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A B S T R A C T

Patients with acute and chronic inflammatory demyelinating neuropathies exhibit elevated serum and cere-
brospinal fluid (CSF) levels of terminal complement activation products and therapeutic inhibition of comple-
ment activation is currently tested for its safety and efficacy in patients with Guillain-Barré syndrome (GBS).
Here, we determined serum levels of the complement activation products C3a, C5a and the soluble terminal
complement complex (sTCC) in 39 individuals with chronic inflammatory demyelinating polyneuropathy (CIDP)
who participated in one of the largest ever conducted clinical trial in patients with CIDP (ICE trial) and received
Intravenous Immunoglobulin (IVIG) or placebo (albumin) in 3 week intervals for up to 24 weeks. In placebo-
treated patients with spontaneous disease remission, serum sTCC levels moderately decreased over time. Levels
of complement activation products were, however, not modulated by IVIG and remained unchanged in patients
with a beneficial response to IVIG therapy as compared to those with steady or worsened disease. These results
suggest that the therapeutic efficacy of IVIG in CIDP is based on immunomodulatory mechanisms different from
complement inhibition. Terminal complement activation merits further investigation as a surrogate marker for
disease progression and therapeutic target in patients with CIDP.

1. Introduction

Chronic inflammatory demyelinating polyneuropathy (CIDP) is an
acquired immune-mediated disease of the peripheral nervous system
and constitutes the most prevalent chronic autoimmune neuropathy
(Dalakas and Medscape, 2011; Köller et al., 2005). The disease patho-
genesis includes cell-mediated and humoral components. However, the
prompt clinical efficacy of plasmapheresis suggests a critical role for a
circulating factor in the disease mechanism.

We have previously shown that treatment-naïve patients with CIDP
exhibit elevated serum and CSF levels of C5a and the soluble terminal
complement complex (sTCC) (Quast et al., 2016). Increased systemic
terminal complement activation correlated with clinical disease se-
verity as defined by the Inflammatory Neuropathy Cause and Treatment
(INCAT) disability scale (Quast et al., 2016). The anaphylatoxins C3a
and C5a together with other complement components orchestrate
proinflammatory responses both via complement receptor-mediated
recruitment of myeloid subsets to areas of inflammation and through

direct cellular damage by assembly of the terminal complement com-
plex (TCC) (Morgan et al., 2017).

Intravenous immunoglobulin (IVIG) is a purified blood product
preparation containing IgG antibodies from thousands of donors per lot
and due to accelerated clinical improvement and less adverse effects
compared to corticosteroids, high-dose administration of IVIG is con-
sidered as first-line therapy in the treatment of CIDP. One of the most
comprehensively conducted randomized placebo-controlled clinical
trials on IVIG in CIDP, termed the ICE trial, demonstrated that IVIG is
safe and efficacious not only temporarily, but also in the long term
(Hughes et al., 2008). IVIG can prevent complement-mediated tissue
injury in a number of in vivo animal models of immune-mediated tissue
injury (Basta et al., 1989; Magee et al., 1995) as well as in a human
autoimmune myopathy (dermatomyositis) (Dalakas et al., 1993) and
inhibits complement-mediated demyelination in vitro (Winter et al.,
2016). Here, we examined terminal complement activation as a po-
tential surrogate marker for clinical disease activity and response to
IVIG therapy in patients with CIDP.
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2. Patients and methods

2.1. Patients

Patient serum samples from the randomized placebo-controlled
IGIV-C CIDP efficacy (ICE) clinical study (Hughes et al., 2008) were
analyzed. Patients with a diagnosis of CIDP (> 18 years old) and neu-
ropathy-related relapsing or progressive sensory and motor dysfunction
of one or more limbs (pre-existing at least for 2months prior to study
entry) and substantial disability reflected by an INCAT disability score
of 2–9, were eligible to enter the study.

Upon screening, patients were randomly assigned to receive either
10% caprylate-chromatography purified immune globulin intravenous
(IGIV-C; IVIG) (Gamunex, Talecris Biotherapeutics, Research Triangle
Park, NC, USA) or 0.1% albumin. All patients received 2 g/kg body
weight over 2–4 days and 1 g/kg body weight over 1–2 days thereafter
in 3-week intervals for up to 24 weeks. All samples were collected be-
tween 2004 and 2005.

Upon venipuncture, samples were held at room temperature for
30min to allow for clot retraction then centrifugation at 4 °C was per-
formed and serum specimens were immediately frozen down at−80 °C.
Beneficial response to IVIG treatment (remission) was specified as im-
proving the clinical baseline score by ≥1 point in the adjusted INCAT
disability score. This improvement had to be preserved through to the
last clinical investigation in week 24. Patients were deemed non-re-
sponders (no remission) if their adjusted INCAT disability score in-
creased by ≥1 point at any check-up after initial infusion of drug
product, if patient score remained stable until week 6, or if their INCAT
score improved but returned to baseline or below at any time at week 6
or afterwards, up to and including week 24 (Hughes et al., 2008).

2.2. ELISA

C5a, C3a and sTCC concentrations in patient samples were mea-
sured via ELISA (Tecomedical AG, Sissach, Switzerland) according to
the manufacturer's recommendations.

2.3. Statistics

Complement component expression levels in patient samples were
compared using the nonparametric two-tailed Mann–Whitney U test
and two-tailed Wilcoxon signed rank test. A p < .05 was considered
significant. All graphs and statistics were calculated and assembled
using GraphPad Prism 5 (GraphPad Software, Inc.; La Jolla, CA).

3. Results

3.1. Levels of systemic complement activation products are stable over time
in patients with CIDP

We analyzed baseline and post-treatment (24 weeks after initial
treatment) serum specimens from 39 CIDP patients who had partici-
pated in the ICE trial, assessing the therapeutic effectiveness of IVIG in
comparison to albumin (Hughes et al., 2008) (Table 1).

Upon activation, all complement pathways result in the cleavage of
C3 into the active fragments C3a and C3b. C3b is progressively divided
into iC3b, C3dg and C3d by Factor I, cofactors and unspecific proteases,
allowing for interaction with specific C3 receptors that bind with high
affinity to the respective fragments (Holers, 2014) (Ricklin et al., 2010).
The activation of C3 is followed by the formation of the C5 convertase
which cleaves C5 into C5a and C5b. The latter takes part in the as-
sembly of the TCC, a pore-forming multipartite structure, which is
made up of the complement factors C5beC9.

The complement cascade conduces lytic cell death via incorporation
of C5b-C9 into lipid bilayers. Soluble complex (sTCC) may be inhibited
from membrane insertion via binding to regulatory factors such as

clusterin (SP-40,40) or vitronectin (S protein) (Holers, 2014). Here, we
determined serum levels of C3a, C5a and sTCC in patients with CIDP.

The mean serum concentration of all 39 CIDP patients was
45.39 μg/ml ± SD of 24.14 for C3a, 0.21 μg/ml ± SD of 0.08 for C5a
and 15.24 μg/ml ± SD of 7.99 for sTCC which is in line with our
previous investigations in an independent cohort of CIDP patients who
showed increased serum concentrations of C5a (0.36 μg/ml ± SD of
0.12) and sTCC (7.04 μg/ml ± SD of 3.02) in comparison to non-in-
flammatory neurological disease control samples (0.05 μg/ml ± SD of
0.02 for C5a and 5.17 μg/ml ± SD of 1.71 for sTCC) (Quast et al.,
2016).

Serum baseline levels of C3a, C5a, and sTCC were similar in patients
later assigned to IVIG (n=20) or placebo (n=19) (Fig. 1A). We next
determined whether serum levels of terminal complement activation
components were regulated by IVIG. Analyzing paired samples of all
CIDP patients before and 24weeks after treatment with either IVIG or
albumin, we detected no significant change in C3a, C5a, or sTCC serum
levels in both, the IVIG or the placebo arm (Fig. 1B, C, D). Systemic
terminal complement activation by virtue of C3a, C5a and sTCC serum
concentrations, are therefore not modulated upon 24weeks of IVIG
treatment in patients with CIDP.

3.2. Beneficial response to IVIG therapy does not correlate with terminal
complement activation in CIDP

Beneficial response to treatment was noted in 32 of 59 (54%) pa-
tients in the IVIG study arm and in 12 of 58 (21%) patients in the
placebo group (Hughes et al., 2008). Therefore, we investigated whe-
ther the clinical response to IVIG or spontaneous disease remission in
patients receiving placebo was associated with terminal complement
inhibition.

In placebo-treated patients showing spontaneous disease remission,
sTCC serum levels significantly decreased over time, but were not re-
flected by a similar decrease of C3a or C5a serum levels (Fig. 1E). No
significant changes in serum C3a, C5a and sTCC levels were detected
upon 24-week treatment in IVIG-treated CIDP patients who showed
clinical improvement (Fig. 1F). In patients with a poor response to IVIG
and placebo treatment, serum levels of all terminal complement acti-
vation components tested, remained unchanged over 24 weeks (Fig. 1G,
H). Moreover, neither absolute values of C3a, C5a and sTCC serum le-
vels nor relative changes (data not shown) in patients improving over
24 weeks of either IVIG or placebo treatment, were significantly dif-
ferent from those observed in individuals with stable or worsened dis-
ease.

4. Discussion

Deposition of complement component C3d on Schwann cells and
compact myelin in patient-derived biopsies was the first indication of a
potential pathogenic role of complement activation in the disease me-
chanism during CIDP (Dalakas and Engel, 1980; Hays et al., 1988). In
patients with GBS, where membrane-bound TCC components are found
to be deposited on Schwann cells (Hafer-Macko et al., 1996; Koski et al.,

Table 1
Demographic characteristics of CIDP patients (n=39).

CIDP-IVIG CIDP-Albumin

n 20 19
Female 11 (55%) 6 (32%)
Median age (years) 53 55
Age range (years) 19–75 18–74
Beneficial response to treatmenta 12 (60%) 10 (52%)

a Defined by improvement in baseline disease severity by ≥1 point in the
adjusted inflammatory neuropathy cause and treatment (INCAT) disability
scale after week 24.
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1987), serum TCC levels were shown to be increased as compared to
healthy individuals and to decline with clinical improvement (Koski
et al., 1987). In patients with CIDP, increased serum levels of terminal
complement activation components, are reported to correlate with
clinical disease severity (Quast et al., 2016). In line with these findings,
serum sTCC levels decreased over time in patients with spontaneous
disease remission. However, baseline and follow-up C3a, C5a and sTCC
serum levels in IVIG-treated patients improving over 24 weeks did not
differ from those determined in patients with steady or worsening
disease indicating that the clinical response to IVIG therapy in CIDP
patients is not reflected by inhibition of systemic complement activa-
tion.

Several modes of action have been suggested to mediate the anti-
inflammatory activity of IVIG, including idiotypic antibodies, comple-
ment or by modulating Fc-gamma receptors (FcγRs) (Lünemann et al.,
2015). While complement-inhibiting functions of IVIG were attributed
to F(ab')2 fragments from IVIG preparations, i.e. anti-idiotypic anti-
bodies binding to complement products (Basta et al., 1989, 2003), most
studies that employed suitable in vivo models of autoimmune diseases
indicate that the IgG Fc fragment is the predominant mediator of the
clinical efficacy of IVIG (Anthony et al., 2008; Bruhns et al., 2009;
2003; Kaneko et al., 2006a, 2006b; Samuelsson et al., 2001). IgG an-
tibodies can regulate inflammatory responses through cross-linking
cellular FcγRs. Most innate immune cells coexpress members of the
FcγR group consisting of the activating FcγRIA, IIA, IIC, and IIIA and
the inhibitory FcγRIIB. Circulating B cells and myeloid cells isolated
from CIDP patients exhibit decreased surface expression of the in-
hibitory FcγRIIB while expression of activating FcγRs is enhanced
(Quast et al., 2015; Tackenberg et al., 2009). Upregulation of the in-
hibitory FcγRIIB on macrophages and augmented infiltration of
FcγRIIB-expressing myeloid cells to sites of inflammation in vivo was
also observed following clinically effective IVIG treatment in several
animal models of autoimmune diseases (Bruhns et al., 2003; Kaneko
et al., 2006b; Samuelsson et al., 2001) supporting the hypothesis that
restitution of the misdirected FcγR expression profile mediates in part
the therapeutic effect of IVIG in CIDP patients.

There are limitations to our study. First, we investigated a relatively
small number of patients and analyzed 2 timepoints only (pre- and post-
treatment) but these patients were carefully characterized and followed
over time in a placebo-controlled study (Hughes et al., 2008). Our data
supports the notion that sTCC serum levels could potentially aid in
monitoring disease activity but this warrants validation in independent
cohorts of larger size. Secondly, our finding that IVIG efficacy in CIDP
patients is not reflected by systemic complement inhibition does not
exclude the possibility that IVIG modulates complement activation
within the endoneurial compartment. However, a subgroup of CIDP
patients with CD59 deficiency that allows complement/membrane at-
tack complex (MAC)-mediated injury, was recently reported to not fully
respond to IVIG but to require therapeutic inhibition of terminal com-
plement activation with the monoclonal antibody eculizumab for
complete remission (Mevorach et al., 2016), supporting the concept
that IVIG-mediated protection in immune neuropathies can be com-
plement-independent. Thirdly, we did not investigate as to which de-
gree free C3b is depleted through covalent binding to IVIG. Our data in
CIDP patients certainly do not exclude that the clinical efficacy of IVIG
is mediated through terminal complement inhibition in other IVIG-re-
sponsive diseases. Indeed, in patients with dermatomyositis, clinically
effective high-dose IVIG treatment was shown to inhibit endomysial
deposition of activated complement fragments in situ and to reduce
increased serum sTCC levels (Basta and Dalakas, 1994; Dalakas et al.,
1993).

C5 convertase-mediated cleavage of C5 into C5a and C5b can be
blocked by the recombinant humanized monoclonal antibody eculi-
zumab, resulting in terminal complement inhibition (Rother et al.,
2007). The clinical efficacy of eculizumab in patients with multifocal
motor neuropathy has been investigated in an open label clinical study.

90% of patients who additionally also received IVIG preparations,
continued to require IVIG treatment upon termination of the study, thus
supporting the notion that mechanisms independent of terminal com-
plement inhibition contribute to IVIG-mediated treatment effects
(Fitzpatrick et al., 2011).

While we did not find evidence that the beneficial response to IVIG
in CIDP patients is reflected by systemic complement inhibition, our
data clearly do not exclude the possibility that inhibition of comple-
ment components might have a therapeutic merit in CIDP. Results from
the ongoing Phase II clinical study testing the safety and efficacy of
eculizumab in patients with GBS (Davidson et al., 2017; Yamaguchi
et al., 2016) may be illuminating in assessing at a later time whether
this drug may be also of relevance as a combination therapy with IVIG
in patients with CIDP.
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