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@ PERIPHERAL NEUROPATHIES

REVIEWS I

Autoantibodies in chronic
inflammatory neuropathies: diagnostic
and therapeutic implications

The chronic inflammatory neuropathies (CINs) rep-
resent a clinically heterogeneous group of rare and
disabling diseases characterized by motor and sensory
symptoms of diverse severity"2. Most CINs are diagnosed
using clinical and electrophysiological criteria alone,
except for polyneuropathy associated with monoclonal
gammopathy of uncertain significance (MGUS-P), which
also requires detection of an IgM monoclonal gammo-
pathy’~. Specific biomarkers are considered to be only
supportive of the diagnosis. The diagnostic criteria for
multifocal motor neuropathy (MMN) are restrictive and
specific, and this disease is accordingly homogeneous
in terms of its clinical presentation and treatment®. By
contrast, the diagnostic criteria for chronic inflamma-
tory polyradiculoneuropathy (CIDP) are sufficiently
broad to include all patients who could benefit from
immunomodulatory treatment®. This situation results
in CIDP being a very heterogeneous disorder, in which
typical (sensorimotor, symmetrical, predominantly prox-
imal weakness) and atypical (predominantly distal weak-
ness, focal presentations, pure sensory, pure motor and
pure ataxic) variants are accepted to lie within the CIDP
spectrum'. Moreover, some CIDP subtypes exhibit dif-
ferences in disease progression (relapsing or progressive),
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Abstract | The chronic inflammatory neuropathies (CINs) are rare, very disabling autoimmune
disorders that generally respond well to immune therapies such as intravenous immunoglobulin
(IVIg). The most common forms of CIN are chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP), multifocal motor neuropathy, and polyneuropathy associated
with monoclonal gammopathy of unknown significance. The field of CIN has undergone a major
advance with the identification of IgG4 autoantibodies directed against paranodal proteins in
patients with CIDP. Although these autoantibodies are only found in a small subset of patients with
CIDP they can be used to guide therapeutic decision-making, as these patients have a poor
response to [VIg. These observations provide proof of concept that identifying the target antigens
in tissue-specific antibody-mediated autoimmune diseases is important, not only to understand
their underlying pathogenic mechanisms, but also to correctly diagnose and treat affected
patients. This state-of-the-art Review focuses on the role of autoantibodies against nodes of
Ranvier in CIDP, a clinically relevant emerging field of research. The role of autoantibodies in other
immune-mediated neuropathies, including other forms of CIN, primary autoimmune neuropathies,
neoplasms, and systemic diseases that resemble CIN, are also discussed.

associated clinical features (cranial involvement), con-
comitant disease (diabetes mellitus®) and paraclinical
features (IgG or IgA monoclonal gammopathy) that
further broaden the spectrum of this heterogeneous dis-
ease’. This complexity, and the inappropriate use of diag-
nostic criteria, has led to misdiagnosis of CIDP?, thereby
impeding the discovery of common pathophysiological
pathways’ and disease-specific biomarkers'.

CIDP’, MMN'" and MGUS-P*? (the latter with or
without antibodies targeting myelin-associated glycopro-
tein (MAG)) together comprise an important subgroup
of CINs that share an immune-mediated pathogenesis
exclusively involving peripheral nerves®. The differential
diagnosis includes non-CIN chronic immune-mediated
neuropathies, such as vasculitic neuropathy, neuropathies
associated with systemic diseases or paraneoplastic
neuropathies, in which immune responses are not pri-
marily directed against peripheral nerve components and
other organs might be involved. These disorders are often
difficult to differentiate from classic CIN®.

The existence of pathological* and radiological''®
evidence of inflammation in nerves and nerve roots,
the pathogenetic role of immune cells and, above all, the
favourable response to immune therapies, support an
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Key points

¢ Discovery of the antigenic targets associated with nerve-specific autoimmune
diseases is a crucial step in understanding their pathogenesis

e The identification of highly disease-specific autoantibodies in patients with
inflammatory neuropathies has considerable clinical utility, even when the proportion
of antibody-positive patients is low

¢ 1gG4 antibodies against contactin-1 and neurofascin splice variant 155 characterize a
subtype of chronic inflammatory demyelinating polyradiculoneuropathy with distinct
clinical features, including poor response to intravenous immunoglobulin

 Autoantibodies linked to multifocal motor neuropathy, polyneuropathy associated
with monoclonal gammopathy of unknown significance and paraneoplastic
peripheral nerve disorders provide important clinical information and their presence
should be investigated in all patients with inflammatory neuropathies

immune-mediated pathogenesis for CIN®. The good
responses to intravenous immunoglobulin (IVIg)'” and
plasma exchange'® observed in most patients with CIN
suggests a pathogenetic contribution of humoral factors,
including autoantibodies'. The discovery of disease-
specific autoantibodies would not only provide patho-
physiological clues to deepen our understanding of CIN
but also, more importantly, would provide biomark-
ers that can be useful for diagnosis, prognostication
and appropriate selection of therapy. The search for
autoantibodies has been partially successful in MGUS-P
(anti-MAG)** and MMN?# (anti-GM1 ganglioside),
in which the target antigens are now known in 50% of
patients'"'>%*. However, despite intense efforts to dis-
cover disease-specific autoantibodies linked to CIDP,
the target antigens in most patients with this condition
remain unknown. IgG4 autoantibodies that target node
of Ranvier proteins were only recently (since 2013)
discovered in subsets of patients with CIDP*-%¢,

In this state-of-the-art Review” we focus on the
emerging evidence that specific autoantibodies are asso-
ciated with particular types of CIDP. These advances
provide proof of concept that antibodies can be used clin-
ically to guide the diagnosis and management of CIDP,
the paradigmatic CIN. In this context, we also describe
what is known about specific autoantibodies associated
with other CINs, with a particular focus on the clinical
and pathogenic relevance of antibodies that target node
of Ranvier structures, before considering how the prin-
ciples learned from these conditions could be applied
to other immune-mediated neuropathies. Of note, the
term ‘poor response to IVIg, as applied to seropositive
patients with CIDP throughout this Review, should be
construed as a reduced response rate or a suboptimal
level of response relative to that obtained in patients
with typical seronegative CIDP — and not as a complete
absence of response in all patients. Furthermore, other
therapies (such as steroids) can still provide very good
and long-lasting responses in these individuals.

Autoantibodies in CIDP

The search for autoantibodies associated with CIDP
dates from the early 1980s*%. The excellent and fast
response to IVIg or plasma exchange experienced by
most patients with CIDP supported the hypothesis that
CIDP is an antibody-mediated disease'. Further lines

of evidence included the presence of immunoglobulin
and complement deposits in sural nerve biopsy samples
from patients with CIDP*; the association between poly-
morphisms in low affinity IgG Fc region receptor IIb
(FcyRIIb, the inhibitory immunoglobulin receptor) and
low levels of this receptor on the B-cell surface in such
patients®’; and the development of nerve demyelination
in rats that were given IgG from patients with CIDP*.
Despite this clinical and experimental evidence of a role
for autoantibodies in the pathogenesis of CIDP, solid evi-
dence of their existence has been found only in the past
5 years with the description of antibodies to nodal and
paranodal antigens®**.

The node of Ranvier in CIDP
Nodes of Ranvier are critical structures for saltatory con-
duction of nerve impulses in myelinated nerve fibres®.
Myelinated fibres are architecturally, molecularly and
functionally complex structures consisting of four
compartments — the node, paranode, juxtaparanode
and internode — identified according to their molecular
composition and function (FIC. 1). The paranodal regions
immediately flank the nodes of Ranvier and are the sites
where myelin sheath borders (paranodal loops) closely
contact the axon via septate-like junctions (specialized
adhesive junctions, also termed transverse bands)*.
To date, three cell adhesion molecules are known to
be involved in the formation of septate-like junctions:
contactin-1 (CNTNI1), contactin-associated protein-1
(CASPR1), and neurofascin splice variant 155 (NF155).
CNTN1 and CASPR1 are expressed by neurons and form
a complex that binds to NF155 (their glial counterpart)
at the paranodal loops (FIC. 1). This complex enables
compartmentalization of voltage-gated sodium chan-
nels (Navl1.6) at the nodes and voltage-gated potassium
channels (Kv1.1/1.2/1.4/1.6) at the juxtaparanodes® .
Given their importance for nerve conduction,
nodes and paranodes are likely to be sites of pathol-
ogy in CINs and related disorders*. Structural abnor-
malities and IgG deposition in nodes of Ranvier were
described in early studies of patients with motor vari-
ants of Guillain-Barré syndrome (GBS)*2. However, the
identification of node of Ranvier pathology in CIDP is
comparatively recent. In 2011, a study that compared
node of Ranvier alterations in patients with CIDP and
patients with idiopathic axonal neuropathies found
node disruption and irregular or decreased expression
of CASPR1 in patients with CIDP*. Elongated nodes,
shortened internodes and irregular CASPR1 staining
were also detected in myelinated fibres from skin biopsy
samples from patients with CIDP*. In agreement with
these observations, disruption of neurofascin splice
variant 186 (NF186) and gliomedin (two other node of
Ranvier proteins) preceded demyelination in animals
with experimental allergic neuritis (EAN), a model of
inflammatory neuropathies such as CIDP and GBS*.

Antibodies against paranodal antigens

The earliest reports suggesting the presence of antibod-
ies against node of Ranvier structures in patients with
CINs were published in 2011, in two articles describing
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Figure 1| The node of Ranvier. The figure shows the structure and key molecular components of the node of Ranvier,
including those targeted by autoantibodies in autoimmune neuropathies. Adhesion molecules (NF186, NF155, NrCAM,
CNTN1, CNTN2, CASPR1, CASPR2 and MAG) mediate axoglial attachment. lon channels (Kv7.2/7.3,Kv1.1/1.2/1.4/1.6 and
Nav1.6) mediate action potential propagation. Adhesion molecules and ion channels are all linked to the cytoskeleton by
proteins, including ankyrins and spectrins. Gliomedin is an extracellular matrix constituent that stabilizes the structure of
the nodal area. CASPR, contactin-associated protein; CNTN, contactin; Ky, voltage-gated potassium channel; MAG,
myelin-associated glycoprotein; Nav, voltage-gated sodium channel; NF, neurofascin; NrCAM, neuronal cell adhesion
molecule. Adapted with permission from Springer Nature © Stathopoulos, P, Alexopoulos, H. & Dalakas, M.C.
Autoimmune antigenic targets at the node of Ranvier in demyelinating disorders. Nat. Rev. Neurol. 11, 143-156 (2015).

increased titres of anti-neurofascin antibodies in patients
with GBS and CIDP***". In 2012, our group found that up
to one-third of patients with either GBS or CIDP showed
evidence of IgG reactivity against node of Ranvier struc-
tures in teased nerve fibre preparations from mice®. The
IgG staining patterns were diverse, with nodal and/or
paranodal staining observed with sera from different
patients®. We used a candidate-molecule approach,
which revealed that the target antigens were also diverse,
with antibodies reacting against CNTN1, gliomedin or
NF186%. These results indicated that nodal and paran-
odal proteins can be the targets of autoimmune attack
in CIDP, and that target antigens in patients with CIDP
might be multiple and heterogeneous; however, no clear
clinical conclusion could be drawn from these prelim-
inary findings. Subsequently, electrophysiological pat-
terns that did not fit within the traditional ‘axonal versus
demyelinating’ paradigm were detected in patients with
inflammatory neuropathies; since the patterns sug-
gested node of Ranvier involvement, these neuropathies
were called nodopathies or paranodopathies*®*. This

pathological, electrophysiological and serological evi-
dence laid the foundations for future studies focusing
on the importance of the nodes of Ranvier as important
sites for CIDP pathology and attempting to correlate
clinical observations with immunological data.

Anti-CNTNI antibodies. Our group used an unbiased
proteomic approach to investigate the presence of anti-
bodies against surface antigens on hippocampal neurons
in a small subset of Spanish patients with CIDP (four of
46 patients)*. In one of these patients, the target anti-
gen still remains unidentified, but the target antigen
in the other three patients was identified as CNTN1
(two patients) or the CNTN1-CASPRI1 complex (one
patient). These three patients shared an aggressive dis-
ease phenotype with acute onset, predominantly motor
involvement, older age at onset, evidence of denerva-
tion at first electromyography (EMG) and, importantly,
a poor response to IVIg. This study was the first to
report a clear association between specific autoanti-
bodies and disease features in patients with CIDP. In a
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Box 1 |1gG#4 antibodies in autoimmune disease

A growing number of autoimmune diseases are now known to be mediated by IgG4
autoantibodies*. These autoantibodies are produced by regulatory B (B .,) cells'** and
were originally considered to be immunomodulatory'*, as they cannot efficiently fix
complement or bind to immunoglobulin receptors'*!. |gG4 antibodies are the last
isotype to appear after affinity maturation'*>. They have the highest antigen affinity and
show restricted oligoclonal expansions and epitope repertoires**'*. In the allergy
setting they dampen inflammatory responses and tolerize individuals to allergens after
repeated challenge; their levels correlate with allergen tolerance'*. IgG4 antibodies
have been studied in only a few non-allergic diseases: pemphigus; muscle-specific
tyrosine kinase (MuSK)-related myasthenia gravis; and chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP) associated with antibodies to
contactin-1 (CNTN1). In these settings, IgG4 antibodies disrupt the function of their
target antigens without involving other effector mechanisms®*4>14¢,

Another common feature of IgG4-mediated diseases is their positive response to
B-cell depletion. In patients with CIDP, only case reports have been published?®*37074
but B-cell depletion has proven effective in pemphigus’, anti-phospholipase A2
receptor nephropathy’® and MuSK-related myasthenia gravis’?, despite their very
different target tissues. Responses to B-cell depletion are attenuated in patients with
neuropathies who already have permanent nerve damage, but the scarce evidence
available suggests that this treatment is effective in early disease. Thus, B-cell-depleting
therapies can be used in patients with neuropathies who carry anti-CNTN1, anti-
contactin-associated protein-1 or anti-neurofascin splice variant 155 antibodies and
have not responded to conventional treatment. Our group and others have described
poor responses to intravenous immunoglobulin (IVIg) in these diseases??>*?, although
the underlying mechanisms remain unknown. The inhibitory immunoglobulin receptor
low affinity IgG Fc region receptor lIb (FcyRIIB) is a major mediator of [VIg response'*.
Gene expression profiling suggests that IL-10* B, cells have reduced expression of
FcyRIIB compared with IL-10" B, cells™’. This difference could partly explain IVig
resistance, but other mechanisms or confounding factors might also contribute.

follow-up study, our group showed that the anti-CNTN1
antibodies were predominantly IgG4, an isotype that
does not efficiently activate complement or inflamma-
tory cells efficiently®. This finding might account for
these patients’ poor responses to IVIg® (BOX 1).

A replication study in more than 500 Japanese patients
with CIDP confirmed the presence of anti-CNTN1 IgG4
antibodies in a small subset of patients™. The clinical
presentation of these patients differed slightly from
those we initially characterized, but all patients had
IgG4 autoantibodies and poor responses to IVIg. These
findings were further confirmed in a study of German
patients with CIDP*. Interestingly, the paranode
destruction observed in myelinated fibres from skin
biopsies of patients with anti-CNTN1-positive CIDP
identified in the German study suggested the pathogenic
potential of these antibodies.

IgG4 antibodies are presumed to have anti-
inflammatory functions, but have been implicated in
the pathogenesis of several neurological syndromes™.
In an exploratory study, using an in vitro myelinating
model, our group found that anti-CNTN1 IgG4 anti-
bodies disrupt binding of the CNTN1-CASPR1 com-
plex to NF155, and thus to the paranodal structure, in
the absence of complement™. These data suggested that
anti-CNTNI1 antibodies cause disease by dismantling
the paranodal axoglial junction. Experiments in which
anti-CNTN1 IgG4 antibodies were passively trans-
ferred to naive animals and into animals with EAN fur-
ther confirmed their pathogenicity®. First, intraneural
injections of anti-CNTN1 IgG4 indicated that these

autoantibodies bind to and progressively invade para-
nodes in vivo, thereby disrupting paranodal axoglial junc-
tions (FIG. 2). These effects were both antigen-specific and
isotype-specific, as IgG1 or IgG4 reacting against other
antigens (sham proteins or CASPR2) could not pene-
trate the paranodes. Second, the chronic infusion of IgG4
anti-CNTNT1 antibodies induced a definite worsening of
clinical status in animals with EAN, which was accompa-
nied by nerve conduction defects consistent with those in
the early acute phase in patients with CIDP. Last, a sural
nerve biopsy sample from a patient with anti-CNTN1
antibodies showed transverse band loss and paranodal
loop detachment, with morphological features support-
ing the progressive invasion of paranodes by anti-CNTN1
antibodies®. Similar findings are seen in animals after
passive transfer of anti-CNTNI antibodies®, strongly
suggesting that IgG4 anti-CN'TN1 antibodies are them-
selves pathogenic without the need to involve inflamma-
tory cells or complement (FIC. 2). These findings agree
with those in Cntnl knockout or Cntnap1 knockout mice,
which both show loss of paranodal septate-like junctions
and substantial slowing of nerve conduction® .

Anti-NF155 antibodies. The first study reporting an
immune reaction against neurofascin indicated that
patients with GBS or CIDP have higher titres of anti-
bodies against neurofascin than do healthy controls**".
However, the exact neurofascin isoform was not speci-
fied in this study, and the clinical implications of these
antibodies were not defined. A report published in 2012
found high titres of anti-NF155 antibodies in <3% of
patients with CIDP¥. Interestingly, in the two patients
with the highest anti-NF155 titres, the antibody isotype
was IgG4. Specific clinical features associated with these
antibodies were not described in this initial report.

We tested patients from our Spanish cohort for IgG4
anti-NF155 antibodies, and found two antibody-positive
patients with CIDP. These patients shared several clin-
ical characteristics: predominant distal weaknesses,
high-amplitude and low-frequency tremor, ataxia with
cerebellar features, demyelinating features on EMG, and
poor responses to IVIg?. We found that anti-NF155 IgG4
antibodies from these patients bound to the cerebellum
— in particular, to cerebellar neurons — accounting
for the action tremor and ataxia. We then tested eight
additional IVIg-resistant patients with CIDP from
other centres in Spain for the presence of anti-NF155
antibodies, and found an additional two patients with
IgG4 anti-NF155 antibodies. These patients had similar
clinical features to those from our own cohort.

The clinical-immunological association between
this subtype of CIDP and IgG4 anti-NF155 antibodies
was further confirmed in several independent cohorts.
One of these studies showed that IgG from patients
with CIDP possessed reactivity towards paranodes and
myelinating glial cells in vitro (FICS. 3,4), and was able to
immunoprecipitate NF155 (REF. 58). In this large cohort
study, anti-NF155 IgG4 antibodies were specifically
detected in 38 patients with CIDP (7% of all patients
with CIDP), and were not found in patients with GBS or
multiple sclerosis. These 38 patients had a younger age at
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Figure 2 | Pathogenic mechanisms involving antibodies associated with autoimmune neuropathies. In chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP), IgG4 autoantibodies that bind to contactin-1 (CNTN1)

at the paranode disrupt the CNTN1-contactin-associated protein 1 (CASPR1)-neurofascin splice variant 155 (NF155)
complex, and break the septate-like junctions and the axoglial junction. Although still not confirmed, indirect data

(nerve biopsy studies) suggest that anti-NF155 antibodies have similar effects. IgM autoantibodies that bind to GM1
(monosialotetrahexosylganglioside) disrupt node of Ranvier function by activating complement, leading to formation of
membrane attack complexes and, eventually, to axonal degeneration. Antibodies that target myelin-associated
glycoprotein (MAQ) are not well defined but induce separation of myelin layers in nerve biopsy tissue through an as-yet
uncharacterized mechanism. NrCAM, neuronal cell adhesion molecule. Adapted with permission from Elsevier © Lim, J. P,
Devaux, J. & Yuki, N. Peripheral nerve proteins as potential autoantigens in acute and chronic inflammatory demyelinating

polyneuropathies. Autoimmun. Rev. 13,1070-1078 (2014).

onset of CIDP and a higher prevalence of ataxia, tremor
or poor response to IVIg compared with seronegative
patients. Two other reports found similar clinical fea-
tures associated with anti-NF155 antibodies***. One of
these reports described enlarged nerve roots and prox-
imal nerve segments in MRI scans of the cervical and
lumbosacral nerves of [gG4 anti-NF155-positive patients
with CIDP, compared with seronegative patients®.
Despite the presence of prominent tremor and ataxia
with cerebellar features, the majority of anti-NF155-
positive patients do not show abnormalities on brain MRI.
These findings contradict a previous report suggesting
that the presence of anti-NF155 antibodies was associ-
ated with combined central and peripheral demyelination
(CCPD)®". A study in an independent cohort of patients
with CCPD failed to detect anti-NF155 antibodies®. The
features of patients with CCPD, along with their ethnic
backgrounds and the antibody-detection techniques

used, all differed substantially between the studies.
Nonetheless, the available evidence supports the conclu-
sion that the presence of anti-NF155 IgG4 has implica-
tions for the selection of treatment and defines a subset
of patients with CIDP who share specific clinical features.

Some evidence indicates that anti-NF155 antibodies
are pathogenic. The passive transfer of anti-neurofascin
monoclonal antibodies (which recognized all neurofas-
cin isoforms) into mice with EAN strongly exacerbated
the severity of the pathology®. No studies have yet
demonstrated that patient-derived anti-NF155 IgG4
antibodies are pathogenic; however, the few nerve
biopsy samples obtained from patients with CIDP
and anti-NF155 antibodies include features that differ
from classic CIDP and are related to the nature and
histological location of the antigen®***¢*. Sural nerve
biopsy samples from patients with CIDP and IgG4
anti-NF155 antibodies show paranodal demyelination
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Figure 3 | Immunological findings in patients with CIDP and anti-NF155 antibodies. a | Serum from a patient with
chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) contains autoantibodies that target neurofascin splice
variant 155 (NF155, red fluorescence), which co-localize at the paranode with a commercially available antibody targeting
contactin-1 (CNTN1, green fluorescence). The merging of both fluorescent signals appears as yellow staining at the
paranodes in teased nerve fibres, suggesting perfect co-localization of red (serum antibody) and green (commercial
antibody). a—c| Cell nuclei are indicated by staining with 4,6-diamidino-2-phenylindole (DAPI; blue fluorescence). b | NF155
is expressed by myelinating oligodendrocytes in vitro. Serum from a patient with CIDP contains anti-NF155 autoantibodies
(red fluorescence), which bind to oligodendrocytes expressing myelination markers such as myelin basic protein (MBP,
green fluorescence). ¢ | Transfection of an expression vector encoding human NF155 protein has become the gold standard
for anti-NF155 detection. Main image: anti-NF155 antibodies (red fluorescence) from a patient with CIDP bind to the
surface of NF155-transfected human embryonic kidney (HEK)293 cells. Inset image: patient-derived anti-NF155
autoantibodies (red fluorescence) co-localize with a commercially available anti-NF155 antibody (green fluorescence).
Merger of both stains appears as a yellow signal. d | Enzyme-linked immunosorbent assay (ELISA) using human recombinant
NF155 protein is a highly specific test to confirm anti-NF155 positivity in patients with CIDP. Only sera from anti-NF155*
patients will react with the recombinant NF155 protein; thus, optical density is close to zero in anti-NF155™ patients with
CIDP as well as in healthy controls (of note, using other versions of NF155 protein (rat-derived, or fusion proteins) in such
tests can lead to nonspecific binding and false positives). e | Finally, in patients with anti-NF155 antibodies, IgG isotype
determination is achieved by ELISA. All patients tested had minor amounts of other IgG isotypes but IgG4 is clearly the
predominant anti-NF155 isotype in these patients. All scale bars 10 um; optical density, a measure of the intensity of

the ELISA colorimetric reaction.

in the absence of inflammation®**. A report published classified as having CIDP, the other as having GBS*.
in 2016 described electron microscopy findings in sural ~ Serum from both patients contained antibodies that
nerve biopsy samples from two patients, showinglossof ~bound to paranodes in teased nerve fibre prepara-
septate-like junctions and interposition of cellular pro-  tions but was negative for antibodies against CNTN1
cesses between the paranodal loops and the axolemma®  or NF155. Several techniques confirmed the presence
(FIG. 3). These alterations are reminiscent of those found  of anti-CASPR1 antibody reactivity, and an analy-
in Nfasc-null mice® and in patients with mutations in ~ sis of myelinated fibres in skin biopsy samples from
CNTNAPI (the gene encoding CASPR1), suggesting  both patients showed paranodal disruption. A sural
that anti-NF155 antibodies might specifically disrupt  nerve biopsy sample was available from one of the
the NF155-CNTN1-CASPR1 complex at paranodes. patients, which showed human IgG deposition at the

paranode. Both patients also had intense neuropathic
Anti-CASPRI1 antibodies. Compelling evidence for the ~ pain. Whether this pain was related to the presence
presence of anti-CASPRI1 antibodies has been reported  of anti-CASPR1 antibodies needs further confir-
in two patients with inflammatory neuropathies, one  mation but, interestingly, the IgG in these patients
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Figure 4 | Features of CIDP associated with autoantibodies that target NF155. a,b | The reactivity to paranodal
antigens (seen here as a yellow signal resulting from the merger of red and green fluoresence) of serum from patients with
chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) and anti-NF155 antibodies (red fluorescence) is lost
in nerve preparations from neurofascin-null mice (part b) compared with those from wild-type mice (part a). Green
fluorescence, CASPR1; blue fluorescence, PO (myelin protein zero). ¢,d | Septate-like junctions, which link the Schwann
cell paranodal loops to the axon, can be seen on sural nerve biopsy samples from seronegative patients with CIDP (part c)
but are lost in patients with anti-NF155 antibodies (part d). ml, myelin loop; Nfasc, neurofascin. Reproduced with
permission from Elsevier © Vallat, J.-M. et al. Paranodal lesions in chronic inflammatory demyelinating polyneuropathy
associated with anti-neurofascin 155 antibodies. Neuromuscul. Disord. 27, 290-293 (2016).

bound preferentially to transient receptor potential
cation channel subfamily V-positive and isolectin
B4-positive small neurons in dorsal root ganglia, a
subtype of neurons implicated in pain®. The isotype
of the anti-CASPR1 antibodies was IgG3 in the patient
classified as having GBS and IgG4 in the patient diag-
nosed as having CIDP. The patient with GBS showed a
characteristic postinfectious acute, monophasic course
of disease, had anti-CASPRI antibodies that fixed com-
plement, and made a complete recovery after plasma
exchange. In the patient with CIDP, however, comple-
ment activation was absent, and rituximab treatment was
needed to achieve clinical stability and disappearance of
the autoantibodies®.

In our first report describing anti-CNTN1 antibod-
ies in patients with CIDP, we did not find any patients
with anti-CASPR1 antibodies, although we did find one
patient with antibodies against the CNTN1-CASPR1
complex (but not against CNTN1 or CASPRI1 alone)*.
The latter antibodies reacted to a specific glycosylated
form of CNTNI1 (the high-mannose glycoform) obtained
when CNTN1 and CASPRI are co-expressed®*®’. These
observations imply that anti-CASPR1 antibodies have a
low frequency in patients with CIDP*, a suggestion that
requires confirmation in large and well-characterized
cohorts of patients with CIDP.

Other autoantibodies. In published reports and in
our own experience, >40% of patients with CIDP
show antibodies against components of myelinated
nerves**%*%_ Within this group, patients who harbour
well-characterized antibodies with a clear clinical-
immunological correlation, such as anti-CNTN1 or
anti-NF155 antibodies, account for <10% of all patients
with CIDP. This disparity emphasizes that many addi-
tional antigen targets need to be characterized at the

nodes, paranodes, Schwann cell microvilli, or myelin
sheath. Some patients whose serum shows nodal or
paranodal reactivity in teased nerve fibre preparations
have antibodies against other nodal proteins, such
as NF186 or gliomedin®’. Moreover, our group has
reported that up to one-third of patients with CIDP
have serum reactivity against dorsal root ganglion
neurons, Schwann cells or motor neurons in vitro®.
Studying the antibodies responsible for this paranodal
or nodal reactivity could enable the characterization of
novel target antigens that have not yet been identified.

Our groups, in collaboration with others, have
detected a subset of patients who harbour antibodies
against the nodal isoforms of neurofascin (NF186 and
NF140). These patients also share specific clinical fea-
tures: two of five patients presented with concomitant
focal segmental glomerulosclerosis, reinforcing the
notion that within the CIDP spectrum, characteri-
zation of a patient’s autoantibody profile will help to
define more-homogeneous disease subgroups™. These
findings need replication in other cohorts of patients to
determine the clinical relevance of these antibodies and
the disease features associated with them.

Clinical implications

Even though the proportion of patients in whom spe-
cific autoantibodies can be detected is low, recognition
of these autoantibodies has several potentially impor-
tant implications for diagnosis, prognostication, selec-
tion of treatment and follow-up. Diagnosis of CIDP still
relies on use of standard diagnostic criteria. However,
the presence of paranodal antibodies identifies a subset
of patients with CIDP who share a particular phenotype
and clinical features that diverge from those of sero-
negative patients. These markers might, therefore, aid
prognostication and follow-up in these patients.
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Autoantibodies to paranodal proteins. Patients with
antibodies to paranodal proteins often show aggres-
sive onset of disease, and might be initially diagnosed
as having GBS*. Antibodies against CNTNI seem to be
associated with aggressive disease, denervation at onset
and poor response to IVIg. Patients with anti-NF155
antibodies present with distal weakness and tremor, and
also respond poorly to IVIg treatment.

Paranodal autoantibodies are almost all of the IgG4
isotype. Interestingly, the number of autoimmune dis-
eases known to be mediated by IgG4 autoantibodies is
increasing rapidly*. Thus, early detection of paranodal
autoantibodies and monitoring of their titres is par-
ticularly important in patients with IgG4 paranodal
autoantibodies, so as to predict clinical deterioration
and aid tailoring of therapy. Although these patients
are unlikely to respond to IVIg, they could still respond
to steroids, other immunosuppressant drugs or plasma
exchange™. In patients with IgG4-mediated diseases
who do not respond to these conventional treatments,
a very good response to B-cell-depleting therapies can
be achieved. Drug-resistant patients with non-CIDP
IgG4-mediated diseases in which the IgG4 antibod-
ies are known to be pathogenic show excellent and
long-lasting responses to rituximab, associated with
a sharp decline in autoantibody titres”'"”. Similarly
favourable responses to rituximab occur in patients
with CIDP and anti-CNTNI or anti-NF155 IgG4 anti-
bodies who do not respond to conventional therapies.
In our rituximab-treated patients with CIDP, antibody
titres decreased substantially or disappeared. Patients
with short disease durations responded better than
those with long disease durations, probably owing to
the accrual of permanent axonal damage in the lat-
ter group’. Similar positive findings for rituximab
treatment have been reported in individual patients
with anti-CNTN1 or anti-CASPR1 IgG4 antibod-
ies?*3. Although the efficacy of rituximab in patients
with IgG4-related CIDP is supported only by limited
evidence from case reports or small series, the strong
effectiveness of B-cell depletion in other IgG4-mediated
diseases with very diverse target organs’’* suggests that
B-cell-depleting therapies could be beneficial in patients
with CIDP and anti-CNTN1 or anti-NF155 antibodies
who have not responded to conventional treatments.

In general, the presence of autoantibodies to para-
nodal structures should be suspected in patients with
an acute, subacute or chronic acquired demyelinating
polyradiculoneuropathy presenting with any of the
described associated features, including distal involve-
ment, prominent tremor and/or poor response to IVIg.
Investigations to detect these antibodies should be con-
sidered in patients with CIDP who do not respond to
standard treatments, because autoantibody-positive
patients might respond well to B-cell-depleting therapies,
which might prevent the accrual of permanent nerve
damage, thereby improving the prognosis (BOX 2; TABLE 1).

Antibodies against compact myelin antigens and gan-
gliosides. Considering the demyelinating nature of CIDP
and the neuritogenic potential of some myelin proteins

in animal models, researchers in the field of CIDP initi-
ally focused on identifying autoantibodies that target
peripheral myelin components?®”~”7. Antibodies against
Schwann cells are present in up to 25% of patients with
CIDP, but the molecular target of these antibodies
remains elusive®. Some studies did find that antibod-
ies against myelin proteins (P2, PO and PMP22, among
others) were associated with CIDP’®-7°, However, either
the subsequent replication studies failed to confirm
these associations or the antibodies identified were
not strictly disease-specific, being also present in other
neuropathies®®!. Their clinical utility, therefore, could
not be established.

Glycolipids are well-known target antigens in
immune neuropathies. Antibodies against gangliosides
are associated with some subsets of GBS, MMN, and
CANOMAD (chronic ataxic neuropathy with ophthal-
moplegia, monoclonal IgM, cold agglutinins and disia-
losyl antibodies) syndrome®’. Consequently, several
groups have tried, generally without success, to demon-
strate that antiganglioside antibodies were associated
with CIDP. An exception to the unproductive nature
of this search is the case of antibodies targeting LM1
ganglioside, which have been found in some subsets
of patients with CIDP and GBS; these antibodies are
associated with the presence of ataxia in patients with
CIDP®#, Independent confirmation of this association
is pending.

Autoantibodies in other polyneuropathies

The research done in the field of autoantibodies in CIDP,
as discussed above, clearly demonstrates that the pres-
ence of specific autoantibodies distinguishes different
subsets of patients of CIDP, and can be used to guide
the clinical management of these patients. Therefore,
CIDP represents proof of concept in relation to the use
of autoantibodies in other CINs and, by extrapolation,
perhaps also in other autoantibody-mediated diseases.
Below, we discuss the evidence that autoantibodies
could be used to guide the management of patients
with CINs other than CIDP, as well as data suggesting
that autoantibodies have similar utility in patients with
non-CIN secondary immune-mediated neuropathies,
even if the autoantibodies do not specifically target
neuronal antigens.

MMN

MMN is a highly stereotyped CIN syndrome charac-
terized by asymmetric or focal weakness, absence of
sensory involvement, and presence of motor nerve
conduction blocks on EMG''. MMN is presumed to
have an autoimmune origin involving B cells because
it responds very well to IVIg®. By contrast, MMN does
not respond to plasma exchange, and can even worsen
with corticosteroid treatment®.

In patients with the typical form of the syndrome,
use of standardized diagnostic criteria quickly and easily
leads to the diagnosis*. However, atypical forms of MMN
can share clinical similarities with devastating and
untreatable diseases, such as amyotrophic lateral scle-
rosis and lower motor neuron syndromes®*. Moreover,
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the existence of some patients with MMN who do not
show overt conduction blocks or respond to IVIg makes
the search for antibody biomarkers that could guide the
diagnosis and management of patients with MMN
important for everyday clinical practice®®®.

Antiganglioside and antiganglioside-complex anti-
bodies. Since its first description, MMN has been
associated with the presence of IgM antibodies against
GM1 ganglioside?, which are present in around 50%
of patients with this condition®. These IgM anti-GM1
antibodies are oligoclonal®, activate complement,

Box 2 | When and for which autoantibody should | test?

REVIEWS

and might disrupt the function of nodes of Ranvier
in motor axons (as has also been shown for IgG
anti-GM 1 autoantibodies)>*"2,

Several reports indicate that the diagnostic perfor-
mance of testing for anti-GM1 antibodies in patients
with MMN is improved when antibody reactivity to
GM1-galactocerebroside complexes is also assessed”*.
Up to 70% of patients with MMN in these studies
had antibodies that targeted either GM1 or GM1-
galactocerebroside complexes, and the inclusion of
anti-GM1-galactocerebroside complex antibodies did
not compromise the specificity of anti-GM1 antibody

Patients with chronic inflammatory demyelinating polyradiculoneuropathy and the following features

* Aggressive disease onset

- Anti-CNTN1 — especially if ataxia or prominent motor involvement are present, including signs of ‘axonal’ damage

at onset

- Anti-NF155 — especially if low-frequency tremor, prominent distal weakness or ataxia are present

* Poor or partial response to intravenous immunoglobulin

- Anti-CNTN1 or anti-NF155

- Anti-MAG — if IgM monoclonal gammopathy is present
* CNS demyelination

- Consider anti-NF155
* Ataxia

- Consider anti-LM1, anti-CNTN1 and anti-NF155

- Anti-MAG and antiganglioside antibodies (disialosyl epitope) — if monoclonal gammopathy is present

© Tremor
- Consider anti-NF155
- Anti-MAG — if IgM monoclonal gammopathy is present

¢ Intense neuropathic pain (also in Guillain—Barré syndrome with intense neuropathic pain)

- Consider anti-CASPR1 antibodies

Patients with slowly progressive, predominantly distal, sensory-ataxic, demyelinating neuropathy

* Anti-MAG — if IgM monoclonal gammopathy is present

* Consider anti-NF155 — if IgM monoclonal gammopathy is absent or if progression is faster than expected (at least one
case has been reported of an associated IgM monoclonal gammopathy)

Patients with a purely motor, distal, asymmetric neuropathy, or no signs of upper motor neuron involvement

* Consider anti-GM1 and anti-GM1-galactocerebroside complex, even when conduction blocks are not detected

Patients with motor neuropathy and positive symptoms (myokymias, fasciculations, neuromyotonia)

* Consider anti-CASPR2

Patients with sensory neuropathy or neuronopathy
* Consider anti-Ro or anti-La

* Consider anti-Hu, especially if asymmetric

¢ Consider anti-FGFR3

Patients with systemic involvement

* Consider anti-neutrophil cytoplasmic antibodies (specifically anti-myeloperoxidase and anti-proteinase 3 antibodies)

in multineuritis presentations

* Consider anti-FGFR3 in pure sensory neuropathies

Patients with neuropathy and constitutional syndrome or known neoplasm

* Consider CV2 (also known as anti-CRMP5) antibodies in sensory-motor neuropathies or in lung neoplasms and thymoma

¢ Consider anti-Hu in pure sensory neuropathies

* Consider anti-CASPR2 in pure motor neuropathies associated with neuromyotonia

CASPR, contactin-associated protein-like; CNTN1, contactin-1; CRMP5, dihydropyrimidinase-related protein 5 (DRP5), also known
as collapsin response mediator protein 5; FGFR3, fibroblast growth factor receptor 3; GM1, monosialotetrahexosylganglioside;

Hu, a family of four RNA-binding proteins: HuR, HuB, HuC, and HuD (also known as ELAV-like proteins 1-4); La, SSB (also known as
lupus La protein); LM1, sialosylneolactotetraosylceramide; MAG, myelin-associated glycoprotein; NF155, neurofascin splice variant

155; Ro, SSA (also known as E3 ubiquitin-protein ligase TRIM21).
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detection for the diagnosis of MMN®**. Antibodies
targeting GM1-bearing ganglioside complexes are
highly sensitive and specific for MMN and, although
their presence is not required by diagnostic criteria,
these antibodies support the diagnosis in patients who
have clinical features compatible with MMN. Antibody
testing is particularly important for patients who have
clinical syndromes that do not fulfil the diagnostic crite-
ria for MMN'"®, as the presence of anti-GM1 IgM anti-
bodies might identify a subset of patients with atypical
MMN (who might, therefore, respond to treatment with
IVIg) despite lacking evidence of conduction blocks or
demyelinating features on EMG?”. Careful use of IgM
anti-GM1 antibody testing might, therefore, avoid mis-
diagnosis and overtreatment of patients who actually
have a degenerative lower motor neuron syndrome
rather than atypical MMN.

An innovative study of human motor neurons
obtained from induced pluripotent stem cells showed
that IgM anti-GM1 antibodies cause pathology via a
complement-dependent mechanism®®. The anti-GM1
antibody pathogenicity was abrogated on complement
inactivation or blockade of GM1. Interestingly, IgM
obtained from patients with MMN who tested negative
for anti-GM1 antibodies on enzyme-linked immuno-
sorbent assay (ELISA) showed the same pattern of
staining and pathogenic changes in motor neurons as
was produced by IgM from ELISA-positive patients
with anti-GM1 antibodies. The researchers concluded
that IgM antibodies from both groups of patients recog-
nized a similar epitope. However, other interpretations
of these results are possible; for example, the research-
ers did not test for antiganglioside complex antibodies,
and a subset of the patients categorized as anti-GM1
seronegative might have been positive for antibodies

to GM1-galactocerebroside complexes. Alternatively,
other glycans or proteins containing structurally simi-
lar epitopes might harbour the antigen detected in the
anti-GM1 seronegative patients in this study.

In other studies, complement activity in plasma from
patients with MMN correlated positively with anti-GM1
IgM antibody titres and, most importantly, with disease
severity””. These findings suggest that complement inhib-
itors could be an effective treatment for MMN. However,
the results of a small open-label trial of the complement
inhibitor eculizumab in 13 patients with MMN were
considered negative, as the addition of eculizumab did
not result in a change in IVIg dosing frequency in the
ten patients who were receiving maintenance IVIg.
Nonetheless, eculizumab seemed to have a marginally
positive effect on patient-rated subjective scores and
several clinical and electrophysiological parameters
(myometry), mostly in patients with the best motor
function at baseline®. If these results were confirmed in
controlled trials, measurement of IgM anti-GM1 anti-
body titres and assessment of their ability to activate
complement might become essential to guide the choice
of treatment before permanent axonal damage develops.

Antibodies against node of Ranvier proteins. Studies of
the association between MMN and antibodies target-
ing node of Ranvier proteins have generated conflicting
results. In theory, the enrichment of GM1 in nodes of
Ranvier makes nodal glycoproteins good candidate anti-
gens to explore in patients with MMN®. One study found
that >60% of patients with MMN had autoantibodies
against gliomedin or NF186, either alone or in combina-
tion with other autoantibodies such as anti-GM1 IgM'®.
Another study failed to replicate the association between
MMN and anti-NF186 antibodies'”, and did not find

Table 1| Antibodies associated with chronic inflammatory neuropathies

Antigen
isotype

Antibody Disease phenotype

Clinical implications

Chronic inflammatory demyelinating polyradiculoneuropathy

Aggressive onset, axonal

Poor response to VIg

involvement at onset

Contactin-1 (CNTN1) IgG4

Neurofascin splice variant 155 IgG4

(NF155)

Contactin-associated protein 1 IgG4 Pain*
(CASPR1)

Sialosylneolactotetraosylceramide 1gG Ataxia
(LM1) ganglioside

Multifocal motor neuropathy
Monosialotetrahexosylganglioside IgM None

(GM1)

Polyneuropathy associated with MGUS

Myelin-associated glycoprotein IgM
(MAG) ataxia, tremor
Disialosyl gangliosides IgM

Distal motor involvement,
ataxia, prominent tremor

Distal motor involvement,

Ataxia +ophthalmoparesis =

Poor response to VIg
Poor response to VIg
None

e Supports diagnosis

e Supports treatment with [VIg when
diagnostic criteria are not fulfilled

Identifies a subgroup of patients who
are candidates for immune therapies

Identifies a subgroup of

bulbar involvement IVIg-responsive patients

MGUS, monoclonal gammopathy of uncertain significance; IVIg, intravenous immunoglobulin. *Anti-CASPR1 autoantibodies are
also associated with pain in patients with Guillain-Barré syndrome.
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any anti-NF155 or anti-CNTN1 antibodies either'"". The
potential association between MMN and an antibody
response against gliomedin has not yet been replicated
in any independent cohorts.

MGUS-P

Polyneuropathies frequently occur in the context of
paraproteins or haematological malignancies'?. The
MGUS-P category specifically refers to demyelinating
polyneuropathies in patients with monoclonal gammo-
pathies of uncertain significance. As such, the diagnosis
of MGUS-P specifically excludes the pure inflamma-
tory neuropathies that develop in the context of haema-
tological malignancies, cell dyscrasias that also show a
monoclonal gammopathy, and CIDP associated with an
IgG or IgA MGUS®. Most patients with MGUS-P show
a characteristic, slowly progressive, predominantly
sensory-ataxic, distal polyneuropathy with demyelinat-
ing features on EMG and wide-spaced myelin layers in
myelinated fibres examined with electron microscopy.
Thus, CIDP and polyneuropathies with haematological
malignancies are often difficult to differentiate clinically
from MGUS-P. This differential diagnosis is important,
however: despite the similarity of their clinical features,
the treatment and prognosis of these two conditions
differs substantially. The key diagnostic features of
MGUS-P include an IgM monoclonal gammopathy, and
anti-MAG or antiganglioside antibodies'*.

Although IgG and IgA paraproteins can also be
associated with polyneuropathy, whether a causal
relationship exists is not clear. However, IgM mono-
clonal gammopathy is most frequently associated with
a specific phenotype of demyelinating polyneuropa-
thy, and particularly with anti-MAG-related MGUS-P.
Serological testing reveals that 50% of patients with
MGUS-P have anti-MAG IgM antibodies?*'®. A subset
of patients with IgM MGUS-P have antibodies against
sulfatide (3-O-sulfogalactosylceramide, also known
as sulfated galactocerebroside), although the clinical
relevance of these antibodies and their associations
with specific phenotypes are uncertain'®. Anti-MAG
antibody testing has high sensitivity and specificity
for monoclonal IgM-associated demyelinating neuro-
pathies'*>'%. Anti-MAG antibodies are not usually used
to monitor response to therapy, and their titres do not
seem to correlate with symptom severity. Nonetheless,
titres of anti-MAG antibodies substantially and con-
sistently decrease after successful treatment in diverse
studies'”"'"°, Patients with IgM MGUS-P often respond
poorly to immunomodulatory or immunosuppressive
treatment. A few studies have reported beneficial effects
of treatment with plasma exchange, cyclophosphamide,
IVIg and rituximab®*'2, However, patients in random-
ized trials only show marginal benefits from these
treatments (perhaps owing to a combination of poorly
performing outcome measures'!, short follow-up, and
inefficacy of B-cell depletion against anti-MAG pro-
ducing cells''?), despite reductions in anti-MAG anti-
body titres. The clinical utility of anti-MAG antibody
detection is, therefore, restricted to diagnosis; these
antibodies cannot be used for follow-up, prediction of
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prognosis or treatment selection. This situation might
also reflect the fact that the pathogenicity of anti-MAG
antibodies remains unclear. Nonetheless, the diagnostic
utility of the antibodies in humans — in particular, their
specificity, the homogeneity of the clinical syndrome,
and the consistent pathological findings'”* — do sug-
gest a pathogenetic role for anti-MAG antibodies in
MGUS-P. Unfortunately, the interspecies differences
in antigenicity of MAG and the lack of crossreactivity of
human antibodies with mouse MAG proteins mean that
polyneuropathy is difficult to elicit in animal models of
anti-MAG-related disease''*™''5,

A few patients with IgM monoclonal gammopathy
present with a highly homogeneous phenotype char-
acterized by chronic, severe large-fibre sensory poly-
neuropathy and IgM reactivity against gangliosides
containing particular disialosyl groups, including GD1b,
GD3, GQ1b and GT1b. A subset of these patients also
exhibit ophthalmoparesis and, consequently, fulfil
the diagnosis of CANOMAD syndrome*"''>'%, Some
patients might also have bulbar involvement, which
is associated with antiganglioside antibody reactiv-
ity against GD1a, GM3 and GT1b, which all share the
NeuNAc(a2,3)Gal terminal epitope?™'?!.

An important clinical implication of the diagnosis of
MGUS-P is that screening and follow-up for plasma-cell
malignancies (including Waldenstrém macroglobulin-
aemia, in which B cells show a specific mutation profile
that is not present in other MGUS'?, and other mye-
loma variants), should be part of the patient’s routine
work-up'®. An increased risk of malignant transforma-
tion exists for patients with any MGUS, but is highest
for those with IgM MGUS-P'#. No studies have yet
addressed whether the presence of a particular antibody
reactivity (to either MAG or disialosyl gangliosides)
promotes or protects against malignant transforma-
tion to myeloma. On the other hand, patients with IgM
MGUS-P and anti-MAG antibodies show an oligoclonal
B-cell population that displays clear IgM somatic hyper-
mutation, suggestive of antigen-driven affinity matura-
tion'2, In patients who respond to rituximab treatment,
the oligoclonal expansions are considerably reduced
compared with those in patients who are receiving pla-
cebo or do not respond to rituximab''2. Whether early
B-cell-depleting treatment precludes disease progres-
sion (and, more importantly, the acquisition of malig-
nant mutations such as those linked to Waldenstrom
macroglobulinaemia) remains unknown.

In summary, although IgM MGUS-P is usually consid-
ered to be a homogeneous type of CIN, patients with this
diagnosis display a variety of phenotypes, prognoses and
responses to treatment; the specific autoantibodies borne
by the patient can help to inform their management.

Non-CIN polyneuropathies

Regardless of the underlying cause, polyneuropathies
display a restricted range of clinical features. As a con-
sequence, identification and categorization of patients
who require specific therapies is challenging. Accurate
diagnosis is important not only for the polyneuropathies
within the CIN spectrum already discussed above, but
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also for all other polyneuropathies that might have an
underlying immune pathogenesis but display neither
acquired demyelination nor overt inflammatory
involvement of other organs.

Polyneuropathies associated with systemic immune
disorders. Polyneuropathies can develop in the context
of various systemic disorders'?*'**. Neuropathies associ-
ated with systemic and nonsystemic vasculitides usually
present as multineuritis; however, they can also resemble
polyneuropathies. Detection of anti-neutrophil cytoplas-
mic antibodies (ANCA) facilitates recognition of these
disorders, particularly when symptoms and EMG data
show symmetric involvement. Anti-proteinase-3 (PR3)
ANCA are associated with granulomatosis with poly-
angiitis (formerly Wegener granulomatosis), whereas
anti-myeloperoxidase (MPO) ANCA are associated with
microscopic polyangiitis and eosinophilic granulomatosis
with polyangiitis (formerly Churg-Strauss syndrome)'*.
Detection of anti-PR3-ANCA or anti-MPO-ANCA in
the context of an axonal, rapidly progressing neuropathy
should prompt initiation of appropriate treatment even
when the patient’s clinical presentation is not typical of
vasculitis-related multineuritis. However, nerve biopsy is
still considered the gold standard to detect neuropathies
associated with vasculitis, and antibody testing is used
only as a supportive test in patients who do not present
with the typical phenotype.

Systemic immune disorders such as Sjogren syn-
drome, rheumatoid arthritis or systemic lupus erythe-
matosus (and some treatments for these diseases, such
as anti-tumour necrosis factor agents) are associated
with polyneuropathy'**!#”!%%, In some patients, diagnosis
might be challenging because the systemic features are
unclear or neuropathy precedes the development of the
systemic syndrome. Thus, in patients with a polyneuro-
pathy of unknown cause, a positive test for autoantibod-
ies associated with an underlying systemic disease (such
as antinuclear antibodies, anti-SSA-Ro or anti-SSB-La
antibodies, or rheumatoid factor) should be followed by
appropriate rheumatological evaluation'”. In one report,
the presence of antibodies against fibroblast growth fac-
tor receptor 3 (FGFR3) was associated with develop-
ment of a sensory neuropathy in the context of various
systemic immune disorders'®. These anti-FGFR3 anti-
bodies seem to be specific for the sensory neuropathy
regardless of the underlying immunological disorder, but
replication of this finding in other series is still needed.

Paraneoplastic polyneuropathies. As well as those poly-
neuropathies associated with haematological malignan-
cies, solid tumours can also be associated with peripheral
nerve disorders. The most typical syndrome is a rapidly
progressing, purely sensory, asymmetric and disa-
bling neuropathy associated with anti-Hu antibodies.
Although these antibodies are probably not pathogenic,
they are strongly associated with the presence of solid
tumours, typically small-cell lung carcinoma. Thus,
identification of these antibodies in the context of a
purely sensory neuropathy should be followed by a thor-
ough search for solid tumours and careful follow-up''.

CV2 autoantibodies, which target dihydro-
pyrimidinase-related protein 5 (DRP5, also known as
CRMP5) are also associated with a variety of parane-
oplastic neurological syndromes, including sensorimo-
tor polyneuropathies'*'*. Although the association of
anti-CRMP5 antibodies with solid tumours is not as
strong as that of anti-Hu antibodies, detection of these
antibodies raises suspicion of an underlying neoplasm.

Finally, antibodies that target CASPR2 are associ-
ated with a peripheral motor syndrome with nerve
hyperexcitability and neuromyotonia (with or without
CNS involvement and dysautonomia) that can present
as an idiopathic autoimmune or paraneoplastic syn-
drome. Patients with this syndrome respond very well
to immune therapies or tumour removal'*>'%,

Axonal neuropathies. Inmune-mediated pathophysi-
ology and classification as a CIN has been linked to the
presence of acquired demyelinating features on EMG.
However, some patients with CINs might not show overt
demyelinating features on the initial EMG (including
patients with axonal variants of GBS, ataxic CIDP, ataxic
neuropathy with disialosyl antibodies or MGUS-P), and
some non-CIN autoimmune disorders (such as rheuma-
tological diseases or type 1 diabetes mellitus) are also
associated with axonal neuropathies. Furthermore, in up
to 40% of patients with axonal neuropathies, the cause
of the neuropathy cannot be identified'**'*’. Despite this
uncertainty, the search for autoantigens in patients clas-
sified as having axonal neuropathy has not been system-
atic, and no antibodies have been reliably associated with
purely axonal neuropathies. Nonetheless, subgroups of
patients with immune-mediated axonal neuropathies
who could benefit from immune therapies might plausi-
bly exist. Research efforts should aim to identify specific
markers (including autoantibodies) in subsets of patients
with idiopathic axonal neuropathies.

Conclusions

Autoantibodies have traditionally served as diagnostic
biomarkers in very diverse autoimmune diseases. In
some diseases, such as autoimmune encephalitis, identi-
fication of the target antigen(s) has had dramatic clini-
cal implications from diagnosis to therapy'*. In other
diseases, even when the proportion of patients with a
specific antibody is low, such as in myasthenia gravis,
antibody characterization has helped to define distinct
disease subsets, in which clinical features, prognosis,
therapy and outcomes differ substantially depending
on the associated autoantibody”™.

Tools such as electrophysiology and imaging tech-
niques can undoubtedly identify patients with inflam-
matory neuropathies who are likely to respond to
immune therapies. However, the discovery of paranodal
autoantibodies in patients with CIDP revealed distinct
subsets of disease that had remained unnoticed before
these antibodies were described. These disease subsets
differ in terms of clinical presentation (phenotypes),
pathological features (paranodal dissection, myelin loop
detachment and loss of transverse bands), pathophysio-
logical mechanisms (CNTN1/CASPR1/NF155 complex
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disruption) and therapeutic implications (efficacy of
B-cell depletion). The discovery of other autoantigens
such as MAG or gangliosides has been similarly illumi-
nating in other CINs. These facts support the idea that
detecting the specific antigens involved in tissue-specific
autoimmune diseases, including neuropathies, is a key
step towards understanding other important aspects of
the disease and its treatment.
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