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Deregulated Fcg receptor expression in
patients with CIDP

ABSTRACT

Objective: To evaluate the expression of activating and inhibitory Fc-gamma receptors (FcgRs)
before and during clinically effective therapy with IV immunoglobulin (IVIg) in patients with chronic
inflammatory demyelinating polyneuropathy (CIDP).

Methods: Peripheral blood leukocyte subsets, including classical CD14highCD162 and nonclassi-
cal inflammatory CD14lowCD161 monocytes as well as naive CD191CD272 and memory
CD191CD271 B cells, were obtained at baseline and monitored at 2 and 4–8 weeks after initi-
ation of IVIg therapy.

Results: Compared with healthy donors matched by age and sex, patients with CIDP showed
increased expression levels of the activating high-affinity FcgR1 on CD14highCD162 (p ,

0.001) and CD14lowCD161 monocytes (p , 0.001). Expression of the activating low-affinity
FcgRIIA was increased on CD14lowCD161 monocytes (p 5 0.023). Conversely, expression of
the inhibitory FcgRIIB was reduced on naive (p 5 0.009) and memory (p 5 0.002) B cells as well
as on CD14highCD162 monocytes (p 5 0.046). Clinically effective IVIg therapy partially restored
deregulated FcgR expression on B cell subsets and monocytes.

Conclusions: The FcgR regulatory system is disturbed in patients with CIDP. Balancing activating
vs inhibitory FcgR expression might provide a clinical benefit for patients with CIDP. Neurol

Neuroimmunol Neuroinflamm 2015;2:e148; doi: 10.1212/NXI.0000000000000148

GLOSSARY
CIDP 5 chronic inflammatory demyelinating polyneuropathy; FcgR 5 Fc-gamma receptor; FACS 5 fluorescence-activated
cell sorting; IFN5 interferon; IgG5 immunoglobulin G; IVIg5 IV immunoglobulin; RA5 rheumatoid arthritis; SLE5 systemic
lupus erythematosus.

Humoral immune responses, which link innate and adaptive immunity, are believed to play a
central role in mediating peripheral nerve injury and represent important therapeutic targets in
chronic inflammatory demyelinating polyneuropathy (CIDP). Both sera and immunoglobulin
G (IgG) molecules from patients with CIDP induce peripheral demyelination in susceptible an-
imals1 and inhibit nerve conduction in several models of peripheral neuropathies.2 Plasma
exchange therapy, i.e., removal of humoral immune factors, as well as IV immunoglobulin
(IVIg) are first-line therapies in patients with CIDP.3,4

IgG-mediated effector functions are mediated through interaction of the antibodies’ Fc
fragment with cellular Fc-gamma receptors (FcgRs) expressed by innate immune cells and B
lymphocytes.5,6 The family of FcgRs consists of several activating members (FcgRIA, IIA, IIC,
and IIIA in humans) and one inhibitory member (FcgRIIB). FcgR-mediated effector functions
are determined by signals derived from both activating and inhibitory FcgRs since both classes
of receptors are expressed by most hematopoietic cells.5–8 We previously reported that compared
with demographically matched healthy controls, patients with CIDP showed lower FcgRIIB
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expression levels on B cells and upregulated
FcgRIIB expression on CD191 B cells and,
in some patients, on CD141 monocytes and
following IVIg treatment.9 Here, we investi-
gated the expression profile of activating and
inhibitory FcgRs in patients with CIDP
before and during IVIg therapy.

METHODS Patients. Patients with CIDP (n 5 24) and

healthy controls matched by age and sex (n 5 19) were re-

cruited between 2010 and 2013 at the Department of Neurol-

ogy, University of Marburg, Germany (table). All patients

fulfilled the European Federation of Neurological Societies/

Peripheral Nerve Society diagnostic criteria for CIDP. They

were prospectively followed during IVIg therapy (2 g/kg over

5 days) using the modified Rankin Scale to monitor clinical

treatment response.9,10 Improvement on the modified Rankin

Scale within 4 weeks after IVIg treatment was defined as a

positive treatment response. Patients did not receive IVIg ther-

apy or immunosuppressive treatment including corticosteroids

before study entry. Peripheral blood mononuclear cell samples

were collected at each visit and obtained before, 2 weeks after,

and 8 weeks after treatment with IVIg.

Standard protocol approvals, registrations, and patient
consents. The university’s institutional review board approved

the study according to the Declaration of Helsinki, good clinical

practice, and German law (file reference 46/00).

Flow cytometry. FcgR expression on naive and memory B cells

as well as on classical and nonclassical inflammatory monocyte

subsets was quantified by flow cytometry. Fluorochrome-labeled

antibodies were purchased from BioLegend (San Diego, CA;

CD3-PE-Cy5 [clone HIT3a], HLA-DR-Pacific Blue [L243],

CD19-AlexaFluor700 [HIB19], CD64-APC-Cy7 [10.1]), BD

Biosciences Pharmingen (San Diego, CA; CD11c-PE-Cy7

[B-Ly6], CD27-PE [M-T271]), STEMCELL Technologies

(Vancouver, British Columbia, Canada; CD32A-FITC [IV.3]),

eBioscience (San Diego, CA; CD16-e-fluor605 [eBioCB16],

CD123-PerCPCy5.5 [6H6]), Invitrogen (Waltham, MA;

CD14-QDot655 [TüK4], CD56-PE-Texas-Red [MEM-188]),

and Miltenyi Biotec (Bergisch Gladbach, Germany; BDCA-1-

PE [AD5-14H12], BDCA-3-PE [AD5-8E7]). The CD32B

(FcgRIIB)-specific monoclonal antibody clone 2B6 was in-

house purified and coupled to Alexa Fluor 647. Dead cells were

excluded using Fixable Aqua Dead Cell Stain Kit (Invitrogen).

Cells were suspended in phosphate-buffered saline 10.01%

sodium azide (fluorescence-activated cell sorting [FACS] buffer)

containing the fluorochrome-labeled antibodies and incubated

for 30 minutes on ice. Cells were washed, suspended in FACS

buffer, and acquired using BD LSR Fortessa. All analysis was

performed with FlowJo 9 (Tree Star Inc., Ashland, OR).

Statistics. Statistical data analysis for cross-sectional studies was
performed using the Mann-Whitney U test. The Wilcoxon

signed rank test was used for longitudinal analyses. p Values

less than 0.05 were considered statistically significant.

RESULTS Deregulated FcgR expression in patients

with CIDP. Expression of the activating FcgRI
and FcgRIIA and the inhibitory FcgRIIB was deter-
mined on circulating CD191CD272 naive and
CD191CD271 memory B cells as well as on classical
CD14highCD162 and inflammatory CD14lowCD161

monocytes in untreated patients with CIDP and
demographically matched healthy blood donors
(table). No statistically significant differences were
detectable in the frequencies of the aforementioned
immune cell subsets. Consistent with earlier reports,9

patients with CIDP showed reduced expression
levels of FcgRIIB on B cells (figure 1A). The reduc-
tion in FcgRIIB expression was stronger in the
CD191CD271 memory (p 5 0.002) compared with
the CD191CD272 naive (p 5 0.009) B cell com-
partment due to a failure of patients with CIDP to
upregulate or maintain upregulation of FcgRIIB as B
cells become memory cells. FcgRIIB expression was
also reduced in classical CD141CD162 monocytes
(p5 0.046) and tended to be lower in CD161mono-
cytes (p 5 0.216). Expression of the high-affinity
activating FcgRI (CD64), not expressed on B cells,
was increased in both monocyte subsets in patients
with CIDP (figure 1B). Expression of the low-affinity
FcgRIIA was increased on CD14lowCD161

monocytes. Thus, expression levels of inhibitory vs
activating FcgRs are deregulated in untreated
patients with CIDP.

Effect of IVIg therapy on deregulated FcgR expression.

Studies in several mouse autoimmune disease models
demonstrated that the anti-inflammatory activity of

Table Demographic and clinical characteristics of patients with CIDP and
controls

CIDP (n 5 24) Controls (n 5 19)

Age, y, mean 6 SD (range) 59.0 6 9.4 (36–72) 58.7 6 9.1 (34–74)

Male to female ratio 3 5

Fulfilling modified AAN criteria, n (%) 24 (100) NA

Fulfilling EFNS/PNS criteria, n (%) 24 (100) NA

Clinical course NA

RR, n (%) 8 (33.3) —

PP, n (%) 14 (58.3) —

Monophasic, n (%)a 2 (8.3) —

CIDP subtype NA

CIDP-I, n (%) 16 (66.7) —

CIDP-MGUS, n (%) 2 (8.3) —

DADS-I, n (%) 2 (8.3) —

MADSAM, n (%) 4 (16.6) —

Treatment response, n (%)b 21 (87.5) NA

Abbreviations: AAN 5 American Academy of Neurology; CIDP 5 chronic inflammatory
demyelinating polyneuropathy; DADS 5 distal acquired demyelinating sensory polyneurop-
athy; EFNS 5 European Federation of Neurological Societies; MADSAM 5 multifocal
acquired demyelinating sensory-motor polyneuropathy; MGUS 5 monoclonal gammopathy
of uncertain significance; NA 5 not applicable; PNS 5 Peripheral Nerve Society; PP 5 pri-
mary progressive; RR 5 relapsing-remitting.
a But no Guillain-Barré syndrome.
bDefined as $1 point decrease on the modified Rankin Scale.
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IVIg requires the presence and upregulation of the
inhibitory FcgRIIB.11–13 Here, we analyzed
expression levels of FcgRIIB compared with the
activating FcgRI and FcgRIIA in patients with
CIDP before as well as 2 and 4–8 weeks following
IVIg therapy. The clinical response rate to IVIg
therapy was 87.5%, as defined by an improvement
in disability within 4 weeks after IVIg therapy.10,14

FcgIIB expression was induced on both naive and
memory B cells 2 weeks after IVIg therapy (p 5

0.007 and 0.004, respectively) (figure 2A). After 4–8
weeks, no further induction of FcgRIIB expression on
B cells was observed for most patients (naive B cells:
further induction in 7/20 [35.0%]; memory B cells:
further induction in 5/17 [29.4%]), but levels
remained significant compared with baseline values
(p 5 0.002 and 0.047 for naive and memory B cells,
respectively). None of the patients with a clinical
response to the first dose of IVIg (2 g/kg for 2–3
days) deteriorated before initiation of maintenance

therapy (1 g/kg for 1–2 days), which was started
4–8 weeks after the first dose of IVIg, suggesting
that sustained upregulation of FcgRIIB after 4–8
weeks is associated with a clinical response to IVIg
therapy. Three patients did not show improvement
on the modified Rankin Scale 4 weeks after the first
course of IVIg therapy. These patients received a
second course of IVIg therapy based on
observations that some patients require at least 2
courses of IVIg to determine whether they are
responding to treatment.13,15 Indeed, these patients
improved after a second course of IVIg therapy and
thereafter received long-term maintenance therapy.
FcgIIB expression was also upregulated on naive
and memory B cells in those patients with an
initially poor response to IVIg (figure 2). On
monocyte subsets, FcgRIIB expression was
upregulated in some patients (CD14highCD162:
16/23 [69.6%] after 2 weeks, 15/22 [68.2%] after
4–8 weeks; CD14lowCD161: 10/19 [52.6%] after 2

Figure 1 Deregulated inhibitory and activating FcgR expression in CIDP

Peripheral blood mononuclear cells of patients with chronic inflammatory demyelinating polyneuropathy (CIDP) and age-
matched healthy donors (HD) were stained with fluorochrome-coupled antibodies. Fc-gamma receptor (FcgR) expression
levels were measured on B cell and monocyte subsets by flow cytometry. (A) Median fluorescence intensity (MFI) of FcgRIIB
on naïve (CD272) and memory (CD271) B cells, and classical (CD14highCD162) and nonclassical inflammatory
(CD14lowCD161) monocytes. (B) FcgRI and (C) FcgRIIa MFI on classical (CD14highCD162) and inflammatory (CD14lowCD161)
monocytes. Statistics were performed using the Mann-Whitney U test.
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weeks, 9/20 [45.0%] after 4–8 weeks), but the
overall difference was not statistically significant
(figure 2A). IVIg therapy was associated with a
transient downregulation of the activating FcgRI

on inflammatory CD14lowCD161 monocytes after
2 weeks (p , 0.001) (figure 2B). After 4–8 weeks,
FcgRI levels did not differ significantly from
baseline values (p 5 0.18). Monocyte expression

Figure 2 IVIg therapy partially restores FcgR expression on B cells and monocytes

Flow cytometry analysis of Fc-gamma receptor (FcgR) expression on peripheral blood mononuclear cells of treatment-naïve
patients with chronic inflammatory demyelinating polyneuropathy (CIDP) as well as 2 and 4–8 weeks after a single dose of
IV immunoglobulin (IVIg) (2 g/kg) treatment. Data points for individual patients are connected by lines. Three patients did not
show improvement on the modified Rankin Scale 4 weeks after the first course of IVIg therapy (red lines) but improved after
a second course of IVIg and thereafter received long-term maintenance therapy. For some patients not all data points were
available. Changes of FcgRIIB (A) as well as FcgRI (B) and FcgRIIA (C) median fluorescence intensity following IVIg treatment
are shown relative to baseline (untreated). Statistics were performed using the Wilcoxon signed rank test.
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levels of the low-affinity activating FcgRIIA were not
significantly regulated by IVIg therapy (figure 2C).

DISCUSSION Balanced signaling through activating
and inhibitory FcgRs regulates innate and adaptive
immune responses, and impairment of the FcgR reg-
ulatory system is associated with an increased suscep-
tibility to autoimmune disease.5 Mice deficient in
activating FcgR signaling are resistant to the induc-
tion of various autoimmune disease models. Mice
lacking the inhibitory FcgRIIB spontaneously
develop autoimmune disorders,16 and restoration of
decreased FcgRIIB expression on activated B cells in
autoimmune-susceptible mice restores immunologic
tolerance.6 We found that patients with CIDP show
increased expression levels of the activating FcgRI and
FcgRIIA on monocytes but decreased expression levels
of the inhibitory FcgRIIB on monocytes and B cells.
IVIg therapy partially restored deregulated FcgR
expression levels.

Nonfunctional FcgRIIB variants or decreased
FcgRIIB expression have been shown to be associated
with the development and severity of systemic lupus
erythematosus (SLE).6,17 In line with our previous
study in an independent cohort of patients with
CIDP, we found that untreated patients with CIDP
show lower FcgRIIB expression levels on naive and
memory B cells and fail to upregulate or maintain
upregulation of FcgRIIB as B cells progressed from
the naive to the memory compartment.9 In addition,
monocyte expression of FcgRIIB is impaired in pa-
tients with CIDP. A potential explanation for the
lower expression levels of FcgRIIB is functionally rel-
evant single nucleotide polymorphisms in the
FcgRIIB promoter, which are associated with auto-
immune phenotypes9,18–20 and increased in frequency
in patients with CIDP.9

Increased monocyte expression of the activating
FcgRI was recently identified as a potential biomarker
for disease activity in patients with SLE and rheuma-
toid arthritis (RA), in whom monocyte expression
levels of FcgRI are significantly higher in active dis-
ease compared with inactive disease.21 Our data indi-
cate that deregulated monocyte expression of FcgRI is
not confined to patients with SLE and RA. FcgRI
expression is induced by interferon-a (IFN-a),
among other cytokines, and increased FcgRI levels
on monocytes derived from patients with SLE were
attributed to higher IFN-a production in these
patients.21 A role for IFN-a in the pathogenesis of
CIDP is less well established, although some studies
report increased levels of type I IFN signaling in
patients with CIDP22 or development of CIDP
associated with IFN-a therapy.23–29 Activation of
FcgRI on monocytes triggers differentiation into
immature dendritic cells that induce autoreactive

T cell responses and has therefore been implicated
in mediating tissue injury in antibody-mediated auto-
immune diseases.30 FcgRI-mediated activation and
differentiation of myeloid cells might also contribute
to peripheral nerve damage in CIDP, where myeloid
cells are believed to be the main local effector cells.2

The analysis of concomitant expression of activat-
ing and inhibitory FcgRs indicates that the FcgR
regulatory system, rather than expression levels of a
single receptor, is disturbed in patients with CIDP.
Altogether, these data suggest that deregulated expres-
sion of activating vs inhibitory FcgR expression might
lower the activation threshold for myeloid cells and B
cells,7,8 thereby contributing to susceptibility to
CIDP.5

In animal models of immune thrombocytopenic
purpura, RA, and nephrotoxic nephritis, IVIg admin-
istration results in an upregulation of FcgRIIB surface
expression on effector macrophages or enhanced
recruitment of FcgRIIB-expressing myeloid cells at
the site of inflammation in vivo.11,31,32 Moreover,
the clinical efficacy of IVIg therapy was shown to
be dependent on the presence of the inhibitory
FcgRIIB.31 Our data suggest that restoration of de-
regulated activating vs inhibitory FcgR expression
might contribute to the clinical efficacy of IVIg in
patients with CIDP. Notably, upregulation of the
inhibitory FcgRIIB on B cells and downmodulation
of the activating FcgRI on CD14lowCD161 inflam-
matory monocytes were stronger after 2 weeks com-
pared with 4–8 weeks in most patients, suggesting
that a single treatment course of IVIg does not lead
to sustained restoration of FcgR expression levels in
patients with CIDP.

There are limitations to our study. First, due to the
relatively small number of patients and the high
response rate to IVIg therapy, patients were not strat-
ified for disease severity and treatment response.
FcgR expression profiling could potentially assist in
the development of biomarkers indicative of disease
activity and treatment response,33 but this requires
validation in larger independent cohorts. Second,
we did not monitor FcgR levels beyond 8 weeks fol-
lowing therapy. Repeated infusions of IVIg are gen-
erally necessary to maintain a clinical benefit,4,15 and
it is tempting to speculate that FcgR expression levels
might return to pretreatment levels beyond an obser-
vation period of 8 weeks. Nevertheless, our findings
should provide incentive to conduct larger prospec-
tive investigations to examine FcgR expression in leu-
kocyte subsets in patients with CIDP.

Our study provides evidence for a deregulated
FcgR expression profile in treatment-naive patients
with CIDP that might contribute to disease suscep-
tibility. The validity of FcgR expression profiling as a
biomarker for disease progression and treatment
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response remains to be evaluated. Therapeutic strat-
egies that aim at balancing deregulated FcgR expres-
sion levels might provide a clinical benefit for patients
with CIDP.
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