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Mitochondrial DNA mutations in iPS cells:
mtDNA integrity as standard iPSC
selection criteria?
Riikka H Hämäläinen

Somatic cells harbor random heteroplas-
mic mitochondrial DNA mutations, which
are considered to contribute to aging. In
this issue of The EMBO Journal, Perales-
Clemente et al (2016) show that mtDNA
mutations, present at low levels in the
starting fibroblasts, become enriched in
iPS cells and lead to functional defects in
iPS-derived cells. In another recent study,
Kang et al (2016) demonstrated that accu-
mulation of mtDNA mutations of somatic
origin in iPSCs is age related.

See also: E Perales-Clemente et al
(September 2016) and E Kang et al (May 2016)

G enetic integrity of induced pluripo-

tent stem (iPS) cells is important for

both therapeutic and research appli-

cations. Several studies have shown that

different nuclear DNA aberrations, point

mutations, copy number variation, and chro-

mosomal rearrangements are frequent in iPS

cells and that the majority of these arise

during the reprogramming process (Oliveira

et al, 2014). Mitochondrial DNA mutations

have also been shown to be present in iPS

cells (Prigione et al, 2011), but their extent

and origin, as well as their effects on

reprogramming to pluripotency, remain

unknown. The mitochondrial genome is

small but very gene-rich. It encodes genes

essential for oxidative phosphorylation and

cellular energy production. Mutations in the

mitochondrial DNA (mtDNA) cause a vari-

ety of human inherited diseases and are

implicated in many age-related conditions

(Park & Larsson, 2011). The mitochondrial

genome is a multicopy genome with tens or

hundreds of copies present in a cell, depend-

ing on the cell type. Pathogenic mutations in

mtDNA are often heteroplasmic, meaning

that both the healthy and the mutated allele

exist in the same cell, and different tissues

have different threshold levels for the muta-

tions that they tolerate before manifesting

defects (Larsson & Clayton, 1995). Aging is

associated with an increase in random

mtDNA mutations, either due to replication

errors or accumulated damage, and the rate

of mtDNA mutations is significantly higher

than that of nuclear DNA mutations

(Wallace, 2010). Two new studies shed light

on the prevalence of mtDNA mutations in

iPS cells and their consequences on differen-

tiated cells derived from the iPS cells.

Perales-Clemente and colleagues studied

iPS cells and fibroblasts from mitochondrial

disease patients and from healthy donors

and report that the majority of iPS clones,

independent of the donors’ disease status,

harbor mtDNA mutations, some at high

frequencies, and that all these mutations are

present at low frequencies in the parental

fibroblasts. Kang et al (2016) reported simi-

lar results and showed that while some

mtDNA mutations are present at low levels

in blood and fibroblasts of healthy adult

donors, iPS cells harbor elevated mutation

loads. Further, they showed that cloned

fibroblast lines show comparable mtDNA

mutation levels to the iPS cells, suggesting

that although undetectable in whole tissues,

the mutations are already present in the

individual starting cells and not generated

during the reprogramming process.

Kang et al (2016) reported a clear age-

related increase in the mtDNA mutation

frequency, whereas no correlation to the

donor age was seen in the Perales-Clemente

study. However, the study cohort in the

Perales-Clemente study (0–40 years) falls

within the young group (27–50 years) of the

Kang study, whereas the increase was seen in

the older individuals (60–72 years), suggest-

ing that this age-related increase in mtDNA

mutations is seen only in cells derived from

elderly donors. Kang et al (2016) also stud-

ied the origin of the mtDNA mutations by

looking for shared mutations between blood

and fibroblasts of single individuals as well

as between a mother–daughter pair. No

common variants were shared between the

mother and the daughter, and only a small

portion (~10%) of the changes were

common to blood and skin within individu-

als, suggesting that the majority of the

mutations are of somatic origin and that

most do not arise during early development

but later in life. Further, they collected

oocytes from the same females whose

blood, fibroblasts and iPSCs were studied

and generated ES lines by in vitro fertiliza-

tion. Whereas in the iPSCs most of the

mtDNA mutations are in protein-coding

regions, in the ES cells the mutations are

mostly non-coding, further suggesting

somatic origin of the adult mtDNA muta-

tions. This difference in the mutation types

between ES and iPS cells is in accordance

with previous animal studies, where selec-

tion against detrimental protein-coding

mutations is known to take place in germ

cells (Stewart et al, 2008).

Department of Neurobiology, A.I.Virtanen Institute for Molecular Sciences, University of Eastern Finland, Kuopio, Finland. E-mail: riikka.martikainen@uef.fi
DOI 10.15252/embj.201695185 | Published online 28 July 2016

The EMBO Journal Vol 35 | No 18 | 2016 ª 2016 The Author1960

http://dx.doi.org/10.15252/embj.201694892
http://dx.doi.org/10.1016/j.stem.2016.02.005
http://dx.doi.org/10.1016/j.stem.2016.02.005
http://dx.doi.org/10.1016/j.stem.2016.02.005


Both studies showed that most iPSC

clones harbor hetero- or even homoplasmic

mtDNA mutations, but do these mutations

have functional consequences on the iPS

cells and cells derived from them? To

answer this, Perales-Clemente et al (2016)

differentiated the cells to cardiomyocytes

and studied respiratory chain function in

both the iPS and cardiac cells. The iPS cells

are mostly glycolytic and do not need to rely

on oxidative phosphorylation to produce

energy; thus, no changes in the respiration

levels were detected even with high muta-

tion frequencies. On the other hand, cardiac

cells have high mitochondrial content and

rely heavily on respiration for their energy

production. Accordingly, a decrease in both

basal and maximal respiration was seen in

cells with high (~70%) mutation load of

certain mutations, whereas lower frequency

(~40%) of the same mutation did not affect

respiration. All protein-coding mutations did

not lead to respiratory defects even at high

levels (~80%). In the Kang et al (2016)

study, similar results with reduced respira-

tion as a consequence of specific mutations

were observed in iPSC-derived fibroblasts.

These two new studies clearly demon-

strate that iPSCs may harbor mtDNA

mutations at high enough frequencies to

cause functional effects. The authors of both

papers suggest including mtDNA screens as

selection criteria when choosing iPSC clones

to work with, and based on their results this

may well be justified. For cells to be used

for therapeutic or other clinical purposes,

mtDNA integrity should clearly be included

alongside monitoring for nuclear DNA integ-

rity, especially since the frequency of mtDNA

mutations in these new studies is signifi-

cantly higher than that previously published

for the nuclear genome (Johannesson et al,

2014). A basic screen of the small 16-kb

mtDNA genome could also easily be

included for clones used for research

purposes. Further, for research purposes

deep sequencing might not be needed, but

Sanger sequencing of the mtDNA should

reveal mutations present at high enough

levels to cause respiratory problems.
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Figure 1. iPS cells harbor mitochondrial DNA mutations.
Low levels of heteroplasmic mtDNA mutations are present in somatic cells. Perales-Clemente and colleagues show that these may become enriched in clonal iPS lines and
lead to respiratory defects in differentiated cells derived from the iPS cells.
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