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Abstract
Objective
To investigate whether serum levels of contactin-1, a paranodal protein, correlate with para-
nodal injury as seen in patients with CIDP with antibodies targeting the paranodal region.

Methods
Serum contactin-1 levels were measured in 187 patients with CIDP and 222 healthy controls.
Paranodal antibodies were investigated in all patients.

Results
Serum contactin-1 levels were lower in patients (N = 41) with paranodal antibodies compared
with patients (N = 146) without paranodal antibodies (p < 0.01) and showed good discrimi-
nation between these groups (area under the curve 0.84; 95% CI: 0.76–0.93).

Conclusions
These findings suggest that serum contactin-1 levels have the potential to serve as a possible
diagnostic biomarker of paranodal injury in CIDP.

Classification of Evidence
This study provides class II evidence that serum contactin-1 levels can discriminate between
patients with CIDP with or without paranodal antibodies with a sensitivity of 71% (95% CI:
56%–85%) and a specificity of 97% (95% CI: 83%–100%).
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Most patients with CIDP show a good response to first-line
treatments like corticosteroids or IV immunoglobulin (IVIg).
However, several reports have emphasized that patients with
CIDP and paranodal antibodies have poor response to first-line
treatments. Early identification of these patients is important to
guide treatment decisions and prevent long-term axonal damage.

Contactin-1 (CNTN1) is an axonal protein that anchors par-
anodal myelin in complex with contactin-associated protein 1
(Caspr1) and neurofascin-155 (NF-155).1 Pathogenic IgG4
antibodies targeting these paranodal proteins are found in up to
10%.2 The CNTN1 (protein) exists in a soluble formmaking it
good biomarker candidate for paranodal damage.3 Decreased
CNTN1 levels have been found in other demyelinating dis-
orders such asMS and neuromyelitis optica.4,5 We hypothesize
that paranodal injury in CIDP leads to altered serum levels of
contactin-1 (sCNTN1) in patients with CIDP with paranodal
antibodies compared to CIDP patients without.

Methods
Patients were selected from cohorts from 3 CIDP tertiary re-
ferral centers in the Netherlands (Amsterdam), Spain (Barce-
lona), and the United Kingdom (Oxford). The Amsterdam
cohort comprised patients who were included in ongoing
prospective CIDP cohort studies (N = 103). The Barcelona (N
= 55) andOxford (N = 30) cohorts comprised nonconsecutive
patients who were referred because of suspected antibody-
mediated CIDP. All patients fulfilled the definite or probable
EFNS/PNS criteria.6 Samples were collected during different
disease stages. In addition, 222 healthy controls were included.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the local medical ethical com-
mittees of participating centers. All patients provided signed
informed consent.

Serum Measurements of CNTN1
and Antibodies
Isolated serum was stored at −80°C in each center. sCNTN1
levels were measured centrally in the Neurochemistry Labo-
ratory at Amsterdam UMC on Bio-Plex 200 system (Bio-Rad
Laboratories, Veenendaal, The Netherlands) using the Hu-
man Magnetic Luminex Assay (LXSAHM; R&D Systems,
Minneapolis, MN) according to the manufacturer’s instruc-
tions. Samples were randomized and analyzed in duplicate in a
6-fold dilution, blinded for the presence of paranodal anti-
bodies. Assay validation is described elsewhere.4 The intra‐
assay CV was 3.2%, and measurements with an intra-assay CV

> 15% and outliers were repeated and were excluded if the CV
remained >15% (N =1). For sCNTN1 measurements below
the LLOQ, a value was assigned of half of the manufacturer’s
reported LLOQ (i.e., 1.8 pg/mL).

The presence of paranodal antibodies was determined at the
time of sampling in Barcelona (for the Amsterdam and Bar-
celona cohort) and Oxford (for the Oxford cohort) using
dedicated cell-based assays and ELISAs against NF-155, NF-
186, CNTN1, and Caspr1.7

Statistical Analysis
A receiver operating characteristic (ROC) curve with area
under the curve (AUC) was used to investigate the discrim-
inatory potential of sCNTN1 for the presence or absence of
paranodal antibodies. The Youden index was used to select
the optimal cutoff point for the ROC curve. Data were ana-
lyzed using R, version 3.6.2.

Data Availability
The data that support the findings of this study are available
from the corresponding author on reasonable request.

Results
A total of 188 patients with CIDP and 222 healthy controls
were included. One measurement in a patient with CIDP was
excluded due to high CV. Clinical data for patients with CIDP
can be found in the table. Paranodal antibodies were found in
41 (22%) patients, NF-155 antibodies in 18 patients, CNTN1
antibodies in 13, Caspr1 antibodies in 6, and NF-140 anti-
bodies in 4. Treatment status at sampling is shown in the table.

sCNTN1 in Healthy Controls
In 222 healthy controls (mean age 46 years; SD 14; range
19–98 years), median sCNTN1 levels were 12,470 pg/mL
(IQR 10,160–14,440 pg/mL). sCNTN1 levels were not as-
sociated with age (r: −0.07 95% CI: −0.20 to 0.06).

sCNTN1 in Patients With and Without
Paranodal Antibodies
The figure shows sCNTN1 levels for patients with or without
paranodal antibodies. Median sCNTN1 levels were lower in
patients with paranodal antibodies compared with patients
without antibodies (p < 0.01) and lowest in patients with
CNTN1 antibodies. All 6 samples that were below the LLOQ
were present in this subgroup (figure). Compared with healthy
controls, median sCNTN1 levels were lower in patients with
CIDP, both in patients without (p:0.04) and in patients with
paranodal antibodies (p < 0.01). There was no correlation

Glossary
AUC = area under the curve; CNTN1 = contactin-1; IVIg = IV immunoglobulin; ROC = receiver operating characteristic;
sCNTN1 = serum levels of contactin-1.
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between sCNTN1 levels and antibody titers at the time of
measurement, including in those patients with CNTN1 anti-
bodies (data not shown). For discriminating between the
presence and absence of paranodal antibodies, the AUC of the
ROC curve was 0.84 (95% CI: 0.76–0.93). The associated
optimal cutoff value was 5,810 pg/mL, indicating that lower
values had a sensitivity 71% (95% CI: 56%–85%) and a spec-
ificity of 97% (95% CI: 83%–100%) to discriminate between
CIDP with or without paranodal antibodies.

Classification of Evidence
This study provides class II evidence that serum contactin-1
levels can discriminate between patients with CIDP with or
without paranodal antibodies with a sensitivity of 71% (95%
CI: 56%–85%) and a specificity of 97% (95% CI: 83%–100%).

Discussion
We found that sCNTN1 levels were distinctly lower in patients
with CIDP with paranodal antibodies and were highly specific

for the presence of paranodal antibodies in patients with CIDP.
Serum measurements of CNTN1 may therefore aid in di-
agnosing paranodal CIDPmediated by IgG4 antibodies. Testing
for CIDP antibodies is not yet widely available, which can delay
diagnosis, whereas sCNTN1 level testing is simple, cheap, and
fast to perform. The high specificity of sCNTN1 in combination
with the low overall prevalence of paranodal antibodies (esti-
mated at 10%) indicates that normal sCNTN1 valuesmay have a
high negative predictive value and may therefore by used as a
screening assay preceding focused assays testing for the presence
of specific paranodal antibodies in patients with CIDP with a
clinical picture suggesting the presence of paranodal antibodies.
Also, low or undetectable sCNTN1 may guide early treatment
choices as traditional first-line treatments are frequently in-
effective in paranodal CIDP mediated by IgG4 antibodies.8

Other studies in demyelinating disorders of the CNS also found
decreased sCNTN1 levels in serum, although not as low as seen
in patients with CIDP with paranodal antibodies.4,5 Although
we found a significant difference on group level between pa-
tients with CIDP without paranodal antibodies and healthy
controls, the difference was small with considerable overlap in
sCNTN1 levels between patients with CIDP without para-
nodal antibodies and healthy controls. It is therefore unlikely
that sCNTN1 can be used to confirm the diagnosis of CIDP in
general. Longitudinal studies during various disease stages are
needed to further study the potential role of sCNTN1 as
biomarker of disease activity in patients with CIDP with and
without paranodal antibodies.

In this study, there was uneven recruitment of patients across
different states of disease activity reflected that could partly
contribute to the results. The lack of patients with acute neu-
ropathies such as the Guillain-Barre syndrome can also be seen
as limitation of this study. Also, in the subgroup of patients with
paranodal antibodies, there is a risk of selection bias due to
nonconsecutive recruitment in some of the cohorts.We cannot
rule out interference with our assay by CNTN1 antibodies
binding to the antigen at the same epitope as the assay anti-
bodies as an explanation for the low and unmeasurable
sCNTN1 levels seen in this subgroup. We presume that assay
interference is not a major factor influencing our results be-
cause sCNTN1 levels were also distinctly reduced in patients
with other paranodal antibodies and because we did not find a
correlation between sCNTN1 and antibody titers.

Conclusion
These findings indicate that serum contactin-1 level is a prom-
ising new diagnostic biomarker of paranodal injury in CIDP.

Study Funding
This study was supported by an Amsterdam UMC Neuro-
science Alliance grant. The sponsor was not involved in de-
sign, analysis, interpretation, or writing of the manuscript.

Table Clinical Data of Patients With CIDP

Patients
without
paranodal
antibodies
(N = 146)

Patients with
paranodal
antibodies
(N = 41)

Age (y), mean (±SD)a 60 (±15) 55 (±16)

Male, n (%)b 101 (69%) 32 (80%)

Clinical phenotypec

Classic, n (%) 121 (84%) 26 (74%)

Acute onset classic, n (%) 14 (10%) 10 (29%)

Asymmetric, n (%) 15 (10%) 0

Sensory predominant, n (%) 3 (2%) 3 (9%)

Motor predominant, n (%) 4 (3%) 2 (6%)

Distal predominant, n (%) 2 (1%) 4 (11%)

Presence of paranodal antibodies

NF-155 +, n (%) 18 (44%)

CNTN1 +, n (%) 13 (32%)

Caspr1 +, n (%) 6 (14%)

NF-186 +, n (%) 4 (10%)

Treatment status at moment
of samplingd

Untreated 53 (37%) 5 (13%)

Receiving treatment 92 (63%) 33 (87%)

Abbreviations: CNTN1= contactin-1; Caspr1 = contactin-1 associatedprotein
1; NF-155 = neurofascin-155; NF-186 = neurofascin-186.
a Missing for 6 patients.
b Missing for 1 patient.
c Missing for 7 patients.
d Missing for 4 patients.
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Figure Serum Contactin-1 Levels in Patients With CIDP With or Without Paranodal Antibodies

Serum contactin-1 (sCNTN1) levels in
healthy controls (gray) and patients
with CIDP (black) categorized according
to the presence or absence of the dif-
ferent nodal and paranodal antibodies.
The black line indicates the median per
group. CNTN1 = contactin-1; Caspr1 =
contactin-1–associated protein 1; NF-
155 = neurofascin-155; NF186 =
neurofascin186.
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8. Querol L, Rojas-Garćıa R, Diaz-Manera J, et al. Rituximab in treatment-resistant CIDP
with antibodies against paranodal proteins. Neurol Neuroimmunol Neuroinflammation.
2015;2(5):e149.

Appendix (continued)

Name Location Contribution

Lorena
Mart́ın-
Aguilar, MD

Hospital de la Santa Creu i
Sant Pau, Universitat
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Autònoma de Barcelona,
Spain

Major role in the
acquisition of data;
interpreted the data; and
revised the manuscript for
intellectual content

Marleen J.A.
Koel-
Simmelink,
PhD

Amsterdam UMC, location
Vrije Universiteit, Amsterdam,
the Netherlands

Major role in the
acquisition of data;
interpreted the data; and
revised the manuscript for
intellectual content

Madhurima
Chatterjee,
PhD

Amsterdam UMC, location
Vrije Universiteit, Amsterdam,
the Netherlands

Major role in the
acquisition of data;
interpreted the data; and
revised the manuscript for
intellectual content
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