
SCIENTIFIC COMMENTARIES

Your nose knows how to target brain
inflammation

This scientific commentary refers to

‘IL-10-dependent Tr1 cells attenuate

astrocyte activation and ameliorate

chronic central nervous system in-

flammation’, by Mayo et al.

(doi:10.1093/brain/aww113).

Currently approved therapies for

multiple sclerosis and other chronic

inflammatory diseases dampen proin-

flammatory immune responses, but

lack selectivity. For some of these

medications, the consequent immune

suppression may predispose patients

to serious opportunistic infections.

An ideal therapy might target only

those cells that are autoreactive,

while maintaining the ability to

discriminate and protect against for-

eign antigens and pathogens.

Administration of anti-CD3 monoclo-

nal antibody (referred to as anti-CD3)

has been successfully used to induce

immune tolerance. CD3 is the non-

polymorphic multisubunit protein

complex associated with the antigen-

specific T cell receptors (TCR) and is

expressed on all CD4 + and CD8 + T

cells. Intravenous anti-CD3 has been

effective in animal models of auto-

immunity and has shown promise in

clinical trials of type 1 diabetes melli-

tus (Herold et al., 2002) and psoriatic

arthritis, although side effects limit its

chronic parenteral use. Exposure of

the mucosal immune system to anti-

gens can lead to development of dis-

tinct regulatory T cell subsets that

maintain tolerance (Fig. 1). This

physiological pathway has been ex-

ploited in animal models with oral

anti-CD3 (Ochi et al., 2006; Ilan

et al., 2010; Wu et al., 2010), which

induces transforming growth factor-

beta (TGF-b)-secreting T helper type

3 regulatory cells (Th3) that suppress

autoimmune responses. In contrast,

nasal anti-CD3 induces anti-

inflammatory interleukin-10 (IL-10)-

producing type 1 regulatory T cells

(Tr1) (Wu et al., 2008, 2010). Both

of these mucosal routes are well tol-

erated. Whether therapy that induces

Tr1 cells might restore tolerance in

progressive multiple sclerosis is un-

known. In this issue of Brain, Mayo

et al. provide compelling evidence for

the induction of IL-10-producing Tr1-

like cells by nasal anti-CD3 antibody

as a new therapeutic approach to

treat progressive multiple sclerosis

(Mayo et al., 2016).

The influence of nasal anti-CD3 on

chronic CNS inflammation and neu-

rodegeneration was examined by

these investigators using the non-

obese diabetic (NOD) model of

experimental autoimmune encephalo-

myelitis (EAE). In this model, induced

by immunization with myelin oligo-

dendrocyte glycoprotein (MOG), the

early phase of EAE is self-limiting

but is followed by an irreversible

chronic progressive phase, making

this an attractive model for progres-

sive forms of multiple sclerosis. Nasal

anti-CD3 suppressed both clinical and

histopathological disease not only

when given at the start of the progres-

sive phase, but also when the progres-

sive phase had been established.

Nasal anti-CD3 administration in

the progressive phase additionally sta-

bilized blood–brain barrier integrity

and promoted axonal protection.

This treatment did not affect the abil-

ity to clear pulmonary bacterial infec-

tion, demonstrating that it was not

globally immunosuppressive. Oral

anti-CD3, which has proven effective

in acute EAE models, had no effect in

progressive EAE, providing further

evidence that the two different

routes of mucosal anti-CD3 adminis-

tration employ distinct mechanisms.

Indeed, flow cytometric analysis of

peripheral lymphoid organs and

CNS-infiltrating CD4 + T cells re-

vealed a profound increase in MOG-

specific CD4 + T cells that expressed

IL-10. When isolated ex vivo, those

IL-10-producing (IL-10 + ) T cells sup-

pressed T cell proliferation, Th17 po-

larization, and conferred tolerance

when adoptively transferred in vivo.

Interestingly, the T cells also ex-

pressed latency-associated peptide

(LAP), a non-secreted precursor por-

tion of TGF-b that is expressed on

Th3 and Tr1 cells. However, the ef-

fects of nasal anti-CD3 were IL-10

dependent, as treatment with an

IL-10 specific antibody reversed its

clinical efficacy. Mayo et al. com-

pared the transcriptional profile of

nasal anti-CD3-induced IL-10 + T

cells to defined T cell subsets by

microarray. The collection of genes

(‘transcriptome’) expressed by nasal

anti-CD3-induced IL-10 + T cells was

remarkably similar to the profile of

Tr1 cells, but distinct from

CD4 + CD25 + Foxp3 + regulatory T
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Figure 1 Mucosal administration of anti-CD3 induces distinct types of regulatory T cells. (A) Nasal anti-CD3 promotes develop-

ment of IL-10-producing type 1 regulatory T (Tr1) cells in draining cervical lymph nodes, the expansion of which is dependent on IL-10 and IL-27

produced by antigen presenting cells (APCs) (e.g. dendritic cells). Tr1 cells suppress peripheral Th17 immune responses. (B) Oral anti-CD3

induces transforming growth factor-beta (TGF-b)-producing T helper type 3 (Th3) cells in gut-associated lymphoid tissue that suppress peripheral

Th1/Th17 responses and promote expansion of Foxp3 + Tregulatory cells (Treg). (C) Tr1 cells induced in the periphery migrate through and enter

the CNS, where they may act to suppress CNS inflammation in progressive EAE and provide neuroprotection. Tr1 cell-derived IL-10 suppresses

astrocyte activation, stabilizes the blood–brain barrier, reduces CNS recruitment of peripheral monocytes, and promotes anti-inflammatory (M2)

polarization of microglia and CNS infiltrating monocytes. In contrast, oral anti-CD3 may regulate acute CNS inflammation by inducing other

regulatory T cell subsets (e.g. Th3 and Treg) that may also enter the CNS and suppress inflammation in a TGF-b-dependent fashion.
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cells (Treg) and naı̈ve T cells.

Adoptive transfer of in vitro gener-

ated Tr1 cells ameliorated progressive

EAE to a similar extent as nasal anti-

CD3, further substantiating the role

of IL-10 in nasal anti-CD3 treatment.

The innate immune system is

thought to be a major driving force

behind disease progression in multiple

sclerosis. Mayo and colleagues exam-

ined whether nasal anti-CD3-induced

Tr1 cells act on innate immune cells

within the CNS. Astrocytes modulate

blood–brain barrier integrity, CNS

leucocyte recruitment, and microglial

activity (Mayo et al., 2014).

Transcriptional analysis demonstrated

a significant downregulation of proin-

flammatory genes in astrocytes of

nasal anti-CD3-treated mice, which

was dependent on IL-10. Consistent

with that observation, selective inhib-

ition of IL-10 expression by astro-

cytes abrogated the therapeutic

efficacy of nasal anti-CD3 in vivo.

Microglial and CNS infiltrating

monocytes can acquire distinct pheno-

types that promote (M1) or suppress

(M2) inflammation (Weber et al.,

2007). Nasal anti-CD3 treatment

was also associated with anti-inflam-

matory polarization of microglia

and CNS-infiltrating monocytes.

Collectively, their results demonstrate

that nasal anti-CD3 is a novel tolero-

genic approach that regulates both

adaptive and innate proinflammatory

activity, which could be beneficial for

the progressive phase of multiple

sclerosis.

The development of antigen-

targeted immune therapy in multiple

sclerosis has proven challenging.

Several potential myelin autoantigens

exist and responses among patients

may be heterogeneous. While CD3 is

expressed on virtually all CD4 + and

CD8 + T cells, and is involved in ac-

tivation of those cells, it is striking

that mucosal administration of anti-

CD3 leads to a selective expansion

of antigen-specific regulatory T cells.

It is thought that in some fashion

anti-CD3 itself substitutes for cognate

antigen to induce those cells (Weiner

et al., 2011). Mayo et al. have pro-

vided further evidence that separate

routes of mucosal administration of

anti-CD3 favour expansion of distinct

regulatory T cell subsets. Their find-

ings that oral anti-CD3 induces Th3

cells that dampen acute MOG-

induced EAE, and that nasal anti-

CD3 promotes development of Tr1

cells that reduce inflammation and

provide neuroprotection in chronic

disease, indicate that these two

approaches should not be viewed as

redundant. However, how separate

mucosal-associated lymphoid tissues

promote expansion of regulatory T

cell phenotypes with non-overlapping

function is not clear, and requires fur-

ther investigation. Data suggest that

differences in dendritic cell subpopu-

lations within these mucosal micro-

environments may be responsible for

preferential expansion of individual

regulatory T cell subsets (Akbari

et al., 2001). To date, the majority

of studies of nasal anti-CD3 have

focused on models of antigen-induced

autoimmune diseases. It will also be

important to examine models of

spontaneous CNS neurological dis-

ease, which have been associated

with diversification of myelin- and

neuronal-targeted immune responses.

As nasal anti-CD3 was associated

with reduced activation of astrocytes

and blood–brain barrier stabilization,

one questions whether this approach

could also be applicable to neuromye-

litis optica, a humoral autoimmune

disease that results in astrocyte de-

struction. The work by Mayo et al.

provides a foundation for testing

nasal anti-CD3 in multiple sclerosis

and other CNS autoimmune diseases.
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Glossary

CD3: Cluster of differentiation 3 (CD3) is a non-polymorphic, multimeric protein complex expressed on the surface of all CD4 + and CD8 + T cells

and serves as a co-receptor for the antigen-specific T cell receptor (TCR). CD3 is composed of four distinct polypeptide chains (", � , �, �) that

assemble as three pairs of dimers ("�, "�, ��).

Mucosal tolerance: Suppression of cellular and/or humoral responses to antigens that gain access to the body via the oral or nasal route.

Regulatory T cells: Regulatory T cells (Tregs) maintain tolerance by preventing unrestricted expansion of proinflammatory effector T cells. There

are several major classes of Treg, including thymus-derived Foxp3+ natural (nTreg) and inducible Treg (iTreg), T helper type 3 (Th3) and T regulatory

type 1 (Tr1) cells. Treg exert immune regulation through cell contact-dependent mechanisms and/or secretion of anti-inflammatory cytokines, such

as TGF-beta (e.g. Th3 cells) and IL-10 (e.g. Tr1 cells).
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A vulnerability to chronic pain and its
interrelationship with resistance to analgesia

This scientific commentary refers to

‘Corticolimbic anatomical characteris-

tics predetermine risk for chronic

pain’, by Vachon-Presseau et al.

(doi:10.1093/brain/aww100).

Chronic pain is a major medical health

problem (IOM, 2011). The socio-

economic burden is alarming, yet—to

date—we have few effective treat-

ments. A better understanding of the

underlying biology leading to the de-

velopment, maintenance and exacerba-

tion of chronic pain is desperately

needed to improve this bleak situation.

Progress is being made, but a major

unresolved question remains: ‘Why

me?’ Several examples in the clinical

pain literature demonstrate that only

a proportion of patients with a par-

ticular disease or injury go on to de-

velop chronic pain (see Table 1 in

Denk et al., 2014). For example, dia-

betic neuropathy is a relatively

common condition but only a minor-

ity of patients report symptoms of

pain. As with many areas of chronic

neurological disease, questions about

vulnerability and resilience to develop-

ing chronic pain are now being asked.

In this issue of Brain, Vachon-Presseau

and co-workers propose answers

based on an extensive longitudinal

analysis of patients with subacute

pain that either resolves or becomes

chronic (Vachon-Presseau et al.,

2016).

Epidemiological studies of patient

cohorts (e.g. low back pain) and in-

novative studies linking presurgical

assessments to pain outcomes post-sur-

gery have identified several risk factors

that predispose an individual towards

chronic pain (Kehlet et al., 2006;

Balague et al., 2012; Denk et al.,

2014). Gender, age and genetic make-

up are relevant. Additional risk factors

relate to an individual’s personality and

psychosocial environment alongside

previous pain history, stress and depres-

sive illness; these all conspire to nega-

tively affect long-term pain outcome.

Intriguingly, these factors lend them-

selves to a possible brain-based explan-

ation for why some patients are more

vulnerable (or less resilient) to develop-

ing chronic pain. Observations from

preclinical and human neuroimaging

studies suggest that corticolimbic net-

works involved with reward (e.g. sub-

jective value of relief and analgesia),

motivation and learning, as well as

the brainstem’s descending pain modu-

latory system, might be among the cul-

prit networks (see Denk et al., 2014 for

a full review and Navratilova et al.,

2016).

That is what makes the study by

Vachon-Presseau and colleagues so

important and interesting. They con-

ducted a ‘tour-de-force’ set of neuro-

imaging experiments as part of a

longitudinal observational study of

patients with subacute back pain

(SBP) followed over 3 years. From

an initial recruitment of 159 SBP pa-

tients and 29 healthy controls, a total

of 69 SBP and 20 controls completed

the study at 1-year follow-up having

had four imaging sessions, one at

each of Weeks 0, 8, 28 and 56.

At this stage, patients were dichoto-

mized into groups with persisting

pain (SBPp, n = 39) or recovery from

pain (defined as 420% reduction in

pain from Week 0 to Week 56; SBPr,

n = 30). The 39 with SBPp then

underwent a further imaging investi-

gation at 3 years from pain onset

(Week 156), and were again dichoto-

mized into those that recovered (SBPr,

n = 16) and those with persisting pain

(SBPp, n = 23). The following data

were obtained at each neuroimaging

session: (i) T1 anatomical MRI for

high resolution morphometric ana-

lysis of subcortical structures; (ii) dif-

fusion tensor imaging for probabilistic

tractography and connectivity ana-

lysis of white matter connections;

and (iii) functional connectivity data

to explore intrinsic brain connectivity

related to simultaneously recorded

spontaneous fluctuations in pain. In

addition, pain characteristics, depres-

sive mood and affect ratings were

scored using standardized question-

naires. Finally, an exploratory genetic

association study was carried out to

assess whether any of 30 candidate

single nucleotide polymorphisms

(SNPs) located in 12 different genes

were associated with specific brain

properties identified (Fig. 1).

Earlier analyses of subsamples from

this expansive dataset have been pub-

lished and have shown that both

functional and structural (i.e. white

matter) properties of various cortico-

limbic regions impart risk for chronic
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