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COMMENTARY

The immune signatures of multiple sclerosis:
Lessons from twin studies
Pablo Villosladaa,1 and Scott S. Zamvilb

The advances of immunology in the last decades have
been spectacular, both at the basic and the transla-
tional level. This progress has led to the discovery of
many immunotherapies for autoimmune diseases and
cancer. Besides, whole-genome sequencing studies
have confirmed that the genetic susceptibility for au-
toimmune diseases such as multiple sclerosis (MS) is
mainly driven by the HLA and other immune genes
regulating the adaptive and innate immune response
(1). However, the same level of advances has not ma-
terialized for understanding how autoimmune re-
sponses are generated and damage the central
nervous system (CNS) in patients with MS (2). Decades
of efforts searching for the antigen targeted in auto-
immune CNS diseases have provided some suc-
cesses, such as the identification of aquaporin-4 in
the case of neuromyelitis optica (3) or myelin oligo-
dendrocyte glycoprotein (MOG) in MOG antibody-
associated encephalomyelitis (4). However, antigens
responsible for the autoimmune response in MS have
remained elusive (5, 6), even though new candidate
antigens have been recently discovered (7, 8) which
may involve cross-reactivity or epitope spreading pro-
cesses (9). Identification of target antigens is critical for
the development of antigen-specific tolerization as a
path for restoring the homeostasis of the immune sys-
tem and preventing tissue damage (10). Similarly, the
search for the cells and molecules responsible for CNS
damage in MS has been intensive. Still, it has failed to
provide definite evidence for the involvement of one
or several encephalitogenic immune cells that drives
the autoimmune response against the CNS or orches-
trates the chronic compartmentalized inflammation in-
side the CNS (11). However, the high efficacy of anti-
CD20 therapies in MS has placed B cells in the
spotlight (12).

There are many reasons behind the lack of success
for identifying such autoimmune signature in MS,

including 1) the heterogeneity of MS patients in terms
of genetic, infection-related, lifestyle-related, and en-
vironmental factors (13); 2) the prodromal phase of the
disease that delays the diagnosis and therefore the
opportunity for identifying the first and triggering
events (14); 3) the more frequent analysis of blood
compared with cerebrospinal fluid, lymph nodes, or
CNS tissue where the immune response is organized
due to accessibility to the sample; or 4) the fact that
the immune system is a complex network of cells, mol-
ecules, and pathways that self-organize to define the
response, making it a very robust system but also
more difficult to identify specific culprits (15).

In PNAS, Gerdes et al. (16) address the search for
MS immune signatures by controlling several variables
and overcoming previous limitations. They reduced ge-
netic and environmental heterogeneity by making use of
homozygous twins discordant for MS and phenotyping
blood cell subpopulations using an extended cytometry
profiling (Fig. 1A). The 43 twin pairs participating in this
study shared, in addition to the genetic background, the
environment and lifestyle because all grew up in the
same household. They found that twinship was the most
important factor, explaining 56% (11 to 99%) of immune
subpopulations variability. In contrast, all other factors
explained a minor fraction of the variability, namely,
2% for sex, 4% for age, 3% for cytomegalovirus status,
and only 1% for the MS diagnosis. Therefore, this study
supports the previous evidence that immune responses
have a significant heritability (17).

Surprisingly, the twins with MS did not show a
substantial difference in the immune subpopulation
frequencies than the healthy twins. To address an-
other source of confusion, namely, the prodromal
period of MS (Fig. 1B), they analyzed the healthy twins
and identified a subgroup (10 out 40 unaffected twins)
with subclinical–prodromal MS based on the presence
of lesions on brain MRI or oligoclonal bands in the
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cerebrospinal fluid (CSF). They found that MS prodromal twins
have a closer immune signature to MS twins than to healthy twins
for CD4+ and CD8+ T cell subsets and especially for Th17 and
Th1, but neither for B cells nor the major innate cell populations
(Fig. 1C). Finally, they validated the subclinical MS signature in
earlyMS cases (55 clinically isolated syndrome and 60 early untreated
relapsing-remitting MS), finding significant MS-related changes in
some of the previously identified immune traits from the twin ap-
proach, such as effector Th17, migratory Th17 (MCAM+), and
Th17.1 cells, as wells as migratory Th1 (CD195+) cells.

In contrast, in previous work studying a subset of this MS twin
cohort, the team examined CSF cells by single-cell RNA sequenc-
ing (RNA-seq), and identified clonally expanded CD8+ T cells,

plasmablasts, and, to a lesser extent, CD4+ T cells with character-
istics of activated tissue-resident memory T cells in the prodromal
phase and in MS (18). These results highlight the importance of
examining both peripheral blood and CSF, a compartment that
may more closely reflect immune cells within MS brain. Overall,
the results from the twin cohort are in agreement with recent
studies using well-standardized and comprehensive cytometry
panels that identified blood immune signatures, also involving
Th17 cells but also B-memory/B-regulatory cells (19)

However, the main questions remain—which are the immune
cells responsible for the onset of the autoimmune attack in MS,
and which are driving the transition from relapsing autoimmune
attacks to chronic compartmentalized inflammation within the

Fig. 1. The MS immune signature in discordant twins. (A) MS patient heterogeneity is due to genetics, infections, lifestyle, and other
environmental factors. Using homozygous twins discordant for MS who shared the genetic background, the environment, and lifestyle because
all grew up in the same household, patient heterogeneity and noise can be significantly reduced. (B) Prodromal MS allows studying the early
events of the disease: The autoimmune process starts early in the disease with the generation of encephalitogenic antigen-specific T and B cells in
the lymph nodes that can migrate to the brain and produce acute inflammatory infiltrates, being observed as contrast-enhancing lesions or T2
lesions on the MRI or as clinical relapses depending on the size, location, and severity of the damage (MRI or clinical thresholds). Therefore, the
early events of MSmay only be observed in the disease’s prodromal stage, such as in radiologically isolated syndromes (RISs) or in the twins in this
study with either oligoclonal bands on the CSF or presence of MS lesions on MRI. After the onset of the disease, either clinically isolated
syndrome (CIS) or relapsing-remitting MS (RRMS) it is very likely that the autoimmune process has already evolved including new antigen-specific
T and B cells, being responsible for new autoimmune attacks (relapses) as well as the onset of chronic compartmentalized inflammation. With the
evolution of the disease, the autoimmune attack evolves from acute inflammatory infiltrates to chronic inflammation inside the brain and
meninges, corresponding with the development of secondary progressive MS (SPMS). Adapted from ref. 25, which is licensed under CC BY 4.0.
(C) Immune cell subpopulations were assessed by cytometry. Surprisingly, the main differences in immune cell frequencies were attributable to
twinship, whereas the disease only explained a minority of the differences. However, MS twins shared the immune signature with the prodromal
twins and differed from the healthy twins. Adapted from ref. 16, which is licensed under CC BY-NC-ND 4.0.
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CNS? Probably the answer will lie in some lessons biology uses to
teach us, namely that biological processes are very specific, and at
the same time, the immune system contains many redundancies
and checkpoints to be efficient. The first lesson suggests that un-
less we identify the antigen-specific cell triggering autoimmunity
in the tissue (either lymph node or CNS tissue) at the onset of the
disease, it is very likely we will miss such a signal within the noise
of the overall immune response. Precisely, the function of the
adaptive immune system is to identify specific chemical patterns
(antigens), and the innate immune system provides the tissue
context (danger or healthy) in a dose-dependent probabilistic
process (15). For this reason, it is critical to identify such
antigen-specific cells triggering MS in a given patient. The com-
plexity of the immune system organization allows it to be very
robust for defining the immune response. Still, autoimmunity
may appear as a slow process that deviates from homeostasis,
making it very difficult to identify such changes (20). Fortunately,

technological advances are coming to the help of researchers
and patients. For example, RNA-seq, T cell receptor/B cell re-
ceptor sequencing, high-resolution cytometry, or mass cytome-
try are now powerful tools allowing to interrogate thousands of
single cells even from small samples like the CSF (21, 22).
Myeloid-specific exosomes (extracellular vesicles) in the CSF en-
able us to collect molecular information from previously hidden
immune cells (23). Finally, clinical MS researchers are now paying
significant attention to the early stages of MS, including the pro-
dromal phase, such as the radiologically isolated syndromes
(24), which may permit capturing cases at the very first onset
of the autoimmune responses. Therefore, powerful single-cell
technologies to study well-controlled populations like monozy-
gotic twins at early stages of the disease should pay dividends
in the near future, elucidating the mechanisms that generate
the autoimmune response in patients with MS and other
autoimmune diseases.
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