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Abstract
Objective: Epstein-Barr virus (EBV) and Human Herpes virus 6 (HHV-6) are believed to involve in multiple sclerosis
(MS) pathogenesis. Natural killer (NK) and CD8* T cells have essential roles in handling viral infections and their
phenotypic and functional properties may be influenced following exposure to viral infections. Here, we investigated the
association of NK and CD8* T cells subpopulations frequency with EBV and HHV-6 viral load in MS patients.

Materials and Methods: In this case-control study, EBV and HHV-6 viral load were evaluated in plasma of newly
diagnosed relapsing-remitting MS (RRMS) patients at relapse phase (n=23), who were not on disease-modifying
therapy (DMT), and sex- and age-matched healthy controls (n=19) using real-time polymerase chain reaction (PCR).
The frequency of NK and CD8* T cells subsets were assessed by CD27, CD28, CD45R0O, CD56, and CD57 markers
using flow cytometry.

Results: Despite the increased level of EBV viral load in RRMS patients compared to the control group, there was
no statistically significant difference in EBV and HHV-6 copy numbers between the studied groups. In addition, a
significant decrease was observed in the percentages of CD569" CD57- and CD56%™ CD57* CD8* CD45R0O- NK
cells in RRMS patients in comparison to healthy controls. Analysis of CD8* T cell subsets showed a substantially high
proportion of CD27* CD28* CD45RO* CD57- CD8" T cells in patients at relapse phase compared to controls. The
frequency of NK and T cells subtypes was not associated with EBV and HHV6 plasma viral loads.

Conclusion: These findings further highlight the variation of NK and CD8* T cells subsets frequency in clinically active
RRMS patients. Since the composition of cells was not associated with EBV and HHV-6 viral load, perhaps other viral
infections may be involved in altered NK and CD8* T cells subpopulation. Larger cohort studies are needed to confirm
these results.
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Introduction

Multiple sclerosis (MS) is the most common
demyelinating autoimmune disease of the central nervous
system which shows a considerable rising trend around
the world. With a heterogeneous clinical manifestation,
more than 85% of patients show relapsing-remitting MS
(RRMS) at the disease onset. It seems that environmental
factors trigger disease activity in genetically predisposed
individuals (1).

Even though MS has a vague etiology, a possible role has
been speculated for Human Herpes viruses (HHV) such
as HHV-6 and Epstein-Barr virus (EBV). However, no
specific virus has been definitively proven as a causative
factor yet (2, 3). Cross-reactivity between these viruses
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and central nervous system (CNS) antigens, bystander
activation, and epitope spreading are mechanisms that
have been proposed to explain the role of herpesviruses in
the disease progression (4). Besides their potential role in
MS pathogenesis, it is well established that natural killer
(NK) and CD8" T cells are vital mediators of controlling
virus infection (5-8).

NK cells cover the front line of defense against viral
infections and are recognized as CD3- cells with down-
regulated CD8, high or low expression levels of CD56
(CD56 it or CD56%™), and the presence or absence of
CD57. CD56 ¢ NK cells constitute approximately 10%
of peripheral NK cells lacking expression of CD57 and
have immunomodulatory functions. Though CDS56%™



subsets (CD57" or CD57°) are the most circulating NK
cells (nearly 90%) and are commonly accepted for
cytolytic activity (9, 10). On the other hand, cytotoxic
CD8" T cells are crucial cells of adaptive immunity
known via high expression of CD8 surface marker (CD8"
cells) (11). They could be categorized based on the
expression of CD27, CD28, CD57 and CD45RO, as naive
(CD27* CD28" CD45RO" CDS5T7), early-differentiated/
central memory (CM) (CD27* CD28" CD45RO* CD57),
intermediate-(CD27" CD28- CD45RO”* CD57") and late-
differentiated (CD27- CD28  CD45RO- CD57%) cells (12,
13).

Recent studies have shown that viral infections
might be responsible for the diverse composition
of NK and CD8" T cells populations. Expansion of
early differentiated NK cells (with CD56%™ CD57
phenotype) during EBV infection has been identified
(14). Furthermore, EBV- and HCV- specific CD8"
T cells frequently have early-differentiated/memory
phenotype, whereas intermediate and late-differentiated
CD8* T cells are the most frequent subsets in individuals
infected with human immunodeficiency virus (HIV)
and Cytomegalovirus (CMV) (13). Of note, the vast
majority of evidence has described the potential role
of diverse subpopulations of NK and CD8" T cells in
MS pathogenesis (7, 15, 16). For instance, a recent
study has shown elevated numbers of circulating CD3~
CD56%™ perforin® NK cells in MS patients (17). Also,
the higher frequency of CD56¢" NK cells has been
demonstrated following MS drugs regimens (18).
Furthermore, a lower number of effector memory
(CD45RA- CD62L") CD8" T cells has been illustrated
in MS patients than healthy controls (19), that can be
raised with the Fingolimod therapy (20).

In the present study, we hypothesized that elevated/
lower levels of differentiated CD8* NK and CD8"s" T
cells subsets in RRMS patients might be associated with
an increase or a decrease of HHV-6/EBYV viral load which
could reflect a specific virus infection in MS.

Materials and Methods
Participants

In the present case-control study, twenty-three RRMS
patients (18 females, 5 males; mean age: 32.3 £ 9.6 Y,
EDSS: 2 + 0.5) were examined. Patients were referred
to the Iranian Center of Neurological Research at Sina
General Hospital, Tehran University of Medical Sciences,
Tehran, Iran. The disease was diagnosed according to
revised McDonald’s criteria (21) by an experienced
neurologist. To quantify the disability of patients, the
Kurtzke Expanded Disability Status Scale (EDSS) (22)
was measured. All patients were at the relapse phase,
and not on disease-modifying therapy (DMT); i.e.
most of them were newly diagnosed. They also met the
inclusion criteria of not being treated with any kind of
immunomodulatory/immunosuppressive drugs such as
interferon (IFN)-B and corticosteroid for at least 3 months
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before initiation of study. Nineteen sex- and age-matched
healthy controls (14 females, 5 males; mean age: 29.3 +
7.2 Y) who had no history of MS or other autoimmune
and inflammatory diseases, even in their families, were
also enrolled in this study. All patients and controls were
of Iranian origin. Informed consent was obtained from all
participants prior to the study.

The study was approved according to the ethical
guidelines of the Tehran University of Medical
Sciences  (90-10-18-15044), and conducted in
accordance with the Declaration of Helsinki (23).

Real-time polymerase chain reaction: detection and
quantification of EBV and HHV-6 specific DNA

EBV and HHV-6 DNAs were isolated efficiently from
200 pL of plasma using the High Pure Viral Nucleic
Acid Kit (Roche, Germany) as per the manufacturer’s
instruction. For detection and quantification of virus-
specific DNA, Real Star® EBV and HHV-6 PCR Kits 1.0
(Altona Diagnostics, Germany) were used. Both HHV-
6A and HHV-6B subtypes were identified by HHV-6 PCR
Kit (24).

Flow cytometry: NK and CD8" T cell subsets

To identify NK and CD8" T cells subsets, Blood
samples (about 10 ml) were collected in EDTA-
containing tubes. The peripheral blood mononuclear
cells (PBMCs) were first isolated using Ficoll-Hypaque
(Innotrain, Germany) density gradient centrifugation
(1000xg at room temperature) and then washed
two times with phosphate-buffered saline (PBS,
Euroimmun, Germany). Centrifugation of samples
was at 300 xg and 4°C. Subsequently, isolated PBMCs
(10° cells/100 ul) were stained with anti-CD8-APC,
CD45RO-PE, CD27-Percp-eFlour780, CD28-Pe-Cy7,
CDS57-FITC, and CD56-PerCp-eFlour710 monoclonal
antibodies (mAbs) (all from eBioscience, USA) and
incubated at 4°C for 30 minutes. The samples were
fixed with formaldehyde and analyzed within 24 hours
by flow cytometer (BD FACSAria, USA). At least
50,000 events were counted for each sample.

Statistical analysis

Statistical analysis was performed using SPSS v.20
software. Data are expressed as mean =+ standard error
of the mean (SEM). The difference between groups was
considered statistically significant when P<0.05. All
numeric variables were tested for normality of distribution
by the Kolmogorov-Smirnov test. The Chi-square test
was used to identify if there was a significant relationship
between the prevalence of viruses among RRMS patients
and healthy controls. Additionally, an independent t test
was utilized to compare the median of EBV/HHV-6 viral
load and the mean difference of NK and CD8" T cells
between groups. The link between HHV-6 and EBV viral
load with NK and CD8" T cells were assessed with the
Pearson’s correlation.
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Results
Selection of RRMS patients and healthy controls

Twenty-three clinically active RRMS patients and 19
healthy individuals were investigated in the current study.
There was no significant difference in the mean age of
patients and healthy controls (P=0.25). Furthermore, the
gender distribution was also not significantly different
between the studied groups (P=0.13).

Higher EBYV viral load in RRMS patients

In order to determine the EBV and HHV-6 DNA copy
numbers, we measured the viruses in plasma obtained
from RRMS patients and healthy controls. The
analysis showed that 34.8% of patients and 10.5% of
controls were EBV positive (P=0.06). Moreover,
21.7% of patients and 42.1% of controls were
positive for HHV-6 (P=0.15). Higher EBV viral load
was found in MS patients compared to controls
(median: 250.95 copies/ml, range: 0-3430 copies/ml
vs median: 4.15 copies/ml, range 0-73 copies/ml).
However, there was no significant difference
between the groups (P=0.12). The median number of
HHV-6 viral copies was 18.91 copies/ml (range 0-304
copies/ml) in RRMS patients and 17.57 copies/ml
(range 0-79 copies/ml) in healthy subjects (P=0.93),
the difference was not statistically significant (P=0.93,
Table 1).

Table 1: EBV and HHV-6 DNA plasma viral load in RRMS patients and
healthy controls

RRMS HCs

Viruses Viral load P value

EBV Prevalence (%) 34.8 10.5 0.06
Median viral load (copies/ml) 250.95 4.15 0.12
HHV-6  Prevalence (%) 21.7 42.1 0.15

Median viral load (copies/ml) 18.91 17.57 0.93

Higher EBV viral load was found in RRMS patients compared to controls.
P values for the prevalence and median of EBV/HHV-6 were calculated
via Chi-square and Independent t test, respectively. Statistical significance
was defined at P<0.05. EBV; Epstein-Barr virus, HHV-6; Human Herpes
virus-6, RRMS; Relapsing-remitting multiple sclerosis, and HCs; Healthy
controls.

The frequency of NK and CD8+ T cells and their
correlation with EBV/HHV-6 viral load

To categorize NK and CD8* T cell subsets proportion,
data analysis was performed using the FlowJo software
package v.7.6.1 (Tree Star). Lymphocytes were first
gated on a forward versus side scatter dot plot and
the cells
were investigated based on the expression of CD3 and
CD8. The majority of CD8"¢"cells (approximately more
than 90%) were CD3 positive while CD8" cells were
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either CD3" or CD3- (Fig.1). Based on our results and
also previous studies (11), CD8"¢" CD3* populations are
conventional T cells while NK cells are located in CD8'°¥
CD3- cells.

Interestingly, the CD3- CD8"" cells were CD45RO".
These cells which seem to be NK cells were analyzed
according to the expression of CD56 and CD57. The
NK cells categorized into CDS56 CD57-, CD564™
CD57- and CD56%m CD57" subsets. Furthermore,
different subsets of CD8"¢" T cells, naive (CD27° CD28*
CD45RO" CD57), early-differentiated (CD27 CD28*
CD45RO" CD57), intermediate-differentiated (CD27*
CD28 CD45RO7/* CD57") and late-differentiated
(CD27- CD28 CD45RO" CD57) cells were also
determined. A representative example of the gating
strategy is illustrated in Figure 1.
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Fig.1: Representative gating strategy for different NK and CD8* T cell
subsets. Peripheral blood mononuclear cells (PBMCs) were first gated for
lymphocytes (SSC-A vs. FSC-A). Gated cells were displayed on a plot of CD3
vs. CD8 expression. CD8"* cells consisted of two subpopulations, including
CD8"°"and CD8"e" cells were considered as NK cells and various subsets
were determined via CD56 and CD57. Since all CD8"e"expressed CD3, they
proposed as CD8" T cells. Afterward, different CD8" subpopulations were
identified using CD27, CD28, CD45, and CD57 markers. NK; Natural killer
cell, SSC-A; Side scatter area, and FSC-A; Forward scatter area.

Analysis of cells within CD8!¥ CD45RO" population
revealed thatthe frequency of CD56¢ CD57-and CD56%™
CD57* NK cell subsets decreased in RRMS patients at
relapse phase in comparison to healthy controls (P=0.02
and P=0.01, respectively). Additionally, the percentage
of CD8"eh CD27" CD28* CD45RO" CD57- (CM) cells
significantly decreased in RRMS patients (P=0.001,
Fig.2). No differences were observed in the frequency of
other cell subsets between the studied groups. The detail
of different NK and CD8* T cells frequency was listed in
Table 2.

We next analyzed the association of EBV and HHV-6
viral load with the proportion of different NK and CD8"
T cells subpopulations. We found no correlation between
the frequency of these cells and EBV/HHV-6 viral load in
neither RRMS patients nor healthy controls.
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Fig.2: The frequency of NK and CD8"* T cell subsets in RRMS patients. The Frequency of A. NK cells and B. CD8* T cell subsets in RRMS patients and healthy
controls. An Independent t test, among. P<0.05 was considered statistically significant. NK; Natural killer cell, RRMS; Relapsing-remitting multiple sclerosis,

HCs; Healthy controls, *; P<0.05, and **; P<0.01.

Table 2: NK and CD8"* T cells subsets frequency in RRMS patients and healthy controls

Cell subsets RRMS HCs P value
NK cell subsets (within CD8* CD45RO" cells)
CD56ie CD57- 2.76 £1.70 5.09+3.7 0.02"
CD56%m CD57- 20.46 +10 17.11 £6.62 0.37
CD56'm CD57+ 37.46 +14.02 48.33 £13.17 0.01"

T cell subsets (within CD8"¢" cells)

CD27" CD28" CD45RO" CD57- (Naive)

CD27" CD28" CD45RO" CD57- (Early-differentiated/central memory)*

CD27+ CD28 CD45RO" CD57* (Intermediate-differentiated)
CD27' CD28- CD45RO* CD57* (Intermediate-differentiated)®

CD27- CD28 CD45RO" CD57" (Late differentiated, effector)

67.96 +£5.23 58.76 £25.42 0.25
61.00 +3.05 42.00+3.72 0.001™
10.80 £ 1.12 14.32 £ 1.59 0.09
6.67+1.21 8.08+1.03 0.38
23.57+4.41 27.77+5.48 0.56

Data are expressed as mean of percentage + SEM, P values were calculated using Independent t test. ?; The most frequently reported phenotype in EBV,
HCV, and Influenza infection, *; The most frequently reported phenotype in HIV infection, ¢; The most frequently reported phenotype in CMV infection,
RRMS; Relapsing-remitting multiple sclerosis, HCs; Healthy controls, EBV; Epstein-Barr virus, HCV; Hepatitis C virus, CMV; Cytomegalovirus, NK; Natural

killer cell, *; P<0.05, and **; P<0.01.

Discussion

Inthe current study, our purpose was to assess whether
a virus-mediated inflammatory response is associated
with the modified frequency of NK and CD8" T cell
subsets in RRMS patients. Consequently, we have
examined: (1) EBV and HHV-6 prevalence and viral
load, and (2) the proportion of particular subsets of NK

and CD8' T cells in newly diagnosed RRMS patients
at relapse phase and healthy individuals. Notably, our
data show for the first time that decreased regulatory
NK cells (CD56%it CD577) and increased CM CD8*
T cells (CD27*CD28* CD45RO" CD57") in clinically
active RRMS patients were not associated with EBV
and HHV-6 plasma viral loads.
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Several types of research have been carried out
to determine the involvement of viruses in MS
pathogenesis. Of those, EBV and HHV-6 are believed
to be the most noticeable neurotropic viruses that may
be associated with the disease onset and progress (2).
Our results showed an increasing trend of plasma EBV
DNA positivity in RRMS patients at the acute phase
compared to healthy individuals. However, there was
no significant difference neither in EBV nor in HHV-6
copy number between studied groups. Previous studies
have identified no alterations in the prevalence of EBV
DNA in serum, plasma, and CSF of MS patients vs.
healthy individuals, even with sensitive standardized
methods (25, 26). Despite the higher HHV-6 DNA
load in the brain and CSF samples of MS patients (27,
28), few studies have reached a statistically significant
increase in the periphery (25, 29). Consistent with our
finding, Alvarez-Lafuente et al. (25) also did not find
a significant difference in HHV-6 median viral load
of RRMS patients in comparison to healthy donors.
It was speculated that HHV-6 activation is perhaps
tissue-restricted (30).

NK cells are vital cells of innate immunity in
combating viral infections. In human peripheral
blood, two major subsets of NK cells exist; regulatory
(CD56ieht CD577) and cytotoxic (CD56%m CD577)
subpopulations (9, 10). Particularly, the acquisition
of CD57 expression represents the terminally-
differentiated NK cells and CD56%™ CD57* produces
more IFN-gamma than CD56%™ CD57- (31). Here, we
described significantly decreased proportions of both
CD56%ie CD57- and CD56%™ CD57+ CD8" NK cells
(within CD45RO" population) in RRMS patients. The
frequency of CD356%™ CD57- was also increased in
patients, although it was not significant. Similarly, a
reduced number of CD3-CD8"* CD56* and CD56°"ieht
NK cells have been discovered in untreated MS
patients (32, 33). A number of MS approved drugs,
including daclizumab, dimethyl-fumarate (DMF), and
IFN-B, exert their anti-inflammatory activity through
the expansion of CD56" immature NK cells which
in turn inhibits CD4" and CD8* T cell survival (18, 34).
Recently, Marastoni et al. (35), showed an increased
percentage of CD3~ CD56" NK cells during DMF
treatment. These observations support the evidence
that both CD56" CD57- and CD56%™ CD57" NK
cells subsets have an immunoregulatory role in MS.

Controlling viral infection is mediated not only
through NK cells but also via CD8* T cells. The
most common markers used for discrimination of
CDS8" T cells subsets are CD27, CD28, CD45RO, and
CD57. According to the expression of these markers,
diverse subsets of CD8" T cells including naive,
early differentiated (CM), intermediate differentiated
and effector memory (EM) have been reported (13).
Another finding in our study was a higher frequency

630

of CD27" CD28" CD45RO" CD57- CD8* T cells
(early-differentiated/CM cells) in RRMS patients.
Our results are in keeping with those obtained by
Liu et al. (36), demonstrating an increased number
of CD8" CCR7" CD45RA- CM T cells in MS patients
during the early stages of the disease. Fingolimod as
an immunomodulatory drug for the treatment of MS
exerts its effects by inhibiting recirculation of CM
autoreactive T cells, resulting in decreased numbers
of CM (CCR7* CD45R0O") and increased number of
effector cells (CCR7- CD45RA") within CD8" T cells
(20).

Herpesviruses, whichmayimpactonMS development,
have been ascertained for remodeling of NK and CD8"
T cells phenotype, suggesting the importance of their
phenotypes in predicting specific pathogens infections
in MS. While EBV infection could stimulate the
expansion of early differentiated NK cells (CD564™
CD57Y) (14), terminally differentiated compartments
(CD56%m CD57*) have been defined following human
cytomegalovirus (HCMV) and varicella-zoster virus
(VZV) infections (37, 38). Moreover, remarkable
changes in the expression pattern of NK cells-
associated miRNAs and transcription factors have
also been perceived following HHV-6A/B infections
(39). Recently, an adaptive NK cell phenotype in
MS was also correlated to the HCMV infection (8).
Besides, within the acute phase of infection, CD8*
T cells express CD27 and CD28, while in chronic
viral infection the cells are CD27" and CD28" (12).
Interestingly, the existence of CD27* CD28" CD45RO*
CD57- T cells has been shown during EBV, HCYV,
and Influenza infections (40). However, the role of
such cells formed following viral infections in MS
pathogenesis is unknown. Despite former studies, we
did not explore a significant correlation between the
EBV or HHV-6 viral load and frequency of NK and
CD8" T cell subpopulations in RRMS patients. Given
the evidence that other mechanisms may contribute
to the configuration of different immune cells in MS,
additional studies are required to reveal whether the
development of specific subsets of NK and CD8" T
cells occurs following a previous viral infection or it
is related to the disease process.

Conclusion

Altogether, the study showed a lesser frequency of
CDS56e CD57- and CD56%™ CD57* CD8" NK cells
and more CD27" CD28* CD45RO* CD57- CD8" T-cells
in RRMS patients during relapse phase. However, these
were not associated with either EBV or HHV6 plasma
viral load. While studies such as the present study may
help to reveal other microbial triggers in MS pathogenesis,
further investigations are required to reveal the role of
specific subsets of NK and CD8" T cells in MS.
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