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Abstract N\
Postherpetic neuralgia (PHN) is commonly defined as pain persisting for at least 3 months after acute herpes zoster (AHZ) rash |
presentation. About one-tenth of all acute herpes zoster patients develop PHN. Circulating microRNAs (miRNAs) are promising
biomarkers for infectious diseases; however, there has been no relationship established between circulating miBRNAs and PHN to
date; the aim of the present investigation was to elucidate this relationship.

We compared serum levels of miRNA in PHN and AHZ patients. Twenty-nine patients with PHN and 37 patients with AHZ
participated. MiRNA serum levels were determined via TagMan Low Density Array (TLDA) and confirmed individually by RT-gPCR.

TLDA results showed that the expression levels of 157 serum miRNAs in PHN patients were distinct from those in AHZ patients.
Among these PHN patient serum miRNAs, 17 were upregulated and 139 were downregulated in contrast to those in AHZ patients.
Receiver operational characteristic (ROC) curve analysis and RT-gPCR results altogether confirmed that the levels of miR-34c-5p,
miR-107, miR-892b, miR-486-3p, and miR-127-5p were notably increased in PHN patients in comparison with those of AHZ
patients. These miRNAs in circulation may regulate numerous relevant pathways. A few likely participate in the nervous system and
inflammatory reactions.

This study is the first to show that the expression profiles of numerous miRNAs vary in the PHN process. Among these, 5 types of
serum mMiBNAs are very likely related to PHN development.

Abbreviations: AHZ = acute herpes zoster, GO = gene ontology, NEFM = neurofilament medium polypeptide, PHN =
postherpetic neuralgia, ROC = receiver operational characteristic, TLDA = TagMan Low Density Array, VZV = varicella—zoster virus.
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1. Introduction

The varicella-zoster virus (VZV), which results in AHZ as well as
varicella, is a type of the herpes virus which exists ubiquitously in
human beings.'"! In prosperous countries and regions, the sero-
prevalence of VZV antibodies is above 95 %; that is to say, almost
all of the world’s adult population is at risk for AHZ."! The virus
initially infects human beings and then hides itself in sensory
cranial nerve ganglia and spinal dorsal root ganglia, potentially
laying dormant (asymptomatic) for many years.”*) The immunity
mediated by cells diminishes due to aging, stress, or illness, and
thus, the risk of AHZ recurrence increases over time.[*! Though
AHZ symptoms usually subside in 15 to 30 days, nearly one-
tenth of the affected population suffers from PHN, commonly
known as pain sustained over 3 months or more at the site of the
AHZ rash.>®! The risk of developing PHN likewise increases
with age. Pain caused by PHN is attributed to damage to the
sensory nerves and exhibits intermittency, spontaneity, and
chronic characteristics.[”! Although intervention is possible,
PHN-related pain is well capable of interfering with the patient’s
daily activities and sleep quality.

MicroRNAs (miRNAs) are a group of noncoding RNAs
which have low molecular weight and single-strand structure.®!
They play a critical role in regulating various diseases, and are
abundant in human body fluids. Studies have shown that they
inhibit abundant downstream genes through binding specific
target loci of mRNA transcripts.””! Circulating miRNAs are
considered to be more robust to degradation, particularly in
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contrast to mRNA, which makes them well-suited to indicating
potential diseases.'%12 A growing body of evidence suggests
that miRNAs take part in maintaining normal cell physiological
function, relate to host-virus interactions, and play a role in
limiting the replication of certain kinds of viruses./'”!

The primary aim of this investigation was to elucidate the
relationship between circulating miRNAs and PHN by compar-
ing serum levels of miRNA in PHN versus AHZ patients. The
expression levels of various serum miRNAs in AHZ and PHN
groups were also determined for the sake of comparison and to
investigate their potential biological functions.

2. Methodology

2.1. Patient selection

A total of 66 participants were enrolled between June 2013 and
April 2016, including 29 PHN patients and 37 AHZ patients, all
from Nanjing Gulou Hospital. Patients showed no signs of
apparent secondary bacterial infection on affected areas or any
other inflammatory reactions which would potentially affect the
results. No patients were given immunosuppression therapy or
steroids prior to or during the study. Serum samples were
obtained from the enrolled AHZ and PHN patients (N=37, N=
29, respectively) after they showed clinical manifestations. Blood
samples were collected from the AHZ patients at the beginning of
the acute phase and from PHN patients who suffered from pain
for 3 months or more after vesicle eruption. All obtained samples
were preserved in the laboratory at —80°C within 4hours of
sampling. The research ethics committee board of the Nanjing
Gulou Hospital approved this protocol and all patient
participants submitted written informed consent forms. Demo-
graphic information was obtained through verifying electronic
medical records or abstracting charts.

2.2. Methods

In order to analyze serum samples via TLDA, control and PHN
patient pools were built by pooling isovolumetric serum from
each patient individually; the volume of each pool was 20mL.
Total RNAs of each pool were extracted with the TRIzol reagent
(Invitrogen), and then, 20 pL RNase-free H,O was used to
dissolve each RNA pellet. The total RNA samples as-prepared
were then preserved at —80°C until use.

To conduct the RT-qPCR analysis, a mixture of 100 wL serum,
300 L RNase-free H,O, 200pL acid phenol, and 200 puL
chloroform was prepared and shaken vigorously with a vortex
device to guarantee its uniformity. The mixture was then
centrifuged under ambient temperature for 15 minutes. After the
phrases were separated, the water phase was collected and 0.1
volume of 3mol/L sodium acetate (pH 5.3) plus 1.5 volumes of
isopropyl alcohol were added. The solution was then chilled at
—20°C for 1hour and centrifuged at 4°C and 16,000g for 20
minutes. The resulting pellet was washed in 750 ml/L ethanol
once and dried at ambient temperature for 10 minutes. Finally,
20 nL RNase-free H,O was applied to dissolve the pellet and the
solution was preserved at —80°C until use.

Megaplex RT Primers and a TagMan miRNA Reverse
Transcription Kit were used to perform reverse transcription.
Extracted RNA (50 ng) was used as the template and mixed with
reverse transcription mixture containing 10x Megaplex RT
primers, 100 mmol dTTP and dNTPs, 50U/pL multiscribe
reverse transcriptase, 10X reverse transcription buffer, 25 mmol
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MgCl,, 20 U/ RNase inhibitor, and nuclease-free water. After
incubating the mixture with ice for 5 minutes, a thermal cycler
was used to perform reverse transcription followed by a pre-
amplification employed to improve TLDA sensibility; TLDA was
then applied to analyze the expression profiles of 768 individual
microRNAs. All procedures were conducted according to the
manufacturers’ recommendations with a 7900 HT Fast Real-
Time PCR System (Applied Biosystems). The comparative Ct
method (2724 was applied to calculate the relative expression.
The mean Ct of U6 snRNA in each pool (ACt) was used to
normalize the results.

The serum samples were analyzed with a hydrolysis probe-
based RT-qPCR method per the manufacturer’s instructions
(Applied Biosystems). The RT reaction was conducted in a 10-
pL reaction system containing 2 pL total RNA, 3.5 pL DEPC
water, 2L RT buffer, 1pL stem loop RT primer (Applied
Biosystems), 0.5 L. AMV reverse transcriptase (TaKaRa), and
1pL 10mmol/L dNTPs. The technological process of cDNA
synthesis involved incubating the reaction mixture at 16°C for
30 minutes, then at 42°C for 30 minutes, at 85°C for 5 minutes,
and finally holding it at 4°C. Pre-amplification was conducted
in order to improve the RT-qPCR sensitivity. The reaction
system included 2L ¢cDNA from the reverse-transcription
mixed with 0.3 nL Taq, 0.33 pL. miRNA specifically stem-loop
primer (Applied Biosystems), 2L 10 x PCR buffer, 0.4 nL 10
mmol/L dNTPs, 2pL of 25mmol/L MgCl,, and 13.77 L
DEPC water. The technological process of reamplification
included a S-minutes first cycle of incubating the reaction
mixture at 95°C, 12 cycles of 15seconds at 95°C, 1 minute at
60°C with the Applied Biosystems PCR instrument, and finally
holding the mixture at 4°C. After the pre-amplification was
complete, the PCR product was diluted 20 times before use as
c¢DNA for the RT-qPCR assay. An Applied Biosystems 7900
Sequence Detection System was used to perform the RT-PCR.
The technological process included 1 cycle at 95°C for §
minutes, then 40 cycles at 95°C for 1minutes and another 1
minutes at 60°C. The reaction system was a 20-pL mixture
containing 1 wL ¢cDNA, 2 nL 10 x PCR buffer, 0.4 wL. 10 mmol/
L dNTPs, 1.2 pL 25 mmol/L MgCl,, 0.33 pL hydrolysis probe
(Applied Biosystems), 0.3 uL Taq, and 14.77 nL DEPC water.
All examinations were conducted in triplicate including the
control group, which had no template. Ct was defined as the
number of fractional cycles when the fluorescence intensity
exceeded the threshold value. Default settings were used to
assign the base line and analyze the data; U6 snRNA and the
AACt method were utilized to normalize and calculate the
expression levels of miRNAs.

Target genes which could be regulated by candidate miRNAs
were predicted with TargetScan!'¥ and analyzed on the DAVID
server using the default setup to determine the physiological
functions or signal pathways in which the genes were likely involved.

2.3. Statistical analysis

The relative expression levels of miRNA in qRT-PCR results
transformed into Log2 values were calculated in light of the
differences in Ct between target miRNAs and U6 snRNA (ACt).
All analyses above were performed with the use of SPSS statistical
software (V18.0). Any P lower than 0.05 was considered under
the threshold of statistical significance. ROC curves were
established to determine the sensitivity and specificity of PHN
prediction on each individual miRNA and the combinations of
different miRNAs.
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3. Results

3.1. Participant clinical characteristics

Sixty-six participants in total, among which 37 were AHZ
patients and 29 were PHN patients, participated in this study
with a median age of over 60 years. Most participants were
examined in their first visit to the clinic for any conditions which
could have decreased their immunity in the 6 months before their
visit including aging, mechanical injury, serious psychological
stress, chronic kidney disease, malignant tumors, or type II
diabetes. The age and sex distribution of PHN patients was not
significantly different from that of AHZ patients (P>0.05). The
sensory nerve branches that innervated dermatomes in which
most skin lesions occurred were from C2 to L5. The patient
characteristics are presented in Table 1.

3.2. Serum miRNA screening by TLDA

The expression profiles of miRNAs in 2 serum sample pools (29
PHN patients, 37 AHZ patients) were investigated using TLDA.
For any miRNA in the PHN pool, if Ct value was >35 and the
concentration was at least twice that of its counterpart in the
AHZ pool, it was considered upregulated. Class-comparison
analysis of all 768 miRNAs revealed that 17 miRNAs were
upregulated in the PHN sample (Supplemental Table 1, http:/
links.lww.com/MD/B577), 5 of the upregulated miRNAs were
subsequently validated in the individual patients using RT-qPCR.

3.3. Increases in serum miRNA concentrations confirmed
by RT-gPCR

The expression levels of 17 miRNAs as-determined by TLDA
were verified again by RT-qPCR for each serum sample. Five
miRNAs, including miR-34¢-5p, miR-107, miR-892b, miR-486-
3p, and miR-127-5p were found to be markedly upregulated in
sera from PHN patients (P < 0.05). Conversely, the expression
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The patients’ characteristic.

PHN group AHZ group

Characteristic (n=29) (n=37)
Sex

Male 13 20

Female 16 17
Mean age in years, range 62.5 (58-90) 59.3 (52-88)
AHZ localization

C2-L1 62.1% 70.3%

Facial nerve dermatomes 27.6% 16.2%

Ramsay Hunt syndrome 10.3% 13.5%
Comorbidities

Hypertension 15 14

Diabetes mellitus 9 11

Heart failure 3 3

Malignancy 3 2

Rheumatology illness 2 2

AHZ =acute herpes zoster, PHN = postherpetic neuralgia.

levels of miR-30d, miR-518b, miR-376¢, miR-200b, miR-487b,
miR-642, miR-98, miR-519d, miR-517¢c, miR-301b, miR-34a,
and miR-184 in PHN serum samples were not significantly
different from those in AHZ samples (P >0.05) (Fig. 1).

3.4. Evaluating miRNAs in PHN and analyzing variables
with ROC curves

Next, we conducted ROC curve analyses on each of the
individual § serum miRNAs to assess the value for discriminating
between PHN and AHZ (Fig. 2, Table 2). The area values under
curves of miR-34¢-5p, miR-107, miR-892b, miR-486-3p, and
miR-127-5p were 0.847 (95% CI0.751-0.943), 0.883 (95% CI
0.799-0.967), 0.788 (95% CI 0.679-0.898), 0.872 (95% CI
0.786-959), and 0.797 (95% CI 0.619-0.915), respectively,
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Figure 1. In total 17 serum miRNA levels in PHN patients and AHZ patients were selected for verification using real-time gRT-PCR in individual PHN patients (N=
29) and AHZ controls (N=37). Serum levels of miR-34c-5p, miR-107, miR-892b, miR-486-3p, and miR-127-5p were significantly higher in PHN patients

*

compared with those in the AHZ group ( *, P <0.01). But miR-642 was not significantly higher in PHN patients compared with that in the AHZ group (ns, P>0.05).
Expression levels of the miRNAs are normalized to U6 snRNA (Log2 relative level). AHZ = acute herpes zoster, miRNA = microRNAs, PHN = postherpetic neuralgia.
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Figure 2. Receiver operating characteristic (ROC) curves of differentially expressed miRNAs between PHN patients and AHZ controls. ROC curves of miR-34c¢-5p,
miR-107, miR-892b, miR-486-3p, and miR-127-5p showed a moderate distinguishing efficiency. The combination of the 5 miRNAs showed a slightly higher AUC
value of 0.883. AHZ = acute herpes zoster, miRNA = microRNAs, ROC = receiver operating characteristic, PHN = postherpetic neuralgia.

which indicated that the distinguishing efficiency of the proposed
technique is reasonable. The AUC value of miR-107 was 0.883,
which indicated that miR-107 is capable of distinguishing PNH
infection. The ROC curves showed that the proposed diagnosis
technique was remarkably accurate. The combined set AUC
value of 0.978 (95% CI 0.950-1.0; P < 0.001) was much higher
than those of the 5 miRNAs.

3.5. Target gene prediction

In recent years, the effects of miRNA on host-virus interactions
have garnered significant research attention. Previous scholars
have hypothesized that human miRNA plays an essential role
in promoting cell growth, inhibiting apoptosis, controlling anti-

viral reactions, and virus replication.!"*! Research also shows that
miRNAs are related to inflammatory reaction and immunor-
eactionduring bacterial infection.!'® Here, the TargetScan
program was utilized to predict the targets of miR-34c-5p,
miR-107, miR-892b, miR-486-3p, and miR-127-5p in order to
reveal their potential functions. Gene ontology (GO) analysis
results suggested that a portion of these genes were indeed
involved in neuropathic pain and immune system development in
the study participants. For example, miR-127-5p coordinated
the gene expression of neurofilament medium polypeptide
(NEFM), a member of the neuro-filament triplet protein family
that is the main constituent of the CNS neuron cytoskeleton.!”!
NEFM exists abundantly in axons and endows them with
robustness and mechanical strength; it also localizes and

Areas under the curve and the asymptotic 95% confidence intervals of the individual miRNA in ROC curves.

Asymptotic 95% confidence interval

miRNA AUC Std. error Asymptotic sig. Lower bound Upper bound
miR-34c-5p 0.847 0.049 <0.001 0.751 0.943
miR-107 0.883 0.043 <0.001 0.799 0.967
miR-892b 0.788 0.056 <0.001 0.679 0.898
miR-486-3p 0.872 0.044 <0.001 0.786 0.959
miR-127-5p 0.797 0.060 <0.001 0.619 0.915
Combined miRNAs 0.978 0.014 <0.001 0.950 1.0

AHZ=acute herpes zoster, mRNA = microRNAs, PHN = postherpetic neuralgia, ROC =receiver operational characteristic.
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The list of genes predicted to be targeted by the candidated
miRNAs.

miRNAs Go term Genes

miR-34c-5p Neuropathic pain Nav3,Nm1, Scn2b,Cacnb3
Immune system lgsf3,Bcl6,Bcl2

miR-107 Neuropathic pain NPAS3,NF1,NSG1,CACNA2D1,SCN2A
Immune system PDCD10,BAK1,BTLA

miR-127-5p Neuropathic pain NEUROD1,NEFM,NCALD,NCAM2
Immune system ILDR2

miR-892b Neuropathic pain NNAT, CACNA1E
Immune system TCAIM,BMF,AREL1,CDIP1,BCL2L13

miR-486-3p Neuropathic pain NEURL1B,NPTXR, SCN2B,CACNA2D2

Immune system CD4

miRNA = microRNAs.

transports constituents in the axons.!"8! The results of this study
suggest that NEFM may be related to the neuropathy pain in
PHN, though the mechanism remains unclear. Bcl-2, the target of
miR-34¢-5p, may inhibit the apoptosis of various kinds of cells
including lymphocytes."”! The inflammatory reaction in PHN
could be related to this, but the mechanism again remains unclear

(Table 3).

4. Discussion

AHZ manifests as pain and rash with blisters caused by
reactivated VZV, a herpes virus that is ubiquitous in human
beings.!!! Though AHZ symptoms typically subside within 15
to 30 days, nearly one-tenth of the affected population suffers
from PHN, that is, pain continuing for at least 3 months after
AHZ presentation. The risk of developing PHN increases with
age. The pain caused by PHN is attributed to injuries to sensory
nerves and exhibits intermittency, spontaneity, and chronic
characteristics.””! Allodynia is usually included in the symptoms
of PHN - even ordinary touches such as brushing the skin
gently can evoke considerable pain. Although intervention is
possible, pain in PHN can certainly interfere with the patient’s
quality of life.

To the best of our knowledge, this study is the first to assess the
miRNA profiles in PHN patients. The calculation results based
on the ROC curves indicated that PHN patient miRNAs (miR-
34¢-5p, miR-107, miR-892b, miR-486-3p, and miR-127-5p) are
significantly elevated in the serum compared to AHZ patients.
Further research with larger numbers of patients and healthy
volunteers is required to fully validate these findings.

Our results suggest that these miRNAs may exert substantial
influence on the interaction between neuropathic pain and the
immunological responses though pathogenic mechanisms for
PHN remain elusive. MiR-107 regulates the levels of dicers in
differentiating neurons, which is essential for maintaining the
homeostasis of specified miRNAs;?! the accurate accumulated
quantity of these miRNAs is indispensable for neurogenesis. The
results of this study showed that the miR-107 level in PHN
patients was higher than that in AHZ patients. Previous studies
have demonstrated that miR-892b”" and miR-127-5p!*!
directly target and suppress many mediators of NF-kB such as
TAB3, TAK1, and TRAF2 in addition to weakening the NF-kB
signal. MiR-34c¢-5p'?*! also may impact the invasion, vascular
repair, and adhesion of anti-inflammatory cells. Further
investigation is necessary to confirm their roles in PHN. More
studies are needed to reveal the biological mechanism of
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differently expressed miRNAs in PHN and to comprehensively
evaluate the capacity of these miRNAs for diagnosis.

New interactions between miRNA and herpes zoster were
clarified here, but this study was not without limitations. First, the
quantity of participants was relatively small and thus not able to
provide definitive conclusions. Larger-scale studies are necessary
to confirm these findings. The degrees of distinction in serum
miRNAs between PHN and AHZ groups were reasonable but
only mid-level, likely because the quantity of up-regulated
miRNAs under evaluation in this study was insufficient. A greater
number of combinations of miRNAs should be tested in the
future to determine more effective biomarkers and further
support the conclusions discussed here. In short, further studies
on larger scales and including both ill and healthy people are yet
needed to verify our conclusions.

Inthisstudy, TLDA analysis results confirmed that the expression
profiles of serum miRNAs in PHN patients differ markedly from
those in AHZ patients. The assembly of miR-34c-5p, miR-107,
miR-892b, miR-486-3p, and miR-127-5p showed potential
application as a biomarker for diagnosing PHN noninvasively.
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