
International Journal of Clinical Medicine, 2018, 9, 541-565 
http://www.scirp.org/journal/ijcm 

ISSN Online: 2158-2882 
ISSN Print: 2158-284X 

 
 
 

Transient Receptor Potential Melastatin 3 and 
Intracellular Calcium in Natural Killer Cells in 
Multiple Sclerosis 

Laura Clarke1,2, Simon L. Broadley1,2, Thao Nguyen3,4, Samantha Johnston3,4, Natalie Eaton3,4, 
Donald Staines3,4, Sonya Marshall-Gradisnik3,4* 

1School of Medicine, Griffith University, Gold Coast, Australia 
2Department of Neurology, Gold Coast University Hospital, Gold Coast, Australia 
3The National Centre for Neuroimmunology and Emerging Diseases, Menzies Health Institute, Griffith University, Gold Coast, 
Australia 
4School of Medical Science, Griffith University, Brisbane, Australia 

 
 
 

Abstract 
Background: Natural killer (NK) cell phenotypes have reported to be impli-
cated in the pathomechanism of Multiple Sclerosis (MS). Several investigators 
have observed reduced peripheral numbers, reduced cytotoxic activity, and 
altered CD56Dim and CD56Bright NK cell phenotypes. This current project, for 
the first time, investigates the NK cell cytotoxicity, calcium mobilisation and 
transient receptor potential melastatin 3 (TRPM3) surface expression. Me-
thods: NK cell cytotoxic activity and calcium signaling were examined in 
CD56Dim and CD56Bright NK cells before and after stimulation using Ionomy-
cin, Pregnenolone sulphate, 2-Aminoethoxydiphenyl borate and Thapsigar-
gin. Purified NK cells were labelled with antibodies to determine TRPM3, 
CD69 and CD107a surface expression using flow cytometry. Results: Twen-
ty-two MS patients and 22 healthy controls were recruited for this project. 
Twelve of the 22 previously received Alemtuzumab (Lemtrada) and the re-
maining ten reported nil medication. We report TRPM3 was significantly in-
creased in untreated MS patients compared with healthy controls and treated 
MS patients (p-value 0.034). There was a significant decrease in CD69 surface 
expression on CD56Dim NK cell phenotype for untreated MS patients (p-value 
0.031) and treated MS patients (p-value 0.036). We report altered calcium 
mobilisation in CD56Bright NK cells and to a lesser extent CD56Dim NK cells 
between healthy controls, treated and untreated MS patients. Conclusion: 
This investigation suggests variations in TRPM3 expression and calcium mo-
bilisation of NK cells may be implicated in the pathogenesis of MS. Further 
investigation is required to determine the mechanism by which alemtuzumab 
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alters calcium signaling in NK cells. 
 

Keywords 
Natural Killer Cells, Multiple Sclerosis, Calcium Signalling, Transient  
Receptor Potential Melastatin 3 Ion Channels 

 

1. Introduction 

Multiple Sclerosis (MS) is an inflammatory disease resulting in demyelination 
within the central nervous system (CNS). The aetiology of MS is multifactorial 
with studies implicating genetic, environmental, and epigenetic factors that ul-
timately appear to cause immune dysregulation in both the innate and adaptive 
immune systems [1] [2]. MS is the most common cause of neurological disability 
in young adults aged 20 - 45 years of age [3] and is predominately diagnosed in 
women [4]. Currently, there is no single, curative treatment for MS and thera-
pies aim to suppress immune response in the CNS [3].  

Natural killer (NK) cells have recently attracted significant attention for being 
implicated in the pathogenesis of MS [1] [5] [6] [7]. NK cells are a subset of 
lymphocytes in the innate immune system that are responsible for eliminating 
invading pathogens and tumour cells, as well as regulating T cell immunity [8]. 
There are two main subsets of NK cells defined by surface expression of CD56 
and CD16 surface markers. CD56BrightCD16Dim NK cells have a high density sur-
face expression and CD56 and are prominent in the production of cytokines. 
CD56DimCD16Bright NK cells produce higher levels of lytic proteins; therefore they 
have the ability to mediate cytotoxicity on target cells [9]. Previous investiga-
tions have reported significant reductions in the number of circulating NK cells, 
reduction in NK cell cytotoxic activity, and a reduction in the production of 
pro-inflammatory cytokines in MS [5] [6] [10] [11] [12] [13]. A previous study 
has shown that changes to CD56Bright NK cells enable autoreactive T cell survival 
that may contribute to lesion formation [14]. Furthermore, in one study NK cell 
functional activity was shown to diminish at the onset of clinical relapse, and 
normalised post relapse recovery [15].  

Calcium (Ca2+) mobilization and its regulation by ion channels are important 
in immune cell function [16]. In NK cells, polarisation of cytolytic granules and 
the release of lytic proteins are dependent on intracellular Ca2+ concentration 
[17], however the intracellular signalling mechanisms by which this is initiated 
and regulated requires further investigations.  

The transient receptor potential (TRP) channel family comprise non-selective 
cation channels including Ca2+ permeable channels that play a role in the influx 
and transportation of intracellular Ca2+ [18]. There are six TRP subfamilies; 
TRPA (ankyrin), TRPC (canonical), TRPM (melastatin), TRPV (vanilloid), 
TRPML (mucolipin, and TRPP (polycystin) [19] [20]. TRP ion channels are 
widely expressed on tissues and cells that become activated in response to various 
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stimuli in the cellular environment including pain, temperature, taste, pressure 
and vision [19]. TRPs have a role in store operated Ca2+ signalling in 
non-excitable cells including but not subjected to cells of the CNS [21]. TRP ion 
channels are expressed by multiple cell types throughout the body [18] including 
cells of the peripheral nervous system (PNS) and CNS [18] [22], and innate and 
adaptive immune system [16]. TRP ion channels have been implicated in neu-
rological disease; therefore they pose as a potential therapeutic target [22]. TRP 
channels may have a role in the pathogenesis of MS [23] [24]. 

TRPM3 ion channels are transmembrane channels belonging to the melastatin 
subfamily [20]. There are seven isoforms identified in the human TRPM3 gene, 
including TRPM3α2 which has been characterised as having a Ca2+ conducting 
pore and play a role in store-operated Ca2+ signaling [25] [26]. TRPM3 has been 
proposed to play roles in a variety of physiological and pathophysiological 
processes including but not subjected to noxious heat sensation [27]. TRPM3 is 
expressed in several tissues including the kidneys, eyes, sensory neurons of the 
dorsal root ganglia, pancreatic β cells, and white matter of the CNS [26] [28]. 
More recently, it has been demonstrated that TRPM3 ion channels are expressed 
on the surface of both NK cells and B lymphocytes [29]. Previous research has 
documented TRPM2, TRPM4 and TRPM5 channel expression on lymphocyte 
subsets [30] [31]. However, there is limited literature on TRPM3 expression on 
NK cells as only two previous investigations using flow cytometry have reported 
TRPM3 [29] [32].  

Whilst research to date suggests that NK cells may play a regulatory role in the 
pathogenesis of MS, the role of Ca2+ mobilisation in mediating NK cell cytotox-
icity through Ca2+ specific receptors, such as TRPM3, has not been investigated. 
Moreover, the possible role of receptor/channel/Ca2+ interaction in NK cells 
from MS patients has not been investigated. Therefore the aim of this study was 
to conduct a case-controlled study to investigate NK cell cytotoxic activity and 
intracellular Ca2+ mobilisation in healthy controls (HC) compared to untreated 
MS patients and patients administered with alemtuzumab. In addition, we ex-
amined TRPM3 surface expression as a possible mechanism for altered NK cell 
function in MS patients.  

Additionally, Lemtrada (alemtuzumab) is a humanised monoclonal antibody 
against cell surface protein CD52 [33]. CD52 is expressed primarily on T and B 
lymphocytes, but also minimally expressed on NK cells [34]. The exact function 
of CD52 is speculation, however, it is a targeted protein for antibody-dependent 
cytotoxicity induced by alemtuzumab therapy [33]. Alemtuzumab is a novel 
treatment for NK cell neoplasms [34] and proposed as a treatment for MS since 
the 1990s [35] [36]. A previous investigation suggested NK cells are a key com-
ponent to alemtuzumab-dependent cytokine release and lymphocyte depletion 
by antibody-dependent cell mediated cytotoxicity [37]. As alemtuzumab is be-
lieved to activate NK cell cytotoxicity, for this reason, we also aimed to examine 
the effect of alemtuzumab therapy on NK cell cytotoxicity, TRPM3 expression 
and Ca2+ mobilisation. 
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2. Methods 
2.1. Participants 

MS participants were recruited from specialist neurology outpatient clinics at a 
tertiary referral hospital, clinical trial outpatient clinics, and a previously estab-
lished MS database three months prior to study commencement. This study was 
approved by the Griffith University Human Research Ethic Committee 
(MSC/18/13). MS patients were defined in accordance with the 2010 Revised 
McDonald diagnostic criteria [38]. Participants were recruited across all disease 
courses (clinically isolated syndrome, relapsing remitting, primary progressive, 
secondary progressive). Untreated MS participants were defined as those not 
currently on therapy for the treatment of MS, and were excluded if they had 
been on therapy for treatment of MS within the last six months. Participants in 
the treatment group were those previously treated with alemtuzumab (12 
mg/dose), with inclusions for participants treated with both one course (5 days) 
or two courses (5 days + 3 days, 12 months following initial therapy). Partici-
pants in both MS groups were further excluded if they were taking other immu-
nomodulatory medications. HC were recruited between the ages of 18 - 65 and 
upon clinical assessment were reported to be in good health. Participants were 
excluded if pregnant, breastfeeding, or had a history of smoking, another au-
toimmune disorder, psychosis, major depression, cardiovascular disease, thyroid 
disease or diabetes. Participants were excluded if they reported administration of 
medications that directly or indirectly effect TRPM3 activation and Ca2+ mobili-
sation.  

Participants donated 80 mL of blood between 7:00 am and 11:00 am. Blood 
was collected into lithium-heparinised and ethylenediaminetetraacetic acid 
(EDTA) collection tubes. Peripheral blood mononuclear cells (PBMCs) and NK 
cells were isolated from 70 mL of whole blood while 10 mL was used for full 
blood analysis within six hours of blood collection. Pathology testing was per-
formed to exclude concurrent inflammatory and chronic diseases and included 
full blood count, electrolytes, erythrocyte sedimentation rate (ESR), C-reactive 
protein, dehydroepiandrosterone, adrenocorticotropic hormone and cortisol. 
Clinical data collected included demographic details, age at onset, disease dura-
tion, number of relapses, disease course, prior medical history and exposures, 
expanded disability status scale (EDSS) and previous MS treatment. 

2.2. Peripheral Blood Mononuclear Cell and Natural Killer Cell  
Isolation 

PBMCs were isolated from whole blood via centrifugation over Ficoll density 
gradient medium (Ficoll GE Healthcare Bio-Sciences AB, Uppsala, Sweden). 
This was followed by immunomagnetic isolation of NK cells using EasySep NK 
cell enrichment kit (Stem Cell Technologies, Vancouver, BC, Canada) according 
to the manufacturer’s instructions. Isolated NK cells were considered 89.5% ± 
3.64 for HC and 90.4% ± 4.13 for MS.  
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2.3. Drug Stimulation of Natural Killer Cells 

Isolated NK cells (1 × 106 cells/ml) were stimulated by incubation for four hours 
at 37˚C with 5% CO2 in RPMI1640 supplemented with 10% fetal bovine serum 
(FBS) in the presence of the following stimulants at a final concentration of Io-
nomycin (1 µM), Pregnenolone Sulphate (PregS) (1.35 uM), PregS (1.35 µM) + 
2-Aminoethoxydiphenyl borate (2-APB) (50 µM), and PregS (1.35 µM) + Thap-
sigargin (TG) (1.42 µM,) 2-ABP (50 µM), and µMTG (1.42 µM) (Bio-Techne, 
Tocris Bioscience, Sussex, UK, except Ionomycin purchased from Sigma, Mans-
field, Australia). PregS reversibly activates TRPM3 leading to rapid influx in Ca2+ 
[39] while 2-APB acts to inhibit both IP3 receptors and TRP channels Ionomy-
cin allows extracellular Ca2+ ions into the cytosol [32] while TG increases cyto-
solic Ca2+ through inhibition of the endoplasmic reticulum Ca2+ pump [40].  

2.4. TRPM3 Immunophenotyping in Natural Killer Cells 

TRPM3 expression on resting NK cells was identified as previously described 
[29] [32]. Isolated NK cells were incubated with primary fluorochrome labelled 
antibodies CD19-BV421, CD3-PerCP, CD56-BV421, CD16-APC Cy7 (pur-
chased from Beckon Dickinson Bioscience, Miami, Florida, US) and TRPM3 
primary antibody (purchased from Santa Cruz Biotechnology, Dallas, Texas, US) 
for 30 minutes at room temperature in the dark. Cells were washed and then in-
cubated with TRPM3 secondary antibody (purchased from Santa Cruz Biotech-
nology, Dallas, Texas, US) for 30 minutes. NK cells were stimulated using the 
above protocol for four hours at 37˚C with 5% CO2 in RPMI-1640 (Invitrogen 
Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal bovine se-
rum (FBS) (Invitrogen Life Technologies, Carlsbad, CA, USA).. 

Cells were stained with CD69, CD107a and TRPM3 primary antibody for 30 
minutes to determine CD69, CD107a and TRPM3 receptors expression on 
CD56Dim and CD56Bright NK cell phenotypes. TruCount counting beads (BD Bi-
oscience, San Jose, CA, USA) were used to calculate NK cell concentration as 
well as absolute cell counts and was determined using the manufacturer’s in-
structions outline in the below formula. Cells were washed and resuspended in 
200 µl of staining buffer (BD Bioscience, San Jose, CA, USA) and acquired using 
LSRFortessa X-20 (BD Bioscience, San Jose, CA, USA). Isotype controls were 
used to determine appropriate gating as previously described [32]. 20,000 events 
were recorded for each sample.  

number of events in cell region number of beads/test dilution factor
number of events in bead region test volume

cell population concentration

× ×

=
 

2.5. Cytoplasmic Calcium in Natural Killer Cells 

Ca2+ flux was performed as previously described [29] [32]. Ca2+ signalling was 
measured in the presence of the following stimulants at a final concentration of 
1 µM Ionomycin, 1.35 µM PregS, 1.35 µM PregS + 50 µM 2-APB, 1.35 µM PregS 
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+ 1.42 µM TG, 50 µM 2-ABP alone, and 1.42 µM TG alone. Assessment of Ca2+ 
influx dependent on TRPM3 was determined using PregS. CD56 and CD16 an-
tibodies were used to determine NK cell phenotypes during flow cytometry. 
Cells were stimulated for five minutes and recorded in real time on flow cyto-
metry.  

2.6. Natural Killer Cell Cytotoxicity  

Assessment of NK cell cytotoxic activity was performed as previously described 
[41]. Following NK cell isolation and labeling with 0.4% Paul Karl Horan 
(PKH-26) (Sigma-Aldrich, St Louis, MO, USA), NK cells were stimulated in the 
presence of the following drugs at a final concentration of 1 µM Ionomycin, 1.35 
µM PregS, 1.35 µM PregS + 50 µM 2-APB, 1.35 µM PregS + 1.42 µM TG. Under 
stimulated conditions at effector to target ratio (E: T) of 1:1 was utilised. A base-
line measurement of NK cell cytotoxic activity was also performed using E: T of 
25:1, 12:1, 6:1 and 1:1. Cells were washed and plated with K562 cells. Cells were 
incubated for four hours at 37˚C with 5% CO2 in RPMI-1640 supplemented with 
10% FBS. Post incubation, cells were stained with Annexin V (2.5 µl/test) and 
7-amino-acetinomycin (7-AAD) (2.5 µl/test) for determination of K562 viability 
[42]. K562 cell viability was then determined into 4 stages; live/viable K562 cells 
(AnnexinV−/7AAD−), K562 cells undergoing early stage apoptosis (Annex-
inV+/7AAD−), late stage apoptosis (AnnexinV+/7AAD+), and dead K562 cells 
(AnnexinV−/7AAD+). K562 cell death was then calculated as previously de-
scribed [42]. Flow cytometry was used to determine target cell apoptosis record-
ing 20,000 events for each sample. 

2.7. Data and Statistical Analysis  

Data was exported from FacsDiva v8.1 and analysed using Flowjo software v10. 
Data was quantified, and statistical analysis was performed using SPSS 22.2 
software. Shapiro-Wilk testing was performed for normality and Mann-Whitney 
U test was used to determine the relationship between healthy control and the 
MS group under each stimulant/condition with respect to TRPM3 expression, 
CD69 and CD107a surface expression on NK cell subsets, calcium signalling, 
area under the curve (AUC), and NK cell cytotoxic activity. Kruskal-Wallis test 
was then used to determine the relationship between healthy controls, the un-
treated MS group and MS group treated with alemtuzumab for the aforemen-
tioned measures. Statistical significance was set at <0.05. Demographic and pa-
tient data outputs are reported as mean ± SEM unless otherwise stated. ANOVA 
testing was performed on sociodemographic data and pathology results.  

3. Results 
3.1. Participants 

A total of 44 participants were included; 22 HC, 12 untreated MS, and 10 MS pa-
tients treated with alemtuzumab. The sociodemographic and pathology data for 
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participants is summarised in Table 1 and Table 2 (Data not shown is summa-
rised in Supplementary Table 1). There were no significant differences in age or  
 
Table 1. Demographic data. 

 HC MS-Treated MS-Untreated 

N 22 22 12 

Age (years) 39.4 ± 12.5 41.1 ± 15.2 46.5 ± 17.0 

Female n (%) 6 (73) 17 (77) 8 (67) 

Male n (%) 16 (27) 5 (23) 4 (33) 

Data shown indicates mean ± standard deviation (SD). Gender results represented as number and percent-
age. Abbreviations: HC, healthy control; MS, multiple sclerosis. 
 

Table 2. Pathology results. 

 
Healthy control MS-Untreated MS-Treated 

MS Untreated  
vs Treated 

Mean SD Mean SD p-value vs HC Mean SD p-value vs HC p-value 

Cholesterol mmolL 4.8 0.8 4.8 1.0 1 4.9 0.7 1 1 

Haemoglobin gL 137.8 11.9 130.8 34.3 1 134.4 8.1 1 1 

WBC × 109/L 5.9 1.3 6.7 1.4 0.27 4.8 1.2 0.079 0.003 

Platelet × 109/L 263.7 71.2 278.3 37.2 1 243.0 43.4 1 0.49 

Haematocrit 0.41 0.03 0.42 0.04 1 0.41 0.02 1 0.889 

RBC × 1012/L 4.65 0.39 4.68 0.53 1 4.59 0.35 1 1 

MCV fL 88.8 4.4 90.0 2.0 1 88.1 4.0 1 0.744 

Neutrophils × 109/L 3.50 0.89 4.29 1.36 0.150 3.42 1.12 1 0.208 

Lymphocyte × 109/L 1.90 0.63 1.86 0.41 1 0.88 0.29 <0.001 <0.001 

Monocyte × 109/L 0.33 0.10 0.39 0.13 0.348 0.29 0.09 0.992 0.095 

Eosinophils × 109/L 0.15 0.08 0.16 0.09 1 0.16 0.10 1 1 

Basophil × 109/L 0.03 0.02 0.04 0.02 0.916 0.02 0.01 0.577 0.140 

ESR mmHr 13.5 10.2 19.6 14.6 0.409 11.6 8.4 1 0.314 

DHEA Sulphate umolL 4.0 2.1 4.2 3.9 1 4.3 4.2 1 1 

ACTH ngL 16.8 7.2 16.3 9.7 1 19.4 12.6 1 1 

Cortisol nmolL 365.8 134.9 295.3 89.7 0.429 388.8 162.8 1 0.314 

Hs CRP 2.04 2.21 3.33 4.92 0.733 1.57 1.12 1 0.550 

sodium 136.3 2.2 136.7 3.3 1 137.4 2.4 0.772 0.803 

Potassium 4.1 0.4 4.2 0.4 1 4.0 0.2 0.803 0.756 

chloride 102.5 2.0 100.8 3.0 0.134 103.2 2.5 1 0.068 

Bicarbonate 26.4 2.0 28.0 1.8 0.080 26.5 2.1 1 0.255 

AnionGap 7.5 1.9 7.9 1.6 1 7.8 1.8 1 1 

Data shown indicates mean, SD and p-values. Significant p-values highlighted in bold text. Abbreviations: MS: Multiple sclerosis, WBC: White blood cell, 
RBC: Red blood cell, MCV: Mean Corpuscular Volume, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, DHEA: Dehydroepiandrosterone, 
ACTH: Adrenocorticotropic hormone. 
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gender between groups. There was no significant difference between the number 
of relapses, disease course, and EDSS between MS groups. The age of onset in 
the treated MS group was significantly lower than the age of onset in the un-
treated MS group (p-value 0.004). There was a significant difference in the white 
cell count (WCC) between untreated and treated MS patients (mean untreated 
6.7 × 109/L vs mean treated 4.8 × 109/L, p-value 0.003). There was a significant 
reduction in lymphocyte count of the treated MS group compared to HC (mean 
HC 1.9 × 109/L vs mean treated 0.88 × 109/L, p-value <0.001), and a significant 
reduction in lymphocyte count in the treated MS group compared to untreated 
MS group (mean untreated 1.86 × 109/L vs mean treated 0.88 × 109/L, p-value 
<0.001). There was no significant difference in lymphocyte count between HC 
and the untreated MS group. 

3.2. Natural Killer Cell Cytotoxicity 

There was no significant difference in NK cell cytotoxic activity in HC compared 
with the MS group, nor was there any difference in NK cell cytotoxic activity 
between HC and MS subgroups, at any E:T (Data not shown). There was no sig-
nificant difference seen with stimulation. A patient with Primary Progressive MS 
(PPMS) was removed from analysis as a possible outlier. With the removal of 
this individual, no significant difference in NK cell cytotoxicity remained.  

3.3. TRPM3 Expression and Activation Markers on Natural Killer  
Cells 

TRPM3 expression was significantly increased in CD56Dim NK cells in the un-
treated MS group compared with HC when under the stimulation of PregS 
(p-value 0.034) (Figure 1). Interestingly, in CD56Dim NK cells the treated MS 
group demonstrated no significant difference in TRPM3 expression than the HC 
group, suggesting TRPM3 may have reverted to normal expression with alem-
tuzumab treatment in these cells. A significant increase in TRPM3 expression 
was observed in CD56Bright NK cells of untreated MS patients when compared 
with HC and treated MS patients (Figure 1(b)). 

When unstimulated, CD69 expression was significantly lower on CD56Dim NK 
Cells of the untreated MS group when compared with both HC (p-value 0.031) 
and treated MS group (p-value 0.036) (Figure 2(a)).  

There was no significant difference in CD69 expression in the CD56Bright cell 
population prior to drug stimulation (Figure 3(a)). Under stimulation with 
2-ABP, there was a significant increase in CD56Bright NK cells expressing CD69 in 
the untreated MS group compared with HC (p-value 0.015) (Figure 3(a)). There 
was an increase in CD56Bright NK cells expressing CD69 in the untreated MS 
group compared with the treated MS group that approached, but did not achieve 
significance (p-value 0.081). Under stimulation with PregS alone, PregS + 2-ABP 
and 2-ABP alone, CD69 expression on CD56Dim NK cells was significantly higher 
in the treated MS group compared with the untreated MS group. Under these  
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(a)                                                      (b) 

Figure 1. TRPM3 expression under Pregenolone Sulphate. (a) illustrates TRPM3 expression on CD56Dim NK cells; (b) 
illustrates TRPM3 expression on CD56Bright NK cells. Data are represented as mean ± SEM. Asterisks (*) represent sta-
tistical significance at p value < 0.05. Abbreviations: MS: Multiple sclerosis, NK: natural killer, TRPM3: Transient re-
ceptor potential melatastin. 

 

 
(a)                                                    (b) 

 
(c)                                                    (d) 

Figure 2. Expression activation markers on CD56Dim NK cells. (a) CD56Dim NK Cells expressing CD69-US; (b) 
CD56Dim NK Cells expressing CD69-treated 2-ABP; (c) CD56Dim NK Cells expressing CD69-PregS; (d) CD56Dim NK 
Cells expressing CD69-PregS + 2-ABP. Data are represented as mean ± SEM. Asterisks (*) represent statistical sig-
nificance at p value < 0.05. Abbreviations: PregS: Pregnenolone sulphate, TG: Thapsigargin, 2-ABP: 
2-Aminoethoxydiphenyl borate, MS: Multiple sclerosis, NK: natural killer. 
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(a)                                                         (b) 

 
(c)                                                         (d) 

Figure 3. Expression activation markers on CD56Bright NK cells. (a) CD56Bright NK Cells expressing CD69-US; (b) CD56Bright NK 
Cells expressing CD69-treated 2-ABP; (c) CD56Bright NK Cells expressing CD69-PregS; (d) CD56Bright NK Cells expressing CD69-PregS 
+ 2-ABP. Data are represented as mean ± SEM (*) represent statistical significance at p value < 0.05. Abbreviations: US: Unstimu-
lated, PregS: Pregnenolone sulphate, 2-ABP: 2-Aminoethoxydiphenyl borate, MS: Multiple sclerosiss, NK: natural killer. 

 
conditions, there was no significant difference between HC and the untreated 
MS group (Figure 2). 

There was a significant increase in CD107a expression on CD56Bright NK cells 
in untreated MS patients compared with HC and treated MS patients (Figure 
4(a)). There was no significant difference in CD107a expression on CD56Dim NK 
cells (Figure 4(b)). 

3.4. Intracellular Calcium Mobilisation 

The There was no significant difference in Ca2+ signalling between subgroups 
with no stimulation. However, in the CD56Bright NK cell population there was a 
trend towards increased AUC in the treated MS group compared with HC (p 
value 0.052) (Figure 5(g)). 

The CD56Bright NK cell population showed significantly increased AUC in the 
treated MS group compared with HC after 2-ABP (Figure 5(a)) and PregS +  
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(a) 

 
(b) 

Figure 4. CD107a expression on NK cells. (a) CD107a expression on CD56Bright NK cells; 
(b) CD107a expression on CD56Dim NK cells. Data are represented as mean ± SEM. * 
represent statistical significance at p value < 0.05. Abbreviations: NK, natural killer; MS, 
multiple sclerosis. 
 
2-ABP (Figure 5(d)) treatment (p values 0.019 and 0.004 respectively). Under 
treatment with PregS alone, there was a trend towards increased AUC in the 
treated MS group compared with HC that did not reach significance (p value 
0.071) (Figure 5(c)). The CD56Bright NK cell population showed significantly in-
creased AUC in the treated MS group compared with the untreated MS group 
under all treatment conditions except PregS + 2-ABP (Figure 5(d)).  

The CD56Dim NK cell population showed significant increase in AUC in both 
the untreated and treated MS groups compared with HC when under treatment 
with PregS + 2-ABP (Figure 6(a)). There was no significant increase in AUC 
between subgroups under PregS or 2-ABP alone. The CD56Dim NK cell population 

 

DOI: 10.4236/ijcm.2018.97047 551 International Journal of Clinical Medicine 
 

https://doi.org/10.4236/ijcm.2018.97047


L. Clarke et al. 
 

 
(a) 

 
(b) 

 
(c) 

 

DOI: 10.4236/ijcm.2018.97047 552 International Journal of Clinical Medicine 
 

https://doi.org/10.4236/ijcm.2018.97047


L. Clarke et al. 
 

 
(d) 

 
(e) 

 
(f) 

 

DOI: 10.4236/ijcm.2018.97047 553 International Journal of Clinical Medicine 
 

https://doi.org/10.4236/ijcm.2018.97047


L. Clarke et al. 
 

 
(g) 

Figure 5. Cytoplasmic calcium in CD56Bright NK cells. (a) Ca2+ flux response area under 
the curve-treated 2-ABP; (b) Ca2+ flux response area under the curve-treated Ionomycin. 
(c) Ca2+flux response area under the curve-treated PregS; (d) Ca2+ flux response area un-
der the curve-treated PregS + 2-ABP; (e) Ca2+ flux response area under the curve-treated 
PregS + TG. (f) Ca2+ flux response area under the curve-treated TG. (g) Ca2+ flux response 
area under the curve-US. Data are represented as mean ± SEM. Asterisks (*) represent 
statistical significance at p value < 0.05. Abbreviations: US: Unstimulated, PregS: Pregne-
nolone sulphate, TG: Thapsigargin, 2-ABP: 2-Aminoethoxydiphenyl borate, AUC: area 
under curve, MS: Multiple sclerosis, NK: natural killer. 
 
showed significant increase in AUC in the treated MS group compared to the 
untreated MS group when under treatment with TG (Figure 6(b)).  

4. Discussion 

This is the first study to investigate NK cell Ca2+ mobilisation and surface ex-
pression of TRPM3 in MS patients and HC. The current study reports no sig-
nificant difference in NK cell cytotoxic activity between MS patients and HC. 
Importantly, variations in TRPM3, CD69 and CD107a expression were reported. 
Moreover, there was a significant increase in intracellular Ca2+ signalling in NK 
cells isolated from treated MS patients compared with untreated patients.  

Previous investigations have reported a significant reduction in NK cell cyto-
toxicity against the human K562 cell line [6] [10] [11] [12] [13], conversely oth-
ers have reported no difference in NK cell cytotoxic activity between MS patients 
and HC [43] [44]. The current investigation reported no significant changes in 
NK cell cytotoxicity in MS patients compared with HC. However, this investiga-
tion is limited through its small sample size. A rationale for the outcomes re-
ported in previous investigations may be due to heterogeneity between studies 
with respect to study design and cohort selection. For example, flow cytometric 
techniques for measuring cytotoxicity are more sensitive that the chromium 
(Cr)-51 release assay. In addition, research suggests that NK cell cytotoxic  
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(g) 

Figure 6. Cytoplasmic calcium in CD56Dim NK cells. (a) Ca2+ flux response area under the 
curve-treated 2-ABP; (b) Ca2+ flux response area under the curve-treated Ionomycin. (c) 
Ca2+ flux response area under the curve-treated PregS; (d) Ca2+flux response area under 
the curve-treated PregS + 2-ABP; (e) Ca2+ flux response area under the curve-treated 
PregS + TG; (f) Ca2+ flux response area under the curve-treated TG; (g) Ca2+ flux response 
area under the curve-US. Data are represented as mean ± SEM. Asterisks (*) represent 
statistical significance at p value < 0.05. Abbreviations: US: Unstimulated, PregS: Pregne-
nolone sulphate, TG: Thapsigargin, 2-ABP: 2-Aminoethoxydiphenyl borate, AUC: area 
under curve, MS: Multiple sclerosis, NK: natural killer. 
 
activity is dependent on disease activity, as NK cell function is impaired during 
clinical relapse however normalized during remission. Therefore, our findings 
may reflect an immune profile of MS patients during remittent phase of disease. 
It is important to note alemtuzumab is believed to have little to no effect on 
CD52 expression on NK cells [37]. Hu et al. suggested that due to minimal ex-
pression of CD52, NK cells are unaffected by alemtuzumab and can continue 
carrying on cytotoxicity and production of cytokines [37]. As the mechanism of 
alemtuzumab may be a result of antibody-dependent cell mediated cytotoxicity 
future research will investigate CD16 expression on NK cells.  

Despite not reporting significant differences in NK cell cytotoxic activity, this 
current investigation reports a variations in NK cell activation marker CD69 in 
CD56Dim and CD56Bright NK cells. CD69 is implicated in the non-selective early 
activation of NK cells resulting in cellular proliferation, secretion and cytotoxic 
activity [45]. We report that CD69 expression is significantly lower on CD56Dim 
NK cells in untreated MS patients prior to drug stimulation and following 
stimulation with PregS, PregS + 2-ABP and 2-ABP only. Moreover, CD69 ex-
pression is significantly increased in treated MS patients compared with un-
treated MS patients on CD56Dim NK cells.  

Whilst this current investigation did not report a concurrent increase in CD69 
expression CD56Bright NK cells, there was an upward trend in untreated MS pa-
tients compared with HC prior to drug stimulation. The reason for this is un-
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known, however may be attributed to lack of NK cell-dependent immunoregula-
tion of autoreactive T lymphocytes in untreated MS patients. Gross et al. sug-
gests that alemtuzumab administration may promote NK cell efficiency in MS 
patients [46] possibly explaining alterations in CD69 expression seen in this in-
vestigation.  

Interestingly, there was a significant increase in CD107a expression on 
CD56Bright NK cells in untreated MS patients compared with HC and patients 
treated with alemtuzumab. CD107a expression increases with NK cell activation 
and indirectly correlates with both cytokine secretion and NK cell cytotoxicity 
[48]. Other investigators have postulated that T lymphocyte death is mediated by 
CD56Bright NK cells through the release of pro-inflammatory cytokines [47]. 
Moreover, this current project suggests that variations in CD56Dim NK cell acti-
vation may be implicated in altered NK cell cytotoxic activity in MS patients. 
Altered NK cell activation and function in MS patients may be dependent on 
pharmacological stimulant, phase of NK cell activation (selective vs 
non-selective), and disease activity (relapsing remitting vs progressive; active vs 
remission), as evidenced by the different expression of CD69 and CD107a ob-
served in this study.  

Moreover, previous literature has examined the role of interferon therapies on 
NK cell function [11] [12] and the subsequent increase in the percentage of 
CD56Bright NK cells suggesting alemtuzumab expands CD56Bright NK cell subset 
[46] [49]. A previous investigation reported that removal of NK cells inhibited 
alemtuzumab-induced release of cytokines and cytotoxicity [37], suggesting that 
treatment of MS patients with alemtuzumab results in altered NK cell profiling 
to reflect that seen in HC. This finding suggests that an altered NK cell profile 
may be implicated in the pathophysiological changes in MS, and furthermore 
suggests that alemtuzumab may mediate therapeutic effect via alteration in NK 
cell profiling.   

We report novel findings as TRPM3 expression was significantly increased on 
CD56Dim NK cells in untreated MS patients compared with HC following stimu-
lation with PregS. TRPM3 expression in treated MS patients appeared compara-
ble with HC. TRPM3 channels are activated in response to depleted intracellular 
Ca2+ stores [32] [50] and an increase in TRPM3 expression results in an increase 
in cytoplasmic Ca2+ levels [32]. In the present investigation, MS patients treated 
with alemtuzumab that had normalised TRPM3 expression may or may not be 
associated with Ca2+ influx. As observed in CD56Bright NK cells where TRPM3 
expression was increased in treated MS patients, however, was not significant for 
CD56Dim NK cells. It is speculated that MS patients may have impaired Ca2+ in-
flux which is compensated by increased surface expression TRPM3. These find-
ings suggest that alemtuzumab may increase Ca2+ influx that potentially alters 
TRPM3 expression. Currently, there is no literature reporting on the effects of 
alemtuzumab on TRPM3 channels and Ca2+ mobilisation. Moreover, PregS is a 
potent and reversible TRPM3 agonist [51], and therefore these results may sug-
gest a role for TRPM3 in the altered NK cell profiling as discussed previously. 
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Despite this however, similar changes were not seen in the unstimulated state, or 
under stimulation with Preg + 2-ABP or PregS + TG. Further studies with a lar-
ger cohort would be required to elucidate whether TRPM3 may be implicated in 
altered NK profiling in MS.  

The current investigation demonstrated that under all stimulated conditions 
except PregS +2-ABP and Ionomycin, there was a significant increase in intra-
cellular Ca2+ signalling in CD56Bright NK cells of patients treated with alemtuzu-
mab compared with untreated patients. However, there was only a concurrent 
significant change in intracellular Ca2+ signalling in the CD56Dim NK cell popula-
tion between treated and untreated patients under the treatment with TG alone. 
Furthermore there was no significant difference in Ca2+ signalling in CD56Dim 
NK cells between MS subgroups in unstimulated conditions. This study there-
fore suggests that whilst there may be changes in Ca2+ signalling due to alemtu-
zumab therapy in NK cells of MS patients, intracellular Ca2+ signalling alone is 
insufficient to explain the changes in NK cell profiling seen in this study.  

The results of this study are limited by the small sample size however, the co-
hort groups were well matched with no significant differences between groups 
with respect to age, disease duration, EDSS, and number of relapses. The lower 
age of onset in the alemtuzumab group is considered to reflect a treatment bias 
towards patients with this disease modifying therapy in the earlier stages of dis-
ease. Similarly, the alemtuzumab group demonstrated a significantly reduced lym-
phocyte count when compared with HC and untreated MS patients. This may re-
flect alemtuzumab-dependent elimination of lymphocytes bearing CD52 [33]. 

5. Conclusion 

This pilot study supports previous literature in that while the overall cytotoxic 
function of NK cells in MS patients does not appear impaired, we demonstrate 
that NK cell profiling is altered in MS patients, with an upregulation of CD56Dim 
NK cell populations expressing CD69, and that these effects can be abrogated by 
alemtuzumab therapy. Whilst intracellular Ca2+ signalling does not appear to 
account for changes in NK cell profiling of MS patients, the present study sug-
gests that intracellular Ca2+ signalling in NK cells may be implicated in the 
therapeutic effects of alemtuzumab. The role of TRP ion channels such as 
TRPM3 should be further explored for their role in the pathophysiology and po-
tential treatment of MS. 
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Supplementary Material 

 

Supplementary Figure 1. Flow cytometric gating for TRPM3, CD69 and CD107a. Natural killer (NK) cells were gated 
(CD56+CD3−). NK cell subsets, such as CD56Dim and CD56Bright were gated using CD56 and CD16 antibodies. To determine 
TRPM3, CD69 and CD107a surface expression. Surface antibody staining was used and cells were gated on either CD56Bright or 
CD56Dim to differentiate subsets. Isotype controls were used to determine positive population. 
 
Supplementary Table 1. Clinical and demographic data. Data shown indicates mean, SD, percentage values and p-values as indi-
cated. Significant p-values highlighted in bold text. HC: healthy control MS: Multiple sclerosis, EDSS: expanded disability status 
scale, CIS: clinically isolated syndrome, RR: Relapsing remitting MS, PP: Primary progressive MS, SP: Secondary progressive MS. 

Clinical Feature HC MS MS-Untreated 
p-value  

Untreated  
vs HC 

MS-Treated 
Alemtuzumab 

p-value 
treated vs HC 

p-value  
untreated vs 

treated 

p-value  
Chi squared 

N 22 22 12 - 10 - - - 

Age (years)—mean ± SD 39.4 ± 12.5 41.1 ± 15.2 46.5 ± 17.0 0.444 34.7 ± 10.0 1.0 0.138 - 

Gender (female)—N (%) 6 (73) 17 (77) 8 (67) - 9 (90) - - 
0.426 

Gender (male)—N (%) 16 (27) 5 (23) 4 (33) - 1 (10) - - 

Age onset (years)— 
mean ± SD 

- 32.6 ± 10.7 37.2 ± 10.1 - 27.2 ± 9.2 - 0.004  

EDSS—mean ± SD - 2.4 ± 2.6 1.8 ± 2.3 - 3±2.9 - 0.434  

Total number of  
relapses—mean ± SD 

- 3.4 ± 2.7 3.4 ± 3.3 - 3.3 ± 1.9 - 0.833  
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Continued 

Disease course—N (%) 
   

 
 

  

0.388 

CIS - 4 (18) 3 (25) - 1 (10) - - 

RR - 17 (77) 8 (67) - 9 (90) - - 

SP - 0 (0) 0 (0) - 0 (0) - - 

PP - 1 (5) 1 (8) - 0 (0) - - 
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