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Abstract
Objective
To assess whether IV immunoglobulins (IVIgs) as a first-line treatment for chronic in-
flammatory demyelinating polyneuropathy (CIDP) have a regulative effect on natural killer
(NK) cells that is related to clinical responsiveness to IVIg.

Methods
In a prospective longitudinal study, we collected blood samples of 29 patients with CIDP before
and after initiation of IVIg treatment for up to 6 months. We used semiquantitative PCR and
flow cytometry in the peripheral blood to analyze the effects of IVIg on the NK cells. The results
were correlated with clinical aspects encompassing responsiveness.

Results
We found a reduction in the expression of several typical NK cell genes 1 day after IVIg
administration. Flow cytometry furthermore revealed a reduced cytotoxic CD56dim NK cell
population, whereas regulatory CD56bright NK cells remained mostly unaffected or were even
increased after IVIg treatment. Surprisingly, the observed effects on NK cells almost exclusively
occurred in IVIg-responsive patients with CIDP.

Conclusions
The correlation between the altered NK cell population and treatment efficiency suggests a
crucial role for NK cells in the still speculative mode of action of IVIg treatment. Analyzing NK
cell subsets after 24 hours of treatment initiation appeared as a predictive marker for IVIg
responsiveness. Further studies are warranted investigating the potential of NK cell status as a
routine parameter in patients with CIDP before IVIg therapy.

Classification of evidence
This study provides Class I evidence that NK cell markers predict clinical response to IVIg in
patients with CIDP.
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Chronic inflammatory demyelinating polyneuropathy (CIDP)
is an acquired chronic autoimmune disorder of the peripheral
nervous system.1,2 A broad spectrum of subtypes has been
described, and its heterogeneity poses challenges to diagnos-
tics, treatment, and pathogenic concepts.3,4 Although etiopa-
thogenesis and autoimmune targets have not been fully
elucidated, there is strong evidence for the involvement of
cellular and humoral immune responses.5–7

Immunomodulatory therapies can improve clinical signs, and up
to 80% of patients respond to 1 of the 3 first-line treatments:
corticosteroids, plasma exchange, and IV immunoglobulins
(IVIgs).8 Although IVIg is therapeutically efficacious in close to
70% of patients, it takes 2–6 months before nonresponders can
be identified.9 Although key opinion leaders in the field tend to
switch to the next treatment option even within the first 3
months of ineffective treatment, there is an underestimated time
window in IVIg nonresponding patients without effective ther-
apy. Given the heterogeneity of therapeutic response, patients
would greatly benefit from the availability of prognostic markers
and surrogate markers, which predict treatment response.10,11

Reduced numbers of natural killer (NK) cells or a diminution
in cytotoxic NK cell activity has been reported in various
autoimmune conditions such as MS, systemic lupus eryth-
ematosus, rheumatoid arthritis, or type I diabetes.12,13 How-
ever, the pathophysiologic contribution of NK cells in the
context of CIDP has not been addressed in detail.

To further understand the mode of action of IVIg in patients
with CIDP and to decipher the alterations, which are re-
sponsible for its therapeutic effect, we took a prospective
longitudinal approach to collect blood samples of patients
with CIDP before and after treatment initiation with IVIg and
investigated immune cell populations in detail.

Methods
Standard protocol approvals, registrations,
and patient consents
The study was performed in accordance with the principles
of the Declaration of Helsinki, and the local ethics commit-
tees approved the study plan (Ethics Committee University
of Essen and Ethics Committee University of Düsseldorf).
Participants who provided written informed consent were in-
cluded. All participants were older than 18 years. A total of 29
patients with CIDP were investigated.

Diagnosis and classification of patientswith CIDP
A total of 29 patients withCIDP (age range 34–78 years, mean age
55 years) consented to be enrolled, and peripheral blood samples
were obtained before treatment initiation and 1, 2, 3, and 6months
after the first infusion of IVIg. CIDP was diagnosed according to
the European Federation of Neurological Societies/Peripheral
Nerve Society criteria.14 All patients had not received treatments
other than methylprednisolone or plasma exchange before sam-
pling and had been without immunomodulatory or immunosup-
pressive treatment for at least 4 weeks before sampling. Patients
were observed in monthly intervals for up to 2 years. Samples of
patients were excluded when they did not meet quality standards
(cell viability, messenger RNA [mRNA] quality, and false-negative
or false-positive controls during measurements of the samples).

Summed Inflammatory Neuropathy Cause and Treatment
(INCAT) disability scores were assessed as previously described
at each visit.15 Briefly, the INCAT disability score assesses
functional disability on an ordinal scale ranging from 0 (no
disability) to 5 (no purposeful movement possible) for upper
and lower extremities. The summed INCAT score is added
from both values and can thus range from 0 to 10. Patients were
classified as responders if the INCAT sum score declined at least
1 point during 6 months of treatment. Furthermore, they were
classified as responders if they stabilized under IVIg treatment
with a progression of at least 2 points of the INCAT sum score
over a period of 6 months before IVIg initiation.

Peripheral bloodmononuclear cell preparation
Ethylenediaminetetraacetic acid (EDTA) tubes were used to
collect peripheral blood mononuclear cells (PBMCs) and
PAXgene tubes to collect RNA. Fresh blood samples in
EDTA tubes were purified using Ficoll (Invitrogen, Man-
nheim, Germany) gradient centrifugation according to the
manufacturer’s protocol on the day of collection. Cells were
divided into aliquots; one was freshly used for flow cytometry
analyses, and the others were stored in 10% dimethyl
sulfoxide/fetal calf serum in liquid nitrogen until further use.

Real-time PCR
Total RNA was isolated using the PAXgene preparation kit
according to the manufacturer’s instructions and quantified
(Nanodrop 2000; Thermo Scientific, Waltham, MA). Syn-
thesis of complementary DNA (cDNA) was performed using
1 μg of total RNA with Moloney murine leukemia virus re-
verse transcriptase, RNAse OUT, deoxynucleoside triphos-
phates, and oligo dT primer (all Invitrogen).

Glossary
ADCC = antibody-dependent cytotoxicity; ANOVA = analysis of variance; BNB = blood-nerve barrier; cDNA =
complementary DNA; CIDP = chronic inflammatory demyelinating neuropathy; DC = dendritic cell; EAE = experimental
autoimmune encephalomyelitis; EDTA = ethylenediaminetetraacetic acid; IFNγ = interferon gamma; INCAT = Inflammatory
Neuropathy Cause and Treatment; IVIg = IV immunoglobulin; mRNA = messenger RNA; NCAM1 = neural cell adhesion
molecule 1; NK = natural killer; PBMC = peripheral blood mononuclear cell; TNFα = tumor necrosis factor alpha.
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For real-time PCR, the thermal cycler (AbiPrism7000; Ap-
plied Biosystems, Foster City, CA) was set to run for 2 mi-
nutes at 50°C and 10 minutes at 95°C; 40 cycles for 15
seconds at 95°C; and 1 minute at 60°C using Power SYBR
Green PCR Master Mix (Applied Biosystems). cDNA was
amplified in the presence of a final concentration of 0.625 μM
for each primer (sequences in the table). To affirm the
specificity of the product, PCR was followed by a melting
curve analysis. The housekeeping gene GAPDH was used as
the control gene to relate mRNA content.

Flow cytometry
Cells were surface stained using antibodies according to
standard procedures.16 For extracellular staining, 1 × 106 cells
were stained, and fluorescence of cells was analyzed using the
FACSCanto II flow cytometer with BD FACSDiva 8.0 soft-
ware (BD Biosciences, Heidelberg, Germany). Distinct cell
populations were analyzed using FlowJo 10.0 (LCC, Eugene,
OR). For intracellular stainings of cytokines, the BD Cytofix/
Cytoperm Plus kit (BD Biosciences) was used after extra-
cellular staining according to the manufacturer’s protocols.
Intracellular staining was performed using FoxP3 Fixation/
Permeabilization (Thermo Fisher).

The following fluorescently labeled antibodies were used:
CD4 (RPA-T4), CD8 (RPA-T8), CD16 (3G8), CD19
(SJ25C1), and CD56 (NCAM16.2; all BD Biosciences); CD3
(Okt 03), CD25 (M-A251), CD107a (H4-A3), CD161 (HP
3G10), CD335(9E2), FOXP3 (150D), interferon gamma
(IFNγ) (4S.B3), and tumor necrosis factor alpha (TNFα)
(MAb11; all BioLegend, San Diego, CA); and NKG2A
(REA110), NKG2C (REA205), and NKG2D (BAT221; all
Miltenyi, Bergisch Gladbach, Germany).

Cytotoxicity assay
2 × 105 PBMCs were preincubated for 16 hours before the
K562 cell line was cocultivated for an hour to stimulate NK
cell activity in the presence of CD107a antibody (H4-A3;
BioLegend). Cultivation was prolonged for 4 hours in the
presence of GolgiStop and GolgiPlug (BD Biosciences). After
cultivation, cells were harvested and flow cytometry analyzed
as described before. Shortly, cell populations were determined
as well as CD107 degranulation and expression of the in-
tracellular cytokines IFNγ and TNFα.

Statistics
The primary research questions of this prospective study were
whether IVIg as a first-line treatment for CIDP have a regula-
tory effect on NK cells and their markers and whether these
changes are related to clinical responsiveness. The classification
of evidence assigned to these questions is Class I. The Shapiro-
Wilk test was applied to assess normal distribution. The Mann-
Whitney U test was performed for unrelated (unpaired) sam-
ples, theWilcoxon rank test was performed for related (paired)
samples, the Kruskal-Wallis analysis of variance (ANOVA) was
performed for multiple testing, and the Dunn-Bonferroni post
hoc test was used to test for statistically significant differences.

Correlation analysis was performed by calculation of Spearman
ρ. Differences were considered significant at p values <0.05 with
a CI of 95%. GraphPad Prism version 7.0 (GraphPad Software,

Table Primer sequence

Gene
name
(protein) Sequence

Product
length (nt)

ACTB FWD CTG GGA GTG GGT GGA GGC 57

ACTIN REV TCA ACT GGT CTC AAG TCA GTG

FCGRA FWD GTG TCA CTG TCC CAA GTT GC 205

CD16A REV GCT ACA CAG GAA TTA GAT ATT
GAA GC

IL2RA FWD ACG GGA AGA CAA GGT GGA C 89

CD25 REV TGC CTG AGG CTT CTC TTC A

NCAM1 FWD TGT GTG ATG TGG TCA GCT CC 162

CD56 REV TGC CCT CAC AGC GAT AAG TG

KLRD1 FWD CTC TTA CAG TGA GGA GCA CAC C 92

CD94 REV TTG TAT TAA AAG TTT CAA ATG
ATG GAA

KLRB1 FWD AAA TGC AGT GTG GAC ATT CAA 91

CD161 REV CTC GGA GTT GCT GCC AATA

NCR1 FWD CCC ACA GAG GGA CAT ACC GAT 109

CD335 REV AGG CTG GTG TTC TCA ATG TCG

FOXP3 FWD CTT CCT TGA ACC CCA TGC 70

FOXP3 REV GAG GGT GCC ACC ATG ACT A

GAPDH FWD TGG ACC TGA CCT GCC GTC TA 150

GAPDH REV AGG AGT GGG TGT CGC TGT TG

IL10 FWD TGA AAA CAA GAG CAA GGC CG 83

IL-10 REV CACTCATGGCTT TGTAGATGCC

KLRC1 FWD ACC TAT CAC TGC AAA GAT TTA
CCA

144

NKG2A REV GGA AGA ATT GTT GTG CCT CTG

KLRC2 FWD CAA AAT CCT TCC CTG AAT CAT C 89

NKG2C REV ACC TCG GCA GTG AGC TTC T

KLRK1 FWD GCTTCGAAGAACTCTGATCTGC 101

NKG2D REV TTC GTT TAG TTC AAA TGG CAA C

KLRC3 FWD GCA GGC CTG TGC TTC AAA GA 131

NKG2E REV CCC ATG GAT GAT GAC TGC TG

KLRC4 FWD ACT GCA AAG GTT TAC TGC CAC 137

NKG2F REV AAA ATT GTT CTG CTC CAG TAC
TCC

Abbreviations: FWD = forward; REV = reverse.
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San Diego, CA) and SPSS version 25 (IBM Corp. 2017,
Armonk, NY) were used for statistical analysis.

Data availability
All data generated or analyzed during this study are included
in this published article.

Results
Treatment of patients with CIDP with IVIg
reduces NK cell frequency, but not the
frequency of T cells and B cells
Administration of IVIg is known to have strong effects on
various subpopulations of leukocytes in human blood. To
investigate distinct changes, flow cytometry of peripheral

blood cells was performed before and 24 hours after IVIg
administration.

Lymphocytes were identified based on size and granularity
(figure 1A). Gated on this population staining with CD3 vs
CD56 allowed the discrimination of NKT cells (CD3+/
CD56+) vs NK cells (CD3−/CD56+). NK cells were further
subclassified using CD16 and CD56. NK cells with regulatory
functions express CD16−/CD56bright, whereas predominantly
cytotoxic NK cells are CD16+, but expression of CD56 is only
intermediate (CD16+/CD56dim). The frequency of total NK
cells (CD3−/CD56+) was reduced after IVIg infusions in al-
most all patients (figure 1B; p < 0.001). Subdivision of NK
cells into CD16−/CD56bright and CD16+/CD56dim NK cells
demonstrated that significant reduction is mainly due to

Figure 1 Treatment with IVIg reduces NK cell frequency, but not the frequency of T cells and B cells

Flow cytometry analysis of PBMCs from patients with CIDP (n = 14) before treatment initiation and 24 hours after IVIg treatment. (A) Representative gating
strategy to define NK cells. Lymphocytes were identified based on the size and granularity of cells. To exclude NKT cells, CD56 and CD3 costaining was
performed. Gated on CD56+/CD3− cells, subpopulations of CD16+/CD56dim and CD16−/CD56bright NK cells were determined. (B) Changes in NK cells gated on
lymphocytes in individual IVIg-naive patients and 24 hours after IVIg infusion. (C) Proportion of CD56bright and CD56dim NK cell subpopulations within
lymphocytes. Depicted ismean ± SEM of the analyzed patients. (D) Changes in CD56bright subpopulation gated onNK cells in individual IVIg-naive patients and
24 hours after IVIg infusion. (E) Changes in frequencies of T cells and B cells gated on lymphocytes in individual IVIg-naive patients and 24 hours after IVIg
infusion. (F) Depicted are changes in the ratio of lymphocytes and monocytes within the leukocyte population in individual IVIg-naive patients and 24 hours
after IVIg infusion (asterisks indicate significance: ***p < 0.001; nonparametric distribution; Wilcoxon rank test for paired samples). CIDP = chronic in-
flammatory demyelinating neuropathy; IVIg = IV immunoglobulin; NK = natural killer; PBMC = peripheral blood mononuclear cell.
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reduction within the CD16+/CD56dim populations (figure
1C), whereas the smaller CD16−/CD56bright population in
most patients increased 24 hours after IVIg treatment (figure
1D; p < 0.001).

In contrast, IVIg treatment had no significant effect on the
proportion of CD3+ T cells and CD19+ B cells (figure 1E),
and lymphocyte/monocyte ratios remained stable as well
(figure 1F), indicating no specific expansion/reduction of the
investigated subpopulations of cells. In single patients, no
significant changes were observed, but a slight trend toward
increase or reduction was detectable.

INCAT correlates with NK cells and theirmarkers
We next addressed the question as to whether disease severity
correlates with the NK cell population size (figure 2). Patients
were subgrouped according to the INCAT score (0–3) and
the percentage of NK cells within the lymphocyte pop-
ulation (figure 2A), and the relative expression of NK
cell–specific genes in peripheral blood (figure 2B) was
graphed. Patients with low motor disabilities (INCAT = 0)
had higher NK cell number in tendency compared with
patients with a higher disability (INCAT = 3). Significant
differences were obtained for mRNA expression. Relative
mRNA expression of neural cell adhesion molecule 1
(NCAM1) (CD56) and KLRD1 (CD94) were significantly
lower in patients with higher INCAT score (figure 2B;
Spearman ρ −0.465, p = 0.017 for KLRD1 and −0.467, p =
0.014 for NCAM1). In line with the reduced NK cell
numbers, patients with a higher disease severity also had
lower NK cell–specific transcription levels detectable in the
peripheral blood.

Treatment with IVIg reduces NK cells and NK-
specific markers, but values recover between
IVIg administrations
To validate the flow cytometry data and additionally investigate
functional markers of NK cells, the relative mRNA expression of
differentNKcell geneswasmeasured in patientswithCIDPbefore
and 24 hours after IVIg infusion (figure 3A). NK cell–specific
markers NCAM1 (CD56), KLRD1 (CD94), KLRB1 (CD161),
and NCR1 (CD335) were analyzed as well as functional NKG
family receptors either with activating (KLRC2 [NKG2C] and
KLRK1 [NKG2D]) or inhibiting (KLRC1 [NKG2A]) function or
with unknown function (KLRC4 [NKG2F]).

The relative expression of NCAM1 was significantly reduced 24
hours after the first IVIg infusion (p = 0.0038, reduction observed
in 12 of 16 patients). The same reduction of relative expression of
NK cell–specific markers was detected regarding KLRD1 (p =
0.0012) andKLRB1 (p = 0.0087) transcripts. Diminished relative
expression ofNCR1wasmost prominent amongNK cell–specific
markers and was observed in 15 of 16 patients (p < 0.001). The
relative reduction was also significant for most of the NKG family
members (KLRC2, p = 0.0239 and KLRC4, p = 0.0348). The
KLRC1marker was decreased in tendency after 24 hours of IVIg
infusion. In summary, transcripts ofNKcellmarkers and receptors
were diminished 24 hours after IVIg infusion.

In contrast to that, we did not find relevant changes in longitudinal
analysis of samples prior treatment initiation compared with 1, 2, 3,
and 6 months of treatment (data not shown), neither with flow
cytometry nor transcriptional analysis. To further understand the
observations of the 24-hour samples, we confirmed that changes are
reversible within the monthly treatment intervals. Therefore,
changes of different NK cell genes were analyzed over 3 months in
3 responding patients, and representative data of 1 patient are
depicted in figure 3B. As expected, the relative expression of the
analyzed genes was markedly reduced 24 hours after infusion.
However, the levels returned to the initial value between the

Figure 2 Correlation of INCAT with NK cells and their
markers

Correlation of the INCAT score with the percentage of NK cells within lym-
phocytes (A, n = 16) and the expression level of NK-specific genes CD56 and
CD94 (B, n = 27). Patients were classified in terms of the INCAT disability
score. Depicted is mean ± SD and correlation with Spearman correlation
coefficient r, significance level p is as stated. INCAT = Inflammatory Neu-
ropathy Cause and Treatment; NK = natural killer.
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treatments andwere again lowered after subsequent infusions.Over
a period of 3 months, patients revealed a stable recurring pattern.

In treatment-naive patients, no difference in
NK cell marker expression is detectable
between responders and nonresponders
Patients with CIDP differ in their responsiveness to IVIg. Ret-
rospectively, enrolled patients were subdivided into responders
and nonresponders after 3–6 months of IVIg treatment. NK cell
lineage and functional markers were compared between the 2
groups before IVIg treatment initiation (responders: dark gray
bars; nonresponders: light gray bars, figure 4). Flow cytometry
analysis of NK cells and relevant NK cell markers (figure 4A)
revealed no significant differences between the 2 groups. Fre-
quencies of NK cell lineage–specific markers were in a compa-
rable range, and also, functional receptors did not differ in IVIg
responders vs nonresponders. These results were confirmed on
the mRNA level (figure 4B) and revealed no significant differ-
ence in NK cell markers. In summary, treatment-naive re-
sponders vs nonresponders had no distinct NK cell profile. NK
cell function was tested in an ex vivo assay and in line with the

above described results. Neither the cytotoxicity measured by a
CD107 flow cytometry assay nor the cytokine production of
TNFα and IFNγ after stimulation with K562 target cells was
different between responders and nonresponders (figure e-1).

Reduction of NK cell marker expression 24
hours after IVIg treatment initiation is more
pronounced in responding patients
We further analyzed whether the changes within the NK cell
population differed in responders and nonresponders. Therefore,
frequency changes of NK cell were compared in responders and
nonresponders 24 hours after IVIg infusion (figure 5A). Com-
pared with naive samples, we found a significant increase of the
regulatory CD56bright population within the NK cells after IVIg
infusion, whereas the frequency did not increase in nonre-
sponders. Most interestingly, this difference is significant between
responders and nonresponders (p = 0.0047). Within
the lymphocytes, the regulatory CD56bright population even de-
creased in nonresponders. In general, the frequencies of NK cells
were reduced in responders and nonresponders with higher re-
duction in responders. This decrease of NK cells within

Figure 3 Treatment with IVIg reduces NK cells and NK-specific markers in a reversible manner

Analysis of changes in relative expression levels
of the indicated typical NK cell–specific genes in
PBMCs from patients with CIDP before treat-
ment initiation and 24 hours after IVIg treatment.
(A) Depicted are changes of relative expression
of indicated genes in individual patients (n = 17)
related to the house keeping gene GAPDH (2−DCt,
asterisks indicate significance: *p < 0.05, **p <
0.01, ***p < 0.001; nonparametric distribution,
Wilcoxon rank test for paired samples). Changes
of the indicated genes. (B) Representative ex-
pression levels of the indicated genes of a rep-
resentative patient over time before IVIg
treatment initiation and 24 hours after monthly
infusion of IVIg. CIDP = chronic inflammatory
demyelinating neuropathy; IVIg = IV immuno-
globulin; NK = natural killer; PBMC = peripheral
blood mononuclear cell.
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the lymphocyte population was also confirmed on the mRNA
expression level (figure 5B). The majority of NK cell genes were
significantly downregulated in responders, whereas in nonre-
sponders, only a moderate downregulation could be detected or
even an upregulation of some mRNA transcripts (KLRB1,
KLRK1, and KLRC4) 24 hours after IVIg infusion. This resulted
in a significant difference in responders and nonresponders
(KLRB1: p = 0.027, KLRK1: p = 0.031, KLRC4: p = 0.024).

To better discriminate responders from nonresponders, 2
candidate markers were depicted for representative single
responding and nonresponding patients (figure 5C). Although
most of the responding patients showed decreased KLRC2
mRNA expression after IVIg treatment, in nonresponders, the
shift was not as pronounced, or the expression was even slightly

increased. In most of the responding patients, CD56bright NK
cells were strongly increased, whereas this phenomenon could
not be observed in the nonresponder cohort.

To predict the responsiveness of IVIg, a combinational approach
of more than 1 candidate marker could increase the significance.
To test this hypothesis, CD56bright flow cytometry data where
combined with KLRB1 and KLRK1 transcriptional data. For the
adjustment of multiple testing, we performed 1-way Kruskal-
Wallis ANOVA. In this model, responders were significantly
discriminated from nonresponders (F = 6.974, p = 0.013). In
pairwise comparisons with the Dunn-Bonferroni post hoc test,
CD56bright showed the highest significance level (p = 0.007),
followed by KLRK1 (p = 0.010) and KLRB1 (p = 0.027). Thus,
the combination of these 3 candidate markers increases the level

Figure 4 In treatment-naive patients, no difference in NK cell marker expression is detectable between responders and
nonresponders

Comparison of NK cell markers of
PBMCs from patients with CIDP be-
fore IVIg treatment that were sub-
sequently classified as responders (n
= 11) or nonresponders (n = 6)
depending on the treatment efficacy
of IVIg. Depicted is mean ± SEM. (A)
Changes of frequencies of NK cells,
CD56bright and CD56dim NK cell sub-
populations, and CD161+ and
NKG2A+ populations in patients with
CIDP. In addition, mean fluorescence
intensity was analyzed of surface
protein expression levels of CD161
and CD335. (B) Longitudinal changes
in transcriptions levels of the in-
dicated genes after real-time qPCR
analysis was performed on mRNA
preparations of PBMCs. CIDP =
chronic inflammatory demyelinating
neuropathy; IVIg = IV immunoglobu-
lin; NK = natural killer; mRNA = mes-
senger RNA; PBMC = peripheral
blood mononuclear cell.
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of significance for CD56bright and KLRK1, improving prediction
for the responsiveness of IVIg.

Discussion
Despite generally high efficacy of IVIg, a significant proportion of
patients with CIDP fail to respond to this treatment. In these
instances, treatment failure is confirmed after 3–6 months of
unaltered disease progression. Patients refractory to IVIg treat-
ment would highly benefit from surrogates capable of predicting
treatment efficacy earlier. Although amajority of patients respond
well to treatment with IVIg (responders), around 30% of patients
do not benefit at all (nonresponders).9 Here, we demonstrate
changes within the lymphocyte populations in patients with
CIDP, induced by IVIg treatment and—furthermore—a distinct
change in the NK cell profile 24 hours after treatment depending
on clinical responsiveness to IVIg treatment. The effect was
predominantly observed within NK populations and for NK cell
receptors. IVIg responders had a relative reduction of CD16+/

CD56dim cells in the peripheral blood and a relative increase in
CD16−/CD56bright cells. In nonresponders, these effects were
less pronounced or absent. We did not check for IgG4 subclasses
or antibodies to paranodal antigens. Because up to 10% of the
nonresponders have antibodies against paranodal antigens,17

some of our patients may not relate to NK transcripts but rather
to a different autoantibody status. To increase the prediction of
IVIg responsiveness, we tested a combinatorial approach of 3
strong candidate markers. The combination of CD56bright flow
cytometry data with the transcriptional data of KLRB1 and
KLRK1 increased the level of significance, improving prediction
for the responsiveness of IVIg. Nevertheless, establishing a test in
the clinical routine could be an ambitious goal.

The role of NK cells was not investigated so far in context of
autoimmune neuropathies. NK cells are innate immune cells and
recognize virus-infected or pathologically altered cells. Target
cells are either eliminated by release of cytolytic granules or se-
crete cytokines to regulate the immune response. NK cells are
also involved in limiting immune response after inflammatory

Figure 5 Reduction of NK cell marker expression after 24-hour IVIg treatment is more pronounced in responding patients

(A) Changes of frequencies of relevant NK cell markers in
PBMCs of patients with CIDP 24 hours after IVIg infusion
related to baseline in responders (n = 11) and nonre-
sponders (n = 6). Frequency of CD56bright NK cells was de-
termined within the total NK cell population and within
lymphocytes. Asterisks above bars indicate significant
changes after IVIg treatment compared with control (*p <
0.05, **p < 0.01, ***p < 0.001; nonparametric distribution,
Wilcoxon rank test for paired samples). Asterisks between
bars indicate significant changes between the responder
and nonresponder cohort. Depicted is mean ± SEM (*p <
0.05, **p < 0.01; nonparametric distribution, unpaired;Mann-
Whitney U test). (B) Changes of the transcription level of rel-
evant NK cell genes in PBMCs of patients with CIDP 24 hours
after IVIg infusion related to baseline in responders (n = 11)
and nonresponders (n = 6). Asterisks above bars indicate
significant changes after IVIg treatment compared with con-
trol (*p < 0.05, **p < 0.01; nonparametric distribution, Wil-
coxon rank test for paired samples). Asterisks between bars
indicate significant changes between the responder and
nonresponder cohort. Depicted ismean ± SEM (*p < 0.05, **p
< 0.01; nonparametric distribution, unpaired; Mann-Whitney
U test). (C) Changes in PBMCs of patients with CIDP after 24
hours of IVIg infusion in representativemarkers of NK cells on
gene expression and surface expression in the individual pa-
tients related to baseline (responders n = 8, nonresponders n
= 6). CIDP = chronic inflammatory demyelinating neuropathy;
IVIg = IV immunoglobulin; NK = natural killer; PBMC = pe-
ripheral blood mononuclear cell.
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reactions.18 Several NK cell receptors activate or inhibit their
activity (such as the NKG2 receptor family), and subpopulations
can be identified via the expression level of the surface molecule
CD56 (encoded by NCAM1). The CD56dim cell subpopulation
has cytotoxic activity, whereas CD56bright cells fulfill regulatory
functions partly via cytokine secretion.19

IVIgs achieve their anti-inflammatory effect through a broad range
of target mechanisms.20 The therapeutic effect of IVIgs is in part
mediated via the Fc gamma receptor, which is also expressed on
NK cells. Another mode of action that has been proposed is the
upregulation of target cell killing by antibody-dependent cytotox-
icity (ADCC).20 There is also evidence for a reduction of cytotoxic
NK cells immediately after IVIg treatment in patients with CIDP
most likely due to lowering of the number of circulatingNK cells.21

The possible link between IVIg efficacy and NK cells appears
obvious but has not been further investigated in CIDP.

One possible mechanism of the IVIg effect on NK cells is the
activation/induction of their cytotoxic phenotype. In our study,
particularly CD56dim NK cells were reduced in peripheral blood,
predominantly in responders. It is known that recruitment of
CD56dim cells into inflamed tissue is mandatory for limiting
immune reaction in experimental autoimmune encephalomyelitis
(EAE).12,22 An increased fraction of CD56dim cytotoxic cells
migrating into inflamed tissue could therefore lead to a local
reduction of autoreactive T cells, eliminated via cytotoxic lysis by
the NK cells.23 This mechanism is well known; thus, recruitment
of CD56dim NK cells is a potent defense mechanism against
inflammation in various tissues. It influences dendritic cell (DC)
activation, regulates the adaptive immune system, and reduces
local tissue destruction.24,25 Although mature DCs are protected
by an upregulation of major histocompatibility complex class I
molecules,26 NK cells are known to lyse immature DCs.27 IVIg
enhances lysis of mature DCs via CD16+/CD56dim NK cells and
ADCC.28 This may terminate autoimmune reactions due to
limited T-cell activation via restricted DC antigen presentation.

We and others have shown6,29 that patients with CIDP display
changes in their T-cell receptor repertoire, but these alterations do
hardly explain the treatment effect of IVIg and do not answer the
question why a distinct group of patients with CIDP do not re-
spond to therapy. It is known froman animalmodel ofMS thatNK
cells are crucial for the therapeutic effect of IVIg. NK cell depletion
in EAE leads to a loss of IVIg efficacy.30 Furthermore, a recent
study on the CSF of patients with inflammatory neuropathies
revealed a distinctive increase in NK cell numbers—indicating an
underestimated role of NK cells in inflammatory neuropathies.31

One limitation of the study is the comparable low INCAT score of
1.42. This can be explained by the fact that the study mainly
included patientswith a newly diagnosedCIDP. Still, an INCATof
2 is a relevant functional limitation for patients, and INCATmainly
reflects motor symptoms. Because the INCAT score is a well-
established scale, we choose this motor functional score to classify
response and clinical course.

Our observations add evidence of an IVIg-induced migration of
cytotoxic CD16+/CD56dim NK cells into the inflamed peripheral
nerve where they might induce suppression of autoreactive im-
mune cells and therefore limit autoimmunity. However, in non-
responders, concurrent homing of CD56bright NK cells may
augment autoimmune reactions, counteracting this mechanism.
In addition,NKcell–mediated lysis of activatedmacrophages32 or
autoreactive T cells33 may further curtail autoimmune reactions
following IVIg treatment. The observation of the monthly re-
covery of NK cell markers is of high interest, and further studies
will correlate the NK cell course with the clinical end-of-dose
effect in IVIg-treated patients.34 In addition, monitoring the NK
transcripts during the treatment interval of 3–4 weeks will add
knowledge to the role of NK cells in pathophysiology of CIDP.

Taken together, this comprehensive study provides evidence for
a so far unknown relevant contribution of NK cells to the
pathogenesis of CIDP. Furthermore, the differential response of
subpopulations of NK cells in responders and nonresponders to
IVIg treatmentmay serve as a surrogatemarker in predicting the
outcome of IVIg treatment in patients with CIDP after re-
production of the results in an independent cohort.
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