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ABSTRACT

Here, we performed a systematic analysis to discover new biomarkers of overall
VXUYLYDO DQG WXPRU SURJUHVVLRQ LQ RYDULDQ FDQFHU SDWLHQWYV ORU
determined whether nuclear-encoded mitochondrial genes related to mitochondrial
ELRJHQHVLY DQG IXQFWLRQ DUH HNHFWLYH LQ SUHGLFWLQJ FOLQLFDO RXWFRP

As a consequence, we are able to provide in silico  validation of the prognostic value of
WKHVH PLWRFKRQGULDO PDUNHUV LQ D ZHOO GH¢(QHG SRSXODWLRQ RI RYDULEC
Towards this end, we used a group of N=111 ovarian cancer patients (serous type;

stage Ill), with optimal de-bulking. Importantly, in this group of cancer patients,
CA125 and PCNA (conventional markers) were associated with poor overall survival,

DV ZRXOG EH H[SHFWHG 8VLQJ WKLV DSSURDFK ZH LGHQWL¢{HG ! QHZ |
PLWRFKRQGULDO JHQH SUREHV WKDW HNHFWLYHO\ SUHGLFWHG VLJQL,FDQYV
survival, with hazard-ratios (HR) of up to 3.68 ( p < 9.8e-05). These mitochondrial

MRNA transcripts included membrane proteins, chaperones, anti-oxidant enzymes,

as well as mitochondrial ribosomal proteins (MRPs) and key members of the OXPHOS

(I-V) complexes. Based on this bioinformatics analysis and in silico validation, we

conclude that mitochondrial biogenesis and OXPHOS should both be considered as

QHZ WKHUDSHXWLF WDUJHWYV IRU WKH PRUH HNHFWLYH WUHDWPHQW RI KXPDC
7KH PLWRFKRQGULDO ELRPDUNHUV WKDW ZH KDYH LGHQWL¢HG FRXOG DOVR EH
companion diagnostics to assist oncologists in: i) more accurately predicting clinical

outcomes and ii) improving the response to therapy, in ovarian cancer patients.

INTRODUCTION WKH LGHQWL,FDWLRQ RI KLJK ULVN RYI

LQFUHDVHG SURJUHVVLRQ DQG SRRU F
'UXJ UHVLVWDQFH GUDPDWLFD O Opu@ose | We vsed K eatarminirgrandrinf@rpatiop strategy

RI PRVW FDQFHU WKHUDSLHYV DQGWRVGHWHNGOQHRMKR YSRWIHQWLDO HuH

cancer patients [1, 2]. As such, treatment failure remains gene transcripts, in predicting clinical outcome.

D VLIQL,FDQW EDUULHU WR VXFFHVV OO resultx) meicatewhaH 5198 \mimchaendrial

SUHFLVLRQ PHGLFLQH > @ $V D UHWXRMWS OREHM RFODQU NEHHU WWOHIB LQGLYLCG

XUJHQWO\ UHTXLUHG IRU WKH WUHDWRREWOMWL-RQL,; W R ISRI & L RW DIRRWY R

FDQFHU SDWLHQWY LQWR GLUHUHQW NQFNUV BH WULRRQASNVD W BYHSEQ RVPLWKHYV
KLIKVErEWMMRZ ULVN > @ VSHFXODWH WKDW PLWRFKRQGULDO EL

In this report, we tested the hypothesis that FRXOG EH WDUJHWHG WKHUDSHXWLFDO
PLWRFKRQGULDO PDUNHUV PLJKW KWOHFHXBURQ®G R \WDRIGF H VGG IRVHUDOO V X
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RESULTS Prognostic value of individual mitochondrial
markers

Prognostic value of conventional markers (CA125

. : : Our hypothesis is that increased mitochondrial
and PCNA) in the patient population

ELRJHQHVLV GULYHV SRRU RYHUDOO
cancer patients. To directly test this hypothesis, we
7R LGHQWLI\ QRYHO ELRPDUNHU®RHRW RWMWMHWY CHGOFWKK SURJIJQRVWLE
ZH HPSOR\HG SXEOLFDOO\ DYDLODEH WRPKRAEGU EWR PRHNIEUR; OLQJ
GDWD IURP WKH WXPRUV RI SDWLHQWNUMWX\ VZHU RXW HRIWIRY PV G WKH X
FDQFHU VWDJH ,,, ZLWK RSWLPDOPEWRFKINNALQULDRFKRBESHURQHY DQG Pl
OHYHOV DW GLDJQRVLV DQG \HDUWVRRWHIQNZ MOEBBHWDH QEIkIYKUH $ ERW
DQG 7,00 KDYH VLJQL¢{¢FDQW SURJQF
JLUVW ZH DVVHVVHG WKH SURJEKRVRWUE YBWOXRVRIRE S DQG UHV
in this context. The results of this analysis are shownin PHPEHUV RI WKH 6/& $ 7,00 7200 DOQ
JLJXUH DQG 7DEOH 1RWH WKDW WRRLRDL HUBOYRWRG S8 RRQYRVWLF YDO)
&% ZDV p IRU RYHUDOO VXUYRQWdD R26GBEQYW SURWHLQV 142 DQG
SUROLIHUDWLYH PDUNHUV DUH RIWROWRMAHR @ G WN-HP\OHLEGERW b@H NIgQDVH
3KDVH ,, FOLQLFDO WULDOV ZH QH[WXBREUWNVNAIGGLAX KAREDIRIORBGWLBEXUH ¢
YDOXH RI .L DQG 3&1% )LIJXUH DQG 7DEHQW ErlwKDKRIZOO\ H[DPLQHG V
WKH SURJQRVWLF YDOXH RI WKHVHYPEUNHWRY KW RFHKWRQASWY DZQ WKLERV R P
.L ZHUH QRW VLJQL:FDQW EXW 3&KHVKRQRYLRXDPEOPVGFRQWURO WKH EI
UDWLR ®RI 6LPLODUO\ ZH GHWHRPFPPRGHRWKHRI WKH 2;3+26 FRPSO
XWLOLW\ RI PDFURSKDJH VSHFL¢F PODIMRRKRRGUGROPEPLRNHRGI VLY 7DEOH
+RZHYHU 7DEOH VKRZV WKDW WKIPPWIH YEEXLRLWGI08§3/V VKRZHG VLIC
QRW VKRZ VLIJQL,{FDQW SURJQRVWLFYP®XXIH ZLWK KD]DUG UDWLRV EHWZ
7KXV D VXEVHW Rl FRQYHQWLRQDOWHWHHWYIVQ &Q\ @®58é& KDG WKH EHV

3&1% FDQ EH XVHG WR SUHGLFW RYKOBDOMQAVERUYHYBOW & RRBHYY RI WKH V
cancer patients. VKRZHG VLIJQL¢FDQW SURJQRVWLF YD

Ovarian CA BioMarker Discovery

Unbiased Bioinformatics Analysis of Ovarian Cancer Patients
(Overall Survival; Stage 3; Optimal Debulking; 5-yr Follow Up; Exclude Biased Arrays)

\ 4

Focus on Nuclear-Encoded Mitochondrial Genes
Related to Mito-Biogenesis and OXPHOS

¥

Determine if Mitochondrial-Associated Proteins have
Prognostic Value

¥

Intersection with Existing Transcriptional Gene Profiling and Outcome Data

\ 4

New Targets & Predictors of Treatment Failure/Drug Resistance
(Overall Survival and Progression)

Figure 1: Summary illustrating our systematic approach to ovarian cancer biomarker discovery) RU WKLV DQDO\VLV
FKRVH WR IRFXV RQ VHURXY RYDULDQ FDQFHU SDWLHQWY NZLWK RQWNKRID\W F&RH & X QV
HYDOXDWHG WKH SURJQRVWLF YDOXH RI PLWRFKRQGULDO PDUNHUV IRU SUHGLFWL
SURJUHVVLRQ VXUYLYDO 336
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Table 1: Prognostic value of CA125 in ovarian cancer

Table 2: Prognostic value of KI67 in ovarian cancer

7TDEOH BURJQRVWLF YDOXH RI 3&1%$ DQG PDUNHUV RI LQADPPDWLRQ

Figure 2: Traditional markers (CA125 and PCNA) predict poor overall survival in ovarian cancer patientsWe assessed
WKH SUHGLFWLYH YDOXHNRI &RYDDNQOB&EDNEGU SDWLHQWYV ZLWK RSWLPDO GH EXO
&$ DQG 3&1% DUH DVVRFLDWHG ZLWK VLIQL,{FDQWO\ UHGXFHG RYHUDOO VXUYLYD!
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Figure 3: Mitochondrial membrane proteins and NQOL1 are associated with poor clinical outcome in ovarian cancer
patients.A. 1RWH WKDW WKDW KLJK WUDQVFULSW OHYHOV RI 6/& $ DQG 7,00B.DUH DV\
1RWH WKDW WKDW KLJK WUDQVFULSW OHYHOV RI 142 DUH DVVRFLDWHG ZLWK VLJQ

Figure 4: Mitochondrial ribosomal proteins (MRPs) are associated with poor clinical outcome in ovarian cancer
patients.A. 1RWH WKDW KLJK WUDQVFULSW OHYHOV RI 053/ DQG 058/ 6ISRIHO@DLFON WKLLIIK
WUDQVFULSW OHYHOV RI 0536 DQG 0536 SUHGLFW VLIQL{FDQWO\ UHGXFHG RYHU
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Figure 5: Mitochondrial complex | and Il proteins are associated with poor clinical outcome in ovarian cancer
patients.A. 1RWH WKDW KLJK OHYHOV RI 1'8)$ DQG 1'8)% SUHGEB.FRWPWLIQIMUQ F DKW IO \OWH (
6'+& SUHGLFW VLIQL{FDQWO\ UHGXFHG RYHUDOO VXUYLYDO

Figure 6: Mitochondrial complex Ill and IV proteins are associated with poor clinical outcome in ovarian cancer
patients.A. 1RWH WKDW KLJK OHYHOV RI 84&5)6 DQG 84&5 SUHELAW LMLDQQ Y FRIQMW OO HY
&2; % DQG &2; SUHGLFW VLIQL{FDQWO\ UHGXFHG RYHUDOO VXUYLYDO
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Table 4: Prognostic value of chaperones, mitochondrial membrane proteins, anti-oxidants and
creatine kinase

EHWZHHQ DQG ,Q VXPPDU\ Wrht¢® WewRmitdclidhartal geQaNsignatures for
053V DOO SUHGLFWHG SRRU RYHUD gréedistisg) overalP Survials fecuRkefide Ladd) the
FXUYHV IRU UHSUHVHQWDWLYH H[DP&&bh¥ebdibrigyRZQ LQ J)LIXUH
panels A & B.
6LPLODUO\ ZH DOVR GHWHUPLQHG WKH SURJQRVWLF
YDOXH RI NH\ FRPSRQHQWYV RI WKH 278 Yd JEREEH O\ DPSOLI\ WKH SU
7KHVH UHVXOWYV DUH VXPPDUL]JHG MWKXHENYHOHQRLTEXIUBWWREERQGULDO PDUN
GLUHUHQW JHQH SUREHV IRU WKWKH3PRY WRPERBRLEMYQJ PDUNHUV DQG
VKRZHG KD]DUG UDWLRV EHWZHHQ Mitochppdeal gene sigpapikedy 1| |
KDG WKH PRVW VXEXQLWV ZLWK VLJgL% DOWRs glRQRW K E yBRIRKWDLQV
LQ WRWDO +RZHYHU 84&5)6 FBES§bM , 2QDFRAIRQHQW LV DQ 053,
EHVW LQGLYLGXDO SURJ®RVWLF YDOKXWKHE LV SDUW RI WKH 2;3+26 PDFKL
1'8)$ FRPSOH[, DOVR VKRZHG VLJ%(IYg,@:lDVé@VGS!—UQPWLF DOVR FRQVLVWYV
YDOXH +5p H .DSODQ OHLHU F¥4* ¢ IR®WRWK FRPSRQHQWYV DUH SDU
PHPEHUV Rl FRPSOH[, DQG ,, DUH VKR~Z Qd}t}LJ&@ﬁS%H[HV , DQG ,,, ,Q I
% ZKLOH UHVXOWV ZLWK PHPEHUV RLEERPYWAYH, A DR&GVLVWYHR!I JHQHV 1

VKRZQ LQ )LIXUH $ % 5HvVXowV 2&WK FERPYUH[ #PYRFKRQGULDO JHQH
VKRZQ LQ )LIXUH PDUNHU 3&1$ 6HH 7DEOHYV . 0 FX

WKUHH VLIQDWXUHY DUH VKRZQ LQ )LJ
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Table 5: Prognostic value of mitochondrial ribosomal proteins

Figure 7: Mitochondrial complex V proteins are associated with poor clinical outcome in ovarian cancer patientd.R W H
WKDW KLJK OHYHOV RI $73 & DQG $73 * SUHGLFW VLIQL{¢FDQWO\ UHGXFHG RYHUDOG
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Table 6: Prognostic value of mitochondrial OXPHOS complexes
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Table 7: Prognostic value of ovarian mitochondrial signature 1

Figure 8: Ov-Mito-Signature 1 predicts patient outcome in ovarian cancer patientsS1RWH WKDW KLJK OHYHOV |
6LIQDWXUH 053/ 84&5)6 HUHFWLYHO\ SUHGLFWYV RYHUDOO VXUYLYDO 26 SURJL
336 26 DQG 3)6 DUH VKRZQ LQ SDQHO $ 336 LV VKRZQ LQ SDQHO %
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Table 8: Prognostic value of ovarian mitochondrial signature 2

Figure 9: Ov-Mito-Signature 1 predicts the response to therapy in ovarian cancer patientd RWH WKDW KLJK OHYH(
OLWR 6LIQDWXUH 053/ 84&5)6 HUHFWLYHO\ SUHGLFWV GUXJ UHVLVWDQFH DQG
5HVXOWY ZLWK 30DWLQ DQG 7D[RO WKHUDS\ 5[ DUH VKRZQ

Figure 10: Ov-Mito-Signature 2 predicts patient outcome in ovarian cancer patientsStRWH WKDW KLJK OHYHOV |
6LIQDWXUH 1'8)$ 84&5)6 HUHFWLYHO\ SUHGLFWYV RYHUDOO VXUYLYDO 26 SURJL
336 26 DQG 3)6 DUH VKRZQ LQ SDQHO $ 336 LV VKRZQ LQ SDQHO %
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,PSRUWDQWO\ 2Y OLWR 6LJQDWKIUK O\ SUWHOEAHG/LYPH IRU SURJUHVVLR
VLIQL,;FDQWO\ LPSURYHG KD]DUG UDWLRJLREKVRYBQBOORVXWISURDOHMVLRQ \

p H 7DEOH DQG )LIXUH $SOORIWW MNMHDNLYHO\ SUHGLFWHG WKH
DOVR KLJKO\ SUHGLFWLYH IRU SURJUHV¥XBK® IUHH VXUYLYDO )LJXUH
$ ULIJKW DQG SRVW SURJUHVVLRQ VX&WNVKFE® FRWHKHHIWKHYH 2Y OLWR |
WKH VDPH JURXS RI SDWLHQWYV ,QD DG PRPDVRIOF LPVSHRWAPWHPEWORYHU LQC
predicted the response to chemotherapy and treatment ELRPDUNHUV DV ZHOO DV &% DQG 3¢
IDLOXUH LQ SDWLHQWV WKDW UHFMHLIYWHUIG 330DWLQ GHULYDWLYHV™ RU
37D[RO” )LJXUH 7R IXUWKHU LPSURYH WKH SUHGLI

6LPLODUO\ 2Y OLWR 6LJQDWXUHOLWRRZIH® DWKDNHDUGZH QH[W DGGHG WK
UDWLR IRU RYHUDQ@O VXUYLYDMERH 3&1% WR FUHDWH 2Y OLWR 6LJQDWX
DQG )LJIXUH $ OHIW 2Y OLWR 6LOQODWXXUVHRI ZDWIIDMVOR/BLJQDWXUH LV K

Figure 11: Ov-Mito-Signature 2 predicts the response to therapy in ovarian cancer patienta RWH WKDW KLJK OHYH(
OLWR 6LJQDWXUH 1'8)$ 84&5)6 HUHFWLYHO\ SUHGLFWV GUXJ UHVLVWDQFH DQG
BHVXOWYVY ZLWK 30DWLQ DQG 7D[RO WKHUDS\ 5[ DUH VKRZQ

Figure 12: Ov-Mito-Signature 3 predicts patient outcome in ovarian cancer patientsStRWH WKDW KLJK OHYHOV |
6LIQDWXUH 1'8)$ 84&5)6 3&1% HUHFWLYHO\ SUHGLFWV RYHUDOO VXUYLYDO 26
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Table 9: Prognostic value of ovarian mitochondrial signature 3

DQG )LIXUHV ZKLFK VKRZV D KWKHY®E BFBIWORORQHY LQWR *)3 KLJK DQ
(p H 2Y OLWR 6LIJQDWXUH ZD:¥ DOQYRWWKEBDPOROYWRPSDUHG WKH SKH
HUHFWLYH LQ SUHGLFWLQJ WKH UHVRQNHD QY® WEBHIRIZSFHQOQDXVKE SRSXODW
,PSRUWDQWO\ 2Y OLWR 6LJQDWXUH V KRHAHEEL Q/HK® WWRWY BURD QRADMIFHU FHOO
YDOXH LQ D ODUJHU JURXS RI VHURBNVWRLYDWI\D Q )BDIQLFIHKKU PIW L HQWWVJIHWLF

(N ZLWKRXW UHVWULFWLQJ RXU D@MWHDMH® P SWWEKR@/G UAIDDK 2;3+26 |
ORZ VHUXP &$ OHYHOV )LJIXUH 7KLV ZDV FRQ/UPHG E\ XQELDVHG OD

DQDO\VLV $ VXE SRSXODWLRQ RI 6.2
DISCUSSION WHORPHUDVH DFWLYLW\ VKRZHG L |

'"VSKHURLG IRUPDWLRQ DQG LL HQK
%R\GHQ FKDPEHU DVVD\ TKHVH FH(

Understanding CSCs, telomerase  and ZHUH KDOWHG E\ LOQKLELWRUV RI HQHU

mitochondrial activity: targeting ovarian cancer E (L)Y_V K||_-|FUD é;g: %68 gb’ RJYO|_|\ CF; RDO \ \\;VLLVE LRF;L\JN II_EI\: X\
with doxycycline and/or palbociclib Q Q

ELRJHQHVLV > @
7HORPHUDVH DFWLYLW\ DOVR GHW
7KH H[DFW IXQFWLRQDO UROH RI7 8RR P URD\DH LLDFW & B&W\WR SUROLIF

LQ RYDULDQ FDQFHU VWHP FHOO &BW PRQRWRIDLLWQURQ SUNRDLIONVLY 8VH

ODUJHO\ XQNQRZQ S5HFHQWO\ WR & GG UHWLEBELMRU LDDXHS$ DISSURYHG G

LQGLUHFWO\ PRQLWRUHG WHORPHUPYRFNRAW LRALDWLEQ @& Q NLURIS WIHV LR Q

K7(57 SURPRWHU WR H*)3 > @ 8VIQDI>6@97R¥YWDUWBQRPHUDVH KLJK RYDU

FDQFHU FHOOV VWDEO\ WUDQVIHFW®IIBUIHWKF &G\ PFSLY¥PIWHG PLJUDW

UHSRUWHU ZH WKHQ XVHG *)3 AXRVMNEFIRBHHD DWRL RUD FVEL RTKKHWH ¢ QGLQJV

Figure 13: Ov-Mito-Signature 3 predicts the response to therapy in ovarian cancer patient RWH WKDW KLJK OHY
2Y OLWR 6LJQDWXUH 1'8)$%$ 84&5)6 3&1% HUHFWLYHO\ SUHGLFWV GUXJ UHVLVWDQ
VXUYLYDO 5HVXOWV ZLWK 30DWLQ DQG 7D[RO WKHUDS\ 5] DUH VKRZQ
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LOQOWHUSUHWDWLRQ IRU ZK\ ORQJ WWRRHEH VOHDWHKG I MBKI FHHWFWDLQ )"
PDUNHU RI KLJK WHORPHUDVH DFWLR[LW\FQVQWHWRIL BWOE FRUIFOHED WR GHW K
with metastasis disease progression and poor outcomein FDUH WR LPSURYH RYHUDOO VXUYLYD(
RYDULDQ WXPRUV DQG RWKHU FDQFHEWHMQSHM ¥LRXV O\ GRFXPHQWHG WR KD
$V VXFK HOHYDWHG WHORPHUDVHRYVPFWLIQ V&6 RS BREXHDDWLRID > @
SURSDJDWLRQ RI RYDULDQ &6&V )'$ DSSURYHG DQWLELRWLFV FDQ
E\ DFWLYDWLQJ PLWRFKRQGULD® I EAARBKREGCGUVLDROVVELRDWGIKOYLY DQG F
OHDGLQJ WR SRRU FOLQLFDO RXWPRPBDJIJHEHUH REVWDYDMWNAROQM.-GH HuHF
PD\ KHOS H[SODLQ ZK\ FRPELQLQJ PLDOQORHAKRRGWLFNYOLEBOXEBHWKH WHWUDF\I
WRIJHWKHU ZLWK WKH SUROLIHUDWHEA®Q DRPDEWNWHWULQRXP$SSDVYRDWH DWRYD"
VLIQL{FDQWO\ LQFUHDVHG WKH SURJQRVWLF YD O)RHJ RH[IWWKEOH2YWKH QHZ

OLWR 6LIJQDWXUH PDUNHUY DQG OLWR 6LJQDWXUHYV ZH K

EH XVHG DV FRPSDQLRQ GLDJQRVWLFV
Employing mitochondrial markers and mito- )'$ DSSURYHG GUXJV DV QRYHO DQWL
signatures, as companion diagnostics for VSHFL¢{¢FDOO\ WKLV ZRXOG IDFLOLWD

WUHDWPHQW VWUDWL¢{FDWLRQ LPSRFDHIWYWYHWRRLCHEWSIYWKH FRUU
purposing IRU QHZ SKDVH ,, FOLQLFDO WULDOV |

SRVLWLRQLQJ LQ VHURXVY RYDULDQ S|
FRQYHQWLRQDO FKHPR WKHUDS\ H J

In support of our current hypothesis, integrating
WHORPHUDVH DFWLYLW\ ZLWK LQFU HWtéthendialV Rarkdl andl hib-5igRdtimesR Q

ZH GHPRQVWUDWH WKDW D VXE VH |i&{ioﬁsquﬁeﬁv@ﬁj§&§,§éé\@ JHQH
WUDQVFULSWV DUH DEOH WR SUHGLFW VXUYLYDO LQ VHURXV RYDULDQ

FDQFHU SDWLHQWY ZLWK RSWLPDO GH EXONLQJ $V VXFK WKHVH
SDUWLFXODU PLWRFKRQGULDO PDUNHUV i WOKUXGWA D W HWY R BoH XQYIHE X UHV
WR VHOHFW KLJK ULVN RYDULDQ FDPHHUDPOYWR LY WV HI WOGIRI Y RPHF WKISQ J C
WR \HDUV LQ DGYDQFH IRU FORVHIRRQERWREGUVEI G YWHKERS RHKQW WR SUFR
UHVXOWYV SURYLGH DQ H[FHOOHQW MR@BLLERBWRRKRE RYUHWRAQWNKYSEMR® LS
WDUJHWLQJ RI PLWRFKRQGULD LQ R P@QDEIVHYQ MKH PHYEFKREREULDO L
LPSURYH SDWLHQW VXUYLYDO DWWUDFWLYH QHZ WDUJHW IRU GHYH(

,Q WKLV QHZ SDUDGLJP KLJK URNWNREBRQEBOMWAD SRRW/ELQ WUDQVODWI
EH LGHQWL,HG DW GLDJQRVLV E\ REMRRWVRQASCSHIPHIYPRYGURQHYV WKH 2
PLWRFKRQGULDO P51$% WUDQVFULSWVKHQP WM R E K RENGHIU DPQS 1BX B\ HRUWKDVH PLC
YLIXUH $V D FRQVHTXHQFH WKHVH SDWLHQWV FRXOG

Figure 15: Ovarian cancer: mitochondrial-based

companion diagnostics for personalized cancer

therapy. ,Q WKLV GLDJUDP PLWRFKRQGULDO
Figure 14: Ov-Mito-Signature 3 predicts patient 6?68 GD SCH:‘- é\{?gﬁ UWLTL ://H SJDUURDXV;\H/ R7YKDHUQL DSDF\N
outcome in ovarian cancer patients. IRWH WKDW KL IKRFKROGULDO PDUNHUYV LQ WKHLU SULPI
OHYHOV RI 2Y OLWR 6LJQDWXUH 1'8)$ZF§§36%)65|%80\}1§H DWHG ZLWK PLWRFKRQGULD

HUHFWLYHO\ SUHGLFWV RYHUDOO VXUYLYPQr\ 26 dH® D ROHSHYGEIRESWR! WKH VWD
RYDULDQ FDQNHU SDWLHQWYV WXPRU SURJUHVVLRQ DQG LQFUHDVH RYHUI
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WDUJHWY OXOWLSOH PHPEHUV RI WEBRW HXOMW IVREERQLXE SQRWHL QQXPEF
FRPSOH[HV VKRZ VLIJQL:,{FDQW SURJGRWWDL VMO X356 VRYHHW\DWIOQ NV XUYLYDO
WKDW PRGXODWLRQ RI WKHLU LQWBKRVBRROAWDWLRQP P\LWRRKR@EULDO
WKHUDSHXWLF EHQH{;WV 7DUJHWLQIURUWHVHALIR @ B X UN LFYFOFOS GBHIGH B URJUH V
ZRXOG EH SUHGLFWHG WR VXSSUHVV WXPRU UHFXUUHQFH DQG
SUHYHQW GLVHDVH SURJUHVVLRQ L QAMh§HYHridMdehRXY RYDULDQ FDQFHU
patients.

,Q DGGLWLRQ VXFK PLWRFKRQGULDO PDUNHUY FRXOG DOVR |
EH HPSOR\HG DV FRPSDQLRQ GLDJQRVWEFAR] V\gFH(M'oV\F?/QHW&D Ry 'Y B6RWJ
WDUJHWLQJ HLWKHU PLWRFKRQGULDER V\%HPd/‘hlﬁb UVM/%VV\%@" %6 SURIHVV
RU FHOO SUROLIHUDWLRQ WR VHOHFEW AR B EEN ERLROBR WA RYLF
RI RYDULDQ FDQFHU SDWLHQWYV UPPORGRYLOJI LQ WKH QHFHVVDU\
WUHDWPHQW VWUDWL,FDWLRQ ,Q GLUHFW VXSSRUW RI WKLV DVVHUWLRQ
ZH VKRZHG KHUH WKDW WKUHH GLARENOWLERGMENTIQDWXUH Vv
FRXOG EH XVHG WR VXFFHVVIXOO\ LGHQWLI\ WKH VXE SRSXODWLRQ
Rl KLJK ULVN RYDULDQ FDQFHU SDWLHMVKRXO® BB LOHWEHSS &K\ WoWKLV |
RU 3SWD[RO"~ EDVHG WKHUDSLHV 7Kferysad ugpy ruslepienceyesl | miaghqndpak pogne
PLWRFKRQGULDO PDUNHUV FRXOG BEHURRYE ULRVWR QLMW @PWIXRAGHG EV D
SUHGLFW WKH UHVSRQVH WR WKHUBBW WIHKLUHD &\ WdHVdW UIRKQH[SHQG
SDWLHQWY DW KLJK ULVN IRU WUHD®PERW WRB\XId [ bW B © WYRZ/M YH XS4 U 1
WR \HDUV LQ DGYDQFH HYHQ EHIRUH WKHUDS\ LV LQLWLDWHG

CONFLICTS OF INTEREST
METHOD OF ANALYSIS
03/ DQG )6 KROG D PLQRULW\ LQWHU

.DSODQ OHLHU .0 $QDO\WHV 7R SHUIRUP . 0
analysis on nuclear mitochondrial gene transcripts, we  REFERENCES
XVHG DQ RSHQ DFFHVV RQOLQH VXUYLYDO DQDO\VLV WRRO WR
LQWHUURJDWH SXEOLFDOO\ DYDLODEQORUPHPGRDERIDIHTRY BWURPGRESQQ ( +
WR RYDULDQ FDQFHU SDWLHQWYV ¥ @JQKUV DSIOREZHVE] BKVOVORHU 5 7KH
GHWHUPLQH WKHLU RYHUDOO SURJQRVIQGE ¥DOCHODRWOILWKRM SN UKRVHQW RI
ZH SULPDULO\ DQDO\]HG \HDU IROORZSRGDWD IURP VHURXYV
RYDULDQ FDQFHU SDWLHQWYV VWDJH gpjoWKDRW, KRG RIWLPOLRBH 6WURV
EXONLQJ %LDVHG DUUD\ GDWD ZHUHsHl[FRKGWHD |URRDHHG 9DID ' &XELWW
the analysis. This allowed us to identify >100 nuclear ODJOLRFFR $0 (5% % ([SUHVVLRQ LQ 2

PLWRFKRQGULDO JHQH SUREHV ZLWKgMbgRdRED @My ISADIEUIR WK LFobwLoxP
YDOXH +D]DUG UDWLRV IRU RYHUDOO VRROWYRE 26 SURJUHVVLRQ

I[UHH VXUYLYDO 3)6 UHFXUUHQFH %%@R§M%§\§%&H%V¥&8FQ¢’RQ 3HUJ\ VNI
3

VXUYLYDO 336 ZHUH FDOFXODWHG DWW WKKGR%BY, BRYWR VidAHFWES vHuR
FXW Ru DQG S YDOXHV ZHUH FDOFXOP L@ Is WikH \ @RERE O™y w i w
w

boll iy Re v
WHVW DQG SORWWHG LQ 5 > @ .0 FXUYHV ZHUH D UDW
RQOLQH XVLQJ WKH . 0 SORWWHU DV+§‘?Dﬁéiﬂg§R/ %é&/ﬁ% ‘67])0 fgciDZYS% 5)L|\L/Jr[
LOHV XVLQJ XQLYDULDWH DQDO\VLY { - QHQ - YW

+HLNLQKHLPR 0O .DOOLRQLHPL 2 8Q!
‘?,WWS NPSORW FRP DQDOWVLYV LQGEE) 6\VWHPDWLF GUXJ VHQVLWLYLW\ W|
SKS"S VHUYLFH.FDQFHU RYDU

This allowed us to directly perfornn silico JURZWK LQKLELWLRQ E\ GDVDWLQLE RU

YDOLGDWLRQ RI WKHVH PLWRFKRQGU Stgéoliﬁ"hoﬁﬁ%I\Lrﬁlf\ﬁ?)%%?l?ebu\ﬁm?ORVD F
7KH YHUVLRQ Rl WKH GDWDEDVH Z BBLILQDOO\ XWLOLJHG
IRU DOO WKHVH DQDO\VHV KRZHYHU YWRPWXB o/BRFAI\H WIRBIY LUTH vR WA HQ

ZHUH DOVR REWDLQHG ZLWK WKH D?@RO 'R PNQREY ZLGH YDOLGDWLRQ
LRPDUNHUV LQ RYDULDQ FDQFHU XVLQ

SDWLHQWVYV (QGRFU 5HODW &DQFHU
%RQXFFHOOL * 3HLULV 3DJHV 0 2]VY]

2XWVFKRRUQ 8( 6RWJLD ) /LVDQWL 03
&6&Y FDQFHU VWHP OLNH FHOOV ywap kRHW&S AVIDWBRLRQ ZLWK SDOERF]

.0 .DSODQ OHLHU 053/ PLWRFKRQGYLBRpHLERYRRPPHY WXPRU FHOO KHW
SURWHLQV ODUJH VXEXQLW 0536 PLWRFKRQGUL®® ULERVREPKONDUIHW
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IDPE 5 2]VYDUL % %RQXFFHOOL * 6PLWHK /XBHVIWHQRW*OOR 0 3HLULV 3DJqV
ODUWLQH] 2XWVFKRRUQ 8( &ODUNH 5% 66RRLILE )'//LEDQWKH]3$OYDUH] 5 ODUWLC
'LVVHFWLQJ WXPRU PHWDEROLF KHWHURSHQ&DWS HOHIRR PH5UD3MH]]RQG /LVDQWL 0
ODUJH FHOO VL]H PHWDEROLFDOO\ GH®HQW RF KKEGRIOEWRROQRVLY LV UHTXL
VWHP OLNH PLWRFKRQGULDO ULFK FDQFGHSARGOQYW2OXRWDWDIHWQG SURSDJC

GRL RQFRWDUJHW FHOOV 2QFRWDUJHW GR
YDODQGU\ & +RUDUG % %UX\DV $ /HJRRUMIEL44QW HWLQ -
OHXQLHU - $OH[DQGUH - 'HOHFURL[ 9 )DEFEIROR 0&HDMEDEQ7DQRZLW] +% &DSSH

01 ODUDYDO *DJHW 5 3XMDGH /DXUDLQXW(V FKIRRAWR® 8( 6RWJILD ) /LVDQWL 03
JUH\HU * 7HORPHUH OHQJWK LV D SUR)QGRYS\SULFREHRBPDQWHBELRWLF LQKLELWYV
HOGHUO\ DGYDQFHG RYDULDQ FDQFHU @& ERQWZWD\ FFORFNFHQMFHHSUROLIHUD)

* 1(&2 VWXG\ $JLQJ $OEDOQ\ 1< FDQBRU FHOOV &6&V $JLQJ $OEDQ\ 1
DJLQJ GRL DJLQJ
.RWVRSRXORV - 3UHVFRWW - 'H 9LYR , )lJRQLOORODXJROEQ5- 7DQRZLW] +% 0X

5RVHQ % 5LVFK + 6XQ 3 1DURG 6% 7HORPRQ®DFRMOWRMDSBHOOR $5 O0DUWLQH]
PRUWDOLW\ IROORZLQJ D GLDJQRVLV RIGRWDOUDD)Q /ANVQRML &D QEHEXUSRVLQJI DV
(SLGHPLRO %LRPDUNHUV 3UHY PLWRFKRQGULDO FRPSOH[ ,,, DQG 2;3+
/IDPE 5 2]VYDUL % /LVDQWL &/ 7DQRzZLWPQ@HHURYWHB FHOOV 2QFRWDUJHW
ODUWLQH] 2XWVFKRRUQ 8( 6RWJLD ) /LVDQWL B FRMAEIHRWLFV

WKDW WDUJHW PLWRFKRQGULD HUHFW L YIHOQ LHHU D GALREW WLHD § D QLAHDQ WW HIB  +LJK P
FHOOV DFURVV PXOWLSOH WXPRU W\SH&HQWILHMNHWLD NV XD GRBXOOWHRQ RI VWL
DQ LQIHFWLRXV GLVHDVH 2QFRWDUJHWUH FKHPR UHBRYWDQW 2QFRWDUJHW

RQFRWDUJHW RQFRWDUJHW

/IDPE 5 )LRULOOR 0 &KDGZLFN $ 2]VYDIOP® 55HBYHVV.RQ + +XOLW - 6PLWK '/ /
6PLWK '/ &ODUNH 5% +RZHOO 6- &DSSHD DRWRFERQWUQB]DY QHZ WKHUDSHXWL]
2XWVFKRRUQ 8( 3HLULV 3DJgqV 0 6RWJEDQ)F HWWO/QMPL FAHBOOV 4XDQWLWDWLYH
'R[\F\FOLQH GRZQ UHJXODWHYV '1$ 3. DQU DDIGGRWHRYLWLPH\0 &7 LQKLELWLRQ
WXPRU LQLWLDWLQJ FHOOV ,PSOLFDWLRQV IRGARIPRUH H RFARMYDIHUJIHW
UDGLDWLRQ WKHUDS\ 2QFRWDUJHW GRL

RQFRWDUJHW
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