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The mitochondria is the major cellular organelle of energy metabolism for the supply of cellular en-
ergy; it also plays an important role in controlling calcium regulation, reactive oxygen species (ROS)
production, and apoptosis. Mitochondrial dysfunction causes various diseases, such as neurodegenerative
diseases, Lou Gehrig's disease, cardiovascular disease, mental disorders, diabetes, and cancer. Most of
the diseases are age-related diseases. In this review, we focus on the roles of mitochondrial dysfunc-
tion in cancer. Mitochondrial dysfunction induces carcinogenesis and is found in many cancers. The
factors that cause mitochondrial dysfunction differ depending on the types of carcinoma, and those
factors could cause cancer malignancy, such as resistance to therapy and metastasis. Mitochondrial
dysfunction is caused by a lack of mitochondria, an inability to provide key substances, or a dysfunc-
tion in the ATP synthesis machinery. The main factor associated with cancer malignancy is mtDNA
depletion. Mitochondrial dysfunction would leads to malignancy through changes in molecular activ-
ity or expression, but it is not known in detail which changes lead to cancer malignancy. In order
to explore the relationship between mitochondrial dysfunction and cancer malignancy in detail, mi-
tochondria dysfunctional cell lines are constructed using chemical methods such as EtBr treatment or
gene editing methods, including shRNA and CRISPR/Cas9. Those mitochondria dysfunctional cell
lines are used in the study of various diseases caused by mitochondrial dysfunction, including cancer.
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Fig. 2. mtDNA mutations in cancer [78].
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AR, A, A, A, AR, A9AL, AL, AR
ARG, HESF Tol e, 4 o Foll uet =dHol7t
A she YA7F G2 t(Fig 1) [16].

Aol A mtDNA EAHE 9] Wighe= 2282 gokd Jo
2 yebdtes, 67] 1, A, el

BAR 7 22eta]65, 120, 137], 0@ Wske B, ¢
A%, Ao) B¢ FAAAT). Bol2, FARL, AES,
ATYIHE mDNA BAHE 571 37k5)o] Qlom, 27

Table 1. mtDNA mutation region in cancer [78]
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A5HA WATL 4 S BAR S71 § BT, 59, 73,
74, 133]. SFA T, oF WA Fofo] ©E mtDNA HAHE 49
Zpol ¢ oF Ay she] Fd BA O e oFF FEaA &
GRS

Succinate dehydrogenase (SDH) [46, 60], fumarate hydra-
tase (FH) [11, 62], isocitrate dyhydrogenase (IDH) [54, 111]¢}
2 M EZEL oL Aol £42 7tEH0l Sl bt A
Felo of I 2o #4Fh SDH, FH, IDHSH &-& thAt
T aa7h EFHA, M EZELotol A ¥ESHE succinate,
fumarate, 2-hydroxyglutarate®} 22 ALEHA S| S35+

)

Cancer types

Mutation region

Parathyroid gland tumor
Head and neck cancer
Thyroid tumor

ND1,ND2, ND3, ND4, ND4L, ND5, ND6, Cyt b, COI,COII, COIll, ATPase6, ATPase$,
D-loop, tRNA, 125 rRNA, 16S rRNA

Colorectal cancer

ND1, ND3, ND4, ND4L, ND5, ND6, Cyt b, COT,COII, COIll, ATPase6, ATPase8, D-loop,
tRNA, 125 rRNA, 165 rRNA

Lung cancer 16S RNA

ND1,ND2, ND3, ND4, ND4L, ND5, NDé6, Cyt b, CO1,COII, COIIl, ATPase6, D-loop, tRNA,

Gastrointestinal tract tumor rRNA, 165 TRNA

ND1,ND2, ND3, ND4, ND4L, ND5, ND6, Cyt b, CO1,COII, COIl, ATPase8, tRNA, 125

Breast cancer

ND1,ND2, ND4, ND5, ND6, Cyt b, COI,COII, COIl, ATPase6, ATPase8, D-loop

Ovarian cancer
rRNA

ND1, ND4, ND4L, ND6, Cyt b, CO I ,COII, COII, ATPase8, D-loop, tRNA, 12S rRNA, 165

Prostat
rostate cancer RNA

ND1,ND2, ND4, ND4L, ND5, ND6, Cyt b, CO I, ATPase8, D-loop, tRNA, 125 rRNA, 165

Skin cnacer

ND1,ND2, ND4L, ND5, Cyt b, COI,COII, COIll, ATPase6, D-loop, tRNA, 165 rRNA

Leukemia

ND1, ND4, ND5, NDé6, Cyt b, COII, ATPase6, D-loop, tRNA, 125 rRNA, 165 rRNA

Renal cancer

ND1,ND2, ND3, ND4, ND5, ND6, D-loop, tRNA, 125 rRNA, 165 rRNA

Brain tumor

ND2, ND4, ND4L, Cyt b, COI, COII, D-loop, tRNA, 165 rRNA

Cervical tumor

ND1,ND2, ND3, ND4, ND4L, ND5, NDé6, D-loop

Pancreatic cancer

ND2, ND5, ND6, Cyt b, COT, ATPase8, tRNA

Glioma

ND2, ND5, ND6, Cyt b, COI, D-loop

Bladder cancer

ND3, ND4, ND5, Cyt b, D-loop, 165 rRNA

Oral cancer

ND2, ND3, ND4, COIll, D-loop

Hepatocellular cancer

CO 1, ATPase8, D-loop, tRNA

Nasopharyngeal carcinoma

Cyt b, D-loop, tRNA, 125 rRNA

Endometrial tumor

D-loop, 125 rRNA, 165 rRNA

Renal oncocytoma ND1
Esophageal cancer ND5
Gastric tumor ATPase6
Stomach cancer

Uterine carcinoma

Astrocytoma

Barrett’s cancer D-loop
Osteosarcoma

Ewing’s sarcoma
Gallbladder carcinoma

Splenic lymphoma tRNA
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4 © & amphiregulin(EGF member) #2437} &4 3515 &3
ShA ] kAl WA o] F ol F7FATH15]. 3 EtBr
A& T3 mDNA Z4E F=314, AZW Zg o] 2o
S7tH 3, 2Z 18] cathepsin L¥ TGF-B 22 &4 %4
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B A TH[124]

ojAE HEZE o} 7% ol FEF Y e AE A
WA, A W, Aad 288e 2 2
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, AR ERE AP 24E de A

_?_
of A o ofFH o] o] $hr}(85]. o g
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EtBr2 0[&8t mtDNA &4

EtBre 939 miDNA g7] Atolo] Eoj7tA +2& HE
2 A 7 1}[142] linear DNAZ 7H501[92] mtDNA 4] 9}
HALE dASE 715+ SO EtBre AF5E AZd &2
71zt A2l Alole mtDNA %o] 74 H AT, o] & EtBrg
AASHHE mDNA o] A 358t EtBr A g 7]3te] 24
£ mtDNA A& dA3 Z4HH, o] T EBr& AASHT
mtDNA o] 3554 %= Zo] F4 HAT104, 112]. £3,
EtBr& ZA 7 Ae@e A(35~52 days), mtDNA7} 4413
AretA 3 85 A ¢h9k o, cytochrome c oxidase &4 3t
A3 25].

ojFd AT ES EUE WEZT o} 75 o) ME AF
o] 7bF o, 1o B3 AF = SeiA NP
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Table 2. Construction of mitochondria dysfunctioned cell line using EtBr

Cell type Treatment period EtBr concentration Reference
human line VA2-B 3 days 20 ng/ml [136]
Mouse and hamster cell 4 days 0.1~5 pg/ml [56]
Primary chicken Embryo Fibroblasts ~43 days 0.4 pg/ml [25]
A549,SPC-A1, H322 7 days 250 ng/ml [138]
Breast cancer cell 40 days 50 ng/ml [140]
Hep3B, HEK293, 143B ;]Eegg?f ) jfjjks(l?gonf;ﬁii) 50 or 100 ng/ml [83]
HeLa7 70 passage 10 ng/ml [88]
Table 3. Construction of mitochondria dysfunctioned cell line using gene editing
Method Cell type Period Procedure Reference
osteosarcoma cell line 48 hr Eliminat%on of some mtDNA/ 4]
Crispr-cas9 dermal flbrok.)last.s Generation of. p.omt. mutat101T1s
Human embryonic kidney 5 days COT and COII ehmeratlon by mitoCas9 [53]
(HEK-293T) transfection
S— HeLa, NIH 3T3 9-12 days MDA digestion by transfection [115]
MCE-7 5 days POLG inhibition [109]
At d & Eof, mtDNA =A™l oJ3t | EZ =g o} 7]% < 28 7 A HAT35]. FH mDNAZFE FHE01A
ot By dg ¥y Ao A4 oY, mtDNA T @A 75 i A7 9ol E 7 AZE 9
Aok Agate] A #A B A7 AFH L Ao & &3 o E Aol oy, CRISPR/Cas9 A7 Zx“ﬂ
I P EZEg o} 7% oY dRAE dTste HHeEE o Hd o] REAE FFI JNEE 7HH A HAY vE
7% ol F2F IFE M AoE ARHE dF 74 Egotz ol Fstes 244 CRI PR/Cas9—a— °] -3k mtDNA
ZH(COX2, ND1, ND2, D-loop)9] @ o] At A EFE o] 2 A (cox1, cox3)E A A 11]01‘3}01 E4 nEZC o} 44
&3t71th, mDNA Z&o] A A2t A 2FE o] §8h= e S AT F e W] HZol BuEAth53]
Hol itk olg @ MEFE o BT & HAs} Aol o & shA R, FAA £ S 01% g M EZEL} 75 o
29t @A e VEZEY 7s ol AEFE ol &5, AT Z&84 2AY v FAAE FAC FA A=
mtDNA ¥ 3o o3& 8 FH2 2 2d3 22 93 A% 5% 71ed 59 EANSE ode o e 977 28
Ao i 7% ol Ag= 1 Yot gk AA oIt

Jo 40
[

Xt =M (gene editing)S 0|28 mtDNA Z4

A Ao #g A Y Aste e, M EZEg o}
7% ol AEF AFo| 71&0) F2 AHEEY EtBr Y 9
of Z& WHel AAHIL ATt siRNA, shRNAE OI%P
3 DNA®| EA3t= nlEZEg o dld e vty o7&

3l 1 71%S AFsAY, mDNAS] HA 2 4o st
POLGE #3407 3+ siRNAE 53] mtDNAE 7H4A 7]
PHOE 75 A7/ & dglth EE POLG 454
(dominant negative) &% ©] ¢l POLG D1135AE Al ZFl
A1k, mtDNA 7% o4 A ZZ AZd & 9lt20, 38,
51, 109]. 2ol CRISPR/Cas90]2t= A Z& A8 7]% o]
=g w, $4854 POLGE AHE3tA] &l siRNA,
shRNA ¥ ET o 32 02 POLG FHAE gloj= U

rr r{r o

EZEgfols ouA tAl, A A, g o] 243}

22 old 985 st AE F2 &7]Fon. EZEL o}
of dAste 7T ol AFHY A8, AduA A, A
B, A7F A A9, 4 2L gdR e oplsty, o
FEol k3 #d AWt v EZEg o} 75 o4 Bt
T A A sEe dold &3 F4e= %*30}71011 =3}
25E B2 &9 k29t ol AW A8E A% B
d7Eol A Tl 9lon, o5 Edlz & = LEOML nE
ZEg o}t 7% o] & ko] dd RA e nEetiiT
Be 4 FAX mDNA Edwols nlEZ ol &4 9
g A thAatel WEE BEEE, o Wy} o Ay
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