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Abstract

Endometriosis is a common disorder presented with infertility, and often affects
young women in the childbearing age. However, the precise etiology of
endometriosis remains elusive. It is generally considered secondary to the hormonal
imbalance. Recently, mitochondrial estrogen receptor (mtERP) was found in
several tissues and the putative function is suggested to enhance respiratory chain
function of mitochondria. We hypothesize that mtERP promotes the endometriotic
cell survival by enhancing mitochondrial respiration capacity and changing its
susceptibility to apoptosis. In this study, we found that the proportion of ERp inside
mitochondria and the mtDNA copy number were 2.5 times and 3 times increased in
the endometriotic tissues. Diarylpropionitrile (DPN, an mtERPB agonist) could
attenuate the oligomycin (inhibitor of ATP synthase) or mitochondrial uncoupler
(carbonyl  cyanide  m-chorophylhydrazone, = CCCP)-induced mitochondrial
dysfunction and cell death in the endometriotic cells. The cell viability was
maintained to 50% in the cells co-treated DPN and oligomycin or CCCP. MtERf was
found to regulate mitochondrial morphology (fusion and fission). The
predominantly large tubular form was observed in the DPN supplemented cells. It
was also demonstrated to attenuate the proportion of fragmented mitochondria

followed oligomycin treatment. DPN at 10 nM could reduce the generation of



reactive oxygen species (ROS) and ATP depletion in the oligomycin-treated Hec-1A
cells, maintain mitochondrial membrane potential, regulate mitochondrial biogenesis,
increase 1.3 times mtDNA copy number and mRNA transcripts, and decrease cell
apoptosis. MtERB-mediated maintenance of mitochondrial function was suggested to
attenuate cell apoptosis induced by proapoptotic stimuli. Furthermore, the interaction
of mtERP and mtDNA was found to be augmented in the endometriotic tisssue. The
mitochondrial DNA immunoprecipitation (mtDNAIP)-PCR method was performed to
examine the mtERPB and mtDNA interaction. There were 2.6 times or 1.3 times
increase augmented interaction found in the endometriotic tissue from the patieuts
with adenomyosis or endometriotic cells with treatment of DPN, respectively. The
results will unravel the causal role of mtERP in the regulation of endometriotic cell
growth, which may promote the development of mtERP directed therapies for
patients with endometriosis.

Key words : endometriosis ~ estrogen receptor B (ERf) ~ mitochondria
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T~ 2 &~ #F 78R 4 (Pearce & Jordan, 2004) > A S i ir e ER A & G lmfe
? ¢ heat-shock proteins % & o § ¥ estrogen s & 2 18 » iFit e ER ¢ A= ER
fE 48 (homodimer) - ¥ ¥ 7 5 estrogen responsive element (ERE)FR 71|k ¥l
L > W T 5 A T enig 45 7E 14 (Chen et al, 2004a) - 7 7 &2t » ERoe? ERPB &
fPleBiet 2 b limie ¥ VAR B A BT A FIE SR 0 f1 7 i S
P me end F 542 4 38 7 5y (Zhao et al, 2008) ©

A M) 5 ER 2 Reh 2 ¢ 155 ¥ (bone) ~ 4 & 3t (immune system ) -
7% i tv (cardiovascular system) ~ ;& /g i %t (urogenital system) ~ @ {&4 5
& %t (CNS - central nervous system) ° ERo %+ ¥ (uterus) % L ¥ & % » ERp
# BE * 4 ERa % > ¥ 12 4% (lung )~ 54 ’Jﬁl(mammary gland ) ~ ¥ % (kidney ) ~
' %5 (intestinal tract) % %% (colon) * % I.(Gustafsson, 2000) °

B3I F ™ estrogen g Bl o HOFRGE AUEE DNA 97 % 38 ik AR A8 e
g dev 3 3 4 (7dE % (Chen et al, 1998; Chen et al, 1996) » i ¥ estrogen ¥ 3% &
B G o f AR AT S BsaEN S RS wre ¢ glutathione

A fF o 2 RS fmfe 8= (Chen et al, 2003) o 355w 81 0 3t A F+ F g AP

11



3 (Monje & Boland, 1999; Monje & Boland, 2001)% MCF-7 wm?*2(Chen et al,
20042)% HepG2 ‘m % ¢ (Chen et al, 2004a) » ¥ * 45148 A % 7 ERo £ ERB o ¥
b B A KAk B B8 A dm e A8 (Cammarata et al, 2004; Cammarata et al,
2005) ~ o Auimiz 2 X Bleys B A S fm e ke A48 ¢ (Hsieh et al, 2006; Yang et al,

2004) » 4 3 Mt # I S ERB isoform IR  E2 ¥ #74] MCF-7 §* % i ® 5 d UV

(Pedram et al, 2006) -
RS AwE Y R F ok d
Lo s et 5 g
A ARHIEY § i Bip it (oxidative phosphorylation, OXPHOS) 424 2 4
BWiawrz i ad g £ —ATP > afgpd > % 4 & 4 2 )% (inner membrane)

b5 (outer membrane) ~ B B (matrix) ™ % %CRF 7% (intermembrane space) # w

R (Fig Do A7 poc b @45 f FRET T BT Beruprfigc i
(respiratory enzyme complex) > 4~ % f_ Complex [ (NADH-ubiquinone
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Fotlppe™ > B AR R AT R ho UM dlm e b § R TR O £ (fusion)
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25 4 B (fission) » A5 = 54k & F 8L A4 R ek 5148 (Chen & Chan, 2004) o § 4148
A R E T BT B LR RMAT N B B ERREA
Fli L fk o 3 rnnig A R k8 DNA(Nakada et al, 2001) » @ 354 e 50 4
W@ s 120w B(ATP) &t @ @ vE(Skulachev, 2001) - 448 v 1 % & 4
T H Aok MM icE > Adrime p 3 R BB T 3 e x5 (Collins et al,

2002) > A flmie o R eiE AR o RS H T T O R R T 00 f TS
i ¢ (Barnietal, 1996) o ¥ b @ gkdp 0o A DR & A K B w2

% *7 B % (Karbowski & Youle, 2003) o £ 7 4 > 3 4c § F k548 » 4 < Drpl
X Fisl 3ot chd i 7 00 SRR SR A B b pE2E e k= 5 @ 4] Dipl &
Fisl p|¥ 11 #r4) e 5= (Lee etal, 2004) » #2 0 — e f_> + £ £iF § £ sy
f& & 7 OPAL & Mfnl/2 3-v ¥ 1 ifGE R f £ - B PF3r 4] cytochrome ¢ ¥
B e = k2 ¥ st e &= (Lee et al, 2004; Sugioka et al, 2004) - =
EFIHA bmw k= b A E§ R RPN R
(fragmentation)(Desagher & Martinou, 2000; Frank et al, 2001; Jagasia et al,
2005) > i R ATy ¢ B REY fragmentation € BT RARM T 0T PR
(Esseiva et al, 2004) » ]t #5484 i fragmentation » F ¥ & A w%s = kg
%0 ¥ ¢h S8 fragmentation » ¥ e AR AR i X T - f8 4 IR(Karbowski &
Youle, 2003) = & p* ¥ 5 di S copd £ (fusion) 2 & (fission) & fm¥e /= R i
TRPEF AR R 0 Ewens F 484 & A F(Chan, 2006; Suen et al, 2008) -

z ~ E1E§ A& F (Reactive oxygen species, ROS )

14



3 * B 4 (oxidative stress)# 4p f2 % 2w ¥ i ¥ i J~ (peroxidants) * £ £
4 & g it $~(antioxidant) ¥ % > 13 = R K A8 F T #7(Gutteridge & Halliwell,
1989) » &5 fd AEd UF L¢P wwrad S o £355 F pd A (hydroxyl
radical, OH) ~ 42 ¥ £ &t (superoxide anion, O, )friE ¥ i & (hydrogen peroxide,
H,0,)(Fridovich, 1999) « & ¥ it £ 4 7 tad £ 2 chh+ 2 &3 (23 S 4k
g ARMERIATIRELFAZT I IH LA 2T g%%
dRERC S F(AREI ) AFENP )AL T E AL mE - T 3E L@
S B RE IR AT o A AR RS e 4 R R S LA d A5
Fod g g F R @ FABER S PP T X Bk (Fubini & Hubbard,
2003) -
ROS € o3 i (312 L E A Hreniffiz? 24 > AP DFELR &4 o pry
7 4% 2 F #(acrobic organisms)P} c X F 95%:hF F B F AR P e e
4#(Cadenas & Davies, 2000) > = ATP 427 93 1~2%:13 ¢ ¥ 425 A4
F v iF L EEF A EME D A ¥ A R RT > ROS AdFme ot F
Fa o HEFPRRASUE mep o L BEE o 77 EHRET 0 ROS &
RO 4507 = 531 L 8 1R (second messengers) © i - ## &+ ]+ (transcription factor)
4r AP-1 % nuclear factor-xB (NF-xB)> & 3% % & £ 2 L 4p B A F] % 3 (Desagher &
Martinou, 2000) > & % & & %P > ¥ o % g+~ Eehpd AT ‘}ap“",f » iz
—“ﬁz T me et g T e chBic B T8 = 4 fﬁ—ﬂ ROS % it {7 #4 & (Tripathi

& Hildeman, 2004) -
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ROS ¢ &3 “ERfa i~ 2 ¥7ena) 2 2 & 2 P 7~ B f;ﬁri—g-",ért pd Aen
ARSI D R PR G B A RARBRL TP I AT e
(Nordberg & Arner, 2001) o i+ ¥R ET > w2 ? cHROS F A & 4 B 4 1@
4% #& (Fleury et al, 2002) » i % c7 ROS RIA B M Fup d A F 1 e g§ it 4
¥ it f#(SOD) > 4ei 448 ¢ <1 Mn-superoxide dismutase (Mn-SOD) ~ ‘m ¥z ¢
Cu”’/ Zn*"-SOD -~ § i i % % (catalase) fr 2k & 4 *~iF § 1t iz % (glutathione
peroxidase, GPX)% i,ﬁ"“,f o Efupd AF ik d AaFd 4 DR A IR
%o i €1E > mreing (C R4 (Wei, 1998) - ROS #iti7eng iR F B € 4
B BHAABREG T BB wEHL ¥ ARG o AR L e p &
E FERRLXET AR F FERS §RFROSHE > F FERES §
¢ ROS e Hme 24 2 B M FERR g3 me? ATP 2 &
ot 33 B e 73 7% F (De Marco & Caniggia, 2002) -
ROS#EARAZ » P i fRimie? DNA~ & 3o FELFEHRT L > 8
wPz 5 % (Wei, 1998) o fm¥e 37 N BHeniE /275 & ¥ > § e et BeE 20 3
FHRET R Epd Ao RGIFREALIEOE F IR E LT P
d oot yROSVF it 2B S A G w2 k- 42> § w%e? 24 ROSF > ¥
fedrdFuE = 23 Bel2 23 NI B R iR E Ay T F A
cytochrome C- /& it F ¢ caspase » ¢ ‘wmPz 4% /&~ (apoptosis)(Nishimura et al,
2001) o @ F iR 4 Farag S dmie poa L BIRR G S e O T e g

AR~ 314 fmre ey i § 1 (Halliwell & Chirico, 1993) ~ 88 imve b #64 3
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SH 2 94 = (sulthydryl-containing molecules) » ¢ 7 Fv & ~DNA & % ¢ < 3§
@ gt (Cadenas & Davies, 2000; Finkel & Holbrook, 2000; Nordberg & Arner,

H

2001) -

I ~ Oligomycin

Oligomycin % & F#rd [ 448 5 i gRpe i # it % > oligomycin ¥ 4 & 4
# Complex Vi Fodomain t éh% = B fr% 4 & subunit » i = 47730 % @ [ 48
TR B ¥ e ATP ¢h4 2 (Penefsky, 1985) » ‘@ p ¢ B8 efex i §
i o ita @ e p ROS A 4 Hi4e - EPFIF AJZR] € & mP2 B ROS " 4 k4
YR =% m g fwmie k= g%k o
+ ~ CCCP (carbonyl cyanide m-chlorophenylhydrazone)

CCCP #_- faf ST s ®| %%’ d CCCP #74 enf T &2 REess4a
STA 4 hd B R L B M ch T 5 A (proton gradient) v 0 T F
G iEa Frd] ATP 78 = 5 € w2 p ROS 2 3 o F 8T % i<
% 4 20 UM CCCP /o dZpF » F AR F T @ = mi2 B o
= ~ DPN (2, 3-bis(4-Hydeoxyphenyl)- propionitrile)

2, 3-bis(4-Hydeoxyphenyl)-propionitrile (DPN) #_#g 5% B cHiE 38 | (agonist),
DPN &opigc2 X Pl &4 App2 <Moo 170 & > 2= 3 &1 » & DPN 10

nMeERT > g2 XM B F BB g & 4 (Meyers et al, 2001) (Fig. 4) -
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E
i

Amersham Biosciences
(Piscataway, NJ)

Ammonium persulfate (APS)

Enhanced chemiluminescence (ECL)

N,N,N-tetramethylethylenediamine (TEMED)

Polyvinylidene difluoride membrane (PVDF membrane)

Amresco (Solon, OH)

Agarose

Phenol

Phenol : Chloroform : Isoamyl alcohol, 25:24:1, v:v:v

Ambion (Lakewood, NJ)

Proteinase K

Ambion (Austin, TX)

RNaseZAP

Bio-Rad (London, UK)

Protein assay dye reagent

Fluka (Buchs, CH)

40% Acrylamide/bis solution
(N’,N’-methylene-bis-acrylamide solution)

Gibco (Grand island, NY)

Antibiotic-antimycotic

Penicillin-streptomycin

Trypan bule

Trypsin-EDTA

Invitrogen (Carisbad, CA)

SeeBlue® Plus2 prestained protein standard

J. T.Baker (Phillipsburg, NJ)

1,4-dithiothreitol, DTT

Acetic acid, CH;COOH

Chloroform

Citric acid, HOC(COOH)(CHCOOH),*H,0

Disodium hydrogen phosphate dodecahydrate, Na,HPO,

EDTA

Glycerol

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, HEPES

Hydrogen chloride, HCI

Isoamylalcohol

Magnesium Chloride, MgCl,

Methanol, CH;OH

Phosphoric acid, H3PO4

J. T.Baker (Phillipsburg, NJ)

Potassium chloride, KCl

Sodium acetate, (NHy),SO4

Sodium bicarbonate, NaHCO3

Sodium carbonate, Na,COs

Sodium chloride, NaCl

Sodium hydroxide, NaOH
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Sodium tartrate

Sucrose

Tris-HC1

Jackson ImmunoResearch
(West Grove, PA)

Anti- mouse IgG conjugated alkaline phosphatase (AP)

Kirkegard Perry Laboratories
(Seoul, KR)

Bromo-chloro-indoryl phosphate / nitro blue tetrazolium
(BCIP/NBT)

Lab Vision Corporation
(Fremont, CA)

Mouse monoclonal anti- prohibitin antibody (Clone 1I-14-10)

Life Technologies
(Gaithersburg, MD)

Fetal bovine serum (FBS)

Molecular Probes (Leiden, NL)

5,5',6,6'-tetrachloro-1,1',3,3'-tetracthylbenzimidazolylcarbocya
nine iodide (JC-1)

ATP Determination Kit (A-22066)

MitoTracker® Red COXRos

Santa Cruz Biotechnology
(Santa Cruz, CA)

Mouse anti- o-tubulin antibody
Rabbit anti- ERJ antibody

Sigma (St. Louis, MO)

Butylated hydroxytoluene (BHT)

Bovine serum albumin(BSA)

Dimethysulfide oxide (DMSO)

Ethidium bromide (EtBr)

Ethylene-bis(oxyethylenenitrilo)tetraacetic acid (EGTA)

Glutamic acid

Glycine

Glyoxylic acid

High glucose DMEM medium (D5648)

Nonindent P-40 (NP-40)

Sigma (St. Louis, MO)

Phenylmethylsulphonyl floride (PMSF)

Oligomycin

Potassium phosphate monobasic, KH,PO4

Sodium cyanoborohydride, NaCNBHj3

Sodium dodecyl sulfate (SDS)

Triton X-100
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- ~ ¥ %<& (Tissue collection)

Al R R o FE A CHRRL R §R (RS PIS0046) - AR
e FEAEHAFRIES T 7 7% myoma) (n=14) ~ + F ¥HUE

(adenomyosis) (n=9) ~ £ 77 5. 4 % " (chocolate cyst) (n=7)% + § P %3 4
(endometrium hyperplasia) (n=3)¢ & # & =2 R =+ ¢ pSlem - + 7 e tl
£ % PBS ‘}aﬁ“?ﬁa ) ﬁé’:—,f‘:f'_.f‘%‘ij ez e IR *}%"‘Jﬁa—i “f s R FT20C Ak T e
Z ~ A $EF g p Wi ?e (human endometriotic cell)3 %

A Fg+ g P %2 (human endometriotic cell, Hec-1A cel) 7 32 &3 7 3 10%
it Fp 2 o jF (fetal bovine serum, FBS) - 100 unit/ml penicillin ~ 0.1 mg/ml
streptomycine 2. Dulbecco’s modified Eagle’s medium- high glucose (DMEM): %
o BN S5%CO 3T ClERZEAMY B LA L3 N4 AR BB
TN A o
Z ~ otz Rev ?’ %l # (Preparation of cell lysate)

B3z %Y 10cm 2 & x ¢ nim¥e 1 & B = (phenol red-free)ss % ;% starvation %
AP R ES B RRERF2ZE > 2333807k 0 £ kP PBS jrixs = > 353
$v 60 pl & 100 pl srvprotein lysis buffer (20 mM Tris-HCI, pH 7.4, 125 mM NaCl,

ImM MgCl,, 25 mM B-glycerophosphate, 100 uM PMSF, 1% Triton, 1 pg/ml

leupeptin, 1 pg/ml apotininn, 50 mM NaF, | mM sodium orthovanadate ) » & ** 7k}
T% 30 & 48 1w W3 fE 1 > * sonication 2 F T m¥e > 11 8500%xg *t 4°C >

B 30 M el i R e TR R0 P ARG E R g
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BEE BB R L R0 TR o
T~ A en4 3 ( Mitochondrial fraction)

A )T RS A AR e S Tgets 0 R SRR % A B
F LA, o Himre e B EIR S > 1 PBS Pk o Bmre g A r ¢ 2T
fefwmreie 2 15ml 3w g > 600xg > 4CHL 5 A d8is » TR ik e
£ 7 % %8 4 <9 mitochondrial isolation buffer (2 mM HEPES-KOH (pH 7.5)>2.5 mM
MgCI2 » 0.5 mM EDTA > 2 mM 1,4-dithiothreitol (DTT) > 250 mM sucrose > 5 ug/ml
leupeptin » 5 pg/ml apotinin > 100 mM PMSF)353 & & {& » B >t kb i8% 30 4 45
& nre W5 f2 > * sonication BT e 5 11 600xg >t 4CHLS 10 A 480 T

B o b FiR 0L 8500xg ¥ 4CHLS 10 A 40 9 |t A 4 (pellet)

-

5 kA8 o - mitochondrial pellet & 30~60 pg 7 protein lysis buffer 323 & &
Bpk fe % 30 A 4Rfs 0 & 12 9000xg ¥t 4C AR 15 A4k fe Bz b FR s
A SR8 -9 B 5 P~ (mitochondrial fraction extracts) o 5 dv T > B EE
Z A SRR e B G R PR 0 U d D R BRI R e KBS gt 0 e
3oL o
« 4408 DNA 4 % 7 i (MitoDNAIP)
AFHRT Y RELZERPE P SAMDNAZ fFF 8.2 5 % & o M0t {5 a8
fraction 4 1% formaldehyde i¢ #> 5§ DNA & F-v B *+4°CF B304~ 482 B F J&
(cross-linking) » ™ PBSi* i » 15000 rpm#t.« 154 4816 » Z R+ ik » 4e » 125

mM glycine ¥ frformaldehyde cFicross-link /€ * » 1/ sonication#2 i = gl i s 48 -
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8500xgHr = 154 488 » Bt ik (P Z mIDNAB S & 3w ) » B i+ 42 —
it % PCReminput control » | =} ,Fi,.z £ 4e » w B A AIP buffer( 20 mM Tris
(pH8.0) > 150 mM NaCl > 2 mM EDTA - 0.1% NP-40 > 0.5% Triton X-100 > 0.1 M
pMSF) » 45C F &304 48 > 11 600xgdg =54 488 » B~ ik 22 2mg ERPIAE >4
CHe e i®% » A 22 protein G-conjugated agrose beads*t4°C i % 1/] pFis » 1
600xg > 3F . 54 45 > < § beads > ' Wash buffer I (20mM Tris, pH 8.0, 150mM NaCl,
2mM EDTA, 0.1% SDS, 1% Triton X-100) > buffer II (buffer I containing 500mM
NaCl) > buffer III (10mM Tris, pH 8.0, 0.25M LiCl, ImM EDTA, 1% NP-40, 1%
deoxycholate) > % buffer IV (10mM Tris, pH 8.0, 150mM NaCl, ImM EDTA) i &
e B2 R M E e ",f ° jj- % ¢ fibeads? PCR input control4c » elution
buffer( 1% SDS, 0.1M sodium bicarbonate) > **65°C & R 154 45 %4 T _F-v &2
mtDNAj¢beads_t elute ?} % > 3000 rpm » #5448 > fcP~_t 7% 225 M NaCl>t 65
Cie* - BaLt # (il 2 mtDNA shcross-link ° £ 4 » 25mM EDTA > 10mM
Tris (pH 6.8) > 10 ml of 2 mg/ml proteinase K » **45°C £ &1 ] BFis » 14
phenol-chloroform-isoamyl alcohol % i* 3 B=mtDNA ° & {$ & * D-loop primer pair
it 7 B 4 %% 4840 £ i (PCR)(Achanta et al, 2005) o
* ~ 3¢ F T /% (Protein assay)

T E PR IZEJ|* Coomassie Brilliant Blue G-250 fr3-v F 5% & gt o §
G250 3-v T bt Hppd ¢ d HRSFI > LK SIS nm k£ & (7

MRl v FORRA® 0TI X E 4 F o Bio-Rad protein assay dye & 122
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Fokik 114200 BRI B2 0 * Whatman No.l Jgiiigts » % - g ¢

e x 1 mliBigi% > ™ 0.2 mg/ml~ 04 mg/ml 3 0.8 mg/ml 2. BSA ¥ % & %% >
PR 2Bk A R K EE Ry FOER RN Mo h G BRI

AR Ao 1S3 ul BRI DRSS SRFR G BRI LR FR

JB 4 »* standard 0.2~0.8 mg/ml BSA 1% 2% & > 12 595 nm j& & ] 2% sk @ > b

T b S8 Rl 2 3 TRR o

= ~ & 3 % 2Lz (Western blotting)

1.SDS-PAGE gel preparation

Gel » 5= & » + & & stacking gel » e ¥ » /2 5 3.94 ml ddH,O ¢ » & %] +4¢
*> 0.5 ml e740%¢+5 acrylamide/bis ~ 0.5 ml e71.5 M Tris-HCI (pH6.7) ~ 50 pl e
10% sodium dodecyl sulfate (SDS) ~ 50 ul 7 10% ammonium persulfate (APS) %
10 pl &7 N,N,N",N'-tetramethylenediamine (TEMED){¢ > F gel 52 %] - T & 5 10%
separating gel > fie % = ;2 5 % 122 mlddH,O ® > & %4 » 2.5 ml 773 M Tris-HCI
(pH8.9) ~ 5 ml £3140% acrylamide/bis ~ 200 pl 77 10% SDS ~ 100 ul 7 10% APS %
20 ul en TEMED -
2. ® 7 (electrophoresis)

Bem AR B TR AN P IR R A 77 (running buffer) > B~ 60ug € hiF

\x,:;

B 3-9 B 5 P~ 27 0.35 M protein loading dye 2 £ {5 >t 95 C T 4v & 5 A4 0 i
{7 F-v e[ 1E % (denature> £ % (S5g T B 32k 2 o 1 10% SDS-PAGE gel
AERRI 80 voltage & {7 £ A& 7 &) 3| S ig b § ok o TR (7 Fed F ol
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3. # Er(transfer)
T $43§ ¥ % -] 2 PVDF membrane » ™ methanol /B &5 » 3 33 -kikE i3
i€ % % o Rk A {59 SDS-PAGE gel d L% + BT 2 h 3 M paper ¢ o #

PVDF membrane % % >+ SDS-PAGE gel + > 17 43 & PVDF membrane } #-

o

marker ez ¥ % 1 F L S £ &7 ,—Fi‘*{’ £ 31 @] paper > 14 B}&;}iiﬁ
B2 f ie t5 B e 3t 4C GR TR 12 400 mA 20 F R B 100 A 4 A o

4. Immunoblot

B % {8 > ¥ PVDF membrane ™ 3 5%% "5 3«17 TBST (tris buffered
saline with Tween-20) blocking buffer i** 1 -] pF{s » i§]H- blocking buffer » 12
IXTBST 2= = » & =t 5 A dge e = £ 2 {5 > 4v » primary antibody > 4= ERp -
Actin ~ VDAC £ 8 4388 ie* 2 .} FF > & 2 IxTBST '}Pii?’o.’: Koo RS Ao
£ ¥ 4v » secondary antibody > 4r anti-mouse IgG conjugated alkaline phosphatase
(AP)% anti-mouse IgG conjugated horse radish peroxidase (HRP)% 4% £ 4 Fu 48 i*
* 1 P IXTBST iz = » & =5 4 45 B 1S 4 W] 14 bromo-chloro-indolyl
phosphate / nitro blue tetrazolium (BCIP/NBT) " enhanced chemiluminescence (ECL)
Wk ¢ o fl* ECL & ¢ e ;% » &+ PVDF membrane + % # ECL buffer i * 30

i’)iﬁi/’v\ﬁ(@#’b%% @ "‘L) ’ j.%i)\ g"ﬁ X-film e+ @ MI% ”FEZJD%F" o
A~ Scratch wound assay

#1x10° 272 32 % 3+ 6 well culture dish 24 /] PF{s > Pz phrgat 2 + G- -

AR EE S S R 0 O R (S A pipette tip 3t well ¥ R ] iFs o Lo
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PBS jji well & =t » &% 4t » % 7 10% FBS fr no phenol red 77 DMEM/F12
medium 3 ml > 4r » #Fpl$ (chemoattractant) 4= DPN » E, {1 > 58 % % F eh
PR LIRS B2 we LT g 5d FRlPanflpa 22815 -

1 ~ im% 55 & (Cell viability)

#3310’ Bz A3 6emB EH o P > L A B[IUE R 21 % starvation %
AT R EF DR PR {s RRw%ICEER TE w% - Trypan blue &_
AT e A S A AR B BT B e e 2
e R - o H e R4 AV IRIY F o trypan blue BT 7 3 dnm e MO~ e
MR LS RS 0 ARAAA TR ML B K E A S B e o B
20 pl £70.4% trypan blue f= 20 pl chsmz iR &> & * ‘w % 3+ #icds (hemocytometer

]

Ly

chamber) f 2 et ™ & 78S > 3 e enz
L VATP 5 Bl %

4§ %] * ATP Determination Kit (A-22060) > i& ¥ recombinant firefly
luciferase fLit < & D-luciferin & # /4 £ (emission maximum % 560 nm, pH 7.8)¢7
EAEE & ATP e 3@ R 1 Pliwre p ATP e 4 o#-1x 10° e %3 10 cm
BEAmd 24 | S A BB B D g T PR Sl me o1 PBS b k- o
4e > 1 mltrypsin-EDTA &% 1 2 3 ~ 48 cf w1 15ml 3t.< ¢ > 3000 rpm
B 5 AR iR E R 0 L BE# I PBS ik o 11 600xg B S
g F L Fik o £ 4~ 100 ul ATP Hcell lysis buffer-4°C (£ % 15 4 45> 8500%g

» &35 ATP Determination Kit #74 - chig ) & e (e300 > B i
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FI* 5 # 5 2 45 R (HIDEX Chameleon Microplate Reader, Finland, Turku) i
RIA*ZEfRRlF - BIEAAZL SDATP - & - R4 ATP % MEw FERERR
AT et i@ > W 4R A e specific ATP 7 £ o
-+ - s~ M Lowry 2R Hd FZE

72 ] Solution A : 2% sodium carbonate, 0.4% sodium hydroxide, 0.16% sodium
tartrate, 1% SDS; Solution B : 4% copper sulfate (V); #- Solution A ¥ Solution B
11100 © 1 #r# pe® = Solution C; Solution D 5 1 N Folin-Ciocaltean phenol
reagente B~ 40 pl sample 4r » 160 ul = =< -k fe % = 200 wl & jpli% » 40 ~ solution
Cie* 10 445 > £ 4r » solution D 60 pul % 45 » 45 » ** L & 660 nm B| =%
kB kR SUM ~ 250 UM BSA # (iR % 0 R L BEe sk B F ek sk B
v R R R AR VRN B RS2 0 FRR -
L =~ Rl TR A% DNA # P #(mtDNA copy number)
1.DNA e B~ 27 34 {L

B1x10° B im0 10cm B A x ¥ 24 /| FFis o A w8 ES T 2
PR (5 fc B dmte o L d 35 %R (512 PBS Fi£A % 0 4ur £ 4 10mM Tris-HCI
EDTA (pH 8.0)~1.5% SDS~10 mM RNase A 2 2 M butylated hydroxytoluene (BHT)
A R A 37CTiE 10} PF{S > £ 4e » 10 mM proteinase K =4 f2;% & 56°C
T iE* 2~12 ] BF > B~ 3 WA chfs (phenol) EHR AR £323 5 0 8500xg o S

A R

~7.

TP~ kiR 0 £ P32 8 f e0s-§ 7 (phenol : chloroform : isoamylalcohol ,

ot

25:24:1 , viviv) 33232 & 5 12 8500%xg Hew 5 A 4 s B /%'-/f@ 45 ) Lﬁ‘gF 1
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I 3= 2 {5 B384 hF  (chloroform : isoamylalcohol , 24:1 , viv) 323 iR
& 0 12 8500xg Bt 5 A 4BIS FP L iR 0 U A R Fd RS o A A
B 0 L2 R4 0B B fR(isopropanol) 2 1/10 (v/v)sh3 M fif 4 (sodium
acetate, (NH4)2SO,4, NaOAc, pH 5.4);8 & {5 » % »+-20°C it ik (precipitation) 8~12 ]
¥ o & 4°CT 8500xg &~ 10 4 45 > "ﬁ?—i ikt L IS%IEPEE RS ik P
AYRUE 0 4CT 8500xg v 10 Ak SIGEE ZMACHE 0 #-DNA B
- =t -k &% TE buffer ? © | £ DNA w5 £ & ODygp ¥ ODygo 714t & 5 2285 . 7
¥ DNA kR -
2. E5pe3] + (oligonucleotide primer) & =

& = 51 3 (oligonucleaotide primer)i& {7 mtDNA ~ cDNA ¥ & 4848 F g o #7#
Z_513% DNA 7]> Table1 -
3. B & pt 2 484 F B (polymerase chain reaction, PCR)
9 52 10~100 ng DNA 2 50l £ iR &% » B4 F iR &% & 45w 46 dNTP

mixture 200 uM ~ 513+ % 0.8 uM ~ 1.0 U Super-therm DNA Polymerase 2 1 & PCR
reaction buffer (0.01% gelatin, 0.1% Triton X-100, 50 mM KCIl, 1.5 mM MgCl,, and

10 mM Tris-HCL, pH 9.0) - ¥ B e & 2 PR R 25 95°C % 1 (denaturation) 5 4
& > 95C % 30 #) ~ 53°C 3l + # & (annealing) 30 #,£ 72°C 35!+ 4t ¥ (primer
extension) 30 #; » 14 Mini cycleTM PCR machine (MJ Research, Watertown, MA)
BT 25 BUHRF B(H BIREY R A HDNA B EZ Primer ki) @ {5
T2C5IF W 5048 0 Bfs B RRK TANI5C o #7* 2513 DNA 7|3t Table 1 -
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4. Real-time Quantitative PCR

P~ 50 ng/ul DNA 1 ul f=7 732 &:2 & 10 pmole target-specific primer 2 pl ~
SYBR Green I 1 ul ~ MgCl, 1.2 ul ~ H,O 4.8 ul - Real-time quatitative PCR 3% Z_i%

% 4o [ Heartstart 94°C 5 4 48 > 457 & 5 31 B HFHRE = g Tif i > 94C 30

F#5~62°C 30 #)~72°C 3045~79°C 2 » 48 % % ¢ * LightCycler Analysis 4 47 ©
5. & #(electrophoresis)

B~ 6 Ul PCR #& 4 > 12 1.2%32" 2.5% agarose gel ~ 100 %33 BT » A& Mupid-2J
i inok T g A (Cosmo Bio, Tokyo, Japan) » i€ * 0.5 & TBE ¥ #7% (0.1 M Tris,
0.1 M boric acid, 2 mM EDTA-Na2, pH 8.0)i& {7 2§ ¥} & /& - £ 12 ethidium bromide
(50 ug/ml)i& 7 5~10 » 484 & > %9 Sk i AR (Viber Lourmat photo-print
008-SD, Cedex, France) ™ #& 4 DNA & & o %% £ 41 * Photo-captMW Z_& %
2v(UniEquip, Fraunhoferstrasse, Germany) 4 7 DNA & -
L+ = ~ 5N e R (Flow cytometry) 4 15
1./m7% B2

B3+ PR > iwe Hec-1A 3 £ >0 10 cm#2 % > 7 & 5 232 & /% starvation
2SR e ER T  PER 2 (551 PBS %%~ = 4e » Iml trypsin-EDTA i
F 12348 Jcheei 15ml e g 0 600xg e 5 44 3R Gk
£ 2 PBS ik > 3 600xg e 5 A48 0 F R iR T Iml PBS #23 dm4cw
2o e~ LE[{S @ % SN o Pe iR (BectonDickinson FACScan system, Mountain
View, CA)iE& 7 & 47 o
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2.0 3 14 #ic & (mitochondrial mass) 7§ /g

MitoTracker Green FM _§% * &k i P} 4048 4 & = #c & (mitochondrial mass)
ey Sk 44| > F] MitoTracker Green FM % 3 thiol-reactive chloromethyl moiety

R ARE N A S ke o0 B R % & F (peptide and protein

conjugates) * * F %"g BhR MMEOCT o0 AR T E M AR lipid
environment(Oubrahim et al, 2001) o #-im%z 12 1%+ paraformaldehyde & Z_5 4
48 0 PBS i 2 =0 > Ao ARE 5 1S A4 B ] PR LR dm e R R
K E o
3. fm%2 &~ (apoptosis)iP| Z_

wmre el A S A A Ry = BT 0 A B 5 BT PfRO%
(phosphatidylethanolamine) ~ ## 5 fi *% & (phosphatidylcholine) £2 & #5 fig 58 % fik
(phosphatidylserine, PS) o it ¥ 7% fx chim?e » > PS &35 A lwfe soenff & Ay
B E (inner leaflet)end-v B » % %2 = P HIBFH PF > w2 k= 4 P (early
apoptosis) DNA & & 74 » ‘m%e WofF R gk rg T en? S A i 4 dove woensh
By B f2:g = PS o fmfe W Rl A 3 ¢F F (outer leaflet) » @ Annexin-V ¥t PS &
B AfeS o TS T T(Ca dependent) ¥ 27 ‘m*2 4 & I PS % T mELs
igﬁ Annexin-V & § Skt FITC ehig & » 7 % 52 R & ) lmbe p = g 4 o
Propidium iodide (PI)E_#% fié (nucleic acid) &3 £ $£ 4 &) » F * 30 5 W] w9 3 /5 &2
T iz g 2~ DNA 874 = 5 BLinim®e JF = 18 3 (late apoptosis) » ¥ F5 d L

Z e PF 4+ Annexin-V 22 Pl en'w s i& (7] T_o 11 & fis ‘238 & /% starvation 2 %4
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Al E TR P R e 2 (8 f ik w5 £ R 0 1 PBS ik im e A o

B ikdy TACS™ Annexin V-FITC Apoptosis Detection Kits (R&D Systems, Inc.,

Minneapolis, State)=77 % * » = = {3 Annexin-V incubation reagent % < ¥ @kt I

Wk o Bde B JIP (ST BT K enim e 2 reagent o F R T SR T 15~30 & 45iE
% & F J&(binding reaction)’ & & 14 1x’% & 4 =% (binding buffer)it 3 A £ ‘wm¥z

BLE YA AHAI 208 Tl RPN RN e kR R

4.5 % p 4 A (Reactive oxygen species, ROS )R] £

2',7'-dichlorodihydrofluorescein diacetate (H,DCFDA)&_* *+B| & %2 b ROS

7 £ % Sk 48 0 2°,7’-dichlorofluorescin diacetate (DCFH-DA)E 5 & B 82 - 5
B] > w7 i 3F e iR » P > DCFH-DA fim?2 B € 4% fiy s (esterase) 4" % = &

% 7 i Jm 7 %oen 27,7 -dichlorofluoresin (DCFH) » % fw# ® 3 ROS % %p¥F » ROS
¢ 2 DCFH * J& > 2 = & 5 % J § k12’7 -dichlorofluorescein (DCF)it & 4+ o
¥ %k iv &% DCF %’%E’ 488 nm g &k R g (excitation) © T P A 520 nm Jruit
e bf(emission) B + g b E o JEUE 0 e Priedr F 5 Rk Rl 0 ROS
BRI R e R SRS ER o B EAST S BT ket 0 4o x|
ml PBS 323 dpdciw?e » @ REB T 4 > 5 uM H,DCFDA » i®%* 15 248 > &1
PR Sz e Rk 17 R -
ST e 47

i * 55,6,6-tetrachloro-1,1',3,3'-tetracthylbenzimidazolylcarbocyanine iodide

(JC-1) 1 Bl m e ¥ 5000 Ayenie 1t o R ARAR Avd R 2 § LA TC B AR o A
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A e R T A B R AR IM(H 250mV) 0 f£2 & mitochondrial
membrane potential (Ay) > & P b f 37550 o JC-1 F K LA 5 g M anfs 3+

ol b r e A d 5 E AR IM g TS E A

<
F_*
=
1t
@3
[
A

100mV)pF ¢ 12 monomer 7753 73 . > excitation 7t /R 488 nm Je ’ emission
525 nm e i d F koA oy Ay &b g 0 JC-1 ¢ (7R & (¥ (polymerization)
B S IM A = e J-aggregates > % 590 nm e M f i d F Ok o MR kR A
U s i T B e ¢ R RAENET 4 h3 4(Smiley et al, 1991) ¢ JC-1 Fli
B AT R A B AR MR A SR 4 o st B AT 15 e B
T kenwfe o Ser 1 ml PBS 323 dpdcee s o RIEB T 4 S UM JC-1 0 iE
OIS A 0 At R RN S e R AR (T R o

MRS ES O -N Y2
1. § % £ = & #c4 (confocal microscopy)

*F B £ g &R S (TCS SP5 AODS, Leica, Germany) & g% ERP & iw
e A WA, R BRI RIS R AT > AR LR AR R
BMME N P E TR LTI I NFEELEAELIRT ALLE B EFL P
EM B a4 AR F BT F sz o 247 R 018 um > # 13E A e

Tt R Y SR S G et SN 0 VR 7 B iR

e

Rl

Eixzmﬁgt’ mﬁgﬂ?;ésb l;/h’f“'_aﬂA,\]/;p ,/F)\ 7 ﬁ’* FEF\ “'Krj’]‘ }i F'&“
2. Transfection

& 6 well ¢ f& » 5%10° fm#e > A %] B~ Lipofectamine 2000 12 pl £ 5 pg target
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DNA 2 OPTIMEM (£ % # % 5 548 » £ Bl4e » % ¢ > 6-8 | iz fdk v 37ch
culture medium» 72 -] ¥ {4 & 2 ( B~ 600 ug/ml G418 & i ) & :E % {4 P~ 100 pg/ml
KX SR
3EKLME M LB Y RS
i 6-well 3% & 4 F 3% » i F ¢ cover glass (E /2 22 mm) > #-Hec-1A '

prr &3t coverglass b oo h Z X e Huw S R PE o A B4 B (S 4 % R AR
12 4°C PBS jjie 2 = 2 ok fw 2 ik 8 > 4 » 50 nM & MitoTracker Red CMXRos
(Molecular Probes)*t 37°C T % -k & J& 30 4 43 > "2 HEPES buffer (20mM)i%&is 10
ki £4F 2 {8 0 £ 12 4% paraformaldehyde 8 1T % 30 A 45T T imre o ¥
PBS jritinfz 2 = > 2 {54 » 75 0.2% Triton X-100 2. PBS 7% 10 4 4% > F
K- hm 2 Mg o £ 12 PBS % 2 = {8 0 4e ~ blocking solution (3% BSA in PBS)
A 37°C ' % | o] pF oo 2 ",’TT blocking solution 7 * 4r » — % %8 rabbit
anti-ER[3 Ab ~ Mouse anti-cytochrome c4°C » Jis— Bot b o 3 - fidliis » 1
PBS jritinfe 5 A db> £4F 3 & o £ 4 » = B 4dll FITC-conjugated AffiniPure
Goat anti-Rabbit IgG ~ FITC-conjugated AffiniPure goat anti-mouse IgG 37°C * &
2/ PF e A3 2 BgRREE > U PBS F Rl 504 £4F 3K o B8 ul
& #7239 % VECTASHIELD® Mounting medium JF ’g?f by S ST 0 B o o= A
1% (photobleaching) =i & » a4F ¥ £ T > A& 50% 2 F o #-cover glass % Z 3+ >

¥Rk gr o WA F AL O RRTEP T Y > MitoTracker” Red

IR KR RO E UTHEFEERERR  VEHEBREEmER LT
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5 Lok S ¥ LR % 4 F o MitoTracker” Red ez st £ 5 588nm » 2c i &

5 022nm > frimig p LRI SR B ehir ¢ R > T LR AR o I § &
& 5 LR BRR

ke AL HR LAY KL S (5h%k FITC B

ERBZ Cytochrome C ffm?s b > R4 ¢ & 5 chffa) o

LI BmEA

4 452l 2

4 Student’s paried t test (4 47 > p<0.05 %7 & 7 SR & o FHREEF M

mean + standard error mean (S.E.M.) % 71
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S IPAWRRE IR ”"‘”’]Ufﬁ-ﬂ P Rghp e < R R ERPS A R

R A b R A B R SRR fe Rl e p R R A Y SPERB Y £
BAET 3 H AP % o dmfe p 2 AR hinternal control & % o-tubulin 2 COX
IV &% &7 > Wﬁl:}i(adenomyosis)i 77 5. 4 & *f(chocolate cyst)en+ §F PN ¥tk
7 3 A SUHERPA R 30 BB 2t 5 R 2 (control) 2 + F -k (myoma) £
£ ° Controliz > SAERPZ £ 5 1.28+0.14 » myoma 5 1.61+0.16 » chocolate
cysteZ L E B § 0 £3.56+0.28 > adenomyosis | £2.34+0.24 - @ ‘e & p ERBeN
£+ F 8 4eenIR % > Controlie 3 1.06+0.11 ~ myoma 5 1.25+0.09 ~ chocolate cyst
&_1.27+0.32 ~ adenomyosis%_1.38+0.19 (Fig. 6) °

= ~DPN$+ g p %R > m% (Hec-1A) 43 (7 18 #

#-F g pR = kme 4 B4 ~ 10 nMeestradiol 2 10 nM eDPN 32 24 3 48
JpE S BB e B (T eI % o 5 % 4oFig. 7AW fde » estradiol{s 0§ P AR
4% 7 0 @ DPNP) & 0t — IR % o 48 P|IDPN#75% % cnERP A lm?e § ¢ 13 ifenk
¢ HEROF “T7 Fp o Flptdg ™ KRB RERBAEF F P R iwmie ¥ ATt
g o

» Hec-1An% ¢ DPN ¢ i€i¢ # RWERPHZ R E H 4o

I

et N OMER (w4 B0 N fE e B S 5 AT (Fig. 5) 0 B 2 e & 5
i kB PERBZ & 0 w2 p 2 A4 N chinternal control 2 3 B-actin %
VDAC - % I f4c » DPN{é » & #h H w2 p chERB Fok 4 ’%@ERB’K +“ control &

TR F A (14R) 5 A 4r » RS EATPF$14#] (oligomycin) B] £_ig = fw e p &
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o SUAERBIL 3 £ B (Fig.8)» A fsufrrwigand i & H(CCCP)F 2 o ¥ » i
RERPZ £ v controle s 4c 1318 o 3 1 HFE M F F %> AP T h R ¥ F AR g L
Rapcse KELE > 5 d DPNAJZ (S » e #74 4 (ERP ¢ & 3 S8 o 5 5% 4o
Fig.9#7 7 » sc ZE g {8 » 4| MitoTracker” Red COXRos (Fig. 9= ¢ & £ )ik 2k
S =% 2 % ERPendid g 4§ FITC(Fig. 9% ¢ # %)eh- s puili i % M ERP &
mPe ¥ iz ¥ o 3\ Z¥ I control mERBg P RV SN L S L %‘F}i kA

RN 5 DPNAJZ S - ERB§ ~ 2 &8 Flp st p (Fig. 9OHf ¢ & %), froligomycin
JJL nim e P o SR b e TN R BB TIERB S A 1 CCCPAJZ (S - 4 IRERP
STl eiprr Y £ FR) ERPE < £ R A smagd o
z ~ DPN*# ®oligomycin* CCCP#7ig = chlm?z if T

HBefmre 1N fE R fe 4o B N B (Fig, 5) 0 41 % 0.4% trypan blue% ¢ frdye
exclusion™ jZ jp| w8 3 % 5 o F F % ¥ 4oFig. 10977 » M control e enm ¥ 13 7%
F 5 T447%+2.45% 3 % F ¥t B 2 > DPNaJIZ chim % 3 7% 5 5 69.26%+3.42
(n=3 > p<0.01) » 2 control '=. * & 4p = » H ¥ 12 oligomycin &7 'm & 13 & &
43.35%+7.83% (n=3 > p<0.01)2 CCCP thim ¥ 3 7% % 36.47%+7.85% (n=3 > p<0.01)
S5 > 2 4 » DPN co-treat & » fm % 73 i£ & 3 w 4L 7, > DO & &
51.09%+8.78% (n=3 > p<0.05) » OD . 3 48.07%+9.15% (n=3 » p<0.05) » DCp .
F 48.07%+8.6% (n=3 » p<0.01) » CpD =B £ 43.77%%6.00% (n=3 » p<0.01) °
7 ~ DPNi%3# fn % $& $ioligomycin & CCCP #7342 chim e /% =

5 ¥EFIDPNA_ZE 5d drdlimie k= 54 = 3 fw P2 7 4goligomycin &
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CCCP*iif & »itm B imie 3 /EF T % o A PFRIX 10 AL WU AR b4 &
% N EJE 5 > 12 TACS™ Annexin V-FITC Apoptosis Detection Kits% ¢ » ] * /it
Ve AR T e k- Rl e B % AoFig 119757 0 %L T kB At A e
Pz % = 4= #J (early apoptosis) > @ = F R & p At AR & e k- 1S HP (late
apoptosis) ° § % % % £2 contorl ¥ f 1t i o 4 » oligomycingt AL CCCP3E ¢
Fp e k- H 3w % o Controlie® ¥ 5 3 — /| PFstarvation:h
Pl #5004 53 11.88%=0.33% B 4% m 7 &= 3 % > DPNR| 3 22.75%
+0.37% » @ %t » oligomycin (59.51%+0.56%) & £.CCCP (33.41%=0.7%) | i
2.8 0w - I % L AEP B - ¥ F DO (32.98%+0.52%) -~ OD
(31.5%+0.51%) ~ DCp (18.17%=0.97%) ~ CpD (24.25%+0.42%) = % ¢ > DPNp| &
U e o i oligomycingt £ CCCPig = dm?e k= g & o
# ~ DPN¥ j > oligomycin* CCCP#7# % crid 42§ f ¢ A (ROS)H 4

5 BLZADPNAE S d B0 i A 2 fmie e 1S d kR e o T
BB T e ¥ ROSHIR| T o #lmie B H T {8 0 T mie 2 TR T A 4T o
125 UM H,DCFDA % & {5 » 4% ji 3\ fw e & 4 B sm?2 R ROS 7 € > 14 control & 1%
5 100%=n¥H PR e > F B 2 % 4oFig. 124757 0 4 1 oligomycin/idZ pF > fm e f ROS
7 ¥ &% 0 #_control£1205.14% +29.78% (n=3) > CCCP<7ROS 7 & P ¥ _control
144.54% +21.59% (n=3) o § #r » DPNP¥ » 'm? p ROS: 7 £ € "% i< % control
181.79% £10.07% (n=3) ; @ DOE_control1142.51% %6.94%(n=3 » p<0.05) ~ OD

£.175.88% +1.83(n=3 > p<0.001)~ DCpH_113.17% +14.49% (n=3) - CpDE_129.81%
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+3.11% (n=3 » p<0.05) = % ¥ & F » DPN¥ F »2'f M m¥e ¥ ROSeH4 3R o
= ~ DPN#}toligomycin & £ CCCP:i3 = # R 5T "% i s 38

AF B IC- 1% ¢ KR B F e TSR ET R o R
% 4oFig. 139771 » S EDPN A IZ » - S AE T 3 4v & control £17117.69%
+2.85% (n=3 > p<0.05) » @ #oligomycing* . CCCPef|jgrz. T » T i~
4 P ETTE E A8 d > £ % % control 6123.6741.09% (n=3 » p<0.001)§r30.96+1.54%
(n=3 > p<0.001) ° #co-treat DPNen ¥ *kw 2 > e #1357 = ] 4 w4 hfF3; > DO
% control £166.17% +4.65% (n=3 » p<0.05) » OD % 52.93% =4.87% (n=3 > p< 0.01) »
DCpE.72.06% +1.95% (n=3 » p<0.01) » CpDE.69.50% +7.03% (n=3 » p<0.05)
A~ ~ DPN3#§ £ 5 d oligomycinzt £ CCCP §|jcim? p 4> 24 cHATPAS = iy 4

5 7 ¥ ADPNE_E B 5w ¢ ok R anr i 8- & 47 5 DPN~oligomycin

& CCCPRJIL (s mPe N ATP 7 £ & (b o @ * ;4 K ip| Tk foATP Determination

Kitid B~ 2w chATP 2 £ 7 5.5 % 4oFig. 14%75% » rZcontrol 2 3 100% » DPN
596.14% £1.02% (n=3) > %5oligomycing' CCCP/dZ s e P ATPZ £ 5 PP 4T
5 AR % £ % 20.09% £1.67% (n=3 » p<0.001) » 34.96% +3.58% (n=3 > p<0.01) -
@ frco-treat DPNeie &) P 3 A ATPH 7 € 5 w4 13 - DO %2 4 _control
66.33% +3.10% (n=3 » p<0.01) » ODE62.13% +2.18% (n=3 » p<0.01) » DCp
% 67.91% £6.30% (n=3 » p<0.05) » CpD & 63.99% +5.46% (n=3 » p<0.05) & "
d F e REFT DPNEg & X mre p ATPenz & » AT M # y ek o

1 ~ DPN ~ oligomycin ~ CCCP¥+3- 34 H £ (mitochondrial mass) % #* 5 18 g &
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(fusion) 2 £ % (fission) c778% 58

~ F B 2 Mitotracker Green ™#Z & > 1| #* Ji 58 fw P2 iR A 47 LRt e R ALY
8 e & > 4oFig. 151 control i 5 100% > DPN & 63.20% =7.48 (n=3 > p<0.05) »
oligomycinsf> AR 88 5 & AP & 13 e % control<1167.40% +£53.26% (n=3)> CCCP
w R T % 5 80.48% £5.54% (n=3 » p<0.05) » DOF_120.21% %15.45% (n=3) » OD
£.109.71% +20.64% (n=3) » DCp £.95.35% +11.78% (n=3) » CpD %_104.18%
£13.68% (N=3) ° % 7 S} S o AT b r D S g & BT ACE LR
A A e poA) i 2 BicE o doFig. 16 0 control fe ek 41 88 12 dynamic-T fren
g e ? o Skt (tabulan) ~ ¢ FF A (intermediated) ~ 2b& (fragented) %) i
B & % 47.33% +5.36% (n=3) » 24.00% %5.68% (n=3) » 30.66% +2.02% (n=3) ; +
» DPNEJE {8 » 5 %8 ) f6 P &g % =~ 7] 5%k (large tubular) » 3%k ~ ¢ B3] ~ gk
e e Bt B £ % 53.33% 26.35% (n=3) » 14.66% £2.90% (n=3) » 32.00% +6.00%
(n=3) : oligomycinP| E_¢ > Fimre I~ & g R R > Sk s ¢ ] - ghR
A A B & 5 5.33% £1.20% (n=3) ° 7.33% +0.66% (n=3) > 87.33% +0.88%
(n=3) ; m BCCCPep| N FApF i35 > 588 12 & 35K (thin tubular)eh= 3¢
G oAt amte ¢ o Bk ¢ )RR AT B 6] & 3 66.00% +4.58% (n=3) 14.66%
+4.09% (n=3) > 12.66% £2.40% (n=3) > ¥ ?} co-treat DPN ez ‘e 'wm?2 > DO B e
MRS S P A B A R ] & 5 24.66% £6.06% (n=3) » 12.00% £2.51%
(n=3) » 56.66% +5.89% (n=3) ; OD /&% 28.00 £7.57% (n=3) > 21.33% +5.48% (n=3) -

64.66% +£3.92% (n=3) ; DCp % 59.33% +7.44% (n=3) » 23.33% +5.36% (n=3) -
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18.66% +2.84% (n=3) » CpD.e % 67.33% 7.31% (n=3) » 13.33% £3.52% (n=3) -
29.33% +3.17% (n=3) -
NIRRT E Y 5’“”’}&&-@ B W im e 22 Hec-1A ‘w¥e cup 508 DNA
copy number + £ 3§ %
AR - A AT A R e e 5L DNA copy number » 14 real-time PCR
% R s A DNA B 7|7 73 % 5 R %9 BB 7| NDIL» £ #£+¢ house-keeping
gene (B-globin)# normalization {6 » # PIAp4++t & o d %7 5 I(Fig. 17) - 1
myoma i% % ¥ P& % > adenomyosis % control £73.03 & (n=4> p<0.05)° chocolate
cyst(-GnRHa,GnRH agonist ;5% 2. %) % control £573.74 & (n=4 > p<0.05) > & 7
B P W R Pe el SR DNA copy number § PP B3 4 hdg % o e £ AR HH
% ief (+GnRHa, . GnRH agonist+ip K 2. {£)f » k.4 %8 DNA copy number "# %
2.56 & (n=4 > p<0.05) » # 4c 54" o @ & Hee-1A fm¥ % ¢ (Fig. 18) > 4c
» DPN ~ oligomycin ~ £ £ CCCP % ¢ 3 v #2504 DNA copy number » ¥ *} 4= 4%
8 NDI1 s7RNAlevel » 3 #p ¢ 3 4v e{72) (Fig. 19) o
oI ROER R 3 P B RPN e 2 Hec-1A S0 f ey
ERPE # 508 DNA cha 3 {6 %
F£3% DPN ~ oligomyein ~ 2 CCCP 3% ¢ i# = #3504 DNA copy number * £ 3§
E-RIEAN LR A O %i 2 5“« Pk A48 ERPEE 448 DNA D-loop % # ek &
g o W iv ke A8 {53E % mtDIP assay > #-¥7 mtERB.% & 5 mtDNA 5 51 % i )

K41 H A RFA; 0 4o Fig. 20 #7577 > 72 myoma % 5 ¥ B8 %2 » adenomyosis &
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iﬂ” B B mtERBZ mtDNA 3 D-loop % & .5 & F2F =~ £ # 4r > ¥_myoma & iﬁ
1256 & (n=7) > ¥ *t & Hec-1A m?% ¥ > 4c » DPN &JZ (s a5t 48 ERP~

control & % #+4r 7 1.3 % (n=3 > p<0.05) > 4v Fig. 21 ©
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BPpwaRTy E Y o ERPMER 3 23F F W% ¥ > Bide ! rat primary neurons

(Chen et al, 2005), rat primary cardiomyocyte (Yang et al, 2004), a murine
hippocampal cell line (HT-22), neurons and glia in rat hippocampus (Herrick et al,
2006), human breast cancer lines (MCF-7, MCF-10F), immortal human breast
epithelial cells (HBEC)(Chen et al, 2004a), human lens epithelial cell lines (nHLE
and HLE-B3)(Cammarata et al, 2005), human osteosarcoma cells (SaOS-2),

hepatocarcinomacells (HepG2)(Solakidi et al, 2005) & -

m ERBAamr ¥ srdrigend & 2290 4 41 “,/TT 1D IRA flmie PN AR T
genomic transcription > H & % 3R> & # 4 'wre % *F (Herrick et al, 20006) - & 'm?e
B ERBARFE R ¥ 11 X5 d non-genomic mechanisms# {7 fm e p — & poif 2 R
oo dAREEFEY >  FANPFRAETFPER RS aw;jujz,@iﬁ gkl
B R T e s ? AERBH| S B 2w T F A IR D Ml e bRk XY
BrmRNAY F-v £ T fpkrz < Mos 49 # & (Matsuzaki et al, 2001) > § 2% i
E- HEBRPREAERBNA IO AP FRAFIFPARR L F ¥ M“:j’i:}i R
RA N ERBenZ AL § P e 502,75 (Fig. 6)

TEAFTRT > R eSS e o estradiol (E2)7 554 347 ERos
ERB » & # % I /m¥? 74 iy % {* (Dahlman-Wright et al, 2006; Harris, 2007) o @ 2
P Aaimief (7R %7 4 B @ % ERBeragonist: DPN &7 B, B2+ ¢ "R > im¥e
F T 4 0 I DPN 2@ e A2 # Fena 4 (Fig. 7) 0 Flet A P daip] o
ERBAF F MW B ixehfmie® sz 2 A Fme = a LWFY ohep
£ o AFHTFF AR minee Hec-1A 75 AP im0 bR >
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4o » DPN 5 » i B cfe 508 ERBen M # 4 chiF2)(Fig. 8) 5 @ igd

oligomycin {|jjcis » EpF A A ERBHZIRE ¥ 5t Fla w2 k= @ &2 H 4v ;PR
* CCCP i®* 2 {5 > ¥ R3]+~ & ERPE & i » P > N pdaip| v &
£_7] % oligomycin B3k R B¢ ATP s iy » w11 & ehig 2 14 CCCP
® AR fam 7 (futile fuction) p & » R ‘m e Af o w2 2= U T @ R R

Pl SR ERBenA B ch® b om CCCP R 81 B a2 £ F BN 7 b

T

H 33 Byfsain i §iF (7(Kwong et al, 2007) - &5 d oligomycin & CCCP i *
7 4c DPN A2 ehm o tmie > ERBieim® 17 ~ e 72 U 30 ¢ D> #f
r2A R At SRURE S T 2 el T 0 DPN 4 3 4w b ERBeA IR
“t4lig e ERB™ fime @ BT 2 & — 284 9 ERPRIE » % Pr p 33 32T %
AFNL R RS €< 2T R (Fig. 8 and Fig. 9) » i&m 3 #pk S48
e kiR e o P oA BATOWT L om0 dmfe b ROS 3 4c § 33 & ERPHE = 1]

AP (Chang et al, 2008) » @ ERP# =3[k 248 ¢ # it ﬁd RS b b en
transmembrane protein > H ¢ — f& & | * A b0 ch Tom20/Tom22 7%3%
ERB Nz + &9 presequence( LXXLL) : ¥ - f& & _'wm% & p ¢ chaparone F-v -
Hsp90/70 ¥ ERPA; = complex & » £ 41 * Hsp90/70 ¥ & & fk 3048 o w2
transmembrane protein > Tom70 7 TRP i ¥ (tetraticopeptide repeat motifs)?s £ |
* I F-v Tim complex = = & > i& » = 4 48 142 B (Simpkins et al, 2008) -

% T R AR - I 2 47 DPN Sk s # i R 8 A= F S I DPN & 12

F 2% sz $H47d oligomycin & CCCP #tin e #7i¢ = ew e # = L % (Fig. 10 and
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Fig. 11) » % Fig. 12 ~Fig. 13 2 Fig. 14 ¢ > A2 & - | BPFF g2 p
oligomycin & CCCP AF’K F] & FE %7 ATP 02 = (Nieminen et al, 1994; Suzuki et al,
1999) » @ 4w f 4 & ROS % i & R RHWWT ' M (Barstow et al,
2004) o e fif 4 DPN B > 3 3 250 2 & 208 L 0 R § % Jw%e b ROS £
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Table 1 Oligonucleotides used in the study.

Name

DNA sequences

Nuclear DNA
B-actin sense
B-actin antisense
B-globin sense
B-globin antisense

Mitochondrial DNA
ND1 (3079-3096)
ND1 (3343-3324)

D-loop (15997-16017)
D-loop (640-621)

5'-CATGTGCAAGGCCGGCTTC-3
5'-CTGGGTCATCTTCTCGCGGT-3
5'-GATCCTGAGACTTCCACACT-3
5’-ACCTGACTGAGGAGAAG-3

5'-TGGGTACAATGAGGAGTAGG-3’
5'-GGAGTAATCCAGGTCGGT-3

5'-CACCATTAGCACCCAAAGCT-3
5'-GGGGTGATGTGAGCCCGTCT-3'
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Fig.1 Membrane structure and intra-organellar organization of mitochondrion.
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Fig. 2 Histogram of human mitochondrial DNA.
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Structural domains of the human ERf
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Fig. 3 Structure of the human ERf protein and functional domains.

ERp has five distinguishable domains. They are named the A/B, C, D, E and F domains,
respectively. The N-terminal A/B domain is the most variable region and may contribute to ER
subtype-specific actions on target genes. This region harbors an activation function (AF-1) that is
ligand-independent and shows promoter- and cell-specific activity. The central C-domain is the
DNA-binding domain (DBD), which is involved in specific DNA binding and receptor dimerization.
The D-domain works as a flexible hinge between the DBD and the ligand-binding domain (LBD),
and is thus referred to as the hinge domain. This domain appears to be important for nuclear
translocation and has been reported to contain a nuclear localization signal. The E-domain is
referred to as the LBD contains a hormone-dependent activation function (AF-2) and is important

for ligand binding and receptor dimerization. The function of F-domain still remains undefined.
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Fig. 4  The chemical structure of diarylpropionitrile (DPN).

2,3-bis(4-hydroxyphenyl)propionitrile (DPN) is an estrogen receptor B (ER[B) selective
agonist. DPN exhibits a 70-fold higher relative binding affinity for ER} versus ERo.. DPN

is commonly used a tool to evaluate the biological role of ERJ.
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(A) Total lysate Mitochondria fraction
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Fig. 6 Persence of mitochondrial ER 3 was demonstrated in the endometiotic
tissues.

Mitochondrial ERJ was detected in the total lysate or mitochondrial fraction of the
endometiotic tissues by Western Blot. (A) The immunoblots were performed with
anti-ER[} antibody, and the mitochondrial fractionation of each endometrial or endometiotic
tissue was prepared by sucrose gradients and checked for the purity with mitochondrial
marker protein-COX IV and cytoplasmic protein, a-tubulin. Control, endometrium from
endometrial hyperplasia, Choco, chocolate cyst, AdenoM, adenomyosis. (B) The values of
ERP content were presented as percentage of the control. Plots are presented as mean *

standard error of the mean (S.E.M.) . *, p<0.05; **, p<0.01 compared with the control.
p
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- DPN
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Fig. 7 Effect of estradiol (E,) and DPN (ERP agonist) on cell migration.

By scratch-wound assay, about 2 x 10° HeclA cells were cultured in the medium containing
10nM estradiol or 10 nM DPN for 24 hr or 48hr. Estradiol was shown to promote
endometriotic cell migration, but not promoted by DPN. Twelve randomly selected

high-power fields were counted.
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Fig. 8 Translocation of ERJ into mitochondria by DPN treatment.

Hec-1A cells were cultured under differential conditions. C, control group, serum free and phenol
red-free medium; D, DPN group, 10 nM DPN for lhr; O, oligomycin group, 5 png/ml oligomycin
(the mitochondrial ATP synthase inhibitor ) for 1hr; DO group, pre-treated with 10 nM DPN for 1hr
and then 5 pug/ml oligomycin for 1hr; OD group, pre-treated with oligomycin for 1hr and then DPN
for 1hr; Cp, CCCP group, 2 uM CCCP (the mitochondrial uncoupler) for lhr; DCp group,
pre-treated with DPN forlhr and then CCCP for lhr. Following the differential treatment, the
mitochondrial fraction was purified. The mitochondrial ERB was found to be induced with DPN
treatment for 1 h. Mitochondrial ERB was found to be decreased by ATP synthase inhibitor treament
but increased under mitochondrial uncoupler treatment. The reduction was partially recovered by
the pre-incubation with DPN. Data are presented as mean ¥ S.E.M.(n=3); *, p<0.05; **, p<0.01

compared with the control.
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Fig. 9 Confocal images of ERP localization followed DPN treatment.

Cells were cultured under eight conditions, (A) C, ERP was localized in nucleus, cytoplasm,
and mitochondria. (B) D, mitochondrial localization of ER[} was observed followed DPN
treatment. (C) O, (D) DO and (E) OD, ER was found to be localized in mitochondria and
cytoplasm followed oligomycin treatment. (F) Cp, followed CCCP treatment, ERP} was
predominantly found in mitochondria. (G) DCp and (H) CpD, ER3 was observed in
mitochondria, cytoplasma, and nucleus. In these pictures, the green fluorescent images were
ERP by immunostaining with anti-ERB-FITC. The red fluorescent images were
mitochondria labeled with MitoTracker Red COXRos. The blue fluorescence was nucleus

by DAPI staining.
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Fig. 10 Rescue of the Hec-1A cells from oligomycin or CCCP-induced cell death.
In this assay, Hec-1A cells were cultured under eight conditions, (1)C, control group,
serum free and phenol red-free medium, (2)D, DPN group, 10 nM DPN for 1hr, (3)O,
oligomycin group, 5 ug/ml oligomycin (the mitochondrial ATP synthase inhibitor) for
lhr, (4)DO group, pre-treated with 10 nM DPN for lhr and then oligomycin for lhr,
(5)0OD group, pre-treated with oligomycin for 1hr and then DPN for lhr, (6) Cp, CCCP
group, 2 UM CCCP (the mitochondrial uncoupler) for lhr, (7)DCp group, pre-treated
with 10 nM DPN forlhr and then CCCP for 1hr, (8)CpD group, pre-treated with CCCP
for 1hr and then DPN for 1hr were detected cell viability by dye exclusion method. The
results from three independent experiments were normalized to the control group. Data
are presented as mean ¥ S.E.M. (n=3); *, p<0.05; ** p<0.01 compared with the

control.
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Fig. 11 Apoptosis assay by flow cytometry after treatment of the cells with DPN,
oligomycin, or CCCP.

(A)Dot plots of cell apoptosis by flow cytometry were shown in eight groups. The eight
groups were obtained and the relative percentages of cells at the differential cell apoptotic
stages were presented. The lower-left field is indicated as viable cells, the lower-right field
1s the early apoptotic (AV-FITC positive), and the upper-left is the late apoptotic (PI-positive)
cells. (B) Flow data expressed as stack diagram, the data were presented of three
experiments, in which the induction of apoptosis by oligomycin or CCCP, and the

cytoprotection by DPN treatment.
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Fig. 12 Effect of DPN, oligomycin, and CCCP on ROS generation.
Cells were cultured under eight conditions as previously described. Intracellular reactive
oxygen species (ROS) were stained with HDCFDA and detected by flow cytometry. DPN
was shown to reduce intracellular ROS generation. The results from independent
experiments were normalized to the control group. Data are presented as mean *

S.E.M.(n=3). *, p<0.05; *** p<0.001 compared with the control.
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Fig. 13 Effect of DPN, oligomycin, and CCCP on mitochondrial membrane potential
(Ay).

Cells cultured under eight conditions and stained with bivariate JC-1 was analyzed by flow
cytometry. Oligomycin or CCCP caused perturbation of mitochondrial membrane potential.
The declined membrane potential was attenuated by DPN supplementation. The results from

independent experiments were normalized to the control group. Data are presented as mean

* S.E.M.(n=3); *, p<0.05; **, p<0.01; *** p<0.001 compared with the control.
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Fig. 14 DPN attenuated the ATP depletion by Oligomycin or CCCP treatment.
Hec-1A cells were cultured under eight conditions as previously described. ATP content was
detected by the ATP-luciferase assay. Results indicated that DPN supplementation before or
after the treatment of mitochondrial inhibitors, attenuated the decrease in ATP levels by
oligomycin or CCCP. The results from independent experiments were normalized to the
control group. Data are presented as mean = S.E.M. (n=3); *, p<0.05; **, p<0.01; *** p

<0.001 compared with the control.

77



250 -

S
>
200 -
[
()]
€
g 150 1
3 L T I
S 100 - x * 7
5 T
= T
2 50 -
©
()]
o
0

C D O DO OD Cp DCpCpD

Fig. 15 Differential effects of DPN, oligomycin, and CCCP on mitochondrial mass.

Cells were cultured under eight conditions as previously described. The fluorescence
intensity of mitochondrial mass was measured by Mitotraker Green™ staining and flow
cytometry analysis with excitation and emission at 490 nm and 516 nm. The results from

independent experiments were normalized to the control group. Data are presented as mean

* S.E.M.(n=3); *, p<0.05 compared with the control.

78



=

o

o
)

,\3 [ Filamentous

< [ Intermediated

c I Fragmented

o 4

g 80

& . |
= {
c 60 -

ks T

n

9 T

Y

T 40 A

| —

©

5

- 20 N

(8]

= 9 [T

C D O DO OD Cp DCp CpD
Fig. 16 Confocal images of mitochondrial morphology in the Hec-1A cells treated

with DPN, oligomycin, or CCCP.

Cells were transfected with Mito-DsRed, and cultured under eight conditions as previous described.
On the upper panel, (A) Control cells showed balanced mitochondrial dynamics. (B) The tubular
mitochondrial network was demonstrated in the 10 nM DPN-treated cells (large tubular), (C), (D)
and (E) the formation of punctiform and fragmented mitochondria was found in the
oligomycin-treated cells (small dot). In contrast, (F), (G) and (H) the filamentous form of
mitochondria was shown followed CCCP treatment. On the lower panel, percentage of cell
population with elongated (white bar), intermediated (gray bar), fragmented (black bar)

mitochondria in the cells. Data are presented as mean + S.E.M.(n=3).
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Fig. 17  Determination of mitochondrial DNA (mtDNA) copy number in human
endometriotic tissues by real-time PCR.

Mitochondrial DNA (ND-1) and nuclear DNA (£-globin) of human endometriotic tissues
were detected by quantitative real-time PCR. The amplification curves of real-time PCR
were shown in (A). MtDNA copy number was presented as ND-1 divided by #-globin. The
mtDNA copy number of myoma was used as control group. -GnRHa, before GnRH Agonist
therapy, +GnRHa, after GnRH agonist therapy. Data are presented as mean =

S.E.M.(n=4).*, p<0.05 compared with the control group.

80



1.8 -
*kk
1.6 - — *kk

1.4 1
o 1.2 - -
1049 T
0.8 1
0.6 1
0.4 1
0.2 1
0.0

globin

MtDNA ND1/

C D O DO OD Cp DCp CpD

Fig. 18 Alteration of mtDNA copy numbers in the DPN, oligomycin, CCCP
treatment.

Cells were cultured under eight conditions. MtDNA (ND-1) and nuclear DNA (f#-globin) of
the HeclA cells were detected by quantitative real-time PCR. In the upper panel, the
agarose gel electrophoretogram of ND-1 and /#-globin was shown. In the loer panel, MtDNA
copy number was presented as ND-1 divided by Aglobin. Data are presented as meant

S.E.M.(n=3).*** p<0.001 compared with the control group.
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Fig. 19 Differential mitochondrial mRNA levels in the DPN, Oligomycin,
CCCP-treated Hec-1A cells.

Cells were cultured under eight conditions and the levels mitochondrial mRNA were
analyzed by reverse transcription and real-time PCR. Relative mitochondrial RNA levels of
eight condition cells were detected by real-time PCR and presented as ND-1 divided by
Sactin. Data are presented as meant S.E.M.(n=3). *, p<0.05; **, p<0.01; ***, p<0.001

compared with the control group.

82



(A) leolation of .
mitochondria E
sordoato |
R R
WAV VA —m ‘_I
l [ER p antibody |
Mitochondrial DNA PCR
(B) 0.8 ;
% 0.6 1 I
Chip D-loop 9.') 04 .
e ]
M A A A A A M ©
0.0 -
myoma adenomyosis

Fig. 20 Physical interaction of mitochondrial ER 8 with mtDNA.

The interaction between mtERB and mtDNA was detected by the mitochondrial DNA
immunoprecipitation (mtDIP)-PCR method and quantitative real-time PCR to assess the
alteration of mtDNA-mtERp interaction. The interacted mtDNA (after mtDIP) and total
mtDNA (pre-mtDIP) was augmented in the tissue from adenomyosis and myoma. The
mtER proteins were directly interacted with mtDNA D-loop region (nt15997-640). (B)The
proportion of the interacted mtER[} was presented as the mtDIP fraction divided by the total

mtDNA(pre-mtDIP). Data are presented as mean + S.E.M.(n=7). M, myoma, A,
adenomyosis. Pre-mtDIP, the PCR products were generated from the mitochondrial fraction

without mtDIP.
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Fig. 21 Physical interaction of mitochondrial ER 8 with mtDNA in Hec-1A cell.

The interaction between mtER[3 and mtDNA was detected by the mitochondrial DNA
immunoprecipitation(mtDIP)-PCR method and quantitative real-time PCR to assess the
alteration of mtDNA-mtERJ interaction. The interacted mtDNA and total mtDNA was
augmented in the cells and the mtER[ proteins were directly interacted with mtDNA D-loop
region (nt15997-640). The values of D-loop content were reported as percentage of the
control. Pre-mtDIP, the PCR products were generated from the mitochondrial fraction
without mtDIP. Data are presented as mean * S.E.M.(n=3). *, p<0.05 compared with the

control group
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Fig. 22 The putative role of ERp on mitochondrial transcription and cell survival/cell

apoptosis.
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