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Abstract—The goal of this study was to trace the course of multiple sclerosis (MS) by evaluating the
lymphocyte subpopulation counts and the levels of CD4+ and CD8+ T cell activation using flow
cytometry. Samples obtained from healthy subjects (V=40) and patients with MS (N =290) were
analyzed. Lymphocytes were labeled for the surface markers CD4+, CD8+, CD3+, CD16+, CD19+,
CD45+, and CD53+ and the activation marker HLA-DR+. Cell counts were then determined using flow
cytometry. A high degree of inter-individual variability was observed in the counts of all lymphocyte
subtypes in the MS group. A significantly lower proportion of CD3+ T cells (69 + 14 % in healthy
subjects and 60 + 17 % as a percent of total lymphocytes in MS patients), CD4+ T cells (41 + 11 and 28
+18 %, respectively), and a significantly higher proportion of NK T cells (12+5 and 25+21 %,
respectively) were observed in patients with MS than in healthy subjects. These differences led to a
lowered CD4+/CD8+ T cell ratio. Furthermore, a significantly lower proportion of activated CD4+ T
cells (HLA-DR+ CD4+; from 48 + 10 to 38 = 15 % as a percent of CD4+ cells) was observed in patients
with MS than in healthy subjects. The high level of inter-individual variability in lymphocyte cell counts

and the counts of activated T cells suggest that MS is a complex and heterogeneous disease.
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INTRODUCTION

Laboratory analyses are useful for monitoring the
status of a disease and other clinically relevant patient
characteristics. Therefore, whole blood samples were ob-
tained from patients as part of routine diagnostic proce-
dures, and the proportions of lymphocyte subtypes were
characterized in these whole blood samples using flow
cytometry. The markers evaluated in this study included
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CD3+, CD4+, CD8+, CD16+, CD19+, CD45+, and
CD53+. In addition to these markers, the activation marker
human leukocyte antigen D related (HLA-DR) was exam-
ined in this study. In this report, the distributions of acti-
vated CD4+ and CD8+ T cells are described in healthy
subjects and patients with multiple sclerosis (MS). Further-
more, the distributions of cells associated with these
markers were analyzed. The results showed that specific
autonomous active T cell clones remained in the blood of
MS patients and that these cells may explain the differ-
ences that were observed in activated T cell populations
between these two groups.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board (IRB) of Dresden University and conformed to the
directives of the Helsinki Declaration. All patients who
were involved in this study provided written informed
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consent. Patient data and whole blood were collected at the
Multiple Sclerosis Center at Dresden University.

Whole blood from MS patients (N =290) and from
healthy subjects (N =40) was collected in ethylenedi-
aminetetraacetic acid (EDTA)-containing monovettes and
immediately transported to the laboratory.

Flow cytometry analyses were then performed using a
FACSCanto II flow cytometer (Becton Dickinson (BD)
Biosciences, Heidelberg, Germany). In a parallel experi-
ment, the same whole blood samples were used to deter-
mine complete cell counts in a Sysmex XES5000 analyzer
(Sysmex, Kobe, Japan).

For the flow cytometry analyses, 50 ul of whole
blood was mixed with an antibody solution that contained
2 ul of each of the following antibodies (all BD Biosci-
ences, Heidelberg, Germany): CD45-APC, CD3-APC-
Cy7, CD4-PE-Cy7, CD8-PerCP, CD16-FITC, CD56-
FITC, and HLA-DR-PE.

As a part of routine laboratory procedures, the im-
mune status of each patient was analyzed using flow cy-
tometry to determine the lymphocyte region, which was
gated with the sideward scatter versus CD45+ (labeled
with APC) cells using a sideward/APC scatter plot. Within
the lymphocyte region, the lymphocyte populations were
evaluated by plotting the CD3+ marker versus the CD4+
and CD8+ markers. To determine the proportion of acti-
vated CD4+ and CD8+ lymphocytes, cells expressing the
markers CD3+, CD4+, and CD8+ were plotted versus cells
expressing HLA-DR+. The number of CD4+ HLA-DR+
double-positive T cells was considered the activated CD4+
population and was expressed as N,.,CD4 in absolute
numbers or gCD4 in relative terms (the number of
double-positive CD4+ HLA-DR+ T cells divided by the
number of total CD4+ T cells). The number of CD8+ HLA-
DR+ double-positive T cells was considered equivalent as
the population of activated CD8+ T cells and is represented
in absolute numbers as N,.,CDS8 or in relative terms as
qCDS8 (the number of double-positive HLA-DR+ CD8+
T cells divided by the number of total CD8+ T cells).

Gating Strategy

In the first diagram, the sideward scatter was drawn
versus cells expressing CD45+ (labeled with APC), and all
lymphocytes were gated in the CD45+ positive region in
the lower right corner. In a second diagram, the sideward
scatter was drawn versus the forward scatter, and the lym-
phocyte region was further adjusted and defined as a single
population. In a third diagram, the sideward scatter was
drawn versus CD3+ cells that were labeled with APC-Cy7.

2041

In this diagram, the CD3+ positive and CD3- negative
lymphocytes were separated and then counted separately.
Next, CD4+ PE-Cy7 versus CD3+ APC-Cy7 and CD8+
PerCP versus CD3+ APC-Cy7 diagrams were generated
and used to separate and count the CD3 + CD4+ and
CD3 + CD8+ double-positive T cell populations. Then, a
CD16+ CD56+ (both FITC-labeled) versus CD3+ APC
diagram was used to count CD3+ CD16+ CD56+ NK T
cells (equivalent to NK T cells). A HLA-DR+ PE versus
CD3+ APC-Cy7 diagram was then used to define the count
of activated T cells (defined as CD3+ HLA-DR+ T cells).
Two separate diagrams were derived from this single dia-
gram. In one, HLA-DR+ PE cells were drawn versus
CD4+ PE-Cy7 cells to identify activated CD4+ T cells,
and in the other, HLA-DR+ PE cells were drawn versus
CD8+ PerCP cells to define and count the activated CD8+
T cells.

The percentage of cells in each cell subpopulation
was evaluated for by each patient and healthy subject.
The differences in these percentages were compared using
a constructing diagram (Fig. 1).

The flow cytometric analysis was performed using
the BD FacsDiva 8.0 software (BD Biosciences, Heidel-
berg, Germany) and FlowJo software (Treestar, USA). The
data obtained from these analyses were statistically ana-
lyzed using SPSS 20.0 statistical software (SPSS Inc.,
Chicago, IL, USA). Variables were tested for normality
using the Kolmogorov-Smirnov test. Values are presented
as the mean + standard deviation. Percentages are provid-
ed, and the chi-squared test was used. Independent sample ¢
tests, paired ¢ tests, one-way analysis of variance, paramet-
ric tests, and Wilcoxon ¢ tests were used to calculate statis-
tical significance. A p value less than 0.02 was considered
to indicate statistical significance.

RESULTS

A high degree of inter-individual variability was ob-
served in the cell counts of all lymphocyte subpopulations
in the MS patients group. In this study, significantly lower
counts of CD3+ T cells (60 + 17 % in MS patients and 69 +
14 % in healthy subjects) and CD4+ T cells (28 £ 18 % in
MS patients and 41 =11 % in healthy subjects) were ob-
served in the MS group than in the healthy group (data are
described as a percent of total lymphocytes, see Fig. 1).
Furthermore, there was a significantly higher proportion of
NK T cells (25+21 % in MS patients and 12+5 % in
healthy subjects, expressed as percent of total lympho-
cytes) in the MS group than in the healthy group.
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Fig. 1. Overview of the results of the FACS analysis to determine cell count measurements. The percentages of cell types were compared between MS
patients and healthy subjects (normal controls). There were significant fewer CD4+ T and total CD3+ T cells and more CD3+ CD16+ CD56+ (NK) T cells in
MS patients than in the healthy controls. In addition, the number of activated CD4+ T cells (CD4 + HLA-DR+ T cells) was significantly lower in MS patients
than in healthy subjects. All percentages are shown as a percentage of all counted lymphocytes, except for activated CD4+ T cells, which are shown as a
percentage of all CD4+ T cells, and activated CD8+ T cells, which are shown as a percentage of all CD8+ T cells.

While the results showed that CD8+ T cell counts
were non-significantly higher in the MS group (2712 %
as a percent of all lymphocytes) than in the healthy group
(23+9 % as a percent of all lymphocytes), the CD4+/
CD8+ ratio was significantly lower in MS patients (1.05
in MS patients versus 2 in normal controls).

In addition to these observations, significantly
fewer CD4+ HLA-DR+ T cells (activated CD4+ T
cells) were found in the MS patient group 38+ 15 %
as a percent of all CD4+ T cells) than in the healthy
group (48+10 %). Additionally, there were only
slightly (non-significantly) more activated CD8+ T
cells (CD8+ HLA-DR+ T cells) in the MS group
(56 £14 % percent of all CD8+ T cells) than in the
healthy group (53+9 % as a percent of CD8+ T
cells). This was leading to a ratio of activated T
cells, or a CD4+ HLA-DR+/CD8+ HLA-DR+ ratio,
which was significantly lower in MS patients (0.68
in MS patients versus 0.95 in healthy controls).
These results indicate that activated T cells shift
toward CD8+ T cell activation in MS patients.

A comparison of the proportions of CD3 + HLA-
DR+, CD8 + HLA-DR+, CD8 + CD3+, and CD19+ (B)
cell counts as a percentage of the total number of lympho-
cytes showed that there were no significant differences
between MS patients and normal controls.

DISCUSSION

Figure 1 provides an overview of the results, which
were used to compare the proportions of cell types in the
evaluated cell populations between MS patients and
healthy subjects. There were significantly fewer CD4+ T
cells and CD3+ T cells in MS patients than in healthy
subjects. In contrast, there were significantly more CD3+
CD16+ CD56+ T cells (NK T cells) in the blood obtained
from MS patients. Furthermore, the counts of activated
CD4+ T cells (CD4+ HLA-DR+) were significantly lower
in MS patients than in healthy subjects. There were slight
(non-significant) differences in other T cell counts, such as
CD8 + HLA-DR+ counts, CD3 + HLA-DR+ counts, the
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total lymphocyte count, CD8 + CD3+ counts, and B cell
counts (CD19+). A high degree of inter-individual vari-
ability was observed for all lymphocyte subpopulation cell
counts between MS patients and healthy subjects, as is
evident given the large standard deviation values that were
obtained.

The results of the current study are in agreement with
those of previous studies that have been explored on the
compositions of T lymphocyte subsets in MS patients.
Several of these studies have found that there is high
inter-individual variability of the CD4+/CD8+ T cell ratio
in MS patients who receive therapy [1, 2]. One study
observed a CD4+/CD8+ T cell ratio of less than 2 in most
MS patients who received natalizumab therapy [1]. This
ratio indicates that the CD4+ T cell count was reduced in
the peripheral blood, a finding, which is in-line to the
results of the present study.

Another study on this subject also found that the
CD4+/CD8+ T cell ratio was lower in patients who were
treated with fingolimod [2]. This reduction resulted from a
decrease of the CD4+ T cell count from 58 to 11 % after
1 month of treatment. However, the authors of that second
study also observed an increase in the proportion of NK T
cells from 11 to 51 % after 1 month of fingolimod therapy
[2]. Here, a similar increase was observed in the proportion
of NK T cells. Similarly, another study also found that
patients who were treated with natalizamab had lower
CDA4+/CD8+ T cell ratios [3]. Thus, the results presented
in this study are consistent with the results described in the
recent literature.

Another recent study demonstrated that the clones of
at least some activated T cells are specifically directed
against myelin basic protein in patients with MS [4]. Thus,
different antigens may sequentially activate different T cell
clones, thereby adding to the number of activated T cells in
affected patients.

So several studies have previously discussed MS-
related alterations in the CD4+/CD8+ T cell ratio, and
shifts in the CD4+/CD8+ T cell ratio have also been
observed in several other diseases and conditions [5—10].
However, none of these studies have explored differences
in CD4+ and CD8+ T cell activation states similar to those
observed in MS patients in the present study.

T cell activation, at least in HIV patients, is thought to
result from the antigenic stimulation of T cells [11]. This
might also be true in MS patients given the changes in
activated T cell populations that were observed in this
study. Antigenic stimulation could be induced by myelin,
at least in some MS patients, as was demonstrated in a
recent paper [4].
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One study reported that it was primarily newly pro-
duced T and B lymphocytes that were reduced in
fingolimod-treated patients [12]. Furthermore, the authors
of'that last study found that fingolimod-treated patients had
smaller repertoires of T cell receptors.

Another study reported that fingolimod-treated pa-
tients had higher levels of regulatory T cells (Treg cells)
and memory T cells, whereas the proportion of naive T
cells was lower in these patients [13]. The authors of that
last study believed that these naive T cells were the “main
drivers” of pathogenesis in MS.

Additionally, Salou ef al. reported that for decades,
CD4+ T cells were thought to play the most important role
in the pathogenesis of MS; whereas in recent years, new
evidence has increased the interest in the possibility that
CD8+ T cells may also play an important role [14]. Anoth-
er previous study showed that fingolimod-treated MS pa-
tients showed strong fluctuations in total lymphocyte cell
counts [15].

The major differences between the present study and
previous reports are our observation of the widespread
occurrence of inter-individual variability also in other,
further lymphocyte subpopulations, especially CD3+ T
cells, CD4 + HLA-DR+ cells, CD8 + HLA-DR+ cells,
CD3 + CD16 + CD56+ (NK T) cells and CD19+ cells (B
cells).

Furthermore, in this study, the results demonstrate
that in MS patients, there are changes in the activation
states of CD4+ and CD8+ T cells. The results also demon-
strate that there is a shift in the relationship between the
number of activated CD4+ T cells and the number of
activated CD8+ T cells. In MS patients, the CD4 + HLA-
DR+/CD8 + HLA-DR+ ratio is shifted to a similar extent
and in the same direction as has previously been described
for the CD4+/CD8+ T cell ratio. This finding regarding the
CD4+/CD8+ T cell ratio is widely accepted and also sup-
ported by the results of the present study.

The results here showed that a shift occurs in the
CD4 + HLA-DR+/CDS8 + HLA-DR+ ratio in patients with
MS. These data are in-line with the hypotheses that CD8+
T cells might play a role in the pathogenesis underlying
MS. Sinha ef al. and Salon et al. summarized the growing
amount of clinical and animal study-based evidence that
shows that CD8+ T cells might play an important role in
the pathogenesis of MS [14, 16]. However, the specific
mechanisms underlying the role of CD8+ T cells in the
pathogenesis of MS remain undefined. One study evaluat-
ed the role of T cells in MS and showed that “myelin-
specific” CD8+ T cells are involved in its onset [17]. This
process seems to involve the clonal expansion of CD8+ T
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cells, which are also involved in the differentiation of
“encephalogenic” CD4+ T cells. These “encephalogenic”
CD4+ T cells are, in turn, capable of invading the cerebro-
spinal fluid (CSF) and consequently the central nervous
system (CNS) [17].

CONCLUSIONS

The results of this study show that MS patients dis-
play significantly fewer CD3+, CD4+, and CD4+ HLA-
DR+ T cells and significantly more CD3 + CD16 + CD56+
(NK) T cells. Recent results in the literature indicate that
CD8+ T cells may play an important role in MS. The
results of our study, which show that the numbers of
activated CD8+ T cells are slightly higher in MS patients,
may support these previous findings. Furthermore, the
results here show that in patients with MS, there was a
high degree of inter-individual variability in all lymphocyte
subpopulations which have been investigated.
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