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A B S T R A C T

Multiple Sclerosis (MS) is an immune-mediated and neurodegenerative disease of central nervous system.
Relapsing-remitting (RR)-MS occurring with acute attacks and remissions, is the most common clinical type of
MS. There are different strategies applied in first-line treatment of RR-MS patients such as interferon-beta (IFN-
β) and glatiramer acetate. In this study, activating and inhibitory receptor expressions and interleukin (IL)-22
levels of NK cells were investigated in RR-MS patients with or without IFN-β therapy. Activating receptor ex-
pression and IL-22 levels of NK cells were increased in RR-MS patients under IFN-β therapy. Elevated NK cells
with activating profile and increased IL-22 under IFN-β therapy suggest that IFN-β treatment might direct NK
cells toward a pro-inflammatory status.

1. Introduction

Multiple Sclerosis (MS) is an immune-facilitated, chronic, neuro-
degenerative and demyelinating inflammatory central nervous system
(CNS) disorder. The subgroups of MS are defined by the clinical course
[1]. Relapsing-remitting (RR)-MS constitutes about 85–90% of MS pa-
tients and it occurs with acute attacks (relapses) and remissions [2].
The majority of MS patients initially present a single attack known as
clinically isolated syndrome (CIS) [3]. Although the pathogenesis of MS
is not well defined, autoreactive CD4+ T cells are thought to be re-
sponsible for attacking myelin antigens that cause tissue damage and
inflammatory responses resulting in demyelination and neuronal da-
mage [4,5]. Also, several studies revealed the contribution of the cells
of innate immunity including Natural Killer (NK) cells in MS patho-
genesis [6]. Because of the regulatory and cytotoxic functions of NK
cells, their roles in MS pathogenesis has gained importance in recent
years.

NK cells comprising 5–15% of leukocytes in healthy individuals are
characterized phenotypically by the expression of CD56 but not CD3
molecule on their surface membrane. CD56 expression of NK cells is
increased upon activation [7–9] suggesting CD56 as an activation
marker [10] whereas immunosuppressive agents reduce their fre-
quencies [11].

NK cells are well known by their cytolytic capabilities in early

defense against tumor cells as well as pathogens, while having im-
munoregulatory properties through cytokine secretion revealing their
importance in innate immunity [12]. Cellular functions of NK cells are
governed by the balance between signals of activating and inhibitory
receptors present on NK cells [13,14]. Activating receptors include
NKG2D (Natural killer group 2, member D), 2B4 and the natural cy-
totoxicity receptors (NCRs) such as NKp30, NKp44 and NKp46. These
receptors bind ligands induced by infection, tumors or cellular stress
[15] and deliver activating signals to NK cells for cytotoxicity or cy-
tokine secretion. NK cell activation is mainly regulated by the in-
hibitory receptors specific for MHC class I molecules [16]. Killer-cell
immunoglobulin-like receptors (KIRs) and CD94-NKG2A heterodimer
are the main groups of inhibitory MHC class I–specific receptors [17].

NK cells might be classified by their cytokine secretion profiles such
as NK1, NK2 or NK22 cells. NK22 cells produce interleukin-22 (IL-22)
upon stimulation with IL-12, IL-18 and IL-23 [18,19] whereas IL-27
suppresses the secretion of IL-22 from CD4+ T cells [20]. IL-22 is a pro-
inflammatory cytokine with a protective role in the regeneration of
epithelial tissues and host defence in mucosal barriers such as intestine,
oral mucosa or lung [21]. There are also many studies demonstrating
the possible contribution of IL-22 in neurological diseases [22]. How-
ever, contradictory findings were obtained from the studies in-
vestigating the involvement of IL-22 in autoimmune diseases [23–25].
IL-22RA2 was defined as a risk gene [26] and an inflammatory role was
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attributed to IL-22 in MS [27,28]. Recently, we have demonstrated a
tendency to increase in IL-22 levels of NK cell subsets in RR-MS patients
in response to cytokine stimulations [29]. However, the possible con-
tribution of IL-22 in MS pathogenesis still needs to be elucidated.

In this study, to investigate the activation status of CD3–CD56+ NK
cells in treated and untreated RR-MS in comparison with CIS patients,
expression of NKG2A, NKG2D and NKp44 were analysed. In addition,
plasma IL-22 levels as well as IL-22 content of CD3−CD56+ NK cells in
response to IL-2, IL-10, IL-12 and IL-27 were measured for exploring the
possible contribution of IL-22 in RR-MS pathogenesis.

2. Materials and methods

2.1. Subjects

Istanbul University Cerrahpasa, Cerrahpasa Faculty of Medicine,
Department of Neurology followed up the patients and directed them
for enrollment to this study. This study was approved by Local Ethical
Committee of Istanbul University Cerrahpasa, Cerrahpasa Faculty of
Medicine, in compliance with Helsinki declaration and written in-
formed consents were taken from all patients subsequent to their en-
rollment. The study group consisted of untreated (n=9) and inter-
feron-beta (IFN-β) treated (at least 6 months) RReMS patients (n= 11)
in remission phase fulfilling ‘McDonald’ criteria for diagnosis of MS
[30]. CIS patients (n=10) were enrolled to this study at least 3 months
after the last steroid intervention (Table 1). Neither of the patients re-
ceived steroid treatment before or during blood sampling. Patients were
negative for hepatitis B virus and did not have any comorbities.

2.2. Flow cytometry

Ex vivo frequencies of NK cells and NK cell receptors were de-
termined from fresh heparinized blood samples of donors. CD3−CD56+

NK cells were quantified by fluorochrome-labeled monoclonal anti-
bodies (mAbs); anti-CD3-FITC, -CD56-PE-Cy7 and isotype controls (all
from Biolegend, San Diego, CA). In separate tubes, PE-labeled anti-
NKG2A (R&D System, Minneapolis CA), -NKG2D (Bio-Rad AbD Serotec)
and -NKp44 (Biolegend, San Diego CA) mAbs were used to detect NK
cell receptors. Following staining, a FACS Lysing Solution (BD
Biosciences, San Jose, CA) was utilized for erythrocyte lysing, and cells
were washed with phosphate buffered saline (PBS). All incubations
were executed in the dark at room temperature. BD FACSCalibur II flow
cytometer running Cell Quest Software (BD Bioscience, San Jose, CA)
was utilized for cell acquisition and data analyses.

2.3. Cell preparation and culture

Peripheral blood mononuclear cells (PBMCs) were purified from
heparinized blood samples which were obtained by Ficoll-Hypaque
(Sigma Chem. Co., St. Louis, MO) density gradient centrifugation.
Obtained PBMCs were suspended in RPMI 1640 culture media (Gibco,

Life Technologies, UK) enriched with 10% heat-inactivated fetal calf
serum (FCS), penicillin (100 U/ml), streptomycin (100mg/ml) and
gentamicin (50mg/ml) (all obtained from Sigma Chem. Co., St. Louis,
MO). PBMCs at a concentration of (1×106 cells/ml/well) were cul-
tured for 120 h with the absence or existence of human recombinant
(hr)IL-2 (20 ng/ml), hrIL-10 (25 ng/ml), hrIL-12p70 (15 ng/ml) and
hrIL-27 (50 ng/ml). Brefeldin A (BFA; eBioscience, San Diego, CA), a
Golgistop, was added to the culture wells during the final 4 h of cell
culture for intracellular cytokine measurement.

2.4. Intracellular staining

After the cell culture, PBMCs were collected and washed with PBS.
Anti-CD3-FITC (Biolegend, San Diego, CA) and -CD56-PE-Cy7
(Biolegend, San Diego, CA) mAbs were used to label CD3−CD56+ NK
cells prior to the intracellular cytokine staining. Stained cells washing
with PBS were fixed and permeabilized in turn with Intracellular
Fixation & Permeabilization Buffer Set (eBioscience, San Diego, CA).
During permeabilization, anti-IL-22-PE (Biolegend, San Diego, CA) was
added to detect intracellular IL-22 levels of CD3−CD56+ NK cells. After
washing, samples were measured on a FACSCalibur II flow cytometry
running Cell Quest software (BD Biosciences, San Jose, CA).

2.5. ELISA

Plasma samples were separated from heparinized peripheral blood
samples and stored at -800C till the measurement of IL-22 levels by
enzyme-linked immunosorbent assay (ELISA) (Gen-Probe Inc., San
Diego, USA). Samples were assessed according to the manufacturer’s
protocols. Supplied standards were used to generate the standard
curves. The sensitivity of IL-22 was higher than 5 pg/ml.

2.6. Statistical analyses

Statistical analyses were performed with SPSS 17.0 software (SPSS
Inc., Chicago, IL, USA). Distribution normality of the groups was ana-
lyzed by Kolmogorov Smirnov test and all groups were found to be
normally distributed. One-way ANOVA was used for comparison of
multiple groups and Tukey's test was used for post-hoc evaluations.
Pearson test was used for correlation analyses. (p < 0.05) was ac-
cepted as the statistical significance level. All p values expressed were
the results of Tukey’s post hoc test following ANOVA. Graphs were
created using Graphpad Prism Software. Data were presented as
mean ± standard error mean (SEM).

3. Results

3.1. Ex vivo frequencies of NK cells and activating/inhibitory receptors

Peripheral blood samples obtained from patients were freshly
stained for CD3 and CD56 molecules for detecting CD3−CD56+ NK

Table 1
Clinical and demographic features of enrolled patients. Table reveals demographic and clinical features of the patient groups. CIS: Clinically Isolated Syndrome, RR-
MS: Relapsing-remitting Multiple Sclerosis.

CIS Untreated RR-MS Treated RR-MS Total RR-MS
Number 10 9 11 20

Age (Mean, Range) 28.30 ± 4.90 (21–38) 39.33 ± 13.12 (17–57) 39.27 ± 10.61 (19–51) 39.3 ± 11.48
(17–57)

Sex Ratio (Female To Male) 7:3 4:5 8:3 9:8
Age Of Disease Onset (Mean, Range) 27.70 ± 5.17 (21–38) 35.56 ± 9.65 (17–47) 30.64 ± 8.10 (18–45) 32.85 ± 8.95

(17–47)
Total Number Of Attacks In First 2 Years (Mean, Range) 1.30 (1–3) 2.00 (1–5) 1.91 (1–5) 1.95 (1–5)

Disease Duration At The Time Of Sampling (Year) 0.60 (0–4) 3.78 (0–15) 8.64 (1–16) 6.45 (0–16)
EDSS At The Time Of Sampling 1.25 (0–3) 2.22 (0–6.5) 1.59 (0–4) 1.88 (0–6.5)

Progression Index 0.24 ± 0.33(0–0.83) 0.58 ± 0.38 (0–1.16) 0.23 ± 0.29 (0–1) 0.39 ± 0.37 (0–1.16)

I. Tahrali, et al. Immunology Letters 216 (2019) 63–69

64



cells (Fig. 1A) prior to measurement of their activating and inhibitory
receptor expressions. Ex vivo CD3−CD56+ NK cell frequencies of
treated RR-MS patients were significantly increased in comparison with
untreated RR-MS patients (p= 0.019) although the percentage of
CD3+ T cells were similar (Fig.1B).

In addition, the percentage of NKG2D+CD3−CD56+ NK cells of
untreated RR-MS and CIS patients were significantly lower than treated
RR-MS patients (p= 0.0001, p=0.0001, respectively) (Fig. 2A). Also,
there was a negative correlation between NKG2D expression and EDSS
values of total RR-MS patients (Fig. 2B, left). However, NKp44 ex-
pressions of CD3−CD56+ NK cells in untreated RR-MS and also treated
RR-MS patients were significantly decreased in comparison with CIS
patients (p= 0.001, p=0.003, respectively). NKG2A levels of
CD3−CD56+ NK cells also showed similar results to NKp44

expressions. NKG2A+CD3−CD56+ NK cell expression of untreated and
treated RR-MS patients were significantly lower than CIS patients
(p= 0.003, p=0.043, respectively). Similar to NKG2D, NKG2A ex-
pressions of total RR-MS patients were also shown to be negatively
correlated with their EDSS values (Fig. 2B, right).

3.2. Intracellular IL-22 content of CD3−CD56+ NK cells

Intracellular IL-22 content of CD3−CD56+ NK cells were de-
termined by flow cytometry after 120 h cell culture. Spontaneous IL-22
contents of CD3−CD56+ NK cells in untreated RR-MS patients were
significantly lower than treated RR-MS and CIS patients (p= 0.0001,
p=0.0001, respectively) (Fig. 3). IL-12 stimulation induced a similar
result; IL-22+CD3–CD56+ NK cells of untreated RR-MS patients were

Fig. 1. Ex vivofrequencies of CD3−CD56+NK cells. A) The gating strategy of CD3−CD56+ NK cells in peripheral blood samples of donors. B) The frequencies of
CD3+ T and C) CD3−CD56+ NK (right) cells in patients. CIS: Clinically isolated syndrome, UT/RR-MS: Untreated RR-MS and T/RR-MS: Treated RR-MS patients. Bar
graphs express (Mean ± SEM) of the relevant groups. p < 0.05 was accepted as statistical significance level, p values were obtained from TUKEY’s post hoc test
following ANOVA.
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significantly decreased in comparison with treated RR-MS and CIS pa-
tients (p= 0.0001, p=0.010, respectively). However, same sub-po-
pulation was significantly increased in treated RR-MS patients than CIS
patients at the same condition (p= 0.0001). Following IL-2 stimula-
tion, IL-22 contents of CD3−CD56+ NK cells in CIS patients were sig-
nificantly diminished in comparison with untreated and treated RR-MS
patients (p= 0.001, p=0.003, respectively). Conversely, IL-10 sti-
mulated CD3–CD56+ NK cells of CIS patients were significantly in-
creased when compared with that of untreated and treated RR-MS pa-
tients (p= 0.0001, p=0.001, respectively). There was no significant
difference between IL-22 levels of CD3−CD56+ NK cells of patient

groups following IL-27 stimulation.

3.3. IL-22 measurement by ELISA

In addition to the intracellular staining of CD3−CD56+ NK cells, IL-
22 levels were also measured in plasma samples by ELISA to explore
systemic IL-22 levels in patients. IL-22 levels in plasma samples of
untreated RR-MS patients have tendency to be increased in comparison
with CIS patients without statistical significance (Fig. 4). No significant
correlation was found among IL-22 levels versus EDSS or PI values of
RR-MS patients.

Fig. 2. Ex vivofrequencies of NK receptors on CD3−CD56+NK cells. A) NKG2A, NKG2D and NKp44 expressions of CD3−CD56+ NK cells. B) The correlations
between NKG2A/EDSS (left) and NKG2D/EDSS (right) values of total RR-MS patients. CIS: Clinically isolated syndrome, UT/RR-MS: Untreated RR-MS and T/RR-MS:
Treated RR-MS patients. Bar graphs express (Mean ± SEM) of the relevant groups. p < 0.05 was accepted as statistical significance level, p values were obtained
from TUKEY’s post hoc test following ANOVA. Pearson Test was used for evaluation of correlation.

Fig. 3. Intracellular IL-22 levels of CD3−CD56+NK
cells after 120 h cell culture with/without cytokine
stimulations. US: Unstimulated, CIS: Clinically iso-
lated syndrome, UT/RR-MS: Untreated RR-MS and T/
RR-MS: Treated RR-MS patients. Bar graphs express
(Mean ± SEM) of the relevant groups. p < 0.05 was
accepted as statistical significance level, p values were
obtained from TUKEY’s post hoc test following
ANOVA.
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4. Discussion

As we have recently confirmed [29], IFN-β treatment was demon-
strated to increase CD3−CD56bright NK cell subset frequencies of RR-MS
patients in various studies [31]. In this study, total CD3−CD56+ NK
cells of RR-MS patients were also shown to be increased following IFN-β
treatment though CD3+ T cell frequencies did not vary between patient
groups. This finding might indicate that IFN-β treatment directly affect
NK cell ratio, regardless of whether CD3+ T cell frequencies decrease.
To explore the functional capacity of these cells, the activating and
inhibitory receptor molecule expressions of CD3−CD56+ NK cells were
investigated prior to cytokine measurement.

NKG2D is a molecular stress sensor and a potent activating receptor
[32] mainly expressed on NK cells, CD8+ and γδ+ T cells [33] though
there are studies showing the high levels of rare NKG2D+CD4+ cells in
various diseases [34,35]. NKG2D poorly binds several self-ligands on
healthy cells and it is up-regulated in response to increased expression
of stress molecules, such as MICA/B (MHC class-I-related chain A/B)
and ULBP (UL-16 binding proteins) 1–6 in humans [36]. In the studies
of MS, elevated levels of MICB was shown in sera of patients [37] and
an association was found between MICB*004 allele and increased MS
susceptibility [38]. Increased levels of NKG2D+CD4+ T cells were
shown in cerebrospinal fluid and lesions of MS patients [39]. In hu-
mans, NK cells expressing NKG2D were demonstrated to efficiently kill
activated CD4+ T cells which upregulate their NKG2D ligands [40,41].
Also, NK cells were shown to lyse oligodendrocytes, microglia and as-
trocytes by a NKG2D-dependent mechanism [42]. All these data suggest
an association between NKG2D and MS development though there are
nominal studies about NKG2D expressions of NK cells in MS patho-
genesis. In our study, NKG2D expression of CD3–CD56+ NK cells in
treated RR-MS patients was found to be increased compared to un-
treated RR-MS and CIS patients. Although the increase in NKG2D ligand
expression means a danger signal to trigger NK cell activation, de-
creased NKG2D levels could also point a problem in some situations.
NKG2D expression is down-modulated with chronic exposure to NKG2D
ligands which results in decreased cytotoxicity toward targeted cells
[43–46]. Thus, diminished levels of NKG2D in untreated RR-MS and CIS
patients might reflect a similar condition which could be correlated
with decreased NK cytotoxicity in these patient groups demonstrated in
our previous study [29]. In RR-MS patients under IFN-β treatment,
elevated NKG2D levels were displayed which was negatively correlated
with EDSS values of total RR-MS patients. This correlation suggests a
beneficial role of NKG2D increased by IFN-β treatment in RR-MS pa-
tients, however it should be confirmed in order to prove this association
is not coincidental. As type I IFNs are known to trigger an anti-viral

state, increased activity of NK cells might be a consequence of IFN-β
treatment. NK cells could exert cytotoxicity toward both T cells and also
myeloid cells [47–49], thus elevated NKG2D might point a regulatory
attempt in MS pathophysiology. While viral infections are suggested as
possible predisposing factors of MS [50,51], increased activation of NK
cells as defenders against viruses by their cytotoxicity could be in-
vestigated together with viral load of RR-MS patients receiving therapy.

In contrast to NKG2D which were similar in CIS and untreated RR-
MS patients, NKp44 and NKG2A expressions were varied between CIS
and both RR-MS patient groups. NKp44 is an activating receptor dif-
fered from the others by being only expressed in activated NK cells able
to initiate a cytotoxic response immediately [52]. However, NKp44
inhibits NK cell functions depending on the bound-ligand [53]. This
could explain the difference between NKG2D and NKp44 expressions on
CD3–CD56+ NK cells of patient groups in our study. Furthermore, the
inhibitory receptor NKG2A expression profiles of patients were similar
to NKp44 expression which was lower in CD3–CD56+ NK cells of
treated and untreated RR-MS patients than CIS patients. All these
findings suggests an inhibitory role for NKp44 in CD3–CD56+ NK cells
of CIS and RR-MS patients.

Unlike KIRs recognizing HLA-C molecules, NKG2A is an inhibitory
receptor binding non-classical HLA-E molecules. HLA-E which prevents
NKG2A+ NK cells to lyse target cells [54] was shown to be increased in
active but not chronic lesions of MS patients [55]. There are studies
demonstrating that blocking the interaction between NKG2A and its
ligand on the target cells results in decreased inflammation in EAE (the
animal model of MS) via killing T cells and microglial cells [56,57].
Following the blockage of the increased HLA-E expression on CD4+ T
cells, CD56bright NK cells were shown to suppress the proliferation of
autologous CD4+ T cells effectively, which are thought to be re-
sponsible for the inflammation in MS. Thus, it was suggested that
CD56bright NK cell cytotoxicity on target cells might be inhibited by the
binding of HLA-E molecules on T cells to inhibitory NKG2A on NK cells
[58]. In this study, NKG2A+CD3–CD56+ NK cells of untreated and
treated RR-MS patients were decreased in comparison with CIS patients
concluding that the activation status of CD3–CD56+ NK cells of RR-MS
patients might be higher than CIS patients depending on the ligand
expressions. Nevertheless, the negative correlation between NKG2A
expression and EDSS values of total RR-MS patients might indicate that
NKG2A is also involved in regulation of autoreactive T cells. At this
point, it is necessary to clarify how the increase of inhibitory NKG2A
could provide a regulatory function while NK cell activation seems to be
beneficial for the healing of MS.

In addition to activating and inhibitory receptor expression profiles,
intracellular IL-22 levels of CD3–CD56+ NK cells were investigated.
There are several studies demonstrating the contribution of IL-22 in
autoimmune diseases such as systemic lupus erythematosus, rheuma-
toid arthritis and psoriasis as well as MS [59]. The role of IL-22 can vary
as contributing inflammation, chemotaxis, host defense or tissue pro-
tection, wound healing and cell survival depending on the target and
cytokine milieu [60–62]. It has been suggested that IL-22 enables
lymphocyte entrance into the CNS by compromising the blood brain
barrier integrity in MS [63]. However, there are studies which propose
a protective role for IL-22 in MS pathogenesis [64,65]. Previously, we
have demonstrated IL-22 secretion of CD3–CD16–CD56bright and
CD3–CD16+CD56dim NK cell subsets in CIS and RR-MS patients -
especially patients under IFN-β treatment were elevated upon IL-2 and
IL-4 stimulation, respectively, compared to healthy subjects [29]. This
study showed increased IL-22 content of CD3–CD56+ NK cells in
treated RR-MS patients at unstimulated and also IL-12 stimulated cul-
ture conditions. Although this might suggest a beneficial role for IL-22,
absence of correlation between IL-22 levels and EDSS or PI values of
treated RR-MS patients argues against this assertion. Thus elevated IL-
22 production of CD3–CD56+ NK cells is presumably an undesired side
effect of IFN-β treatment. However, this effect seems to be restricted to
NK cells since the plasma IL-22 levels of patients are similar. IL-10 as an

Fig. 4. Plasma IL-22 measurements of patient groups by ELISA. US:
Unstimulated, CIS: Clinically isolated syndrome, UT/RR-MS: Untreated RR-MS
and T/RR-MS: Treated RR-MS patients. Bar graphs express (Mean ± SEM) of
the relevant groups. p < 0.05 was accepted as statistical significance level, p
values were obtained from TUKEY’s post hoc test following ANOVA.
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inhibitory cytokine, had a suppressor effect on IL-22 secretion in both
treated and untreated RR-MS patients but not in CIS patients.

In summary, this study demonstrates the increased NK cell fre-
quencies which have activating profile and elevated IL-22 levels under
IFN-β therapy which suggest that IFN-β treatment might direct NK cells
toward a pro-inflammatory status. Whether these pro-inflammatory NK
cell subsets might have an anti-MS action needs to be further eluci-
dated. NKG2A and NKG2D expression levels might serve as possible
prognostic biomarkers in the distinction between CIS and RR-MS,
however it deserves to be intensively studied and illuminated. The ac-
tivation status and cytotoxic functions of NK cells in RR-MS are also
worth to be further investigated in more detail based on the existing
data. The difference of the frequencies and activation status of NK cells
or IL-22 levels between CIS and untreated RR-MS patients might sug-
gest that these diseases have distinct developmental pathways.
Pathogenic mechanisms of MS might possibly vary in different stages of
MS such as CIS, RR-MS and progressive stages. Alterations in cell sur-
face receptor expression and cytokine production patterns of NK cells
during the disease course might be one of the reasons underlying
treatment resistance to immuno-modulating medications in advanced
stages of MS.
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