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Mitochondrial Transplantation Therapy

LI Zhen, CAO Xinhui, WANG Chunming*
(School of Life Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract Mitochondrial transplantation was ever referred to the assisted reproductive technology that in-
jects isolated normal mitochondria into oocytes using micromanipulation. While, in the recent years, the technique
of injecting healthy mitochondria directly into damaged tissues or organs, or injecting into the blood circulation,
and subsequently exerting a therapeutic effect is also named as mitochondrial transplantation. In the cultured cell
models, mitochondria are directly incubated with cells. This technique can also be termed as mitochondrial therapy.
In the present review, the mitochondrial transplantation in diverse tissue and organ injury models, including but not
limited to heart, brain, liver, kidney, lung, and skeletal muscle, in experimental animal models such as mice, rats,
rabbits, and pigs, as well as preliminary clinical studies conducted on children with heart diseases are introduced.
The proposed internalization mechanism, which is mitochondria entering cells to produce ATP, and its limitations
are also introduced and discussed. Finally, a hypothesis that mitochondria may not need to enter the cell to function
is proposed and named as non-internalization mechanism corresponding to the former internalization mechanism.
This review puts forward a new direction for deepening the study of mitochondrial transplantation and the related
mechanisms.
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Table 1 Research results of mitochondrial transplantation in the treatment of heart-related diseases

BRI PRI AT AR LRSS 2 2iEh e TRITRCR
Animal model  Disease/injury models Sources of mitochondria ~ Transplant route Treatment effect
Rabbit Ischemia/reperfusion in- Left ventricle! Inject into the ischemic Significantly enhance functional recovery
jury®#! Pectoralis major®! areal®®! and cell viability after ischemial®*"!
Pig Ischemia/reperfusion in- Pectoralis major'"***#*%l  [nject into the ischemic  Significantly enhance cellular activity
Juryt!>20-2226] Gastrocnemius mus- areal'™ after ischemia-reperfusion injury!'”!
Right ventricular hypertrophy  cle*! Inject into coronary Reduce infarct size!?***%!
and failure®! artery222%! Promote physiological adaptation of the
Inject into the free wall  right ventricle"
of the right ventricle"
Mouse Ischemia/reperfusion in- Gastrocnemius muscle Inject into coronary Limit the infarct size after ischemia-
Jury?2 muscle®?” artery?”! reperfusion injury?’*!
Myocardial infarction®”! Mouse primary myocar-  Left ventricular myocar-  Enhance vascular density, inhibit cell
dial cells® dium® apoptosis, and improve cardiac function””!
Mesenchymal stem cells  Periinfarction area’!
and skin fibroblasts'*”!
Rat Ischemia/reperfusion injury to  Pectoralis major!'"*" Inject into coronary Enhance recovery after heart ischemia in
the heart of diabetes rats!'” Soleus muscle”! artery!'”! diabetes!'”
Right ventricular pulmonary Internal jugular vein Improvement of overall right ventricular
hypertension*” injection”®”! function®®”!
Cardiac arrest”®" Intravenous injection®®!  Improve survival and neurological recov-
ery in post-CA rats™!
Human Pediatric patients with isch- Rectus abdominis!'*'”! Intramyocardial injec- Patient disengagement from ECMO,

emia/reperfusion injury!'®
Children with cardiogenic
shock after ischemia/reperfu-

sion injury"”!

18] enhance cardiac strain!'*!”!

tion!
Inject diredectly into the
damaged myocardium
through the epicar-

dium!"
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Table 2 Research results of mitochondrial transplantation in the treatment of brain and other neurological diseases

IR AR R A LRSS MAER HIT R
Animal Disease/injury models Sources of mitochondria Transplant route Treatment effect
model
Rat Spinal cord injury!’****! PC12 cells or soleus muscle!” Inject into the lateral gray ~ Help maintain normal neural
Spinal cord ischemia Soleus musclet**? matter around the injured energy, but does not produce long-
model"* Pectoralis major™® spinal cord"”! term protective effects!”!
Cerebral stroke!®**3°] Human umbilical cord derived Inject into the spinal cord ~ Reduce cell apoptosis and inflam-
Retinal degeneration®*! mesenchymal stem cells®! injury site matory response*!
Anxiety and depression Mouse brain neuroma cell line N2a  Inject into the left cerebro- ~ Reduce the area of cerebral infarc-
like behavior in elderly and mouse neural stem cell line ventricular®! tion!®3+3
rats®’! mNSCP?! Inject into the right cere- Reduce photoreceptor degrada-
Liver? broventricular***"! tion!
Healthy young rat brain!*” Inject into the internal Improve anxiety and depression
Blood"®*! carotid artery*** like behavior?”
Inject into the vitreous Promote tissue repair and motor
cavity?®l function recovery*!
PBM (photobiomodula-
tion) promotes MTE¥!
Mouse LPS induced depression Hippocampus®™”! Intravenous injection™ Improve oxidative stress and LPS

model?”!

Sepsis related brain dys-
function!*”!

Traumatic brain injury™*"
Focal cortical ischemia
induced oligodendrocyte
degeneration™*?!

Age related cognitive

declinet*”!

Pectoralis major'*”!

Livert !

Inject into the left cerebro-
ventricular®’!

Inject into the cerebral
cortex!*#2

Bilateral hippocampal

injection'!

induced depressive behavior®”
Promote the transformation of mi-
croglia and improve brain dysfunc-
tion™*"!

Stimulate microglia activation and
improve damage™*"

Reduce apoptosis of oligoden-
drocyte group cells and promote
proliferation*!

Improve cognitive function and
exert anti-aging effects!*”
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Table 3 Questioning the role and mechanism of mitochondrial transplantation

5E 5
Doubtful points

Question content

FeoR HAR AL

Prompts other mechanisms

Insufficient quan-
tity

Acting too fast

High calcium

environment

Entering cells

How can MT undertake the task of producing a large amount of
ATP when the number of mitochondria into cells is too small'*?

Mitochondria injected into the myocardium takes effect within
10 minutes, but it takes 2-8 hours for mitochondria to enter the
cells before being observed™!

Extracellular/blood high calcium environment leads to mito-

[63

chondrial inactivation'®, how to explain the injection of mito-

chondria into arteries or venous vessels also shows a therapeutic
effect

The specific mechanisms of endocytosis®**”, macropinocyto-

[58,60;

sis**¢% intercellular junction® are constantly controversial

Is there any other regulatory mechanism that differs from
the direct production of ATP by transplanted mitochondria,
such as promoting the activity of existing mitochondria

Is entering the cell a necessary condition for its function

Is there a mechanism that does not require entry into cells

May MT not require mitochondria to have respiratory
activity? May mitochondria maintain transplantation ef-

ficiency in some form

Is there a unified mechanism for entering cells? Does it not
need to enter the cell
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