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Intercellular mitochondria transfer is an evolutionarily conserved

process in which one cell delivers some of their mitochondria to another
cellinthe absence of cell division. This process has diverse functions
depending on the cell types involved and physiological or disease context.
Although mitochondria transfer was first shown to provide metabolic
supportto acceptor cells, recent studies have revealed diverse functions

of mitochondria transfer, including, but not limited to, the maintenance

of mitochondria quality of the donor cell and the regulation of tissue
homeostasis and remodelling. Many mitochondria-transfer mechanisms
have been described using a variety of names, generating confusion about
mitochondria transfer biology. Furthermore, several therapeutic approaches
involving mitochondria-transfer biology have emerged, including
mitochondria transplantation and cellular engineering using isolated
mitochondria. In this Consensus Statement, we define relevant terminology
and propose anomenclature framework to describe mitochondria transfer
and transplantation as afoundation for further development by the
community as this dynamic field of research continues to evolve.

Mitochondria are functionally and structurally diverse organelles that
are essential for the health of nearly all eukaryotic cells"* These orga-
nelles are frequently associated with their roles in energy metabolism
as the sites where the citric acid cycle, B-oxidation, electron transport
chain, oxidative phosphorylation and other metabolic pathways occur.
However, mitochondria have many other important functions, includ-
ing cell signalling, viral sensing, cellular calcium homeostasis, redox
homeostasis, iron handling, haem and lipid synthesis, cell division and

cell death’. Phylogenetic and fossil record studies indicate that mito-
chondria evolved through an ancient endosymbiotic process in which
alphaproteobacteria capable of aerobic respiration were engulfed by an
anaerobicarchaeal cell. The transition froman endosymbiosed bacteria
toanancestral organelle that gave rise to modernrespiring mitochondria
involved the development of complex protein transport systems, mas-
siveloss of thousands of alphaproteobacterial genes to the host nuclear
genome, highly integrated organelle division processes and bioenergetic
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Fig. 1| Process used for consensus statement construction. In phasel, an
international committee was formed and divided into two groups based on
geography. After anintroductory meeting with allmembers, groups A and

B met three times. Each co-author held the floor to present nomenclature
considerations, followed by group discussions. In phase I, an outline was
presented to all co-authors for discussion before preparing the article. In phase
111, a preliminary version of the article was posted on MitoWorld’s website for a
publiccommenting period. In phase IV, the committee finalized the manuscript
before formal peer review.

flexibility and function®. This process enabled complex multicellular life
toform, as evidenced by fossil records dating to approximately 1.6 billion
years ago and the evolution of all extant eukaryotic organisms today®.

Over the past approximately 20 years, we have come to understand
that mitochondria can be transferred from one cell to another, a pro-
cess that is termed horizontal or intercellular mitochondria transfer.
Although the origins of mitochondria transfer are unclear, it may be a
preserved relic of their alphaproteobacterial ancestry that confers a
selective advantage to multicellular eukaryotes. Indeed, mitochondria
transfer has been observedin evolutionarily diverse eukaryotes, includ-
ing yeast'"2, molluscs®, fish'* and rodents® as well as human cells',
and mtDNA transfer has been reported between cells in plants” .
We are just beginning to understand the physiological functions of
mitochondria transfer, how alterations in this process contribute
to disease pathogenesis and how to harness mitochondria transfer
biology to develop new therapies.

ICMTTN process and scope of review

The rapid pace of research on mitochondria transfer has created the
need for clarity about terminology used in this field. To address this,
we organized an International Committee on Mitochondria Transfer
and Transplantation Nomenclature (ICMTTN), consisting of aninter-
national team of 31 investigators (working in 13 countries) in the field
or highly relevant topics to assimilate acontemporary understanding
of mitochondria transfer pathways and therapeutic approaches and
provide guidance about recommended terminology and characteriza-
tionstandards (Fig.1). The ICMTTN convened as afull group twice and
operated intwo geographically defined groups workingin parallel. Each
group met three times and each participant was afforded dedicated
time for presentation of theirideas followed by group discussion. The
chair (J.R.B.) and co-chair (K.K.S.) participated in both working groups
to provide continuity but presented their ideas once. An initial draft
consensus document was created, and each participant was invited
to provide comments and suggestions over a 4-week period. Follow-
ing incorporation of these improvements, we held a 30-day public
commenting period hosted by MitoWorld (www.mitoworld.org) and
considered suggestions and critiques before peer review.

We begin by providing an abbreviated history of the field, high-
lighting some of the important milestones that have advanced our
understanding of mitochondria transfer and transplantation. We then
establish definitions of basic terms and concepts regarding mitochon-
driatransfer and transplantation (Box 1). We recommend nomenclature
for cell contact-dependent and contact-independent mitochondria
transfer processes and for therapeutic approachesinvolving mitochon-
dria transplantation. We recognize that this field is evolving quickly
and that these recommendations may not always fully conform to
future insights and conceptual advances. Therefore, we present this
nomenclature framework below asaguide and set of recommendations
that will probably need to be revisited in future years.

Abriefhistory of the field

Foundational early discoveries

The earliest discoveries about intercellular mitochondria transfer
were based on foundational observations about the ability of cells to
acquire mitochondria and their components from their environment
(Fig. 2).In1977, it was reported that mitochondrial genotypes could
be obtained by p° yeast protoplasts, which lacked mtDNA, by fusing
themwith protoplasts of wild-type cells*. These results were extended
afewyears later usingisolated mitochondria or enucleated cells' ™. 1n
1982, it was shown that isolated mitochondria from chloramphenicol
and efrapeptin-resistant mouse tumour cells could be endocytosed by
drug-sensitive tumour cellsin culture and confer resistance, indicating
thatuptake of extracellular mitochondria could genetically transform
drug-sensitive cells”. These results were later recapitulated by micro-
injection of isolated mitochondria into human tumour cell lines?.
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BOX1

Definitions of key terms

Donor cell: a cell from which transferred mitochondria originate.
Acceptor cell: a cell to which mitochondria are transferred.
Intercellular or horizontal mitochondria transfer: a process in
which one or more mitochondria are transferred from a donor cell to
an acceptor cell. This term implies that the acceptor cell has taken
up the donor cell-derived mitochondria but does not imply the fate
of those mitochondria.

Mitochondria transfer axis: A mitochondria transfer axis can be
defined when both a donor and acceptor cell are known. This term
is best used in the context of an endogenous mitochondria transfer
process, rather than an in vitro process.

Mitochondria transfer network: The transfer of mitochondria from
a defined donor cell to multiple acceptor cell types. Alternatively,
a mitochondria transfer network can be understood as multiple
connected mitochondria transfer axes in parallel or series.
Interorgan mitochondria transfer: The transfer of mitochondria
from a donor cell in one organ to an acceptor cell in another organ,
usually via the circulatory system or other biofluid.
Contact-dependent mitochondria transfer: a mitochondria
transfer process that requires direct cell-to-cell contact to occur,
often via tunnelling nanotubes, dendritic structures or adhesion.
Contact-independent mitochondria transfer: a mitochondria
transfer process that can occur without direct cell-to-cell contract
via the release of extracellular mitochondria that are taken up by an
acceptor cell.

Extracellular mitochondria (ex-Mito): mitochondria detected in
an extracellular environment, including interstitial fluid, plasma,
cerebrospinal fluid, saliva or cell culture media.

Free mitochondria: ex-Mito that are not enveloped by an
extracellular vesicle (EV).

EV-mitochondria (EV-Mito): ex-Mito that are enveloped by an EV,
which can be derived from either exosomal or ectosomal release
pathways.

Mitochondria transplantation: a procedure in which mitochondria
are isolated and then administered in vivo to an organism with the
intent to engraft and confer a therapeutic benefit.

Autologous mitochondria transplant: a mitochondria transplant in
which in the recipient is also the source of the mitochondria.
Heterologous mitochondria transplant: a mitochondria transplant
in which the source of the mitochondria is another individual of the
same species.

Xenogenic mitochondria transplant: a mitochondria transplant

in which the source of the mitochondria is from a different species
than the recipient.

It was then shown that injection of myoblast mitochondria har-
bouring a pathogenic mtDNA tRNA®* mutation into mtDNA-deficient
cell lines formed cytoplasmic hybrid cells called ‘cybrids’ and that
the donor mtDNA conferred defects in mitochondrial protein trans-
lation and cytochrome c oxidase activity®. A few years later, it was
shown that platelets®* and sperm® from healthy individuals can deliver
mtDNA to p° cells to form cybrids with rescued aerobic respiration, and
later breast cancer cybrids harbouring the G10398A mtDNA variant
were reported to have apoptotic resistance and enhanced metastatic
potential®®. Although horizontal mtDNA gene transfer was found to
occur between cells in flowering plants™'®, broadening the diversity
of organisms known to exchange mitochondrial components, thereis

notyetdirectevidence for the transfer of intact mitochondriabetween
plant cells.

Recent studies on mitochondria transfer

In 2006, it was reported that human bone-marrow-derived mesen-
chymal stem cells or fibroblasts could deliver mitochondria to neigh-
bouring A549 p° lung carcinoma cells in culture to rescue cell-intrinsic
defectsin aerobicrespiration’®, providing the first evidence that mito-
chondriatransfer could confer metabolic propertiestoacceptor cells.
This was confirmed shortly thereafter usingisolated mouse mitochon-
dria taken up by human p° cancer cells”, although we recognize that in
healthy cells mouse mitochondria can fuse with human mitochondria
but are not maintained over long periods of time due to mito-nuclear
conflict®.

A series of studies have since demonstrated that mitochondria
transfer occurs in vivo in complex animal systems. In 2011, it was
reported that canine transmissible venereal tumour cells obtain
mitochondria from host cells?”, and the next year it was shown that
bone-marrow stromal cells transfer mitochondriato pulmonary alveoli
to dampen endotoxin-induced acute lung injury in mice®. Several
years later it was shown that p° tumours obtain mtDNA*° via intact
mitochondria® from host cells in mice to support tumorigenesis by
promoting de novo pyrimidine synthesis®. In 2016, it was also shown
thatmouse oocyte differentiationis regulated in part by mitochondria
transfer fromsister cyst germ cells®. That same year, retinal ganglion
cells were shown to shed damaged mitochondria and deliver them
to adjacent astrocytes for degradation, establishing the concept of
transmitophagy or licensed mitophagy, where one cell type borrows
the degradative function of another*. Transmitophagy is now known to
occurinseveral organ systems such as the heart®?*®, brown adipose tis-
sue® andretina'** to preserve mitochondrial homeostasis of the donor
cells®, Furthermore, platelets were shown to release mitochondria
uponactivation®,a process that was recently linked towound healing*’.

We now know that many cell types participate in mitochon-
dria transfer in the central nervous system***, peripheral nervous
system®, lung™*®~*% heart®*’, white adipose tissue’**!, brown adi-
posetissue**!, bone***, haematopoietic system®**>>” and the tumour
microenvironment®>***%°, Insome cases, respiration-competent mito-
chondriaarereleased into the blood of mice and humans®*°, serving as
aconduit throughwhichcellsinone organ can transfer mitochondria
tocellsinanother organ (interorgan mitochondria transfer). This was
shown with the delivery of adipocyte-derived mitochondria to the
heartin obesity®®'; however, itis likely that many cell types contribute
the pool of circulating extracellular mitochondria (ex-Mito) in blood.
Mitochondria transfer has beenfound to regulate a diverse set of physi-
ological processes, including regulation of adipose tissue homeostasis,
cardiovascular health, wound healing, angiogenesis, haematopoiesis
and inflammation, topics that were recently reviewed in more detail
elsewhere®%°%,

Development of therapeutic approaches

There has been considerable effort to harness the biology of
mitochondria-transfer pathways for therapeutic purposes. These
approaches involve some aspects of mitochondria-transfer biology,
such as cellular uptake mechanisms, but are procedures to deliver
mitochondriatoanintended organand/or celltype. One of the earliest
studies attempting to use isolated mitochondria for therapeutic pur-
poses was the isolation and transplantation of cardiac mitochondria
into the hearts of rabbits subjected to ischaemia followed by reperfu-
sion, an intervention that reduced ischaemia-reperfusion injury and
improved functional recovery®. A similar finding was later observed
in pigs®. In subsequent clinical trials, skeletal muscle mitochondria
wereisolated from paediatric patients requiring extracorporeal mem-
brane oxygenation (ECMO) for autologous transplantation, allowing
most of the patients to be successfully separated from ECMO faster®®®,
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Transfer of mtDNA genotypes to p° yeast
protoplasts'®"?

Platelets deliver mtDNA-encoded phenotypes to
0° cells®*

Milestones associated with isolated
mitochondria and therapeutic approaches

. Milestones associated with
mitochondria transfer

Uptake of isolated mitochondria confers antibiotic
resistance in cancer cells’

Mitochondria transplantation in rabbit myocardial
ischaemia

| Mitochondria transplants improve paediatric
myocardial ischaemia®*

Patients with large-scale mtDNA deletions are
—— treated with stem cells modified with isolated
mitochondria®

Adminstering isolated mitochondria reduces limb
ischaemia®® and Leigh Syndrome’ and boosts CAR
T cells®

Fig. 2| Partial timeline of milestones in mitochondria transfer and transplantation. Milestones associated with isolated mitochondria and therapeutic approaches

such as mitochondria transplantation and cell engineering are shaded in grey. Milestones associated with mitochondria transfer between cells are shaded purple.

Nature Metabolism | Volume 7 | January 2025 | 53-67


http://www.nature.com/natmetab

Consensus Statement

https://doi.org/10.1038/s42255-024-01200-x

@ Mitochondria transfer b Mitochondria transfer axis

Donor cell Acceptor cell

Vertical 1
inheritance of
mitochondria
(this is not

mitochondria
transfer).

Q
@

. @&

Horizontal or intercellular
mitochondria transfer

€@ Contact-dependent mitochondria transfer

Donor cell

o

Acceptor cell
e\
- g

Tunnelling
Adhesion-mediated

nanotube-mediated
Dendritic structure-mediated

Fig. 3| Terminology to describe mitochondria transfer. a, Vertical inheritance
of mitochondria occurs during cell division to pass on mitochondria to daughter
cells. Horizontal or intercellular mitochondria transfer occurs in the absence of
cell division and may occur between developmentally distinct cell types. b, The
cell of originis known as the donor cell, and the cells that obtain the transferred
mitochondria are known as acceptor cells. When the donor and acceptor

cells are defined in vivo, this is referred to as a mitochondria transfer axis.

¢, Amitochondria transfer network is the co-occurrence of multiple
mitochondria transfer axes in parallel or in series. d, Interorgan mitochondria
transfer occurs when cells in one organ release their mitochondriaintoa
circulating body fluid, such as blood, for delivery to cells inanother organ.

e, Contact-dependent mechanisms of mitochondria transfer. Tunnelling
nanotube-mediated mitochondria transfer occurs when two or more cells form
connections that permit direct delivery of mitochondria from the cytoplasm

of one cell to that of another. Dendritic structure-mediated mitochondria
transfer is a process in which one cell extends a tubular structure that makes
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contact to acceptor cell viaend feet. The cytoplasms of the two cells are not
directly connected, as is the case with tunnelling nanotubes. Adhesion-mediated
mitochondria transfer occurs when two cells make direct physical contact,
sometimes mediated by a gap junctional channel such as Cx43. The mitochondria
are transferred to the acceptor cell not via the channel pore, which is too small to
permit passage of large cargo, but by an endocytic mechanism at the cell-to-cell
interface. f, Contact-independent mechanisms of mitochondria transfer. Donor
cells can release mitochondriainto the extracellular space in various forms, and
these canthen beimported by acceptor cells. All these forms can be referred to

as extracellular mitochondria (ex-Mito). One subset of ex-Mito is known as free
mitochondria, which are not enclosed within an extracellular vesicle (EV). There
are several subsets of EVs containing mitochondria (EV-Mito) that differ based

on their size, type of mitochondrial cargo, and mechanisms of release. Cargo
caninclude intact mitochondria or mitochondria-derived vesicles (MDVs). The
mechanisms that regulate the release and uptake of ex-Mito remain the subject of
ongoing investigation.

Mitochondriatransplantationis now being developed for other thera-
peutic indications, including, but not limited to, ischaemic stroke,
ischaemiclimbinjury, spinal cord injury, neurodegeneration, cardiac
resuscitation, refractory dermatomyositis or polymyositis, and inher-
ited mitochondrial diseases*>”°~%°,

Furthermore, isolated mitochondriacanbe modified orimplantedin
gelmatricestoimprove mitochondriauptake efficiencies or therapeutic
benefits™**2, Other groups have used isolated mitochondria to metaboli-
cally engineer cells in culture. For example, it was shown that culturing
haematopoietic stem cells (HSCs) with isolated mitochondria leads to
improved engraftment in mice receiving bone-marrow transplants®.
This method was used in a clinical trial where HSCs from patients with
large-scale mtDNA deletion syndromes were co-cultured with maternal
mitochondria in vitro before autologous HSC transplantation®’. These
patients had reduced anaemia and improved quality of life. These encour-
aging studies suggest that therapies involving mitochondria transfer
biology have the potential to treata variety of diseases, calling for robust
nomenclature that canempower and harmonize academic and industrial
effortstounderstand and leverage this biology toimprove human health.

Basic concepts and terms
Mitochondria transfer
As cells differentiate and divide, their mitochondriaare passed onto the
two daughter cells. This processis referred to as ‘vertical inheritance of
mitochondria, atermthat specifically relates to mitochondria sorting
during cell division, which can be asymmetric in some cases such as
stem cell differentiation®¢, This vertical process is not mitochondria
transfer. By contrast, horizontal or intercellular ‘mitochondria trans-
fer’is a process in which one cell donates some of its mitochondria to
another cell in the absence of cell division (Fig. 3a). The ‘donor cell’ is
the cellfromwhich the transferred mitochondria originate, and the cell
that obtains the transferred mitochondriaisreferred toasan ‘acceptor
cell’. The term ‘acceptor cell’ applies equally well when that cell retains,
degrades or re-exports the transferred mitochondria and is intended
to be agnostic of fate or processing. The donor and acceptor cells are
frequently but not necessarily developmentally distinct cell types.

A ‘mitochondria transfer axis’ can be defined when both the
donor and acceptor cell types are established in vivo (Fig. 3b). As one
of many possible examples, adipocytes transfer mitochondria to
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macrophages inwhite and brown adipose tissues inmice, establishing
an adipocyte-to-macrophage mitochondria transfer axis*”*°. Adipo-
cytesalso seemto transfer some of their mitochondria to several other
celltypes, evoking the concept of a‘mitochondria transfer network’ to
reflect that cells may participate in multiple mitochondria transfer axes
that can occurin parallel or stacked in series™ (Fig. 3¢).

Furthermore, adipocytes canrelease their mitochondriainto the
blood, allowing them to be transported to other organs, such as the
heart®"*". These studies establish the concept of “interorgan mitochon-
driatransfer, a process thatis defined as long-distance mitochondria
transfer axis between a donor cell in one organ and an acceptor cell
in another organ (Fig. 3d). In this case, the blood*****°, lymph or
cerebrospinal fluid®” may serve as a conduit to distribute ex-Mito from
the donor celltothe acceptor cell. The ex-Mito populationis heteroge-
neous, containing multiple different types and from different cellular
sources, atopic thatis discussed in more detail below.

Some studies have used the term ‘mitochondria transfer, whereas
others have used ‘mitochondrial transfer. The term ‘mitochondria
transfer’ uses mitochondriaasanoun, reflecting thata cell can transfer
mitochondria (noun) to another cell. The term ‘mitochondrial trans-
fer’ uses the adjective form ‘mitochondrial’ to describe a property or
characteristic of the transfer. From a practical perspective, these two
terms are synonymous and have been used interchangeably. Therefore,
we suggest that ‘mitochondria transfer’ and ‘mitochondrial transfer’
are both acceptable and that the choice of which term to use is an
investigator-specific preference.

Therapeutic approaches

There are also several emerging therapeutic approaches thatinvolve
mitochondria transfer pathways or mechanisms. One is called ‘mito-
chondriatransplantation, aprocedure inwhich mitochondriaareiso-
lated from a cellular or tissue source and then administered directly
to an animal with the intent of eliciting a therapeutic response. Many
studies have alternatively used the term ‘mitochondrial transplant,
whichisalsoacceptable. Inthis article, we use the term ‘mitochondria
transplant’ to conform with well-established transplant terminology,
where the noun form of the transplanted organ is used (for example
heart transplant). As discussed in more detail later in this review, mito-
chondria transplantation has been employed in preclinical studies
using model organisms’***"°° and in recent clinical trials with promis-
ing early results®*%%**! including ongoing clinical trials that have not
yet been published.

Another therapeutic approach involves in vitro cell engineering
where cells obtained from a patient are exposed to isolated mitochon-
dria or co-cultured with cells that deliver mitochondria as part of the
cell-manufacturing process®. The latter approachwas used inarecent
clinical trial with encouraging findings, as discussed below®* These
approaches have also been used to support the survival®? and boost
the efficacy of engineered cells, such as chimeric antigen receptor
(CAR) T cells™.

Methods to define mitochondria transfer
Mitochondriareporter proteins

These basic terms raise a methodological question about how mito-
chondriatransfer canbe defined at a practical level. This topic hasbeen
discussed recently’ sois covered here only briefly. There are multiple
methodological approachesto detect mitochondria transfer. The most
robust methodis to use fluorescent reporter proteins attached to mito-
chondrialocalization signals, which are short polypeptide sequences
thatdirect the fluorescent proteinto the inner or outer mitochondrial
membrane or the mitochondrial matrix. There are several mitochon-
driareporter protein constructs that can be used under the control
of astop-flox system, allowing one to define a donor cell based on the
cell type specificity of a Cre recombinase**%%, One can then define
a mitochondria transfer axis or network by identifying the labelled

mitochondriain other cell types®®*. Similarly, one can express other
mitochondrially targeted proteins (for example Halo*"’) that allow
the detection of mitochondria transfer.

Animportant limitation of thisapproachis it can detect mitochon-
dria transfer only if the mitochondria reporter protein is contained
within the transferred mitochondrial structure. This is not always the
case. One example is that a fraction of mitochondria-derived vesicles
(MDVs) contain highly selected cargo and are generated as either single,
outer membrane vesicles or double-membrane vesicles”™’’; therefore,
a fluorescent reporter protein targeted to the inner mitochondrial
membrane (IMM) would not report all MDV transfer events. MDVs
are transported into multivesicular bodies and can be released as
exosomes. Thereisindeed evidence of selective sorting of mitochon-
drial components in MDVs that are ejected from cells. For example,
brown adipocytes transfer MDVs to macrophages, and those MDVs
lack the quintessential brown adipocyte IMM protein uncoupling
protein1(ref.37).

Mitochondrial dyes
An alternative fluorescence-based method used in many studies is to
stain donor cells with fluorescent mitochondrial dyes and track the
transferred mitochondria in another cell type in vitro. Although this
method may initially seem attractive due to the low effort and cost
requiredtotestanidearelated to mitochondriatransfer, these dyes are
leaky and highly susceptible to producing false-positive results, even
after extensive washing'*>'”", All mitochondrial dyes probably efflux
from the donor cell in situ during co-culture, creating dye transfer
artifacts that drastically over-estimate mitochondria transfer effi-
ciency or suggest that mitochondria transfer occurs when in fact it
doesnot. As one of many examples, mature red blood cells, which lack
mitochondria, are able to transfer MitoTracker dyes to 293T cells'.
Therefore, we strongly recommend against the use of mitochon-
drial dyes to define mitochondria transfer. If dyes are used, itis critical
that many controls are used to reduce concern about dye leak and
titrating the dye toidentify the lowest possible concentration with the
goal of reducing off-target staining of other organelles. Great caution
shouldbe exercised when interpretating mitochondriatransfer results
obtained using dyes, and any such findings should be validated using
adye-independent method to avoid reporting false-positive results.

Other methods

Other approaches to define mitochondria transfer include using
donor cell types with divergent mtDNA sequence variants'®*07%102103,
effectively serving as an unambiguous molecular barcode detect-
able with DNA sequencing or PCR; however, detection of transferred
mtDNA on its own is not sufficient evidence of mitochondria trans-
fer because the mitochondria could be stuck to the surface of the
cell without internalization and because free mtDNA by itself can be
transferred between cells. Alternatively, one may detect an acquired
mitochondria-associated protein or property conferred to the acceptor
cell, suchasrescue of respiratory competencein cells that are deficient
in oxidative phosphorylation'®?,

Methods to enforce mitochondria transfer

There are also several useful in vitro methods to study specific steps
involved in mitochondriatransfer (for example, mechanisms of mito-
chondriauptake or release). Examplesinclude the addition of isolated
mitochondriatocellsin culture or the detection of released mitochon-
driainto the medium, althoughin the latter caseitisimportant tocon-
trol for death that occurs in cell culture conditions. Some cell types
are efficient at taking up ex-Mito, whereas others are not. There are
several strategies to enhance the efficiency of uptake by acceptor cells,
such as the addition of a centrifugation step (for example, MitoCep-
tion)'°*'%, pressure (for example, MitoPunch)'0*'9*19%1%7 or conjugation
with a cell penetrating peptide (for example, Pep-1)'°%. Cell culture
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methods can also be used with Transwell systems to physically sepa-
rate the donor and acceptor cells, allowing one to distinguish between
contact-dependent and contact-independent transfer mechanisms®.

Fates of mitochondria after cell entry
Another important consideration when studying mitochondria trans-
fer axes is to consider the fate of the transferred mitochondria. Are the
transferred mitochondria quickly degraded and how? Do transferred
mitochondriagainaccesstothe cytoplasmandgetincorporatedintothe
acceptor cell's pool of endogenous mitochondria? Do the transferred mito-
chondriagainaccess tothe nucleusand contribute toinsertions of mtDNA
fragments into the nuclear genome (numtogenesis'*’)? Is there durable
genetic transformation of the acceptor cell from the mtDNA contained
within the transferred mitochondria? Are the transferred mitochondria
repackaged and later ejected fromthe cell for delivery toanother cell type?
The fates of internalized mitochondria probably vary by donor
celltype, acceptor cell type, physiological context or disease state. We
cautionagainst assuming that the fate of transferred mitochondriain
onecelltypeisthe sameasinanother. We also suggest that determining
the fate and processing of the transferred mitochondriais not required
to establish whether mitochondria transfer occurs, though address-
ing questions about fate and processing are likely to revealimportant
insights about the functions of mitochondria transfer in the context
under investigation. Similarly, in the context of mitochondria trans-
plantation, understanding the biodistribution, fate and processing
of the transplanted mitochondria may shed light on the mechanisms
of action of this therapeutic modality.

Mechanism-based nomenclature

Current findings suggest that cells use several distinct mechanisms
to transfer mitochondria. These transfer mechanisms can be roughly
groupedinto two categories: ‘contact-dependent mitochondriatransfer’
and ‘contact-independent mitochondria transfer. The identification of
one transfer mechanismis not mutually exclusive of other mechanisms,
as cells may participate in multiple mitochondria-transfer mechanisms
simultaneously. Several recent reviews have discussed the molecular
mechanisms of these mitochondria transfer pathways® ®, therefore this
section focuses onthe nomenclature used to describe these pathways.

Contact-dependent mitochondria transfer

Tunnelling nanotubes. Inthe most general sense, contact-dependent
mitochondria transfer occurs when the donor and acceptors are
required to be in physical contact with each other for the transfer
event to occur. The most frequently reported contact-dependent
mechanism is via tunnelling nanotubes (TNTs), which are long, thin
membranous structures that form between two cells with support of
filamentous (F)-actin® (Fig. 3e). Mitochondria are transported along
amicrotubular highway using motor-adaptor complexes thatinvolve
the mitochondrial Rho GTPase 1 (Mirol)"!2,

TNT formationis acomplex process but seems to be mediated in
partby growth-associated protein 43 (GAP43), a protein that neurons
utilize at the axonal growth cone to facilitate outgrowth of axons'”,
or the M-Sec protein, which triggers re-arrangement of plasma mem-
brane proteins before TNT formation®°. Hallmark features of TNTs
are their thin diameter, typically 0.5-1.5 pm, the presence of F-actin,
and the direct continuity of cytoplasm between cells. However, not all
contact-dependent mitochondria transfer occurs via TNTSs.

Dendritic structures. Cells can also make contact via dendritic
structures to facilitate the mitochondria transfer, which we define
as ‘dendritic structure-mediated mitochondria transfer’ (Fig. 3e).
Three examples of this process involve the delivery of mitochondria
from osteocytes to other osteocytes®’, from osteocytes to endothelial
cells™, and from astrocytes to neurons*. These dendritic structures
tend to be 1.5-3 um in diameter and form contact with other cells via

end feet, which are widened termini of the dendritic structure. The
end feet contact but do not fuse with the acceptor cell’s plasma mem-
brane. The models propose that the end feet structures spatially deter-
mine the site where ex-Mito are released in a CD38-, mitofusin 2- and/
or Mirol-dependent manner for delivery to the acceptor cell***""*,
although other transfer mechanisms are also possible and could involve
the release of ex-Mito for delivery to the cell in contact with the end
feet. At a practical level, it is difficult to distinguish between TNT- and
dendrite-mediated mitochondria transfer. This canbe addressed atleast
partially by demonstrating that there is a lack of continuity between
the cytoplasm of one cell and that of another, determining the width
ofthe tubular structure extending from the donor cell and identifying
endfeetatthejunctionofthe dendritic structure and the acceptor cell.

Adhesion via gap junctional channels. Another contact-dependent
transfer mechanism involves connexin 43 (Cx43), a process that we
define as ‘adhesion-mediated mitochondria transfer’ (Fig. 3e). This
gap junction protein has a very small pore that is too small to permit
the passage of mitochondria from one cell type to another. Rather,
Cx43 mediates the adhesion of two cells, and the acceptor cell can
then obtain mitochondria from the donor cell through the formation
and internalization of annular gap junction vesicles'. This process
is analogous to trogocytosis in the immune system'. Alternatively,
Cx43-mediated gap junctional channels require that the two cells be
directly adjacent to each other, which may enable mitochondria trans-
fer viaother mechanisms, including the transfer of ex-Mito. If adonor
cell ejects ex-Mito, those mitochondria are statistically more likely to
be taken up by their closest neighbours. TNTs or dendritic structures
canalsotheoretically format the Cx43 contact site. These possibilities
shouldbe distinguished if feasible when adhesion-mediated mitochon-
driatransferis observed and will be further clarified as the field evolves.

Cell fusion is not mitochondria transfer. A frequent question that the
field has encountered is whether cell fusion leading to the formation
of multinucleated cells is a type of mitochondria transfer. Giant cells
and osteoclasts are examples of multinucleated cells that form by cell
fusion'’. We suggest that this process does not constitute mitochon-
driatransfer because all cellular components fuse into asingle cellular
entity. Therefore, cell fusion has no definable donor or acceptor cell.
This process is better characterized as a form of vertical inheritance
of mitochondria occurringin reverse directionality.

Contact-independent mitochondria transfer

Release of extracellular mitochondria. Cells do not need to be in
direct physical contact to engage in mitochondria transfer. Rather,
donor cells can eject their mitochondria to produce ex-Mito that can
be captured by another cell type. Contact-independent mitochondria
transfer processes canbe described based on the structural characteris-
tics of the mitochondria that are transferred (Fig. 3f). Werecommenda
tiered nomenclature framework. Ex-Mitois ageneral term thatincludes
all forms of mitochondria or structurally intact mitochondrial frag-
ments (for example, MDVs) found in extracellular fluid. By contrast,
EVs that contain free-floating, cytosolic mtDNA and that are devoid
of mitochondria or MDVs are not ex-Mito.

Extracellular vesicles with mitochondria. Some of these ex-Mito are
enclosed within EVs, which can vary dramatically in terms of both size and
cargo. EV-Mito can range in diameter from about 120 nm to 3-4 pm and
can containMDVs or intact mitochondria, with some EV-Mito containing
multiple mitochondria®>*"*¢¢'18 Thereisagreat deal of heterogeneityin
thesestructures, and cells can release more than one type of EV-Mito>"“.,
Although we considered whether the types of mitochondrial cargos
should be used to define EV-Mito, we felt there was insufficientinforma-
tion to make cargo-based classifications at this time. However, we do
encourage investigators to characterize EV-Mito cargo when possible.
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There are also multiple release mechanisms, including exosomal
release via the multivesicular body*’ and ectosomal release pathways
through vesicle formation from the plasmamembrane®. However, after
EV-Mito are released from the cell, there is no reliable marker to distin-
guish between the exosomal and ectosomal release pathways, there-
fore these release mechanisms are not currently factored into EV-Mito
nomenclature.Inaccordance withrecent guidance by the International
Society for Extracellular Vesicles (MISEV2023)', we discourage the use
ofthe terms ‘exosome’ and ‘ectosome’ unless these release mechanism
can be clearly defined. Therefore, we recommend that EVs containing
mitochondria may be called ‘EV-Mito’ and that they should be charac-
terized at least in terms of their size, as this is a physical characteristic
that can be measured using a variety of methods. EV-Mito should oth-
erwise be defined using the nomenclature conventions established by
MISEV2023 (ref.119).

Free mitochondria. In addition, cells can release ex-Mito that are not
enclosed in an EV membrane. We recommend that these ex-Mito be
referred to as ‘free mitochondria.” Although free mitochondria have
been observed intissues and in circulation*>*"%212! the mechanisms
by which cells release free mitochondria are unclear and require fur-
ther study. Technically, free mitochondria meet the MISEV2023 defi-
nition of being an EV because they are membrane-bound structures
released by cells, but referring to free mitochondria as EVs is confus-
ing and discouraged. Electron microscopy and small-particle flow
cytometry suggest that free mitochondria are typically 0.5-1.1 um
in diameter®*>*%12 [felectron microscopy is not feasible, free mito-
chondria can be defined by immunoprecipitation using antibodies
that bind outer mitochondrial membrane proteins (for example,
anti-TOM22) and that they lack EV markers (for example, the tet-
raspannins CD9, CD63 and CD81)°". However, there are also small
free mitochondria about 100-200 nm in diameter found at least in
cerebrospinal fluid**'**, which may or may not be MDVs or small mito-
chondriagenerated by fission. Electron microscopy and the presence
of monoamine oxidase-B, whichis an outer mitochondrial membrane
protein, on the surface of these structures suggest that that they are
free mitochondriawithinner and outer mitochondrial membranes but
that lack cristae'”. We recommend that these structures be referred
to as ‘small free mitochondria’.

Circulating extracellular mitochondria. Both EV-Mito and free mito-
chondria have been detected in plasma of mice and humans®>-%¢.,
Indeed, many studies have reported the existence of cell-free mtDNA
in plasma'>'?, and the vast majority is located within ex-Mito'?". Evi-
dence for thisincludes size-exclusion chromatography indicating that
cell-free mtDNA can be removed from plasma using 0.45-um filters'?®,
Furthermore, centrifugation of plasma at 15,000-16,000g depletes
plasma of the mtDNA signal and eliminates the ability of plasma to
respire®”*?%, Although detection of mtDNA in plasma may reflect the
presence of circulating ex-Mito, measuring mtDNA is not sufficient on
its owntoidentify this blood component, as mtDNA canalso circulate
without being contained in ex-Mito??>?*1%° If the mtDNA is not con-
tained within ex-Mito, thenit willbe susceptible to hydrolysisina DNase
I digestion assay. By contrast, mtDNA contained in ex-Mito should be
susceptible to DNase I digestion after the addition of detergent'.
Circulating ex-Mito can be described in terms of their size, the
proportions that are EV-Mito or free mitochondria, the donor cell type,
morphology or other relevant characteristics. These circulating mito-
chondriacanbe delivered from cellsin one organto cellsinanother, as
has been described between adipocytes and cells in the heart® ' and
between platelets and cellsin the vessel wall*’. It is likely that many more
donor cell types release mitochondria into blood, including immune
cells. Thisraises the intriguing possibility thatinterorgan mitochondria
transfer is a ubiquitous phenomenon involving numerous donor cell
types and destinations. An exciting future direction for the field willbe

Source material of
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Fig. 4| Therapeutic approaches using extracellular mitochondria.
Mitochondria can beisolated froma cellular source or biofluid and used for
therapeutic purposes. In mitochondria transplantation, the mitochondria

are directly administered to a patient or model organismto elicita

therapeutic response. This procedure is distinct from MRT, whichis aninvitro
fertilization procedure that modifies the germline during reproduction.
Isolated mitochondria can also be administered to cultured cells during cell
manufacturing or processing in preparation for subsequent cellular therapies.
In this scenario, the excess or unincorporated mitochondria are removed before
infusion of the cells to the recipient.

to determine the diversity, connectivity and functions of interorgan
mitochondria transfer networks.

Therapeutic approaches

Mitochondria-transfer biology has inspired the development of some
excitingtherapeuticapproaches. There are several companies that have
beenrecently founded to develop therapies or technologies focused on
mitochondriatransfer or transplantation. These companies and academic
investigators are spearheading efforts to develop and evaluate the safety
and efficacy of these therapeutic approaches, including mitochondria
transplantation and the use of isolated mitochondria during cell engineer-
ing or manufacturing (Fig.4). Thereis also anemerging concept of devel-
opingdrugs thatinduce orinhibit mitochondriatransferto treat disease.

Mitochondria transplantation

Defining mitochondria transplants. As described above, mitochon-
dria transplantation is a procedure in which mitochondria are iso-
lated froma cellular source and delivered postnatally to anindividual
with the specific purpose of eliciting a therapeutic response’™. The
mitochondria can be administered via various routes, including, but
not limited to, direct injection into a tissue or systemic delivery via
intravascular routes. This procedure is fundamentally distinct from
mitochondria replacement therapy (MRT), which is an in vitro fertili-
zation procedure that is used to correct or reduce the heteroplasmy
of pathogenic mtDNA mutations in the offspring and that involves
microinjection to bypass the plasma membrane™. In contrast to MRT,
mitochondriatransplantationisaprocedure performed after birth,and
the mitochondria are not expected to genetically modify the germline.
Themitochondriaare notdirectly injected into cells like in MRT. Rather,
they are taken up using similar mechanisms as contact-independent
mitochondria transfer. Mitochondria transplantation canalso be used
totreatawide variety of diseases (notjust heritable diseases caused by
mtDNA mutations), can be autologous or allogeneic, and can be carried
out multiple times in each patient, unlike MRT.

Mitochondria transplantation has been reported to improve
disease outcomes in many preclinical models, including ischaemia-
reperfusion injury in the heart®****!, lung®®, brain’®*'**, limbs®® and
kidney™*; spinal cord injury’”>°°; cardiac resuscitation’’; inherited
mitochondrial diseases such as Leigh Syndrome” and others. The first
clinical trial reporting autologous mitochondria transplantation was
a case-series of neonates and infants requiring ECMO support due to
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cardiac ischaemia-reperfusion injury, suggesting that the procedure
was well tolerated and associated with improvements in ventricular
function®. Subsequently, paediatric patients requiring ECMO were
treated with or without autologous mitochondria transplants, with
those who received mitochondria transplantation being more likely
to be successfully separated from ECMO and less likely to experience
another cardiovascular event compared with patients who did not
receive mitochondria transplantation®. These and other studies have
stimulated considerable interest in this therapeutic modality and
inspired other clinical trials that are underway.

Types of mitochondria transplants. ‘Autologous mitochondria trans-
plants’ involve isolating mitochondria from the same individual who
later receives the ex-Mito product as a therapy. This approach carries
the least risk because all antigens and mtDNA in the mitochondria
product are self-derived. ‘Heterologous or allogeneic mitochondria
transplants’ involve isolating mitochondria from another individual
or acell line for direct administration to a recipient. As the mtDNA
genomeisinherited via the maternal lineage in mammals, a variant of
heterologous mitochondria transplantation involves preparing the
ex-Mito product fromanindividual’s biological mother or an individual
from the same maternal lineage. Although there has not yet been a
published heterologous mitochondriatransplant clinical trial, at least
one is currently in progress for refractory polymyositis or dermato-
myositis (ClinicalTrials.gov ID NCT04976140) based on encouraging
preclinical datain mice'.

Some evidence suggests heterologous mitochondriatransplants
are likely to be well tolerated. Specifically, there are approximately
3-12billion ex-Mito per unit of platelets®, a heterologous blood prod-
uct that is routinely and safely transfused to patients intravenously,
even without known mtDNA haplogroup matching. If there is persis-
tence of mtDNA from the donor mitochondria, mtDNA haplogroups
and the degree of achieved mtDNA heteroplasmy should be taken
into consideration®®. Mice engineered to have high proportions of
mtDNA heteroplasmy from two divergent but healthy mDNA genomes
develop cardiopulmonary dysfunction and become frail*”’, although it
isunlikely that this degree of mtDNA heteroplasmy could be achieved
withmitochondria transplantation®®®*. It willbe important to consider
thelevel of mtDNA heteroplasmy achieved inmitochondria transplant
studies and to better understand the long-term stability and effects of
any detected heteroplasmy on the recipient organism.

‘Xenogenic mitochondria transplants’involveisolating mitochon-
driafromone organism (for example human) and administering them
to another (for example mouse). This scenario can be a useful experi-
mental model but has unclear translational potential due to interspe-
cies mito-nuclear conflict and the likely immunogenic response from
exposure to foreign antigens in mitochondria from another species.

Durability of mitochondria transplants. The term‘transplant’implies
thatthereis anintent for the administered mitochondriatobe takenup
by acceptor cells and to engraft the acceptor cells with those mitochon-
dria. There are many examplesinwhichcellsin culture take up ex-Mito
from the medium, use them for cellular respiration and replicate the
donor-derived mtDNA for propagation to daughter cells®"'0*157140,
Metabolically compromised cells seem to be more efficient at retain-
ing and using ex-Mito inanimal models, suggesting that the degree of
engraftment might depend on the metabolic context of the acceptor
cells”. Animal models involving ischaemia-reperfusion injury suggest
that ex-Mito can be detected for up to 28 days after administration,
though longer time frames were not tested®’. These studies support
the concept that administered mitochondria can escape the endocytic
compartment and engraftin, or at least be used by, acceptor cells.
On the other hand, recent studies suggest that endothelial cells
quickly degrade ex-Mito, with split-green fluorescent protein experi-
ments indicating that these mitochondria are not incorporated into

the endothelial cell’s endogenous pool of mitochondria®. This is
consistent with other studies showing that healthy macrophages
quickly engulf and degrade ex-Mito in tissues**’. Taken together,
these studies suggest that transplanted mitochondria can engraft, but
this does not always occur even if atherapeutic responseis observed.
Indeed, it is possible that the therapeutic effects of mitochondria
transplantation are due to the stimulation of mitophagy and mitochon-
drial biogenesis®®, not necessarily direct effects of the transplanted
mitochondria.

The degree and durability of engraftment may depend on the
acceptor cell type, source of the ex-Mito, route of administration and
the context in which the transplant is performed. Although there is
debate about the degree or durability of engraftment with mitochon-
driatransplantation, we point out that there are many examples where
transplanted material does not successfully engraft (for example rejec-
tion after a solid organ transplant). A transplant still occurred if the
grafted material failed or was removed. For this reason, we contend that
no accepted definitions of the term ‘transplant’ require that engraft-
mentoccurs, though the term doesimply the intent to engraft. There-
fore, the term ‘mitochondria transplant’is consistent with established
definitions of the word ‘transplant, as defined by other bodies such as
the World Health Organization.

Mitochondria transplant heterogeneity. An important considera-
tion is that not all mitochondria transplants are the same or should
be expected to produce the same results. Mitochondria can differ
dramatically depending on their cell of origin'*'*?, and the methods
of isolation and route of administration may differ from one study to
another. Furthermore, isolated mitochondria can be complexed with
other factors to alter their bioavailability and internalization by certain
typesofcells, asdemonstrated by adding an asialoglycoprotein-based
carrier to mitochondria for targeted delivery to the liver'*>, There is not
yet enough information for us to provide guidance on mitochondria
transplantation nomenclature that recognizes the heterogeneity of
these factors.

Therefore, we suggest that mitochondria transplant studies
should provide a transparent description of at least five factors: (1)
the source material; (2) isolation method; (3) size of theisolated mito-
chondria; (4) whether the ex-Mito productis free or Mito-EVs; and (5)
whether and how the ex-Mito were modified after isolation. When
possible, we also encourage ex-Mito products to be characterized in
terms oftheirinner and outer membrane integrity, capacity to respire
and enrichment. Purity of an ex-Mito productisachallenging concept
and may not be feasible to define because mitochondria are generally
associated with other cellular components, including but not limited
to endoplasmic reticulum, peroxisomes and lysosomal membranes.
Werecommend thatenrichment s the relevant term and can be defined
asthe proportion of particles that contain ex-Mito using small-particle
flow cytometry or other techniques, such as the degree of enrichment
for mitochondrial proteins or mtDNA using immunoblots or quanti-
tative PCR, respectively. Additional considerations that need to be
evaluated are the unique pharmacokinetics and pharmacodynamics
oftransplanted mitochondria, which are fundamentally different from
that of small or large molecule therapies.

Cell engineering using extracellular mitochondria

As described above, many cell types can obtain ex-Mito from culture
medium or other cells. Some of the earliest observations in the field
demonstrated that ex-Mito can endow cells with chloramphenicol
and efrapeptin resistance, establishing the concept that cells can
be engineered using ex-Mito. Although many cell types are highly
efficient atimporting and using ex-Mito, several methods have been
developed to further enhance this process. One of these methods
has been referred to as MitoCeption'**'%, a technique in which the
mitochondria capture process is enhanced through centrifugation
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at 4 °C followed by incubation at 37 °C. This method is analogous to
‘spinfection’ or ‘spinoculation, in which centrifugation enhances viral
infection of cellsin culture'*'*, Pressure has also been used to enhance
mitochondriauptake and associated mtDNA genetic transformation of
p°cellsinvitro, a process called MitoPunch'®*'%31°¢17 These and other
methods allow the introduction of mitochondria from one source
into cellsin culture.

Cell engineering using ex-Mito has been used therapeutically in
arecent clinical trial. It was reported that HSCs exposed to isolated
mitochondria from peripheral blood mononuclear cells engraft bet-
ter in lethally irradiated mice compared with unmanipulated HSCs
and lead to improved haematopoietic reconstitution®’. Based on this
study, HSCs were isolated from patients with primary mitochondrial
disease with large-scale mtDNA deletions and then cultured in vitro
withisolated mitochondria from the patient’s biological mother®*. The
mitochondria-engineered HSCs were then autologously transplanted
backtothe patient. This trial demonstrated that the HSCs loaded with
maternal mitochondrialed toreduced anaemiaand improved quality
ofllife. It remains unknown, however, how long the donor mitochondria
and mtDNA persist following the autologous HSC transplant. Further-
more, other studies have demonstrated that TNT-mediated delivery
of mitochondria to CAR T cells or exposure of CAR T cells to isolated
mitochondriaexhibit enhanced capacity tokilltumour cellsin vitroand
invivo®'*¢, These studies suggest that eliciting mitochondria transfer
oraddingex-Mito to cells during manufacturing processes canimprove
therapeutic responsesto cell therapies.

Again, there is a lack of information to recommend specific ter-
minology about methods to engineer cells using ex-Mito. Like for
mitochondria transplantation, we recommend that studies provide
detailed methods to clarify the procedures used to engineer cells using
ex-Mito and to characterize those mitochondria in terms of source
material, isolation method, size of the isolated mitochondria, whether
the ex-Mito are free or Mito-EVs, and enrichment for mitochondria. If
the ex-Mito product hasitselfbeen engineered through expression of a
mitochondria-targeted protein or other modification'*’, as was recently
described, these features should also be clearly defined.

Drugs affecting mitochondria transfer

Several studies suggest that eliciting or inhibiting mitochondria trans-
fer pathways with small molecules can treat a wide range of diseases. As
one example, cancer cells obtain mitochondria from macrophages®’,
T cells®, fibroblasts'*® and other cell types’”**** in the tumour micro-
environment to support their own metabolic requirements, stimulate
cell proliferation, suppress the antitumour immune response and resist
chemotherapeutic agents. Inthe future, it may be possible to use phar-
macological agentsinhibit mitochondria transfer to cancer cells, which
might slow cancer progression and/or make tumours more susceptible
toother therapies. Onthe other hand, mitochondria transfer pathways
alsosupport the maintenance of mitochondrial homeostasis in several
tissues, and these pathways are impaired in cardiometabolic diseases
such as obesity and heart failure®°. Restoring these pathways might
reduce metabolic disease severity. Asanother example, arecent study
suggested that pharmacological induction of mitochondria transfer
can slow the progression of pulmonary fibrosis*. Further research is
needed to understand how to precisely modify relevant mitochondria
transfer axes for therapeutic purposes.

Outlook

Inthis Consensus Statement, we propose anomenclature framework to
describe mitochondria transfer and transplantation. We have catego-
rized mitochondriatransfer processes based on broad mechanisms of
mitochondriatransfer and the structural characteristics of ex-Mito. We
also provide guidance regarding the minimal criterianeeded to define
mitochondriatransfer axes or networks. Therapeutic approaches, such
as mitochondria transplantation and cell engineering using ex-Mito,

should be described in terms of the procedure being performed and
characteristics of the ex-Mito used. The goal of this proposed nomen-
clatureis toreduce the confusion that can be caused by the introduc-
tion of different names for similar processes or ex-Mito subsets as
this field has evolved. We recognize that mitochondria transfer and
transplantation are very active areas of research and that it is possible
that new findings and insights may necessitate updates to the proposed
nomenclature. For this reason, this Consensus Statement should be
viewed asaworkin progress, but we encourage researchersinthe field
to use the terms defined here.
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