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. ABSTRACT
(© 2018 The Authors. This is an open access » . . . ) .
article under the CC-By-NC license. . Background: Neuromyelitis Optica (NMO) is an autoimmune inflammation of the central nervous

system in which autoantibodies are released against Aquaporin-4 (AQP-4), astrocytic water
channels. The disease is characterized by transverse myelitis and optic neuritis. Viruses could be
inflammatory agents in the brain. Due to such inflammatory reactions, autoantibodies would cross
the blood brain barrier. Therefore, recognizing the responsible viral agent may help us prevent or
treat NMO.

Objectives: To investigate the probable association between Cytomegalovirus infection (CMV)
and Neuromyelitis Optica.

Materials & Methods: This descriptive study was performed on 25 patients with NMO, 30 patients
with Multiple Sclerosis (MS) referring to an academic MS Clinic and 30 healthy individuals in
Isfahan City, Iran in 2016. In order to detect DNA of CMV in the sera of the studied groups, real-
time PCR technique was used with hydrolyzing probes such as TagMan. Beacon Designer 7 was
used to design a primer and probe. The Chi-square test was used for statistical analysis in SPSS 16.

Results: Three study groups had no significant difference in terms of age (P=0.33) and gender
L. : (P=0.599). All of the samples were negative for CMV DNA. There was no significant difference
Article info: * between three groups of study (P=0.33).
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e Viruses are important provocative agents in the development of neurodegenerative diseases.

e But no association was found between CMV infection and NMO disease .

Introduction

euromyelitis Optica (NMO), a combi-

nation of myelitis and optic neuritis, is a

demyelinating autoimmune disease [1-3].

The disease was first introduced by Eu-

gene Devic in 1894. NMO is similar to

Multiple Sclerosis (MS) with respect to some clinical

symptoms. That is why physicians first classified NMO

as a type of MS. However in 2004, specific antibodies

against aquaporin-4 were discovered in the serum of

NMO patients, which could distinguish between the two

diseases. This antibody, known as IgG antibody against

Aquaporin-4 (AQP4-IgG), plays a key role in the patho-

genesis of this disease and is capable of detecting the

extracellular epithelium of the water channel of astrocyte

cells called aquaporin-4 which attack the epithelium and
leading to its destruction [4, 5, 6].

In fact, the main cause of anti-aquaporin antibodies
damage is the inflammatory changes of the cerebrospinal
fluid barrier. Therefore, viral and bacterial infections can
be considered as environmental factors in the develop-
ment of inflammation in the white and gray matter of the
brain. After the inflammation, anti-aquaporin-4 antibod-
ies from the cerebrospinal barrier damage the tissues rich
in aquaporin-4 and increases the presentation of autoan-
tigen and excessive activation of T and B cells [7, 8].

According to Koga et al. study on the cause of the dis-
ease, out of 24 infectious agents studied, mumps and
herpes viruses were more associated with this disease. In
2007, a case report was presented by Tran et al. in which
a man was involved by Neuromyelitis Optica following
Cytomegalovirus (CMV) primo-infection [9, 10].

This study aimed to investigate the relationship be-
tween CMV infection and NMO disease by the molecu-
lar method and real-time PCR testing. Considering the
sophisticated etiology of the NMO, the role of infectious
agents in its development, and the increasing incidence
of such disease in Isfahan, Iran, it was necessary to inves-
tigate the possible association between some infectious
agents and NMO. So far no studies have been done in

Iran to investigate the relationship between CMV and
NMO disease by molecular methods and real-time PCR.

Materials and Methods
The study samples

This descriptive cross-sectional study was conducted
between June and September of 2016. The study sam-
ples were the patients with NMO and MS referring to an
academic MS clinic in Isfahan, Iran as the experimen-
tal group and healthy individuals as the control group.
The study was approved by the Ethics Committee of
Isfahan University of Medical Sciences (approval code:
931811394001). Informed consent was obtained from
all participants. In this study, 25 patients with NMO, 30
patients with MS, and 30 healthy individuals were re-
cruited. The blood samples of healthy people were taken
from a blood bank and their demographic data were col-
lected. Diagnosis of NMO and MS diseases was done
by a neurologist according to Wingerchuk NMO Criteria
and McDonald’s Criteria, respectively [11].

The study procedure

First, the DNA was extracted from the serum samples
of NMO and MS subjects as well as the healthy indi-
viduals group by the RIBO-prep nucleic acid extraction
kit (Russia). The extraction steps were carried out ac-
cording to the instructions provided. The serum sample
(100 uL) and lubricant buffer (300 uL) were centrifuged
for 5 s at 5000 rpm and placed at 65°C for 5 min. After
completion, 400 pL of the precipitator buffer was add-
ed and centrifuged at 13000 rpm. The supernatant was
transferred to the pellet and the remaining sediment was
centrifuged for 1.5 min at a speed of 13000 rpm with 400
pL of washing solution 3.

The supernatant was carefully removed using an aspi-
rator. About 200 pL of the washing solution 4 was added
to the remaining precipitate and centrifuged for 1.5 min
at 13000 rpm and incubated at 65°C for 5 min. After 5
minutes, 50 pL of RNA buffer was added and verified
and incubated at 65°C for 5 min. After incubation of the
vortex, it was centrifuged at 15000 rpm for 1.5 min. In
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Table 1. Primer and probe sequence and human p-globin gene

Primer and Probe Sequence

5'>3’ Target Gene

Forward 5’-TGGCATTGTGGAAGGGCTCA-3’
Reverse 5’-TGGATGCAGGGATGATGTTCT -3 GAPDH
Probe 5’-FAM-TTCTGCGGCTTGCTGTCCACGGC-BHQ1-3’

this case, the supernatant contains extracted DNA and
stored at -20°C until real-time PCR is performed. The
real-time PCR method was used to search the DNA of
the cytomegalovirus virus in study samples. In this re-
gard, human GAPDH gene was used as an extraction
control. The sequence and characteristics of the primers
used to control extraction with the human p-globin gene
designed by Beacon Designer 7 are presented in Table 1.

Real-time PCR reaction was performed on human
[B-globin genes in a total volume of 25 pL for each re-
action. The reaction mixture consisted of 5 uL buffer
X 10, 5 uL MgCI2 2.5, 1 pL dNTP, 0.1 pL primer and
probe, 0.2 puL Taq polymerase enzyme, 10.8 uL of wa-
ter without nucleases, followed by 5 uL DNA added to
each tube. For real-time PCR, the reaction mixture was
placed at 95°C for 3 min, then 45 cycles were performed
with the following characteristics.

The initial phase was 15 s at 95°C and annealing-ex-
tension for 60 s at 58°C. The number of cycles used was
45. UL54 gene amplification was used to detect cyto-
megalovirus virus, the sequence and characteristics of
the primers used to replicate the virus are shown in Table
2. The primer and probe sequence was designed using
the Beacon Designer 7 software. The real-time PCR re-
action of the UL54 gene was used to detect cytomega-
lovirus virus in the final volume of 25 pL for each reac-
tion. The reaction mixture consisted of 5 puL buffer 10X,
5 uL MgCl, 2.5, 1 uL dNTP, 5 pL primer and probe, 2
uL of Taq polymerase enzyme, 10.8 pL of water without
nuclease, followed by 5 L DNA added to each tube. To
conduct real-time PCR, the reaction mixture was placed
at 95°C for 3 min, then 45 cycles were performed with

Table 2. Primer and probe sequence for cytomegalovirus

JNS

the following specifications: the initial phase was 15 s
at 95°C and annealing-extension for 60 s at 58°C. The
number of cycles was 45.

In this study, the accuracy of the positive and nega-
tive control cases was evaluated using the QIAGEN
kit. After completing real-time PCR, the obtained data
were shown on the timeline as a graph. Demographic
and other study data were analyzed by the Chi-square
test in SPSS version 16. P values less than 0.05 were
considered significant.

Results

A total of 85 subjects in three groups of NMO group
with 25 samples, MS group with 30 samples, and
healthy individuals with 30 samples were enrolled in
this study. They were matched with regard to their age.
The Mean+SD age of the NMO group was 32+8.75
years. The Mean+SD age of MS group was 34.10+10.5
years and the Mean+SD age of healthy individuals was
30.14+11.51 years with no significant difference be-
tween groups (P=0.33). There was no significant differ-
ence between the study groups in term of gender, too
(P=0.599).

DNA samples were duplicated by human B-globin
gene primers to be ensured of the DNA and its struc-
ture. Human primers GAPDH PCR were performed; the
results of which are shown in Figure 1. The results of
serum samples of the patients with NMO, MS as well as
healthy individuals. All of the samples were DNA nega-
tive. According to Figure 2, the standard samples had
a higher threshold line indicating their positive value

Primer Type 5'>3’ The Length of the Reproduced Piece (bp) Target Gene
Forward 5-'CAGGGCTAAGCGCCTTTATGG-3’
Reverse 5-GGAACGACAAGTGCTGTGGAG-3 105 UL54 gene
Probe 5’-FAM-TTCTGCGGCTTGCTGTCCACGGC-BHQ1-3’
(U/CINS
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Figure 1. Real-time PCR GAPDH gene

The horizontal axis of the curve shows the number of cycles and the vertical axis of the curve shows fluorescence amount.

while the study samples were below the threshold line,
which indicates their negative result. Because of 94% ef-
ficiency of the test, indicating the high efficiency of the
real-time PCR technique, none of the samples was posi-
tive despite the accuracy of this technique and the use of
internal control to verify the DNA extraction.

Discussion

Since infectious agents, such as viruses, can contrib-
ute to the development of neurological diseases and the
relatively high prevalence of autoimmune diseases, a
proper understanding of the relationship between viral
infection and NMO disease is important in its treatment
and prevention. The purpose of this study was to inves-
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Figure 2. Real-time PCR multiplication cycle curves tor samples

Concentration

The horizontal axis represents the number of propagation cycles and the vertical axis of fluorescence emission (a). R* Coef-
ficient of determination represents a modification to a linear model; m: Calibration curve slope, which indicates the quality of

the master mix; CT: Cycle Threshold (b).
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tigate the possible relationship between CMV viral in-
fection and the NMO disease. For the first time in Iran,
this study examined the relationship between CMV and
NMO disease by molecular methods and through real-
time PCR technique.

The result of the real-time PCR was negative for all
specimens considering its accuracy and sensitivity and
in particular the use of higher specificity primers and
probes for detecting this virus. In 2007, Tran et al. intro-
duced a 34-year-old male with Neuromyelitis Optica and
rhabdomyolysis comorbid with CMV infection. They re-
ported that CMV infection stimulated rhabdomyolysis,
followed by myelitis and optic neurons. In this patient,
a specific IgM titer was detected against the CMV virus,
but PCR was performed to detect the DNA of the CMV
virus, which was consistent with the study conducted by
Tran et al. [10].

Conclusion

No significant association was found between NMO
disease and CMV infection, but the importance of virus-
es as an etiology in autoimmune diseases is a challeng-
ing topic and requires further research. A similar project
in a longer duration with more serum samples and other
infectious disease-related factors are suggested for draw-
ing better conclusions about the relationship between in-
fectious agents and NMO disease.
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