in AML12 hepatocytes (Normal cell).

AMLI129] A&EE v X +=

hyA
s i

o] k-2 g 1Al

7] % (0 uM, 25 pM, 50 pM, 100

¢ HepG2¢} Huh7el A&

kv
a-

ket Al

AMLI129]

Ay
s i

R S PR

5]

A e skl

uM, 150 uM, 200 pM) = 48A]7F F<t

-
R

AT (1™ 3). ©]

%42 tehA

xol=

Al
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Figure 3. Cell viability assay of filbertone on normal cells.
AMLI12 cells were cultured in a 48-well plate for 48 h and then were treated with different
concentrations of filbertone (0 pM, 25 uM, 50 uM, 100 uM, 150 pM, 200 uM) for 48 h. The cell
viability was analyzed by MTT assay. The percentage was calculated by comparing the O.D. 570 nm.

Data represent means = SD (n=4). Data compared with the controls.
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3. 3. Filbertone reduces activation of STAT3-SOCS3 independently of MAPK signaling pathways.

ZRerel Al xA A=Al AghEdel Al dldsl= MAPK pathwayel] o gt
AW Ee avE glstaxt sl ek - HCCY g 8Rloz A&eA S7hstar

AT HEFEY ALZHEE (NAFLD) A& oldlstr] fal 1+ Al (HCC) =
Ak = HAGA STATIV STAT3 AlSd"E Aold 23S 9Fe A7 HiaHdh
STAT] A Z AL CD8+ T cells R3] NASH®} fibrosisS #%=3F9 HCCZ
18 =) 2|7 NAFLDO A 3% HCCE STAT3 &4 3tE F3] NASHO} fibrosis= 2] 37
glo] HCCE HEs & Aol ¥t [82]. HESY 2 AFolAl= high-glucose?]
AEE oy x] AE] = HFDY AHE FdsAl Hkomw high-glucosel A
JAK2/STAT37} 413t vt AgdAFAINE A5} [83]. ©]E E3l, western blot=
Tste] AW E Ao mME STAT32} MAPKs®| expression?} STAT3S] down streamO]|
| Fsl= SOCS39] gene expressions protein =X AT 1 A=, HepG2oll A

AW E9] Ao w2 MAPKs protein expression= W37} glov (¥ 4), STAT3Y

42 s dEdem oAld e ledu (2™ 5). webd, IWELS MAPKs
AT e FReobs Adglo] STr3e] 2de M or gAt= As Felsith
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Figure 4. Filbertone has no effects on the MAPKSs signaling pathway in HepG2 cells.

HepG?2 cells were cultured in 12-well plate for 24 h and then were treated with different concentrations
of filbertone (0 uM, 50 uM, 100 uM, 200 uM) for 48 h. The MAPKs gene expression levels were
determined by western blotting with specific antibodies. S-actin was used as an internal control. Data

represent means + SD (n=3). ns: not significant compared with the 0 pM.
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Figure 5. Filbertone reduces activation of STAT3-SOCS3 in HepG2 cells.

HepG?2 cells were cultured in 12-well plate 24 h and then were treated with different concentrations
of filbertone (0 uM, 50 uM, 100 uM, 200 uM) for 48 h. Expression of proliferation factors protein
levels of p-STAT3 and SOCS3 was measured using a western blot. f-actin was used as an internal control.

Data represent means £ SD (n=3). *p<0.05, **p<0.01, ***p<0.001 compared with the 0 uM.
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3. 4. Discovery of Novel Signaling Pathways in Anticancer Effects through RNA-seq Data.

A Ee] gt Syt Fdste] MRS A AGA RS Felstr] & IHES A7
upg-2 JHAZE ARE-Sle] =E % RNA-sequencing datas 2] 3131 T, |Fold change[>1.6 7|
FO % cut off 3PS W, AFE S23 BHHA Genesol A 209 A AT (F 2).
W3t RNA-seq datas 53l Gene set enrichment analysis (GSEA) w41 & 8351331, o] & &

g "AW=o] Mx S23 #HE pathwayse oFF22

rol

e 2

B=)

7F =EERY (2d

~

6).
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ID Gene symbol | Fold Change
1 3371 Cyp26at 7.851
2 12682 Obp2a 4437
3 15677 Ripor2 4.024
4 8838 Hamp?2 3.642
5 162 Acot3 3.397
6 4258 Egr1 3.088
7 19944 Vmn2r20 3.021
8 11411 Mmd2 3.010
9 17722 Stégalnac4 2.944
10 10471 Lingo4 2.929
11 8343 Gnal4 2.890
12 5930 Gm12718 2.740
13 3648 Defb1 2.544
14 9163 Hscb 2.540
15 20151 Wfdc2 2.515
16 9348 Ift43 2480
17 10581 Lrp11 2471
18 20143 Wee1 2.435
19 8546 Gramd1b 2.344
20 659 Ankmy1 2.290

Table 2. Top 20 RNA-seq data related cell cycle genes.

RNA-sequencing was performed in hepatoma cellular treated with filbertone compared with control

(PBS with DMSO-treated). The data indicates fold change.
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Figure 6. Analysis of Gene Set Enrichment Analysis (GSEA) of filbertone in the liver tissue.
Gene set enrichment analysis (GSEA) depicts the differentially expressed genes (DEGs) identified
between the HFD and filbertone groups. (A) NOTCH signaling pathway, (B) TGF-p signaling pathway,

(C) HEDGEHOG signaling pathway, (D) Visualization of Functional Enrichment result.
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3. 5. The effects of filbertone on the CYP26A1 and CYP26B1 expression in HepG2 cells.

g,
z
rif

S A3 FHNES AFEEe] E=EH RNA-seq data©l A [fold change[>1.6 7|50 &
A8H3E W, retinoic acid tHAF 42 e WL Ave S stk Add
Aol A retinoic acidthAF ZZA o] CD8+T cellS " 7fste] HCC A3} o= AA3a
g4 2 Aol Ao [84], H A retinoic acid®] & hAFA| Q] ATRA (9-cis
RA, 13-cis-RA) 7} 54 =% &Y (acute promyelocytic leukemia) *| 5.0l /g2 o=
ARE-E AL vkl B AT} [85]. H3F ‘The Human Protein Atlas™E &3l CYP2641°]
o] Fro| Al HolA oz =4 TdE s AS AT (1LH 7A). ol F @l
STRAE H|&A UIAMAZ A 33} Cytochrome P450 3+ & 4~ (reductase)S! CYP6413}

CYP26B12] 8ld] n|x= PujEe] S 305}y

()
o

I 79t Al HepG2E Ah-&3}<]
AW ES FEEZ (0 pM, 50 pM, 100 pM, 200 pM) 48A] 7H5¢F 28] 3 § RT-PCRS
Tkl Z}7+e] gene expression level &15k3ITH (71 7B). o] & E3 EHES
Al gk el A CYP6A413L CYP26B1S] & o] FhAsilon, o] Adbe= HAWE0] retinoic
acid AL 2H& Faf AE S24S JAste] & 245 HElE so=

shelE g},
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Figure 7. Filbertone reduces Cytochrome P450 family mRNA expression in HepG2 cells.

(A) The Human Protein Atlas data. The consensus dataset consists of normalized expression (nTPM)

levels for 55 tissue types, created by combining the HPA and GTEx transcriptomics datasets using the

internal normalization pipeline. Color coding is based on tissue groups, each consisting of tissues with

functional features in common. (B) HepG2 cells were cultured in 48-well plate for 24 h and then were
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treated with different concentrations of filbertone (0 uM, 50 uM, 100 uM, 200 uM) for 48 h. qRT-PCR
determined the mRNA expression levels of CYP26A41 and CYP26B1. RPLP(0 (36B4) was used as an

internal control. Data represent means + SD (n=3). *p<0.05 compared with the 0 pM.
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3.6. Filbertone regulates the cell cycle genes in HCCs.

ZHE0] retinoic acid A £2& S8 A S4S A= 7HeAds g H,
cell cycle ZHo| FIFES vA=A st =S A2k FAIES] RNA-seq
to]Eloll A |fold change[>1.62 7]+ Oo 2 a3k X ox A9 20900 43+ WEEIS] gene
expression levelS &1} T 2 Aol X = WEEIY tst EWEQ ayE gQls7|
A& 3 ME HepGE AME3te] IHES FX=EZ (0 uM, 50 uM, 100 uM, 200 uM)
48Xt 59 Al 3+ - qRT-PCRE G335l mRNA =0 A1 2] gene expression levelZ}
(X3 8A) western blotS 33}] protein Tl 4] gene expression levels <18} TH
(d 8B). IWES A I AP @ oS Husils w, WEEIS]

expression®] mRNA®} protein oA BF 4SS AT (¥ 8B). WA

d

YuEo] 7hef MES] RA UAF 2EE Fal coll oycle EAste] QAL T4 oA

a5 7RIvar Boxid,
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Figure 8. Filbertone reduces WEE1 in HepG2 cells.

HepG2 cells were cultured in 48-well plate for 24 h and then were treated with different
concentrations of filbertone (0 uM, 50 uM, 100 uM, 200 uM) for 48 h. (A) gqRT-PCR determined the
mRNA expression level of WEEI. RPLP(O (36B4) was used as an internal control. (B) The protein
expression level of WEE1 was determined by western blot. Data represent means + SD (n=3). *p<0.05,

**p<0.01, ***p<0.001 compared with the 0 uM.
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3. 7. Anti-proliferative activity of filbertone in HCCs.
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Figure 9. Filbertone inhibits cell proliferation in HCC cells.

HepG2 cells were cultured in 24-well plate for 24 h and then were treated with different
concentrations of filbertone (0 pM, 100 uM, 150 pM, 200 uM) for O h, 24 h, 48 h, and 72 h. The

proliferation of HepG2 cells was measured using the MTT assay. Data are presented as the mean + SD

(n=3). *p<0.05 compared with 0 uM.
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Liver cancer is a major health concern globally, ranking as the sixth most diagnosed cancer and the
third leading cause of cancer-related deaths. If current trends persist, liver cancer cases are projected to
increase by over 55% by 2040. One of the major challenges in liver cancer is late-stage detection,
resulting in limited treatment options and a very low 5-year survival rate among liver cancer patients.
While localized approaches like surgery or liver transplantation offer radical treatments, systemic
chemotherapy becomes necessary for advanced cases involving extrahepatic spread or portal vein
invasion. FDA-approved systemic therapies like Sorafenib and Lenvatinib, functioning as tyrosine
kinase inhibitors, offer limited extensions in survival, often accompanied by side effects, and show
modest effectiveness, particularly in patients with compromised liver function due to cirrhosis, limiting
their use. Moreover, over 70% of liver cancer patients have concomitant liver cirrhosis, which
complicates administering appropriate doses of anticancer drugs and may exacerbate liver function

deterioration. This highlights the need for continued research to overcome these limitations.

Natural compounds derived from plants have been found to exhibit safe, stable, and beneficial
physiological activities. Among these, filbertone, a hazelnut-derived aromatic component, has shown
positive effects in antioxidation, obesity, and obesity-related improvements both in vitro and in vivo.
However, as filbertone's anticancer activity remains unexplored, investigating its potential as an adjunct
or therapeutic agent for cancer treatment is necessary. This study treated human liver cancer cells
HepG2 and Huh7 with filbertone and conducted MTT assays, revealing a dose-dependent decrease in
cell viability. Additionally, when subjected to the same conditions, normal liver cells AML12 showed
no toxicity upon filbertone treatment, indicating selective toxicity of filbertone against liver cancer cells.
This prompted a molecular investigation of filbertone's anticancer activity at the cellular level using

western blotting, revealing filbertone's ability to suppress ST473 and SOCS3 independent of the MAPK
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signaling pathway targeted by Sorafenib. Subsequently, RNA-sequencing of filbertone-treated liver
cells was performed to uncover new molecular mechanisms underlying filbertone's anticancer activity
through the inhibition of STAT3 and SOCS3 activities. Gene set enrichment analysis revealed
downregulation of cell proliferation-related pathways. Notably, specific enzymes involved in retinoic
acid metabolism, CYP26A41, and cell proliferation-associated WEEI were among the top 20 genes
specifically expressed in the liver compared to other organs, showing significant downregulation upon
filbertone treatment, confirmed by qRT-PCR using HepG2 cells. Moreover, time-dependent assays with

HepG2 cells treated with filbertone demonstrated a dose-dependent decrease in cell proliferation rates.

In summary, this study confirms filbertone's anti-cancer effects through the inhibition of cell
proliferation, suggesting its potential as an adjunct or therapeutic agent for liver cancer. Further research

elucidating mechanisms that decrease STAT3 activity is crucial for future investigations.

Keyword: Anti-cancer effects, Cytochrome P-450, Filbertone, Hazelnut, Hepatocellular
carcinoma (HCC), Non-alcoholic fatty liver disease (NAFLD), Phytochemical, Signal transducer

and activator of transcription 3 (STAT3).
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