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Mitochondrial Gene Therapy
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Abstract
Mitochondrial dysfunction contributes to a large variety of human disorders, ranging from neurodegenerative
and neuromuscular diseases, obesity, and diabetes to ischemia-reperfusion injury and cancer. Increasing
pharmacological efforts toward therapeutic interventions have been made leading to the emergence of
"Mitochondrial Medicine” as a new field of biomedical research. The identification of molecular mitochondrial
drugs targets in combination with the development of methods for selectively delivering biologically active
molecules to the site of mitochondria will eventually launch a multitude of new therapies for the treatment
of mitochondria-related diseases, which are based either on the selective protection, repair, or eradication of
cells. Yet, while tremendous efforts are being undertaken to identify new mitochondrial drugs and drug
targets, the development of mitochondria-specific drug carrier systems is lagging behind. To ensure a high
efficiency of current and future mitochondrial therapeutics, delivery systems need to be developed, which are
able to selectively transport biologically active molecules to and into mitochondria within living cells. (J Kor
Diabetes Assoc 31:187~192, 2007)
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Fig. 1. Schematic illustration of the two principal strategies for mitochondrial gene therapy.
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Fig. 2. Synthetic scheme of PEI-LP.
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Fig. 3. Cell free assay with isolated mitochondria. Mitochondria were isolated from A7RS5 cells. The RITC-labeled pDNA
was complexed with PEI-LP at a 0.4/1 or 0.8/1 weight ratio. Naked pDNA or PEI-LP/pDNA complex was incubated with
isolated mitochondria. After washing,the mitochondria were observed on a confocal microscopy. (A) Rhodamin-123 as a

positive control, (B) Naked pDNA, (C) PEI-LP/pDNA complex at a 0.4/1 weight ratio, (D) PEI-LP/pDNA complex at
a 0.8/1 weight ratio.

189



i M 313 M35, 2007

A mEZEol §44F x50 HFEAEe] 74
o] A&=|a e AL 7S] FHA X5 AGEARE
2] 47l elEFol} A iR} FA-oltt o] 7 A &
A B oAslE wlar glojA] AlEuke] SAslel 4w 2t
B3] AZARS] o5 FIlE AHes s gt
41515 " DNAE &84 9 F condenseAlA 49| F3
2 A A 285 7 5 o] AlE Wiele] @it
H3ll g sl oJet sy ZHE] DNAE Hoshs 285 et
el e SAEA] o] FolXl A7ATE B ol#fsh
718 AR AGEAE AL 7S tiFEe] DNAYH
T2 ¥ o Adw]y] uiifel] A vEZ=elolE A
GEE o tigks] AL AoE dwiA gk

o5 FH3}7] 93t Higke g dx) nEZE=zolo)] Sol
Q1 A& 7HR AR Aol A3k oAt it

tl, ol F4A A opzl n|EZEeole} o] A3t
7] PGS AR X858 et thilAe] o)
EFceotze] Ad wedt vigks] Fe3k A oulE 7}
A7) wigelek e AR A oFsolu) thild
ALFEAZ vlE o] &3py|olls Lo hilAle] Fel3)et
2 Ao fAAS) tf27] wiiel]l AdEAe] ® o 3}
5 W] ¥ Ao A7) nEZE=elol A3
Ao /M F 7k FRERE 212 v|EZse]opte]
AQxp} whje]e] pH Xjo]& ¢lal] H¥s]= transmembrane
electrochemical gradientE o]8sl= Z o024, AE W] of
T 4|83} nEZEeolele] olEdt XolHE 83
A3 A 4o ek A B A&4Q v|E
Zeglo} targetingo] 7Fs3ld Aog Azt

SRS vETCeolz Bl 4 g E oE b

.

Fig. 4. Comparison of PEI-LP with PEI in cell free assay. Mitochondria were isolated from A7RS5 cells. PEI-LP/pDNA
and PEI/pDNA complexes were prepared as described in Materials and methods. Naked pDNA or polymer/pDNA
complex was incubated with isolated mitochondria. After washing, the mitochondria were observed on a confocal
microscopy. (A) Naked pDNA (B) PEI-LP/pDNA complex, (C) PEI/pDNA complex.

Fig. 5. In vitro pDNA delivery to mitochondria sites in a living cell. PEI-LP/pDNA and PEI/pDNA complexes were
prepared as described in Materials and methods. Polymer/pDNA complexes were transfected to A7RS cells. The locations
of mitochondria were detected using Mitotrack green. The cells were fixed and visualized on a confocal microscope. (A)

PEI-LP/pDNA complex, (B) PEI/pDNA complex.
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Fig. 6. Three approaches to mitochondrial gene therapy. (a) antisense-mediated inhibition of the replication of mutant
mitochondrial(mt) DNA, (b) introduction of replacement mtDNA into the mitochondria, (¢) introduction of modified
replacement DNA into the nucleus. Red represents endogenous molecules and blue represents transgenic constructs and
their products.
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