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What'’s your name, immune cell?

W Check for updates

Groups ofimmunologists are advancing recommendations to address nomenclature challenges

in their subfields.
By Vivien Marx

mmunology has bountiful names for

cell types and cell states, but groups of

researchers are lobbying for changes.

They wish their colleagues would explain

better why they classify and name cells
astheydo, especially in the methods sections
of their papers.

Here’s aglimpse of some challenges: one of
the many examples that the 60 authors pre-
sentin their consensus statement' “Guidelines
for T cell nomenclature” is that the current
description of a CD4" T cell isolated from
the lung and which is CCR7", CD69" might,
in current subset-based nomenclature, be
Lung CD4" Ty or Lung CD4" Ty 0r Lung CD4*
effector T cell. The authors propose calling
these cells Lung CD4" TD; the D stands for
“disseminated”.

Macrophages, which are immune cells that
originate in the bone marrow, are named in
“currently contentious and confusing” ways,
note the 25 authors of a paper” on macrophage
nomenclature. For instance, they point out “at
least” four definitions of macrophageactivation.

The 96 authors of a Perspective article’ on
the nomenclature of microglia, a specialized
immune cell type found in the central nervous
system and the brain, point out that these
cells have traditionally been framed into
“dichotomic categories”: good versus bad,
M2 versus M1, resting versus activated, anti-
inflammatory versus pro-inflammatory. But
because some of these states can coexist, the
categories don’t fit, which hinders the field,
they noteinthe paper, titled “Microglia states
and nomenclature: A field ata crossroads.”

Whence the disarray?

Complete surprise and disbelief were among
the first reactions that Jacques Miller of the
Royal Melbourne Hospital encountered when,
in1968, he presented findings about thymus
functioninmice®. Hisresearch established that
there are two major subsets of white blood
cells that work together: B cells, which are
cells produced in the bone marrow that make
antibodies, and thymus-derived T cells that
help B cells to respond to antigens.

Miller notes that he was accused of “compli-
cating things.” The most sarcastic criticism,
Miller writes, arrived from Bede Morris from
the John Curtin School of Medical Research
in Canberra, Australia, who “likened B and
T cells to the first and last letters of the
word ‘bullshit””

Miller struggled to find acronyms for his
discovery, “but nothing pleased me,” he notes.
Eventually, Ivan Roitt coined, for the textbook
Roitt’s Essential Immunology, what Miller calls
the “simple and minimalist terms T and B
cells.” Within two to three years, Miller points
out, the entire immunological community
“jumped on the band wagon, and since then,
hardly anarticle hasappeared inany immuno-
logical journal without mentioning the words
TcellsorBcells.”

Research increasingly reveals the huge
diversity of T cells. Inthe 1970s, based on their
expression of either the CD4 or CD8 protein,
onecouldseparate T cellsinto CD4" T cellsand
CDS8* T cells'. These CD proteins, in concert
with other factors, amplify the antigen signal
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to the T cell receptor and enhance the speci-
ficity of the interaction. The development of
four-color flow cytometry made it possible to
distinguish more T cell types.

Researchers have since discovered the
myriad ways T cells migrate, function and
proliferate and have learned about their differ-
entiation potential. Inaddition, the authors of
the T cellnomenclature consensus statement’
note, are “difficult-to-measure qualities” such
as T cell longevity.

Part of what makes finding
acommonlanguagehardis
theimmune systemitself.
“It’s very beautiful and
very complex,” says
ClaudiaKemper.

T cell vocabulary has expanded but, note
the authors, “alimited vocabulary of subsets
will intrinsically fail to capture all relevant
biological properties.” What has taken place
is “an ad hoc expansion of the T cell nomen-
clature.” Experts entrenched in the field can
navigate this “imperfect status quo” but,
they note, “it is a problem that may soon get
far worse.” That’s because technology has
advanced beyond four-color flow cytome-
try, bulk RNA sequencing of cell populations
and assays with relatively binary outcomes.
High-dimensional single-cell technologies
reveal massive levels of T cell heterogeneity,
and withitscientists face the question of how
to classify cells “to more effectively transi-
tion cellular immunology into the next era
of description.”

Moving forward

Whether scientists work on T cells, B cells
or macrophages, “we are all facing the same
problem,” saysimmunologist Florent Ginhoux
from the Gustave Roussy Cancer Campus in
Paris, who co-authored the paper® on microglia
nomenclature. Injest, he mentions the “miracle
of CD classification” through which one might
find CD notations all the way up to CD3900,
with each of CD having 25 subsets. Ginhouxalso
hasalab at the Shanghai Institute of Immuno-
logy at Jiao Tong University in Chinaand alab
at A*StarinSingapore. Nomenclature debates
aredifficultand rarely lead to a consensus that
peoplefollow, he says. Names matter “because
we need to speak acommon language.”

Part of what makes finding a common lan-
guage hard is the immune system itself. “It’s
very beautiful and very complex,” says immu-
nologist ClaudiaKemper, a senior investigator
and section chiefat the National Heart, Lung,
and Blood Institute of the US National Insti-
tutes of Health. When researchers commu-
nicate with one another with an agreed-upon
nomenclature in place, they can know they
mean the same thing. This “at least reduces
ambiguities,” she says. Agreeing on terms
also helps newcomers build their path into
agiven field and subfield. Newcomers, says
Kemper, canfind a‘reference paper’ that marks
how the field has decided to define asubset of
immune cells based on particular markers.

Everyone wants to be sure they are looking
atfunctional phenotypes and that they abide
by the rules that define them, says Kemper.
But sub-sorting can get a bit out of hand. If
sub-sorted cells are givenanew name, the risk
is that “you might put information out that is
difficult to thenweed out.”

Many classifications, she says, “will change
in five years.” A subtype of a T cell or other
kind of immune cell may turn out not to be
adistinct T cell type but rather a cell in a dis-
tinct stage of an immune response. “Look at
all these subsets,” says Kemper, shaking her
head and pointing to sections in the T cell
nomenclature paper’ that I had spread out
on the bench we shared at the Association of
American Immunologists annual meeting.

Karolinska Institute immunologist Marcus
Buggert coauthored that paper’. As he studies
human T cells in tissues, language matters
to him, too. “Twenty years ago, it was possible
todescribe muchof T cell biology using arela-
tively small vocabulary,” he says. As techno-
logy has improved and flow cytometry has
begun delivering high-dimensional data and
later single-cell genomics arrived. Scientists
can now get hold of many parameters to assess
single-cell phenotypes.

With the advent of single-cell genomics,
“suddenly, what looked like one population
turned out to be many,” says Buggert. Yet our
language did not evolve at the same pace as
our data. Many names of cell types and cell
populations were coined by groups working
ondifferent diseases, species or tissues. Over
time, he says, some names became overloaded
withassumptions. In other cases, the usage of
atermin one subfield’s community was trans-
ferredtoanotherbutappliedinadifferent way.

Buggerthasnodesireto police the language
scientists use: “Quite the opposite.” He wants
to explore how to make communication easier
and more transparent. “If one laboratory says
‘resident memory T cell’and another uses that
word, too, readers should have a reasonable
expectation that the labs are talking about
similar biology,” he says.

Withthe advent of single-cell
genomics, “suddenly, what
looked like one population
turned out tobe many,” says
Marcus Buggert.

No matter how finely we subdivideimmune
cells, each individual cell has a distinct gene
expression profile, which is “due to the fact
thatimmune cells are highly heterogeneous,”
says Kenji Chamoto from the Kyoto Univer-
sity Graduate School of Medicine’s Division of
Cancer Immune Regulation, who also coau-
thored the consensus statement.

To understand immunology within the
limits of human capacity, says Chamoto,
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categories and group names help researchers
reach a common understanding. The prob-
lem is that while individual researchers may
believe they have identified anew population
and assign it a different name, the majority
of the cells may actually not be new after all,
he says. That’swhy he likes the proposed mod-
ular T cell nomenclature, although he thinks
thatit will still be discussed and refined.

It makes him uneasy when people describe a
cellpopulation of interest withcommon termi-
nology justbecause thatisthe commonterm,
says Chamoto. Students may say they ana-
lyzed apopulation called “XYZ.” The common
name may be convenient, but “we must also
recognize that it can be highly misleading.”

Working inimmunology means living with
contradictions about the biology of these
cells. Forinstance, immune cell types carrying
the same name, and that seem to be the same,
can behave differently in vitro than in vivo,
says Chamoto. The high level of heterogeneity
of immune cells, he says, “is likely an eternal
challenge inimmunology.”

Perhaps first identifying specific popula-
tions using somewhat arbitrary names is
necessary forimmunology to advance. “We
immunologists must conduct our research
while acknowledging this contradiction,” he
says. To some extent, applying Al may help to
address the heterogeneity challenge.

“Immune cells are highly

I/

heterogeneous,” says
Kenji Chamoto.

Kemperand her teamuse the T cellnomen-
clature paper’ to guide their work. When they
have new findings, they consult it to decide
how best to abide by the recommendations.
She likes how the authors dissect the simi-
larities and differences between the mouse
and human immune system, something that
she feels researchers should integrate into
their thinking and experimental design.

Her subfield has nomenclature issues, too.
She and her team focus on the complement
system, which is classically seen as part of
the bloodborne pathogen-defense system.
It ‘complements’ the antibody-mediated and
cell-mediated immune responses and com-
prisesagroup of four dozen different proteins
that can attack invading pathogens.

A decade ago, she and her team discov-
ered that cells can use complement proteins
not just extracellularly but intracellularly,
too’ — and that the intracellular system has
a “completely new battery of functions.”

The intracellular complement was later
given the name ‘complosome’. Unlike the
extracellular complement, it can engage
with mitochondria®.

The complosome proteins arise from the
same genes as extracellular complement
proteins, but the proteins differ slightly, for
instance in the way they fold. “This is when
we as a field had a problem,” says Kemper.
Some referred to intracellular versus extra-
cellular complement, ‘canonical’ versus ‘non-
canonical’ “It was very confusing,” she says.

What propelled the field was the success of
eculizumab, a humanized monoclonal anti-
body that targets complement protein C5and
is anti-inflammatory. Not only did this drug
open up how complement can be therapeu-
tically targeted, it cleared up the language.
Thus, when describing complement proteins,
one needs to state whether they act extracel-
lularly or intracellularly. The same is true for
T cells, she says. Researchers need to specify
and describe their T cell subsets.

Exhausted T (Tyy) cell is aterm that encom-
passes both migrating cells and those resident
in atissue; yet these cells might still have the
potential to proliferate or to differentiate
further, and others “lie somewhere between
these extremes,” as the T cell nomenclature
authors noted.

Immune cells behave differently within
and outside tumors, says Ginhoux. He calls
himself knowledgeable, though nota T cell
expert, and he knows that some T cells can
becomeexhausted —but they canalso, hesays,
become “de-exhausted.” He sees many naming
complicationsrelatedto T cell exhaustionand
in other areas of immunology. “I'm waiting
for more biology to resolve these names,” he
says. A deeper understanding of the biology

and dynamic of immune cells will propel the
naming discussions.

It’'snot good versus bad

The authors of the Perspective® on microglia
naming note that “nomenclatures and catego-
riesareartificial constructs and that biology is
seldomblackand white but rather anextended
continuum of greys.”

Microglia have been described in papers
as ‘good’ and ‘bad’. Some researchers use M1,
a term that often describes activated cells
that are pro-inflammatory, versus M2, for
anti-inflammatory and neuroprotective cells.

The M1/M2 designations became widely
used in the research community to describe
both macrophages and microglia, and the
2010s saw a boom of papers in which macro-
phages and microglia are phenotyped into
M1/detrimental and M2/beneficial. But
macrophage responses are more complex
than simply M1 and M2. And with microglia,
research using single-cell technologies has
established that microglia in the living brain
“donot polarize to either of these categories”
and will often coexpress M1and M2 markers.

“Dichotomic, rigid categories convey a
dualistic idea of good versus bad microglia
and may actually impede scientific advance-
ment,” note the authors. Using aterm such as
‘neuroinflammation’as a synonym for micro-
glial activity, or naming presumed microglial
populations and assumed functions with
single-cell transcriptomics, “are misleading
and increasingly problematic, especially to
those entering the field of glial biology and
neuroimmunology.”

They note a lack of consensus in the field
on how to describe microglial states or what
defines microglia identity compared to
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other cell types. Consensus is also lacking
on the number, the dynamic nature and the
definitions of microglial states. The authors
advocate for “creating harmonized, curated
databases and guidelines for introducing
novel terminology.”

Until consensusis reached, the authorsurge
all microglial studies to present data “with all
their layers of complexity.” Scientists need to
carefully define the contextin which the cells
were studied, to contribute to clearer under-
standing of the many facets of microglial biol-
ogy. They recommend avoiding the terms M1
and M2 altogether. Among the methods they
recommend are fate-mapping and lineage
tracing, related techniques that allow scien-
tists to assess possible intrinsic differences
between cells and track changes in their state
over time. Bothmethodsinvolve labeling cells
with genetic barcodes that are read out using
single-cell RNA sequencing.

To define cells of interest, scientists are
increasingly using transcriptomic signatures,
says Ginhoux. These enable cross-species
comparison using gene clusters rather than
justone marker. “Luckily for us, macrophages
express a lot of mRNA, so the data are quite
rich,”hesays. T cells are more difficult to sepa-
rateinto subsets based on transcriptomics sig-
nature alone, because they’re lessmRNA rich.

Whether scientists
workonT cells, Bcellsor
macrophages, “weareall
facingthe same problem,”
says Florent Ginhoux.

RNA-based classification canlead to group-
ings that are transient. A cluster defined by
mRNA “one or two days later canbecome a dif-
ferent one.” To address temporal dynamics,
fate mappingis crucial, says Ginhoux, because
it sheds light on the relationships within an
immune cell population. Time-stamping canbe
used toresolve the timeline of cellular events.

Asapostdoctoral fellow with Miriam Merad
inthelcahn School of Medicine at Mount Sinai,
Ginhoux along with colleagues at other insti-
tutions worked out’, using fate-mapping,
that microglia derive from primitive mye-
loid progenitors that arise during human
embryo development.

What he likes about this method, which he
appliesin his ownlabs, ishowitenables obser-
vations. “It’s basically providing amap: aroad
map tosay thesecellsstart AandendupZ,” he
says. Perhaps one sees two functional states of

immune cells, and fate-mapping reveals that
the two connect to animmune cell’s differen-
tiation stage. Two days later, one observation
might become the other.

Hefinds that describing lineage inaneutral,
agnostic way is useful withimmune cells. One
canfollowanactivationstate. The function of
two immune cells may converge and appear
similar, but the cells might have distinct and
separate origins. “It helps you to understand
the complexity,” he says. The method is simi-
lar to the classic description of a species by a
natural historian.

He and the other coauthors ultimately
agreed on the paper. Along the way, among
the group and beyond, they had profound
disagreements. It’s true, he says, that some
researchers don’t care about cell origin and
only focus on function.

Another factor plays a role, too: human
egos can loom large in nomenclature dis-
cussions, he says. A scientist who has made
a discovery, and wishes to name it, worries
about losing their place in the history of this
discovery if names are changed. Overall,
“I'think it was a very democratic effort,” says
Ginhoux about the paper. He highlights the
scientists who shepherded the paper as peace
prize-worthy scientists.

Her colleague Elena Galea from the Univer-
sitat Autonoma de Barcelona had told her,
“You have to do this for microglia,” recalls
AmandaSierra, a principal investigator at the
Achucharro Basque Center for Neuroscience.
At the time, Galea and others had published®
their call to stop classifying astrocytes as
“good-vs-bad, neurotoxic-vs-neuroprotective
or Al-vs-A2” and instead apply, among other
facets, molecular and functional parameters,
statistics and insight about pathology from
workinmodel organisms.

“We all knew the microglia terminology was
outdated and the field was messy,” says Sierra.
Unsuitable terms kept finding their way into
grant applications and papers. She was at

first hesitant about the project, but together
with friend and colleague Rosa Paolicellifrom
the University of Lausanne, “we decided to
embarkinto the adventure.”

They surveyed colleagues about terms
such as M1/M2, resting/activated and, she
says, “other dubious terms and conventions.”
Marie-Eve Tremblay from the University of
Victoria in Canada and Beth Stevens from
the Broad Institute of MIT and Harvard and
Boston Children’s Hospital joined the initia-
tive. Writing started, and online discussions
were heated attimesin the larger group, says
Sierra. A next draft was shared; eventually a
publication came to be, with 94 co-authors.

Some debates focused onthe use of “DAM,”
whichstands for disease-associated microglia.
Another point of debate was “neuroinflamma-
tion.” For some scientists, says Sierra, the term
refers to how microglia or astrocytes change
their morphology in disease conditions. But
pathology experts look for release of inflam-
matory mediators or leukocyte extravasation
when assessing inflammation.

Sierraisfond of quoting Pio del Rio Hortega,
the scientist who, in 1919, was the first to des-
cribe microgliaand who pointed out nomen-
clatureissues. “llove the dark sense of humor
you can perceive in his writing,” says Sierra.
“And, after more than a century, we still face
the same problems.”

“We all knew the microglia
terminology was outdated
and thefield was messy,” says
AmandaSierra.

Given the increasing number of new
entrants in microglial research, she and her
colleagues felt it was the perfect time to start
talking about nomenclature issues, says
Paolicelli. This paper, shesays, isabeginning,
“and ongoing discussionis needed, as models
and techniques rapidly evolve, while old and
sometimes misleading concepts remain
deeplyrootedinthe terminology we use.”

The group unanimously agreed that it is
important to put findings into context to
allow meaningful interpretation of microglial
functions. That context might be function that
varies across sexes, ages, brain regions and
disease conditions. These concepts are now
largely established, and they “hopefully are
increasingly being adopted by newcomers to
the field,” she says.

“Iguessitwasalsoimportant torealize that
not always a consensus needs to be reached,”
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says Paolicelli. It’s good when a debate
includes adiversity of constructive opinions.
She finds it rewarding to see students appre-
ciate the community effort, and they carry it
forward as they help to drive the discussion.

In talks and presentations, says Tremblay,
she gets positive feedback on the initiative
anditsrecommendations. “Mostimportant,in
my opinion, isto ensure the field is supportive
ofitsmembers and accessible tonewcomers,
and to make sure the nomenclature we use will
not prevent us from making future discover-
ies,” she says.

When the scientific community focused on
markers for distinguishing M1 from M2, other
aspects of microglial molecular makeup were
neglected. “This was a missed opportunity to
understand the many faces of microglia,” says
Tremblay. Microglia can have different states
and perform different functions, which also
offer potential disease targets. “We recom-
mend, as much as possible, to avoid dichoto-
mies,” she says.

Instead of slotting microglia into a cat-
egory based on one condition, it’s better
to explain how microglial properties differ
between conditions, for example in terms
of structure and function. In practice, she
says, instead of categorizing microgliaas acti-
vated or resting, “which in and of itself does

not mean much,” it’s better to explain how
their ultrastructure, morphology, motility,
metabolism, gene and protein expression
and other traits change.

By bridging observations from the appli-
cation of multiple methods, “we can hope-
fully, as a field and through collaboration,
come to address microglial function across
many contexts of health and disease.” Their
recommendations will evolve over time. As
she and others work together on this, even
better nomenclature suggestions will arisein
the future, says Tremblay.

Sierra is happy to see that the initiative
continuesin other community-driven efforts,
such as the Microglial Taxonomy Group coor-
dinated by Columbia University researcher
Philip De Jager. And, she says, at meetings,
trainees come by and say how useful the paper
was in their research. That being said, “I still
see the terms used by non-expertsin microglia
in grant applications and papers, in spite of
our efforts,” she says.

It’s OK to wrangle

Progress in science is a succession of prob-
lems and resolutions, and then along comes
anew technology and things “re-explode,” says
Ginhoux. “Complexity and heterogeneity need
tobe embraced,” hesays. Themost practicable

solutions are ones that do not simplify or deny
thebiology.

Whatisn’trealistic, says Buggert, is perfect
consensus. “Biology is messy. Humanimmune
systems are messy,” he says. New technologies
will continue to reveal cell states that do not fit
neatly into existing categories. In some ways,
he says, disagreement is a sign of a healthy
and rapidly advancing field. This consensus
statementis astart.

It’'s encouraging to see a growing consen-
sus around the principle that “researchers
should clearly explain what they mean when
they use aterm,” says Buggert. Even when two
scientists disagree over the ideal definition
of a particular cell population, transparency
gives everyone a way to understand the data
and judge for themselves.

Researchers collect core facts about the
cells they are studying, such as phenotypes
and numerous other parameters, says Kemper;
and they should do so.Inpapers and presenta-
tions, she says, “ldo thinkitis reallyimportant
that we make this information really visible.”

Wrangling over language can get intense,
says Ginhoux, and some scientists may feel like
tuning out. He sympathizes. But discussing lan-
guage matters, as does talking through stick-
ing points to get to a solution. “What is worse
is not to have the discussion,” he says, so that
all scientists just use names as they wish. Says
Ginhoux, “What mattersisthat people discuss.”

Vivien Marx
Nature Methods.
e-mail: v.marx@us.nature.com
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