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FEY R
FERHE AT R FHEEFT AEEP P Y FEES > L-Epi-sinulariolide acetate $ 9 jn ¥ 2
FUEBEEE A3 BHFH

T

IR & 3
EﬁﬁﬁWﬁﬂﬁﬁﬂiﬁﬁﬁﬁﬁﬁi#f§im%f% FRLEBH 5 o AP Ay B
ip Al 4c 3 3 (Snularia flexibilis) ¥ 7% B~ 4 chl1-Epi-sinulariolide acetatet 7 3§ ¢ HA22T 2w
FHRPEFL o A ET g ¢ NP Fo FAE 2 ik 7 11Epi-sinulariolide acetate(tHA22T
e LI FE L P VAL R A E P wgd - T A2 LC/IMSIMS #2224 BE G AR
FMZ 30 o R RS T RE R TS #T%ﬂﬁﬁz ERE SR SUE SR ¥ EN N W
A2 pF e llEpi-sinulariolide acetate 3 ¥ &~ EA2Y Vo FE L £ 7 o FHRFR
11-Epi-sinulariolide acetater” 12 /% it caspasei# j& #7ig = 2. 'wm% k= > 12 %2 & it Unfolded Protein
Response (UPR) 4 @£z /x> & ¥ 5 d GADDIS53/CHOP % 33 4e » i = F /R4 £ £ > & (Finbe
4 L BF i 2 e k- o Salubrinal E_p B R 4 2 Fr4H] > 4 » salubrinal 3 TR € B
11-Epi-sinulariolide acetatesti$ = fim?e 7 = o gt & % ¥ 28 L11-Epi-sinulariolide acetates =
HA22T Mwfe p= 8% ¥ 50 A5 d PR & £ 2 )RR 4 RT3 o JLIfpT 7 5 B4R X4
Foh rAR A IR LB R o



VEREYRFR (ITFF M)

Project: Proteomic investigation of anti-tumor activitigsdanolecular mechanism of
11-Epi-sinulariolide acetate from the cultured swital Sinularia flexibilis on hepatoma cell
carcinoma cells.

Keywords:

The extracts from soft corals have been increagingkestigated for biomedical and therapeutic psgso

The aim of this study is to examine and analyzecttetoxicity effects of the extract 1Hpi-sinulariolide
acetate from cultrue soft cor@hularia flexibilison HA22T hepatocellular carcinoma cell. In the prés
study, we used proteomics to examine the cytoteffects of 11Epi-sinulariolide acetate on HA22T cells.
This study has not been published yet. A totaldbtiBferential proteins have been identified by MS/MS
analysis after the treatment with Epi-sinulariolide acetate.Protein profiling of Ebi-sinulariolide acetate
-treated HA22T cells revealed profound proteinratiens related to protein synthesis and foldingigesting
that mitochondria and endoplasmic reticulum (ER)yg role in 11Epi-sinulariolide acetate -initiated
apoptosis. 1Epi-sinulariolide acetate leading to the activatiora$pase-dependent apoptotic cell death.
Unfolded Protein Response (UPR) signaling pathveagsalso activated after Hpi-sinulariolide acetate
treatment and these changes were accompaniedreasec expression of GADD153/CHOP, a transcription
factor associated with growth arrest and apopiodise event of prolonged ER stress. Salubrindl)(&a
selective inhibitor for ER stress, partially abrtsghthe 11Epi-sinulariolide acetate -related cell death. These
results suggest that Hpi-sinulariolide acetate exerts cytotoxicity in HA22@lls through both

mitochondrial dysfunction and ER stress cell dgmthways.

We will investigate the effects of 1Hpi-sinulariolide acetate on HA22T cells by studyihg thembrane
proteome and phosphoproteome to understand thégokschemical mechanism involved in the
toxicology. The results of this study will beneéitto the development of marine active compounesl disr
cancer treatment.
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B gt BRAAER A2 # W B ERE S ATH 2 & Bk (Ranaetal. 2011)
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80%%_B A3+ &, ¥ 3 10~209! E_C A *+{ #7351 4= cf(Gambia Hepatitis Study Group. 198Man et al.
2011)e S F A T REMEIR B RFX ST BAPFE St I LB R4 A S REY S AR L B
AP, 2R 18 2 7% (Yu et al. 2000y

3.1 % 73" 45 2] #p W Snularia flexibilisiE & A $8 2 F2

*%4n Al 90 % Snulariaflexibilis %1 (72 HiEf e FARS M 2 21 (7> Fd E 454 a 4 4
FHFRFLRBeEE AR EHEET L5 GML %Y (2012) -

AR e 2 & AP A e 3w Snularia flexibilis o fis 2 P F 42 0.6 90 R KA & A o R

2%

# Snulariaflexibilis# # & B £ 5 700 2 50 > #3304 58 (74 5 30 BT 0 & B9 % I 3P e

Bra o FRE R0 E 5 3002 %1k 7 B4 AR AR o

A C
1H-NMR spectrum of 2 in CDCI 4

E

13C-NMR spectrum of 2 in CDCI

W 1 %73"%45 34 » Sndlaria flexibilis 724 =¢ 7 % <77/ # 2 11-Epi-sinulariolide
acetate i+ § & f]&
32 mrer %
Pt A L E * HepG2, HA22T, Hu7: Hep3B% wre e 732 &% » MEF R FA Y - T® wre & B8
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%> DMEM, RPMI 32 MEM %33 %} > ¥ ¥ 4c » 4 mM L-glutamine , 1.5g/L sodium bicarbonate
4.5¢/L glucose,* ® 7 4v 10%(v/iv) FBS, 100 units/ml penicillin, 10Qg/ml streptomycinz 1mM
sodium pyruvate- % 5% CQ 37°C 2 & 4 * & {7 Wm? 32 % - 11-Epi-sinulariolide acetatg_% 78 7] %
i3l gc3 3 Snularia flexibilis 58~ > e & B2 7 ek & 2. 11-Epi-sinulariolide acetate 1 = v

e~ DMSO> # ¥ 32 % 24 | P » 2718 287 F o Edl - SRS RN RR T L e A

B3MTT Mm% & & 45
MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetzalium bromide} — f&% ¢ 2 it &4 » ¥ & » ‘w2
s > $ 4L Succinate dehydrogenase* 4 f& > & 4 ZokA M ER ¢ &8 formazane %
MTT 4~ 47 ;% ¥ ip] flaccidoxide - flaccidoxide-13-acetategt A2058, RT4, T24, Cal-27, HepG2, HA22T,
Hu7, Hacatt MS1 % m® » H$r4|mr 4 £ 5c% o # A2058, RT4, T24, Cal-27, HepG2, HA22T, Hu?,
Hacat 2 MS1 m® (Ix1C/cn?) 1 % & 96-well plates ® . 4 » 2 | ik & 2 flaccidoxide %
flaccidoxide-13-acetates % 24 /| pFis » & — % well 4c » 50ul MTT solution (Img/mL in PBS)#: ¥
hoat 37°C F b 4 -] p5. 12 200ul DMSO ;3 Al #- % ¢ & 8% f215 > £ §1* ELISA reader 595nmx

kg R Wi 3555 F > DMSO i 441 %8 o

34 wmr fHH a4 3 w3 #F% (Cell migration assay and wound healing assay)
fmve A5 B E % 0 HA22T 'wre 3 %3t serum-freerz % 7L ¢ 1 ¥ #-H seed i polycarbonate membranes
(8.0 um, BD Biosciences, CA, USA) in the culture insertsHA22T w®z 4 » 7 F Jk & 2. flaccidoxide
% 24h it {7 w2 migrationpl# > B (& # *‘ﬁ 2+ & 2 non-migratingim®s > A>T & migratedim #z
& B 12 100% methanol# _> # * 2 Giemsa (Merck, German§) ¢ - £ f]* 100X % icéipedp o ¥
*himre 3| h EEk 0 #-HA22T e seeded in 6-well plates#-‘m#z £ & {5 > &5 & well §]* pipette tip

Wit L1 2AG A G 0 5 BBE A £ AR L AR A -

35 ¥¢ F3X P2 Fv F < E(Protein extraction and estimation)
fm2 iR 7 Fe kB 2. 11-Epi-sinulariolide acetatés 3z % 24 ] pF > & ® 41 * Cell Extraction Buffer

(BioSource International, Camarillo, CA, USA} 4 » protease inhibitor cocktail (Sigm&)i7 m "z gk

‘3

F=o 12 12000rpmas 10 & 4888 » B~ b ik o 1% = B8 2 k4 10% TCA/Acetonei ik v
8



frv4°Ci ik o 14 8000rpmit {7 4w > #-b i 4 7 > Uik 4~ 2 6 M urea, 2 M thiourea, 0.5% CHAPS,
0.5% IPG buffer, 20 mM DTT, and 0.002% bromophdriak ¥ #% 3 f# » = &7 A 2 2-D Quant

Kit (GE Healthcareg 7 v F 2 & -

3.6 = &g A& 17 (Two-dimensional gel electrophoresis)
AR A EF ARG FE ST A ¥ {|* SDSPAGE#-3}v Fixmi »+ &
KA B p BT UEREHEE R Tl g3 o AP 2-DET AP F B AB50ug 0 I
* GE Healthcare Ettan IPGphori8 {7 4 47> ¥ ¥ fa4F & 20°C> & if strip %+ 30 A it {= rehydratior
#-1 A loading ] IPG strip holder® >3k =2 T ifi#igi7 - &7 A4 47::200V (2 h), 500 V (2 h), 1,000
V (2 h), 4,000 V (3 h), 8,000 V (4 h), until thadabVh reached 47,4003 IEF 3 /A % = {3 » #stripi& {7
DTT %2 IAA T #7ts » 27 12.5% SDS-PAGE- 17 > # * SE 600 Ruby (Hoeffeff = SDS-PAGE®R

RE - 55 2-DEm AL s > &2 12 PDQUest 2-DE- {7 #c88 > #eipl 3 Hd 22 L B -

3.7 41* LC-MSIMS i&i7 3¢ F ¥ & gz (Protein identification by LC-MSMS)
BAE P -k f2(In-gel Digestion).#-- @@ A v it B3 LB M2 Fv Fd > 1% R FH2 tip & 2-DE
B2+ &-H B~ » 7 22 ~ microcentrifuge tube o & — i 4c tube® 4c » 10QuL of 50mM DTT in 25mM
ammonium bicarbonate (pH 8.5y ¥ & 37C A # - /| o drw 3 f gt £ 4er 10QuL of 100mM
lodoacetamide (IAA) in 25mM ammonium bicarbonatlel @5) & ¥ & 37CF @k @ 2 » B fs g
2 K,éfj Ao 2 *2% IAA 2. 7§ o & B tube # 4~ 0.5ug of trypsin in 5QL 25mM ammonium
bicarbonate (pH 8.5) & * #x & »* 37°C & J& 16h> Mg {7 -Kf2iv* o ¥ {4 & peptide solution® *

1 * SpeedVagz'% > it {7 LC-MS/MS 4 17 -

#4147 (LC-MSMS analysis). A peptide mixture was separated by nanoflow reacrphase C18
chromatography on nano LC using the Agilent 1208t&y and PepMapl100 C18,umx15cm (3um)
nanoLC column or HPLC using the Agilent NanoLC 1&y&tem and Agilent Zobax 2.1mm x150mm C18
column. LC-MS/MS analysis employed a 10 min onlirapping and desalting step followed by a 60 min
5-40 % mobile B gradient at nano flow and a 15 Bi#0% mobile B gradient at higher flow (mobile B =

98% ACN, 0.1% formic acid)f| * AB SCIEX QTRAP® 5500Q mass spectrometer (Appliedsgstems,
9



CA, USA) :t {7 ~ 17. Mass scan range from ni®0 to 1000 . The raw data was processed intotdilex

format of WIFF with Analyst 1.5.1.

3.8 L& % ¢ & +7(Western blotting analysis)
EEALRERS AR BED 0 FTRER > B - AP 20ug EFA4 Y7 o F (7% SDS-PAGE
f¢ 41* Transphor TE 62 (Hoeffet) 400mA:& {7 1.5 h /A g &> R A B 8 ¢ 2 Fov B4 Er PVDF 3¢
b oo fEr i 2 PVDF %P7 I 2 - faffirst antibody) =2 7 kR & 4°CiEF7F B’
2 t¢41* PBST (10 mM NakPQ,, 130 mM NaCl, 0.05% Tween 28)PVDF % = =t » # = 10 &
45 > 2_ {8 4 » = F(with horseradish peroxidase conjugate, 1:5,00fldaoking solution) & j& 1 |- B {& 12

PBST fjjrie = =t » & {6 114 6 & 4 4#|(ECL Western Blotting Reagents ;Pier¢ej # i7].

39 R RA I

In order to determine the phase distribution ofdéés DNA content, propidium iodide (PI) stainimgas
performed. HA22T:n®z 11 % |k & flaccidoxide sJ® 24 ] pF » 2_ {5 fc B fw¥e 12 PBSie = = & 1 *
70% ethanol & z_iF & - fw?z 12 10 ug/ml PI (Sigma) and 1(0g/ml RNase A in PBS buffekg i=4 ¢ » &%
BEFEEE Y F R 154 48, 7 % w2 12 FACScan flow cytometer (Becton-Dickinson, MansfidiA,

USA) and Cell-Quest software (Becton-Dickinso) = 4 7.
3.10 s aps g =4 37 (Mitochondrial transmembrane potential )

f1* 1uM Rho123 (Molecular probes, Eugene, OR) for 30 ati37 & {7 #4588 %7 4 7. Rho-123

fluorescencef|* FACStar Plus; ;' P2 ix 4 47 2 %oz £k 5 488 and 530 nmi & - .

10



4.111-Epi-sinulariolide acetatett # F "+ m% £ § m%% & B2 iE?

BANPA 2 R w0 ¢ 32HA22T, HepG2, Hep3B, and HukiZ# 3 11-Epi-sinulariolide
acetatel 7 ¢ i »ip i piwmre 2 4 & B IT* > A7 k& 2 11-Epi-sinulariolide acetate (3, 6, 9
HO/ML)edZ 7 [e 350 fm 78 (524 B% > UMTT A~ 4573 8 kfgpligt me 355 > d $5%57(3,6,9
MG/ML)EF 3¢ i W fm % 3Rt & A TE % o i EFTHAZT R 3 08 2 4 % 4o F12A
#1570 o d SYHA22T m P2 ¥4+ 11-Epi-sinulariolide acetate # #% 2_ 47 1+ > % 9 ug/mL
11-Epi-sinulariolide acetates@ HA22T ‘m® s » H w535 5 2 $136% 1 ¢ e B4n 4 4 ﬁ;ﬁ'ﬁiﬁ,
% o

¥oebq)* e 31 i iR 2 £-F ;%cell migration 4 47 = &Rl #z £ F A4 » 11-Epi-sinulariolide
acetatés ¢ % 71| .fsm’?é:}ﬁ} 2 a4 o d BISAR S ¥ g I 4 ¥ 11-Epi-sinulariolide acetate &
B 4o o e &4 R ¥ hE Rz 2 11-Epi-sinulariolide acetaik & 3 4x (& fw * migrationi p
FU o B drd] re migrationBicp < 5 20%, 40% and 60% for the treatmentl@fEPI-SA at the

concentrations of 6, 9 and LB/mL, > % % 4c B 3B 771 o

A B
1 Mock 6 pg/mi
1201 3 pg/ml 9 pg/ml
~ 1004 & I T T
S
3
C_U 60
>
D
O 40
201

HepG2  Huh7 HA22T  Hep3B

@ 2: 11-Epi-sinulariolide acetatg # I " im¥e L 5 % 2 & Back (AL MTT 2477 IF k& 2
11-Epi-sinulariolide acetatd HA22T, HepG2, Hep3B, and HURY ‘m ¥ e g2 {4 B 2_ w9 2_ 3 % &

(B)# F ik & 2. 11-Epi-sinulariolide acetates® HA22T % ‘m*e oL fm e {5 2_ w3 ik

11
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Figure 3. 11-EPi-SA inhibits the cell migration and induces the appear ance of apopotic characteristics

in the HA22T hepatoma cells. (A) Mock- or 11-EPi-SA-treated HA22T cells in theeas between two solid
lines were migrated cells in the gaps during tltkcieted time periods. Images represented apparduattion

of the HA22T cell migration upon treated with 3aed 9ug/mL of 11-EPi-SA for 24 h and 48 h, respectively.
(B) The quantitative measurement of the cell migratvas shown and compared with the cells treatéd w
DMSO. The result showed dose-dependently suppré$82aT cell migration (* P< 0.001). Data shown
here were the representatives of three indeperdg@etriments. (C) The enlarged view of migrated HA22

cells were clearly reduced (upon treatment withgdmh of 11-EPi-SA) compared with cells treated with

DMSO at the 100X magnification.

4.2 HA22T ¥z & d 11-Epi-sinulariolide acetaii® i3 & 4 m% A= R %

PasF s s Epm e 0 k2 V843 4o diterphenoids, diterpenes:  prostanoids gk
FraEREEGHF IS BN ¢ 52 Fhom S s R s R GRS R ERILE T
et A RS e A2 e k= (T R e d (T (10-14) B R imre A 2 dmve = (EF P W
TR F b2 Flin ! L R gt dore R G B R  wre A L RGR R PR
MR E > mre i A2 DNAYTE 1L Z mve = 45 S R8A5 A o

¢ *+11-Epi-sinulariolide acetate 4"+ m® 4 £ 3 § F F 5 wie = 25402 A2 7 36> 7]

pLAVPE I SN e (R R e ¥ RS 4 2 F o 2 7 11-Epi-sinulariolide aceta® F ¢ i = HA22T
12



e A A e k= hod PR R HREST NFIR AT Rk A 11-Epi-sinulariolide acetates2 T (3, 6,
9 g/mL) > 2 Hoechst and Mitotracker followed by monitoring therphological changes under the
microscopy. chromatin condensation and mitocharialling so as to detect the MitotrackeHA22T ‘o
¢ % 11-Epi-sinulariolide acetate 29 g/mL EJ2Z ™ » > %% 4cB6-A #77 o ¥ 4% Annexin
V-FITC/PI % ¢ igf7iis mie AT 2 A7 2 27 F A1 2 A2 wie o B 5 &= we
(Annexin V-FITC positive, Pl negative)i 7 ‘w% (Annexin V-FITC positive, Pl positive} % & ‘w2
(Annexin V-FITC negative, Pl negative)l B]6-Bis % ¥ 1418 3 /&2 10ug/mLik & (& > ‘mre 5 8 %
< hne € 9.3905 4v 1 23.7% d izt ¥ % 7 g 11-Epi-sinulariolide acetatgd § i & HA22T!wm ¥

A me k= K oo

Mock 9 pg/ml M C 3 9 12 (ug/ml)
Hoechst
Mitotracker
Mock 6 pg/mi 9 pg/ml
10" 3 43+02% | '] 5.9+01%| ' 6.5 0.1%
10° 4 10 10 !
PI é 10 10 10
¥ ID'ﬁ \G‘
3.4+0.1% 0 v 8.210.1% 9.1+0.2%
10 10 3 ;
10 1I:|3 11]4 10 101 10 I’:II3 IU.’ 10 1IL)3 ‘HJA
FLi-H FL1-H FLI-H

Annexin V-FITC (FL1-H)

Figure 4. The appearance of apoptotic characteristicsin the 11-EPi-SA treated HA22T cells. (A) HA22T

cells were treated with DMSO or 11-EPi-SA at thmficoncentrations of 948y/mL for 24 h. The cells are

then harvested, and fixed with paraformaldehydenimnunofluorescent staining. After permeabilizatitre

cells were then stained with Mitotracker Red or égi@and visualized by a fluorescent microscope. (B)

Detection of DNA degradation fragments after 11-BRitreatment for 12 and 24 h at indicated

13



concentrations. (C) Detection of apoptotic HA22Tiscafter 11-EPi-SA treatment by Annexin V-FITC/PI

analysis.

HA22T .sm"? %= 11-EP1 SA}?,@}“’& }n ?’{ﬂ? Fi

b 2o %% ¥ g R 11-Epi-SA € 4% HA22T e & 24 fwie = % dolmie 5~ DNA 22 7
Bz ok g8 4 % (as shown in Fig 3B to Fig. 4C)

AP Fou WA 27 HA22T wve (5 11-Epi-SATE* 14 Fov A2 %1 > 39 5%~ w)ie 7304
22 11-Epi-SA e » % 24 ) Fispimie B M 1 §od 7> L 5 d TCA/Acetoniiik (538 (7 = ‘&
AT & - kR AB50 g iEi7 2-DE (pl 4-7)> 47 > ‘5 d A EL4LL 4 18 (Fig. 5A)° 41 * PDQuest image
analysis software (Bio-Rad} 5 2 & Z £ & 1.5% 11 2 Fv HJ 8o ipdt o HJI B A 54 in-gel
digestion t¢ » 5 LC-MS-MS &2 # F-¢ T ¥ o » SBFETH 255 I5BLAREHB Y T 2 9
Bho FEARETE o

% - & H-v ¥ stress response protelpd#, ¢ F5Peroxiredoxin-2, Heat-shock protein 27,
Thioredoxin-dependent peroxide reductase, Protsulfitie-isomerase, Protein DJ-1, Calreticulin &8#&Da
glucose-regulated protein precursdi.= =2 3-v F 8 & ip b 39 F - ¢ 35 Stess-70, 60kDa heat shock
protein and T-complex protein 1 subunit zeta= = £ ¥t & @:E5 B2 39 F ¢ Fcytoplasmic
protein NCK1, Guanine nucleotide-binding proteibwuit beta 2 and Rho GDP-dissociation inhibitorL.

i 1p B -2 ' 4cmRNA processing proteins, heterogeneous nucleanuitieoprotein A/B and H3; cell

differentiation protein, vimentin.

To validate the differential expression patternjchiwas obtained from the 2-DE maps (Fig. 5A), salve
identified proteins were investigated by westewttbig using anti-prohibitin, CALR, GRP78, Hsp60,
stress-70, Hsp27 and PDI specific antibodies, dsdy. There were five up-regulated proteins (pbdtin,
CAL, GRP78, stress-70 and PDI) and two down-regdlairoteins (Hsp60 and Hsp27) observed in the
11-EPi-SA-treated HA22T cells, which is consistienthe exhibited expression pattern from the 2-Daps

(Fig. 5B).
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Figure5. Identification of the differential expressed proteins from mock- and 11-EPi-SA-treated

HA22T hepatoma cells by two-dimensional gel electrophoresis (2-DE). (A) HA22T cells treated with

DMSO (control) or with 11-EPi-SA at the concentoatiof 9.Qug/mL (treatment) for 24 h, followed by
harvesting the cells and cell lysates were prepaseadescribed in the Materials and Methods. A tatadunt

of 100ug proteins were subjected to 2-DE and proteinsalizsed by silver staining. PDQuest image analysis
software (Bio-Rad) was employed for detecting tiieintial protein spots. (B) Validation of idefi¢id
selected proteins from 2-DE. The cell lysates pregh&rom mock- and 11-EPi-SA-treated cells were
subjected to SDS-PAGE for protein separation apdlgtection of some identified proteins includingR=8,
CAL, PDI, Hsp60, Stress-70, Hsp27 and prohibitaspectively, by western blotting using specifidlzodies

as indicated. C: control, the DMSO-treated celts] T-EPi-SA treated cellf-actin was used as the loading

control.

11-EPi-SA causes mitochondrial dysfunction
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ffe = A dvihwme R A o B2 W E T UA S ez 4 i X0 "t DNA CEE A%

R FaE L N S U 4 2 i* # F % (Thompson, 1995; Zi and Simoneau, 2008).

-\1\.

Bl AR L S - e k= B Al AT P A1r JC-1 kR PR EE L (APM)Z e 8 o d P %
BT LG 11-EPI-SA A HA22T it 7 r1 4 TP BEen®s i ic & § %> 3 7 R4 4 N ko
BRI ERAT]ESL 11-EPI-SA § i & e T e % o (Fig. 6A& 6B) 1352 w47 5 47 1 > dm e
WR PR g SRR ERE AL (Imberti et al,, 1993). » 7 # % 45 4! It has aristolochic acid
(ArA), cyclosporine A (CyA) 2 trifluoperazine (TFZ), 5 ¥ M ¥4 SRAE T 22 % o - &R
2o CyA s TRZF Mg RMI it > T8 R T bR RWAFE - 27 REF 11-EPI-SA¢
%8 HA22T w2 & 2 R AR HR it 8/ i3 2 P2 k= > A g2 11-EPi-SA#% 4 4 ~ trifluoperazine
(TFZ), aristolochic acid (ArA), and cyclosporingByA). H % % 4 Fig. 6B, > 7 fofrd|#] ¢ ¥ 1 4
11-EPi-SA = 8 & 4 W e w355+ 2 (Fig. 6B). f P2t F SRR A B
¥-0 B ¢ 45 Bax, cytochrome, Bel-2 2 Bel-xl 39 & % 1% L& % ¢ & 4772 & 7% (Fig. 6C). &
4 Hr 4 B EST HAZ2T fwwe (241 % JC-138 (74 ¢ » £ 1% ¥ L BEAcdi iRl E e iz g1t > o B %7
VU TR PR € R M ¥ R s R HE ¢ Pyl e g (Fig. 6D). stEip %R T U A

11-EPi-SA-¢ % % HA22T wie (g d - MABAP R IS A 24 Smie = % o
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Figure 6. 11-dehydrosinulariolide induced apoptosis through the mitochondrial related pathway. (A)

Measurement of the mitochondrial membrane permigabihnsition (MMP) in the HA22T cells upon
11-EPi-SA treatment. Left panel, the quantitatibm@tochondrial membrane potential from mock-,
11-EPi-SA treated and CCCP positive control . (Beé& of different mitochondrial permeability tratisn
inhibitors on the cell viability upon treatment wit1-EPi-SA. The mock- and 11-EPi-SA treated cgbse
added with different inhibitors as indicated foh24ollowed by examination the cell viability by MTassay.
The data shown the representative of three indegpgrekperiments. (p statistically significant diface
compared with the control ). (C) Examination of thiéerentiated expression level of some
mitochondrial-related apoptosis pathway proteispoase to the different inhibitors as indicatedhran
11-EPi-SA treated cells. (D) HA22T cells were tegbas indicated, stained with JC-1 dye, incubatiéa w

cells for 20 min at 37 °C, 5% G@nd imaged under fluorescence microscope at tieseEm wavelength of
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580 nm (red, upper panels, JC-1 aggregate) anai®m3@reen, middle panels, JC-1 monomer).

11-EPi-SA activates the mitochondrial related pathway in dose- and time-dependent manners
caspase-dependent pathwdy- i @ frihim?e k= fp k2 /T - Bax v J, a s — # pro-apoptotic 7%
Bov F, BARGLGE AR AMA TR AL e - - BEL LS o FE ), Bax# Bcl-2
(anti-apoptotic memberk_ +* &> ¢ F B IF w R g = cytochrome  cff x> ¥ ¥ if = caspase
s v - (Green et al., 2011; Putchala et al., 2013; Segh,62012). % 7 # 3| { w2 Fdh kFZ P
11-EPi-SA % & wmve &= —5’3%:) caspase-dependent pathway, > # 588 4p b 39 &, ¢ 3£ Bax, Bcl2,
Bcl-xL, Bad, p-Bad, Bid, PUMA, and p58 i . % % ¢ 4~ 457. H % % 4B 7A #75+ » Bax, Bad, Bid,
PUMA, and p53# & ¢ "€ 11-EPI-SA A2k R 4 2 PP L 2 2 M EH 40 - 37 5 2 Ly Do
oz k- 1 & i;*gd Bcl-2 #2% 7§ ¥(Leanza et al., 2012). BH3-only proteing,#= Bad, Bim, Bid,
Bik, and PUMA . Bax 4t 7% i & H &g 7 ¢ 447% it (Green and Reed, 1998). Bax i —«L%ﬁ d p53
transcription-dependent and/or transcription-inael@eat mechanism (Chipuk et al., 2004).i° e & & 31
F 2 mte k= AR M B0 G LLEPI-SARIZT 2 2 AE 0 d 07 vy 11-EPI-SA T 1L 3

AL ERICAE G e = % - (Fig 7A).

The caspase-dependent pathway is activated in the 11-EPi-SA-treated HA22T cells

The casepase-9 and caspasg-3 & # 1 ;ﬁ d & ks gl 5 - gL (Bratton and Salvesen, 2010; Reubold
and Eschenburg, 2012; Smith and Schnellmann, 28igdha et al., 2012; Wurstle et al., 2012y.iF* §] *
doB R ¢ & 47 kF73 caspase-3 and caspasé:F: ¢ £ i 11-EPI-SAE# 2 i k= %tz ¢ o d &
¥ g It 11-EPI-SA g2 (6 pro-caspase-%  pro-caspase-3k ¥ € 4k & 3 4r 2 T pF
el L IRE R Y > @ caspase-9 cleaved polypeptide fragments (37kD&%kDa # 3. & 3 ¢ (7B). f I

o — BT 4 2 PARP-1 (116kDajesn®s % =~ 42 ¢ ¢ 44 caspase'r” *‘f (Chaitanya et al., 2010).5¢

—

et 3 v g I 11-EPI-SAJ2 6 PARP-1 cleavage fragment (89 kD&)s & + 2. (Frig 47 7,

i A3 ¥ 2R IR mitochondrial-related apoptosig-v & 11-EPI-SA rJdZ 6 € 4475 1t o
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Figure 7. 11-EPIi-SA activates the mitochondrial related-apoptotic pathway proteins. (A) HA22T cells
were treated without or with 11-EPi-SA at differenhcentrations (right panel) and different timeno
(right panel) as indicated. The cells were thewésted for the detection of protein expressionllbye
western blot analysis using the specific antibodesdicatedB3-actin was used as the loading control. (B)
Caspase-dependent pathway proteins were activatee iL1-EPi-SA treated cells. The cell lysatesewer
harvested at 11-EPi-SA treatment as indicated gbdollewed by the examination of PARP-, caspase-3,
caspase-9 and cytochrome c proteins using thefgpawctibodies as indicatefi-actin was used as the

loading control.

11-EPi-SA inducesthe activation of ER stress-related pathway.
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11-EPi-SA 8.3 2. 'm%s %= 4 ¥ i /5 d ER stres$r 8% - ER ¥ 3 & ez 4 @if2 %2 B> ¥ 9 ¥ 10 {f
B2 F ot P B2 ki A T gre ZAER ¢ RA X 5 AP RO F o €4 e T gk i
wER? L3 = Bp FeBR4 EREE > ¢ iincluding unfolded protein response (UPR), ER assed
degradation (ERAD) and apoptosis (Kim et al., 2008gt al., 2005)37 % A 37f 30 & R f 30 p T o
the chaperones such as GRP#8% & 3¢ F 84 > ¢ = f 2z !itransmembrane proteins PERK, IRE1
and ATF6 = ¥ #ER-stress™ % it UPR. &yt elicited signaling pathway, UPR can be a demaiitio
response or self-rescuingg | * #. - For example, PERK-mediated signaling pathway: ¢ m? 5 ¥
£% 3 1% 2 13 7% (Kouroku et al., 2007):¢ £ 4 &< ATF4 and pro-apoptotic transcription factor
CHOP: = % /¥~ 3L % (Oyadomari and Mori, 2004)% ¢+ # 7 ¢ ER chaperones: GRP78, GRP94,
calreticulin (CAL) and calnexini11-EPi-SA 2 s 2 &, € T ¥ 7 % % )k & 7 H# 4r (Fig. 8A). PERK,
ATF6 and IRE1 #_%*t ER-associated sensor proteing % /& it 2 #GRP78 promoter (Ma and
Hendershot, 2004)+ER stress™ , phosphorylated PERK 12phosphorylate elF2 ig = "% i1 4 i®

* 2 G0 FEIREL f- ATF6 ¥ 12 i8:2ER chaperonez # 3R & (Araki and Nagata, 2011; Saito et

al., 2011; Yan et al., 2002).

&P w Ay ¢ iz ER stress sensors proteins! it i % ER stres€_ % %27 11-EPI-SARE w2 k= 2
f£% o7 L2 g8 Rphosphorylated PERK and elF2 £ 32 # 4 » e £ PERK elF2 iz 5 % F(Fio.
8B). ATF6-f ATF4%2 CHOP %11-EPi-SA AJ2 {5 4 3L # 4c (Fig. 8B)d % % ¥ 1 3aip] PERK
signaling transduction pathways 14 ;& it phospho-elF2 ¢ = ATF44 g 3 4 » i&m % & 3| GRP78
promoter } - i = GRP78% 3£ 3# 4 (Lenna et al., 2013; Luo et al., 2003). ATHG* i# basic leucine
zipper protein¥ 2 ¥ ¥ % £ GRP78% ;.. AER stres§ - endogenous ATF6 (p90 ATF6Y 1 4 %74 =
50 KDa fragment (p50 ATF6)" 12 i® & transcription factorie » nucleus’ - i&£m % i+ UPR genes,s 1=
GRP78 calreticulin. (Haze et al., 1999y 1* 22 CHOP i# = down regulate Bcl-2 proteirm ¥ 3 +cBim 3-

v B 4 3£ (Puthalakath et al., 2007} itz # 7 # 42 R]11-EPI-SA ¢ 5143 ER stressi & HA22T

, .
KILES A

SAE IS T EE bk AT > ALAPETHEE b0 FEFS 28wk 200 (1)

% 11-EPI-SA &2 18 > IREla 2 p-ASK1# £ # 4r; (2) the phosphorylated form of INK (p-JNK)
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c-Jun (p-c-Jun)# L& H#i 4v > w E_ INK %2 c-JunR|ix7 :x% (Fig. 8C). The IRE1- protei 7
serine/threonine kinas@ endoribonuclease .. & itIRE1- ¥ 3% = TNF receptor-associated
factor 2 (TRAF2) and recruit the apoptosis sigrgelating kinase 1 (ASK1)#&3F 7 R 4 & F_f]% T
ASK1 ¥ 127 it c-Jun N-terminal kinase (JNK} p38 - IJNKaz p38% 3 % * s # it & lwmie > ¢ 35
dmre k= o dmve it o fmre A 2 e i 45 2. 5 (Wagner and Nebreda, 2009). ASKE G 5 A4 =
F- BELAE INKand p3& it & w2 7= F-o F (Ichijoetal, 1997).izu &%+ 1§ Rigip| 2

4 = i¥pathway PERK-ATF6-CHOP 2 IRE1- -JNK-cJun, %2 t-11-EPi-SA% 2 in % /¥ = .
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Figure 8. 11-EPi-SA stimulates the ER stress-mediated apoptotic pathway. HA22T cells were treated
without or with 11-EPi-SA at different concentratgo(right panel) and different time points (middknel) as
indicated, followed by harvesting the cells for ttetection of ER stress-related apoptotic pathwatems as
indicated. Please note that, on the right panés telated with either Tm or Tg were considerethas

indication of ER stress response.

Inhibition of ER-stress-related pathways rescues the cell cytotoxicity of HA22T cells by 11-EPi-SA.

50 { 4r# 7 11-EPI-SA 3 - wre k= ;8 5 d ER-stress pathway #4 i 4] % = B 7 2 34 #|
(Salubrinal and SP600125} i= # ¢ » 2 11-EPi-SA&2 (s ¥ % ¥ d PERK- and IRE1- & i* fm?e &=
BIT o o F BT IOF IR 4 » Salubrinal #r4 ] # 1S 0 nre 3 S 5 862% £ 2 3 80% ¥ ¢k 4 »
SP60012%: w#z % i 5 j£_ 62% # = 2 90% (Fig. 9A). ¥ “t41* TUNEL # % & 47> ;% 4 RIDNA
fragmentation » 4=’ % #7577 Fig. 9B, 11-EPI-SA 2 i 15 22 HA22T %2 & 3 3 3% % Tunel stain. 4p
F ent4e ~ Salubrinal or SP600125+] %]t » H Tunel stainp? & > > &+ 2 ¥ M drd]i5d | indicating
that both of the inhibitors block the PERK- and IRE -/# it 2 fm#z &= 35 - @ ¥ {4 » saulubrinal i
p-elF2 , ATF4, ATFefragment and CHOP: 3 £ P & ™ *% (Fig. 9C, left panel).4p Fr 2- i % fte »
SP600125%r#]#| {5 » p-c-Jun % JL& P & T *% (Fig. 9C, right panel). Salubrinal ER stressr+]#] > #
rprdlelF2 papc it © ¥ ik e S ER stress, SP600125 JNK-specifigar 4 3] ¥ 14 pe g

IRE1- -JNK-cJun pathwayr #. ‘ez k= A& 4 > d 2% 7 w11-EPI-SA A HA22T wPz & 4 P2 k- L

% _%& d PERK-ATF6-CHOP or the IRE1--JNK-cJun pathways.
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Figure9. 11-EPi-SA induces HA22T cell apoptosisthrough two distinct pathways. (A) Two inhibitors,
Salubrinal and SP600125, rescue the cell cytottyxari the HA22T cells by 11-EPi-SA. (B) The decea$
11-EPi-SA-induced apoptotic signaling cascadessassaed by the Tunel staining method. (C) Validatio
altered protein expression caused by two inhibitd&22T cells were treated with 11-EPi-SA in thesence
or absence of Salubrinal (left panel) or SP6001@Ht panel) for 24h, followed by harvesting thdl besates
for the detection of the ER stress mediated patbvwagteins as indicated. Western blotting was peréal by

standard procedure as described elsewhere usirspéedic antibodies as indicated.
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