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Abstract

Project Code: RSA5680031

Project Title: Prevalence and molecular characterization of emerging respiratory viruses
in Thailand during 2012-2013

Investigator: Associate Professor Sunchai Payungporn, Ph.D.

E-mail Address: sp.medbiochemcu@gmail.com

Project Period: 3 years (2013-2016)

Acute respiratory diseases are a major cause of morbidity and mortality in
humans and most acute respiratory infections are caused by viruses. The viruses
associated with respiratory disease that are well documented in human populations
include influenza viruses, parainfluenza viruses, respiratory syncytial viruses,
rhinoviruses, adenoviruses, coronaviruses, and metapneumoviruses. This study focuses
on the prevalence and genetic characterization of human polyomavirus (HPyV) and
human coronavirus (HCoV) obtained from patients with respiratory diseases in Thailand
during 2012-2013. HPyV and HCoV were detected by using semi-nested PCR and then
characterized by multiple sequences alignment and phylogenetic tree. The result
revealed that 0.16% was positive for WU polyomavirus (WUPyV) whereas KIPyV,
HPyV9 and MCPyV were not detected in this study. HCoV infection was found in 46
(0.79%) of the total samples: 19 (0.32%) for HCoV-HKU1, 19 (0.32%) for HCoV-NLG3, 5
(0.09%) for HCoV-229E, and 3 (0.05%) for HCoV-OC43. None of the sample tested
positive for MERS-CoV. In conclusion, data obtained from this study provides the HPyV
and HCoV infection rate in a Thai cohort during 2012-2013 which might be useful in
terms of epidemiology and genetic characterization of HPyV and HCoV for disease

prevention and vaccine development in the future.

Keywords: Human coronavirus; human polyomavirus; epidemiology; respiratory tract

infection (RTI)



UNHA (Introduction)

Acute respiratory diseases are a major cause of morbidity and mortality in
humans and most acute respiratory infections are caused by viruses. The viruses
associated with respiratory disease that are well documented in human populations
include influenza viruses, parainfluenza viruses, respiratory syncytial viruses,
rhinoviruses, adenoviruses, coronaviruses, and metapneumoviruses. Many of these
viruses cause the highest problem of disease in particular risk groups such as little
infants, elderly and immune-compromised personnel. Although most important respiratory
viruses in humans have been recognized in the last century, new emerging viruses that
may cause a symptom of acute respiratory disease in humans have been recently
discovered. In this study, we focus on the prevalence and characterization of novel
strains of human coronavirus and human polyomavirus that may involve with emerging

respiratory diseases in human.

Coronaviruses (CoVs)

Coronaviruses (CoVs) belong to Coronaviridae family, are a group of enveloped
viruses with a linear, non-segmented, positive-sense, single-stranded RNA genome,
having a characteristic crown morphology [Fauquet et al., 2005]. According to the
International Committee for Taxonomy of Viruses (ICTV), the Coronaviridae family was
classified into two subfamilies: Coronavirinae and Torovirinae. At present, the
Coronavirinae subfamily can be classified into three groups: group | (Alphacoronavirus)
includes both human (HCoV-229E and HCoV-NL63) and animal pathogens; group I
(Betacoronavirus) includes both human (HCoV-OC43, HCoV-HKU1 & SARS-CoV) and
animal pathogens; and group lll (Gammacoronavirus) includes only avian CoVs. The
coronaviral genome is non-segmented viral RNA genome (approximately 30 kbp) and is
subdivided into a variable number of 6 to 9 open reading frames (ORFs) which encode
non-structural proteins with RNA-polymerase function (Pol-1a,b) and four structural
proteins: Spike (S), Membrane (M), Envelope (E) and Nucleocapsid (N) proteins (Figure

1) [Fauquet et al., 2005].
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Coronaviruses can attach to host cellular receptors by the spike proteins on their
surface [Blau et al, 2001]. CD13 (human aminopeptidase N) is the cellular receptor for
HCoV-229E [Yeager et al, 1992] whereas angiotensin-converting enzyme 2 (ACE2) is
the entry receptor for HCoV-NL63 and SARS-CoV [Hofmann et al, 2005]. The receptors
for HCoV-OC43 and HCoV-HKU1 are still unknown [Wevers et al, 2009]. Internalization
into host cells occurs by direct fusion with the plasma membrane or by endocytosis.
Post-translational proteolytic processes are important regulatory mechanisms.
Polyproteins are then cleaved by viral proteases, facilitating assembly of subunit protein
complexes that are responsible for replication and transcription [Pyrc et al, 2004]. There
is little information on the host response to coronavirus replication. Humoral immune
responses are detectable following natural infection, but the role of cell-mediated
immunity is largely unknown [Callow et al, 1990; Schmidt et al, 1981]. Coronaviruses
have diverse animal hosts ranging from mammalian (including humans) to avian
species. They also have a high frequency of recombination along with high mutation
rates which may allow them to adapt to new hosts and ecological reservoirs.
Transmission occurs through fecal-oral secretions and excretions. The viruses are fairly
fragile and survive outside the body for only around 24 hours. They are easily destroyed

by the usual detergents and cleaning agents.

According to epidemiological studies in adults, coronaviruses were estimated to
cause ~15% of adult common colds [Mcintosh et al, 1970]. Coronaviruses were found to
cause epidemics every 2 to 3 years, with re-infections being common [Monto, 1974]. All
ages are susceptible for viral infection. Coronaviruses were found associated with
respiratory illnesses, usually in the upper respiratory tract, but occasionally causing
pneumonia. In temperate climates, HCoV-OC43 and HCoV-229E are transmitted
primarily during the winter. The elderly are also prone to these infections and are a
cause of hospitalization [Falsey et al, 1997; Falsey et al, 2002]. In Hong Kong,
coronaviruses were detected in 2.1% of patients admitted to the hospital with signs and
symptoms of acute respiratory illness. Of the 87 infected patients, 13 were positive for

HCoV-HKU1, 17 were positive for HCoV-NL63, 53 were positive for HCoV-OC43, and 4



were positive for 229E. HCoV-HKU1 and HCoV-OC43 peaked in the winter months.
Upper respiratory tract illness was the most common presentation for HCoV-HKU1
infections. HCoV-NL63 infections occurred in early summer and fall but not in winter
[Esper et al, 2006]. HCoV was identified in 5.4% of specimens from 279 hospitalized
adult patients with lower respiratory tract infections [Garbino et al, 2006]. The most
frequently identified isolates were HCoV-OC43 in 12, followed by HCoV-229E in 7,
HCoV-NL63 in 6, and HCoV-HKU1 in 4 specimens. Many patients had high-risk
underlying conditions.
Polyomaviruses

Polyomaviruses are small (40-50 nanometers in diameter) DNA viruses
belonging to the Polyomaviridae family. The family name Polyomaviridae derives from
the original observation that the first virus member of this family could induce multiple
(poly) tumors (oma) in mice. They are non-enveloped icosahedral particles containing a
circular double stranded DNA genome of approximately 5000 base pairs in length (Table
1). The genome can be divided into three functional regions: the early region encodes
regulatory proteins involved in viral DNA replication and gene expression, the late region
encodes the capsid proteins, and the non-coding region triggers the origin of replication
and transcription control elements [Imperiale et al, 2007]. They can infect various host
species such as birds, rodents and primates. Currently, 9 human polyomaviruses have
been identified.

Table 1: Comparison of genome organization and coding regions of the human polyomaviruses

[Van Ghelue et al., 2012]

Accession
HPyV Genome LT-ag st-ag Agnoprotein VP1 VP2 VP3
number
JCV NC_001699 5130 688 172 71 354 344 225
BKV NC_001538 5153 695 172 66 362 351 232
Kl NC_009238 5040 641 191 Absent 378 400 257
Wwu NC_009539 5229 648 194 Absent 369 415 272
MCPyV NC_010277 5387 817 186 Absent 423 241 196
HPyV6 NC_014406 4926 669 190 Absent 387 336 215
HPyV7 NC_014407 4952 671 193 Absent 380 329 209
TSPyV NC_014361 5232 698/692 199 Absent 376 313 195
HPyV9 NC_015150 5026 680 189 Absent 371 352 233



http://onlinelibrary.wiley.com/doi/10.1002/rmv.1711/full#rmv1711-note-0003
http://onlinelibrary.wiley.com/doi/10.1002/rmv.1711/full#rmv1711-note-0004

The early human polyomaviruses: JC polyomavirus (JCPyV) and BK
polyomavirus (BKPyV) were isolated four decades ago from the brain of a Hodgkin
lymphoma patient with the initials J.C. who suffered from progressive multifocal
leukoencephalopathy (PML) [Padgett et al, 1971] and from the urine of a kidney
transplant recipient with the initials B.K., respectively [Gardner et al, 1971]. JCPyV is the
etiological agent of PML, whereas BKPyV is associated with urinary tract pathologies in
transplant patients [Jiang et al, 2009; Brew et al, 2010]. Both viruses have oncogenic
potentials in animal models and cell culture, and viral DNA/RNA/proteins can be detected
in human tumors [Gjoerup et al, 2010]. Recently, several novel human polyomavirus
(HPyV) have been identified. In 2007, the KI polyomavirus (KIPyV) and WU
polyomavirus (WUPyV) were detected and characterized in nasopharyngeal aspirates by
researchers at the Karolinska Institute and at the Washington University, respectively
[Allander et al, 2007; Gaynor et al, 2007]. In 2008, Merkel cell polyomavirus (MCPyV)
was discovered in Merkel cell carcinoma (MCC) [Feng et al, 2008]. The presence of this
virus has since then been confirmed in 80% of MCC examined, and MCPyV is
considered as a causative factor for MCC [Chang et al, 2012]. In 2010, the novel HPyV6
and HPyV7 from skin swabs of healthy individuals were isolated. Seroprevalence was
69% for HPyV6 and 35% for HPyV7 in 95 individuals tested [Schowalter et al, 2010].
HPyV6 and HPyV7 have not been clearly associated with any human disease. Another
new HPyV was identified in a boy suffering from trichodysplasia spinulosa (TS), a rare
skin disease characterized by the development of follicular papules and keratin spines
known as spicules [van der Meijden et al, 2010]. Complete sequencing of the viral
genome confirmed that this virus is a new HPyV, and thus it was called TS-associated
polyomavirus (TSPyV) [van der Meijden et al, 2010]. For the moment, HPyV9 is the last
member to join the family of HPyV. Viral DNA sequences were amplified from the serum
of a kidney transplant patient using degenerate primers against conserved regions of
VP1 gene in the PyV [Scuda et al., 2011].

Recently, 4 human polyomaviruses including KIPyV, WUPyV, MCPyV and
HPyV9 were detected in the respiratory tract specimens of patients with respiratory

symptoms [Allander et al., 2007; Gaynor et al., 2007; Goh et al., 2009; Babakir-Mina et



al.,2010; Csoma et al., 2012]. KIPyV DNA was detected in 6/637 (1%), 24/951 (2.5%),
and 1/222 (0.45%) nasopharyngeal specimens, respectively [Allander et al., 2007;
Bialasiewicz et al., 2007; Babakir-Mina et al., 2008]. WUPyV DNA was amplified in
43/2135 (2%) nasopharyngeal aspirates [Gaynor et al., 2007]. MCPyV DNA was
detected at a variable frequency in 3 of 140 (2.1%) and 27 of 635 nasopharyngeal
aspirates (NPAs) (4.25%), respectively [Kantola et al., 2009; Goh et al., 2009]; two of
106 (1.9%) nasal swabs [Kantola et al., 2009], and seven (1.3%) of 526 respiratory tract
samples from Australian patients with upper respiratory symptoms [Bialasiewicz et al.,
2009]. Finally, MCPyV DNA was amplified in 15 (17.24%) of 87 lower respiratory tract
samples from hospitalized Italian patients with lower respiratory tract symptoms [Babakir-
Mina et al., 2010]. HPyV9 DNA was detected in 2 (2%) of 100 respiratory samples from
pregnant women as well as 2 (2%) of 100 respiratory samples obtained from non-
pregnant women [Csoma et al., 2012]. The presence of KIPyV, WUPyV, MCPyV and
HPyV9 in the respiratory tract raises questions about the mode of transmission and
respiratory pathogenicity of this newly described polyomavirus. Further studies are
needed before the role of these new polyomaviruses as respiratory pathogens can be
confirmed

Therefore, it is important to study and identify these novel viruses in Thailand.
The epidemiology and molecular characterization of these newly described viruses will
help us to understand the roles of these novel virus strains in respiratory disease and to
develop better intervention strategies. The present study describes the epidemiology
and molecular characterization of human coronavirus and human polyomaviruses in
nasopharyngeal swabs and nasopharyngeal suctions of Thai patients with respiratory

tract infection during 2012-2013

25n1INAaad (Methodology)

The protocol for this study was approved by the Institutional Review Board (IRB
No. 388/56 and 457/56), Faculty of Medicine, Chulalongkorn University and followed the
International guidelines for human research protection established by the Declaration of

Helsinki.



Clinical samples

Patient identifiers including personal information (name, sex, age,) and the
hospitalization number were removed from these samples to protect patient privacy. The
study were collected samples from patients with influenza-like illness. Nasopharyngeal
swabs (NPS) were collected from patients presenting upper respiratory tract infections
to the Bangpakok 9 International Hospital and Chum Phae Hospital (Khon Kaen,
Thailand) from January 2012 to December 2013. Nasopharyngeal aspirates (NPA)
were collected from patients presenting lower respiratory tract infections admitted to
King Chulalongkorn Memorial Hospital and Chon Buri Hospital. All samples were
collected into the viral transport medium and tested at the Center of Excellence in
Clinical Virology, Faculty of Medicine, Chulalongkorn University. Symptoms, history of
illness, results of clinical examination and laboratory investigations, and demographic

data were recorded for each patient using a standardized form.

RNA extraction and cDNA synthesis

Viral RNA was extracted from 200 uL of NP swab sample using HiYield™ Viral
Nucleic Acid Extraction Kit (RBC Bioscience, Taipei, Taiwan). The eluted RNAs were
stored immediately at -70°C until use and subsequently reverse transcription (RT) was

carried out with random hexamers and ImProm-II™

Reverse Transcriptase (Promega,
Madison, WI) according to the manufacturer’'s instruction. Briefly, RNAs (5 ul) was
incubated with 10 yM random hexamer primers (6 pl) at 70°C for 5 minutes, chilled on
ice for 5 minutes, and mixed with 12.5-15 pl of ImProm-I| ™ Reverse Transcriptase.
The first strand cDNA synthesis was extended for 2 hours at 42°C. Reverse
transcriptase was then heat-inactivated at 70°C for 15 minutes. The cDNA was

immediately used for amplification or stored at -20°C. All the specimens were positive

for GAPDH which served as an internal control.
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Coronavirus Detection

A panel of respiratory viruses commonly found in the respiratory tract was used
to determine the specificity of the semi-nested RT-PCR. Nucleic acids were extracted
from samples for detection of influenza A virus [subtype H1N1 (pandemic 2009), H3NZ2],
influenza B virus, respiratory syncytial virus (RSV), human parainfluenza (HPIVs) and
human adenovirus (HAdV) only these respiratory viruses were screened. This study
develop method to amplify the HCoV was used to determine of the semi-nested reverse
transcription polymerase chain reaction (semi-nested RT-PCR) assay targeting the
RNA-dependent RNA polymerase (RdRp) gene for HCoVs screening and N gene for
detection of MERS-CoV infection was described previously [Corman et al., 2012]. The
details of the primers are shown in Table 2. In addition to the primers, each PCR
mixture (25 ul) contained cDNA and Perfect TaqPlus Master Mix kit (5 prime GmbH,
Hamburg, Germany). The mixtures were amplified by a thermocycler (Mastercycler®
Personal; Eppendorf AG, Hamburg, Germany) by applying the following conditions:
initial denaturation at 94°C for 3 min, followed by 40 cycles each at 94°C for 30
seconds, 55-58°C for 30 seconds, and 72°C for 40 seconds. The final extension step
was at 72°C for 7 min. The amplified products were detected using a 2% agarose gel
electrophoresis stained with ethidium bromide. The amplification of the RdRp gene
yields a 530-bp product for the first PCR and a 454 bp product for the second PCR,
while the amplification of the N gene yields a 310-bp product for the first PCR and a

263-bp product for the second PCR.

HCoV genotyping using S gene amplification

After classifying HCoV genotype by BLAST analysis of the RdRp gene, positive
samples were amplified by nested RT-PCR with the spike (S) gene genotype-specific
primers (Table 2) [Suwannakarn et al., 2014]. The first PCR reaction mixture contained
1 ul of cDNA and second PCR reaction contained 1 pl of the first PCR product. The
reaction volume also contained 0.5 uyM forward and reverse primers and nuclease free
water in a final volume of 25 pyl. Both rounds of PCR were performed under the

following conditions: denaturation at 94°C for 3 min, followed by 40 amplification cycles

11



consisting of denaturation at 94°C for 30 sec, primer annealing at 50°C for 30 sec

followed by extension at 72°C for 90 sec, and a final extension at 72°C for 7 min.

Detection of HPyV by semi-nested PCR amplification

DNA was extracted from 100 pL of NP suction using a HiYield™ Viral Nucleic
Acid Extraction kit (Real Genomics, USA), according to manufacturer protocol. Semi-
nested PCR amplification within LTAg of HPyV was performed using specific primers
(Table 3). The PCR reaction mixture comprised 1 ul of DNA, 2.5 pl of 10xPCR buffer
minus Mg, 0.5 pl of 10 mM dNTPs mixture, 0.75 pl of 50 mM MgCl,, 0.5 uM of each
primer, and 19.25 pyl of distilled water for a final volume of 25 pl. Thermal profiles are
described, as follows: initial denaturation at 94°C for 3 minutes; followed by, 40
amplification cycles consisting of 94°C for 30 seconds, 55°C for 30 seconds, and 72°C
for 1.30 minutes; and, a final extension at 72°C for 7 minutes. Positive and negative
controls were included in each run to ensure suitable detections.
Gel electrophoresis and nucleotide sequencing

PCR products were separated by 2% agarose gel electropholysis and then
visualized by ethidium bromide staining under UV transillumination. The PCR amplified
products were then purified using HiYield™ Gel Extraction (RBC Bioscience, Taiwan).
Nucleotide sequencing was then performed by First BASE Laboratories Sdn Bhd,
Selangor, Malaysia.
Nucleotide sequences analysis

Nucleotide sequences were analyzed using the BLAST analysis tool
(http://www.ncbi.nlm.gov/BLAST). Complete genome sequences were assembled using
the contig assembly program (CAP) and aligned using ClustalW software, and
implemented using the BioEdit Sequence Alignment Editor (version 7.0.4.1).
Phylogenetic analysis

Phylogenetic trees were constructed by neighbor-joining (NJ) method with
bootstrap (1000) and Tamura-Nei nucleotide substitution model implemented in
Molecular  Evolutionary  Genetics Analysis (MEGA) program version 5.2

(http://www.mybiosoftware.com/phylogenetic-analysis/2334).
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Table 2.

Primers for amplification of CoV.

Gene Primer Genotype Sequence (5' to 3')* PCR Application
SP6-CoV_16053_F ATTTAGGTGACACTATAGGGTTGGGAY
First & second round
TAYCCTAARTGTGA
RdRp Pan CoV
CoV-16594_R TAYTATCARAAYAATGTCTTTATGTC First round
CoV-Pan_16510_R TGATGATGGNGTTGTBTGYTATAA Second round
HCoV-S229E_F1 GTGGGTGCACTACCTAAGAC
First round
HCoV-S229E_R1 CGTGGTTGAACAGCAATTATAGAACC
229E
HCoV-S229E_F2 GAGTTTGTTATTTCACGCACAGGAC
Second round
HCoV-S229E_R2 CCATCTGCACAAACGCCAAAAC
HCoV-SHKU1_F1 TCACCTCTTAATTGGGAACGTA
First round
HCoV-SHKU1_R1 CATTAGAACAAGTGGTGCCAC
HKU1
HCoV-SHKU1_F2 GATTTGCAGTTGGGCAGTTCTGG
Second round
HCoV-SHKU1_R2 AAAGGCATCAGGACTACAAA
S
HCoV-SNL63_F1 GACACCACAATACCTTTTGG
First round
HCoV-SNL63_R1 CTGGTTGGTTACATGGTGTCAC
NL63
HCoV-SNL63_F2 CATGTTAGCACTTTTGTGGGT
ISecond round
HCoV-SNL63_R2 CCACCAGCAAGTGACTGGTTTG
HCoV-SOC43_F1 GTCGGTGCCCTCTCCATTAAATT
First round
HCoV-SOC43_R1 GGCCGCAGAAACACGAC
0C43
HCoV-SOC43_F2 AATATGAGCAGCCTGATGTC
ISecond round
HCoV-SOC43_R2 CCGAAATAGCAATGCTGGTTC
NSeg-Fwd CCTTCGGTACAGTGGAGCCA First round
N NSeqg-Fnest MERS TGACCCAAAGAATCCCAACTAC Second round
NSeg-Rev GATGGGGTTGCCAAACACAAAC First & second round

Table 3. Primers for amplification of HPyV.

Primer Name Types Sequence (5°to 3’) PCR Application
of HPyV

KI/WU_4337F CATTATTAACWCCTTTACARAATAA First round
KI/WU_4390F KI /WU | AAGTTATTAAYAGCACTAACTCTATG Second round

SP6 KI/WU_4585R GATTTAGGTGACACTATAGTGTCWCAWGCTGTATTTAGTAATA [irst & second round
HPyV9_4180F GTTTAATAACAGCTTTACAATGAAT First round
HpyV9_4233F HPyV9 AAATGTTTTACAGCAGAAACTCTA [Second round
SP6_HpyV9_4443R GATTTAGGTGACACTATAGTAAGTCATGCTATCTATAGTAATA  [First & second round
MCPyV _4180F CAAATCTAAGAGATTCCCTGGA First round

MCPyV _4231F MCPyV AAGAATTCTTCAAAGTGGAACCA Second round
SP6_MCPyV_4443R GATTTAGGTGACACTATAGCCTCAATAAGAATATTGAGCAG First & second round
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NAaN1INAADY (Results)

Prevalence of HCoV Infections

To examine the proportion of respiratory illness associated with viral infections,
clinical samples from NPS (n=5,196) and NPA (n=637) were obtained between January
2012 and December 2013 (Figure 3). Samples were collected from patients diagnosed
with influenza-like iliness. During this two-year period, it was observed that respiratory
illness peaked between July and October, which coincided with the rainy season.
Among the 5,833 samples analyzed, only these respiratory viruses were screened
influenza A virus was detected in 637 patients (10.92%), influenza B virus was detected
in 206 patients (3.53%), respiratory syncytial virus A was detected in 201 patients
(3.45%), respiratory syncytial virus B was detected in 91 patients (1.56%), and
adenovirus was detected in 78 patients (1.33%). Forty-six samples (0.79%) tested
positive for HCoV by RT-PCR. Co-infection with other respiratory viruses was not

observed in these HCoV-positive samples.

Distribution of respiratory illness due to HCoV - 500
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Figure 3. Seasonal distribution of HCoV infection from January 2012 to December
2013. Gray peaks represent the total number of specimens examined (right scale).
Black bars represent the number of cases positive for HCoV (left scale).
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Amongst the HCoV-positive cases, 56.52% were male and 43.48% were female
(gender ratio 1.3:1) (Table 4). HCoV infection was detected in all age groups, and the
mean age of HCoV infected patients was 21.37 years (min. = 4 mo., max. = 93 yr.,
mean =27.04). On an annual basis, the percentage of HCoV infection per year was
0.81% (23/2,838) in 2012 and 0.77% (23/2,995) in 2013. There were no seasonal
peaks associated with HCoV and no positive cases were found in the typically dry
months of April and November during both years.

Table 4. Demographic characteristics of participants

Specimens

Characteristic

No. specimens Positive HCoV (%)

Gender

Male, n (%) 2,935 (50.31) 26 (56.52)
Female, n (%) 2,898 (49.69) 20 (43.48)
Age(y)

Median 11 8.5
Mode 1 1
Mean (SD) 19.57 (19.93) 21.37 (27.04)
Age group

0-5y (%) 2,197 (37.67) 25 (54.35)
6-10 y (%) 732 (12.55) 2 (4.35)
11-15y (%) 538 (9.22) 6 (13.04)
16-30 y (%) 866 (14.85) 3 (6.25)
31-60 y (%) 1,102 (18.89) 3 (6.25)
>60 y (%) 397 (6.82) 7 (15.22)
Provinces

Bangkok, n (%) 3,292 (56.45) 17 (36.96)
Khon Kaen, n (%) 2,408 (41.29) 28 (60.87)
Chon Buri, n (%) 132 (2.26) 1(2.17)

Numbers in parentheses indicate the percentages of positive infection in total samples.
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The majority of HCoV (25/46 or 54%) were detected mainly in young children
between the ages of 0-5 years (Figure 4, hatched bar), followed by 15% in the elderly
aged over 60 years. Approximately 80% of the positive samples (37/46) were from the
NS, while 20% (9/46) were from the NPA. Age-stratification of both positive NS and
NPA samples revealed that 46% (Figure 4, white bar) and 89% (black bar) were in the
0-5 year age group, respectively. Finally, all samples were negative when tested for

MERS-CoV N gene.
Age distribution

100.00 - 4 All of positive HCoV
90.00 4 :inasopharyngeal swab
80.00 4 f8 nasopharyngeal aspirate
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% for HCoV's infection
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Age (Year)

0.00

Figure 4. Age distribution of HCoV infection. Highest rate was detected among
patients between 0-5 years old. Hatched bars represent the percentage of HCoV
positive cases from the total number of specimens examined. White and black bars
denote the percentage of positive results from nasopharyngeal swabs and aspirates,
respectively.

To further differentiate the 46 samples of HCoV identified among the 5,833
samples, the S gene was sequenced. Analysis showed that these HCoV strains
belonged to one of the four HCoV species. Among them, 19 (0.32%) were positive for
HCoV-HKU1, 19 (0.32%) were positive for HCoV-NL63, 5 patients (0.09%) were positive
for CoV-229E, and 3 (0.05%) were positive for HCoV-OC43. Therefore, relative to all
HCoV-positive samples, the predominant genotypes were 41.3% for both HCoV-HKU1
and HCoV-NL63 (19/46) while other two minor strains were 11% HCoV-229E (5/46) and
6.5% HCoV-OC43 (3/46). NL63 and HKU1 appeared sporadically during the study
period in which most cases were detected mainly in March 2012 and July 2013,

respectively (Figure 5).
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Figure 5. HCoV-positive samples obtained from patients during January 2012 to
December 2013. Relative to the total number of specimen examined (gray peaks, right
scale), 4 strains of coronaviruses (HKU1, NL63, OC43, and 229E) were found

throughout the year (bars, left scale).

Clinical Characteristics of HCoV Infections

Clinical characteristics of the HCoV-infected patients are shown in Table 5. Of
the 46 HCoV-positive patients, 38 (82.61%) had upper respiratory tract infection (URTI).
These are illnesses ARE caused by an acute infection which involves the upper
respiratory tract such as the nose, sinuses, pharynx or larynx. The remaining 8
(17.39 %) had lower respiratory tract infections (LRTI) as defined by pneumonia,
bronchiolitis, and acute infection of the pulmonary parenchyma. The most common
clinical manifestations were fever (body temperature greater than 38 °C) and rhinorrhea.
Several patients experienced tachypnea as defined by The World Health Organization
(age-related definitions of tachypnea are as follows: younger than two months: >60
breaths/min, two to twelve months: >50 breaths/min, one to five years: >40 breaths/min
and 2 five years: >20 breaths/min). Some patients experienced hypoxemia, which
refers to the oxygen saturation (SpO2) level below 95 percent. For signs of respiratory
distress, they include retractions (subcostal, intercostal, suprasternal), nasal flaring, and

grunting. Abnormal breath sound refers to the crepitation, rhonchi and wheezing.
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Table 5. Clinical characteristics of patients with human coronavirus (HCoV) infection.

Number of positive HCoV (%)

Characteristic
HCoV-229E HCoV-0C43 HCoV-NL63 HCoV-HKU1

Total no. of patients 5 3 19 19
URTI 5 (100) 2 (66.67) 16 (84.21) 15 (78.95)
LRTI 0 1 (33.33) 3 (15.79) 4 (21.05)
Clinical symptom

Fever 5 (100) 3 (100) 18 (94.74) 16 (84.21)

Cough 2 (40) 2 (66.67) 11 (57.89) 10 (52.63)

Sputum 0 1 (33.33) 5 (26.32) 2 (10.53)

Rhinorrhea 4 (80) 2 (66.67) 16 (84.21) 17 (89.47)

Vomiting 3 (60) 0 10 (52.63) 12 (63.16)

Tachypnea 0 1 (33.33) 6 (31.58) 7 (36.84)°

Hypoxemia 1 (20) 1(33.33)° 5 (26.32) 5 (26.32)

Signs of respiratory distress 0 1(33.33)2 6 (31.58) 7 (36.84)°

Abnormal breath sounds 0 1(33.33)2 6 (31.58) 7 (36.84)°

The numbers in parentheses indicate the percentages of positive infection in total samples.
Molecular characterization of HCoV genotypes

To assess the relationship among the strains identified, the S gene of HCoV-
positive samples was sequenced to determine changes to the surface protein, which
represents the antigenic determinant of the virus and correlates to strain evolution.
Then phylogenetic trees were constructed based on the alignment analysis of the S
gene (Figure 6). The HCoV-NL63 strains isolated in this study were related closely to
NL63-Amsterdam 496 and NL63-DEN/2009/15, which belong to clade B [Dominguez et
al., 2012].

Although HCoV-HKU1 can be divided into clade A, B and C, phylogenetic
analysis showed that the HCoV-HKU1 samples from this study belonged to clades A
and B (Figure 6). Furthermore, the S gene shared "99.6% identity with the other group
A HCoV-HKU1 isolates [Pyrc et al., 2010]. Comparison of the HCoV-229E strains in
GenBank and HCoV-229E identified in this study yielded five cluster groups (Figure 6).
Based on the nucleotide sequence, the CU isolates clustered together with the 229E-
NO4 strain of the Shanghai variant isolated in 2008. Finally, 3 isolates identified as

HCoV-OC43 belonged to clades C and B.
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@ HCoV-HKU1-CU-CU124/2012 (KJB66124)
@ HCoV-HKU1-CU-CU328/2012 (KJB866125)
@ HCoV-HKU1-CU-C4091/2013 (KJB66123)
@ HCoV-HKU1-CU-C3983/2013 (KJB66122)
@ HCoV-HKU1-CU-C3966/2013 (KJB66121)
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@ HCoV-HKU1-CU. 2013 (K 116)
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Figure 6. Phylogenetic trees of the S gene for 4 HCoV species.
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@ HCoV-NL63-CU-C3130/2012 (KJ866137)
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HCoV-NLGE3.CU-H2007/2010 (JX513255)
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@ HCoV-229E-CU-CU334/2012 (KJB866105)

@ HCoV-229E-CU-CU359/2012 (KJB66106)

@ HCoV-228E-CU-CU331/2012 (KJB866104)

@ HCoV-229E-CU-BB003/2013 (KJBG6103)

@ HCoV-229E-CU-A54/2013 (KJ866102)

HCoV-229E-Niigata/01/08 (AB691767)
HOoV.229E.-HC 4 (GUDBBSAS)

HCoV-229E-CU-H2869/2011 (JX513245)

HCoV-229E-HCOV/229E/NO1 (GUOE8546)

HCoV-229E-30/7/03 (DQ243983)

HCoV-229E-14/8/03 (DQ243984)

HCoV-229E-27/1/04 (DQ243987)

HCoV-229E-25/8/03 (DQ243986)

HCoV-229E-6/1/03 (DQ243980)

HCoV-229E-19/8/03 (DQ243985)

HCoV-220E-17/6/92 (DQ243976)
HCoV-220E-12/5/92 (DQ243975)

HCoV-229E-865 (AY386393)
HCoV-229E (D 6)
HCoV-229E-16/6/82 (DQ243965)

56l HCoV-229E-8/11/82a (DQ243969)
HCoV-229E-29/7/84 (DQ243971)
HCoV-229E-21/10/82 (DQ243968)

parameters. Black dots indicate the isolates identified in this study. The node clusters were supported by bootstrap values > 80%.
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Phylogenetic trees were constructed based on nucleotide sequences of PCR products corresponding to

the partial S gene of OC43, 229E, NL63, and HKU1, analyzed by MEGA 6.06 software using the distance method and the neighbor-joining algorithm with Kimura 2
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Detection of HPyV

HPyV was detected by using semi-nested PCR and then characterized by whole
genome sequencing. The nucleotides and deduced amino acid sequences were
analyzed by multiple sequences alignment and phylogenetic tree. The result revealed
that 0.16% (1/614) was positive for WU polyomavirus (WUPyV) whereas KIPyV, HPyV9
and MCPyV were not detected in this study. BLAST analysis confirmed that this positive
sample was closely related to WUPyV. This sample was assigned as WUPYyV isolate
CU_Chonburi 3 and the complete genome was further characterized. Other samples
were negative for HPyV, but were positive for GAPDH internal control; a result

indicating appropriate sample collections and DNA extraction processes.

Complete genome analysis of WU polyomavirus

The genome of WUPyV (isolate CU_Chonburi 3) was closely related to the
reference sequence of WUPyV (NC_009539), with 99% similarity. The genomes were
then further compared by using the SimPlot software program (Figure 7). The result
revealed that WUPyV (CU_Chonburi 3) was slightly different from WUPyV
(NC_009539), as follows: non-coding region (positions 100-350); VP2 (positions 850-
1,000); LTAg (positions 3,500-3,700); and, STAg (positions 4,650-4,800). The complete
genome of WUPyV (CU_Chonburi 3) was then aligned with several WUPyV whole
genome sequences from several countries, including Australia, USA, Germany, China,
and Thailand during the timeframe of 2007-2011. Table 5 describes several nucleotide
variations within non-coding regions, to include positions 37, 67, 73, 95, 130, 152, 173,
177, 180, 181, 206, 275, 293, 294, 350, 451, 499, 4522, and 5211. Table 6 illustrates
amino acid changes in VP1 (position S347T); VP2 (positions L40V, G120R, Y121I,
P123R, G127S, L137F, Q287R, and A327V); LTAg (positions Q357P, V369E, E377K,
D378V, A381T, R382E, R383G, and D389G); and, STAg (positions R139S, K141E,
R148K, and W153C).
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Table 5. Nucleotide variations within non-coding regions of WU polyomavirus

Isolate name Country | Year Nucleotide variations within non-coding regions (Position refers to NC_009539 WU Ref strain)
37 67 73 95 130 152 173 177 180 181 206 275 293 294 350 451 499 4522 5211

WU Ref strain Australia | 2007 | g g g g c g c c g g a a t a c c c a g
S5 USA 2007 | g g g g c g c c g g a a t a c c c g a
CU-295 Thailand | 2008 | g g g g c g c c g g a a t a c c c g a
CU-302 Thailand | 2008 | g g g g c g c c g g a a t a c c c g g
CLFF China 2008 | g g g g c g c c g g a a t a c c c a g
GD-WU709 China 2009 | ¢ g g g c g c c g g a a t a C C C g a
Rochester-7029 USA 2009 | ¢ g g g c g c c g g a a t a c c c g a
Wuerzburg Germany | 2009 | g g g g c g c c g g a a t a c c c g a
091 Australia | 2010 | g g g g c g c c g g a a t a c c c g a
MN2726 Australia | 2010 | g g g g c g c c a g a a t a c c c g a
03 Australia | 2010 | g g g g c g c c g g a a t a c c c g a
FZ18 China 2011 | g g g g c g c c g g a a t a c c c g a
CU_Chonburi 3 | Thailand | 2013 | ¢ c a c a t a a t a c g g g a t t g t

Accession

no.

NC_009539
EF444554
EU358768
EU358769
EU296475
GQ926980
FJ794068
EU711058
GU296363
GU296405
GU296408
FJ890981
KJ725828
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Table 6. Amino acid changes in VP1, VP2, LTAg, and STAg of WU polyomavirus

Amino acid changes (Position refers to NC_009539 WU Ref strain)
Accession
Isolate name | Country Year VP1 VP2 LTAg STAg
no.
347 |40 120 121 123 127 137 287 327|357 369 377 378 381 382 383 389|139 141 148 153
WU Ref strain Australia 2007 S L G Y P G L Q A Q \% E D A R R D R K R w NC_009539
S5 USA 2007 S L G Y P G L Q A Q \% E G A R R D R K R w EF444554
CU-295 Thailand 2008 S L G Y P G L Q A Q \Y E D A R R D R K R w EU358768
CU-302 Thailand 2008 S L G Y P G L Q A Q Vv E D A R R D R K R w EU358769
CLFF China 2008 S L G Y P G L Q A Q \% E D A R R D R K R w EU296475
GD-WU709 China 2009 S L G Y P G L Q A Q \Y E D A R R D R K R w GQ926980
Rochester-7029 USA 2009 S L G Y P G L Q A Q \% E D A R R D R K R w FJ794068
Wouerzburg Germany 2009 T L G Y P G L E A Q \% E D A R R D R K K w EU711058
091 Australia 2010 T L G Y P G L Q A Q \Y E D A R R D R K K w GU296363
MN2726 Australia 2010 S L G Y P G L Q A Q \% E D A R R D R K R w GU296405
03 Australia 2010 T L G Y P G L Q A Q \Y E D A R R D R K R w GU296408
Fz18 China 2011 T L G Y P G L Q A Q \% E D A R R D R K R w FJ890981
CU_Chonburi 3 Thailand 2013 T \" R | R S F R v P E K v T E G G S E K C KJ725828
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Figure 7. Similarity plot of complete genome sequences between WUPyV (CU_Chonburi 3) and WUPYV reference sequence (NC_009539)

Phylogenetic analysis

Phylogenetic trees were constructed based on analysis of nucleotide sequences within VP1, VP2, LTAg, and STAg. (Figure 8)
The phylogenetic tree of the VP1 gene (Figure 8A) demonstrated that WUPyV (isolate CU_Chonburi 3) was closely related to previously
described WUPyV, such as WUPyV reference sequence (NC 009539), isolate MN 2726 from Australia in 2010 (GU296405), and isolate
CLFF from China in 2008 (EU296475). Conversely, phylogenetic trees obtained from the analysis of VP2 (Figure 8B), LTAg (Figure 8C),

and STAg (Figure 8D), revealed that WUPyV (isolate CU_Chonburi 3) was quite unrelated to other strains of WUPyV.
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Figure 8. Phylogenetic analysis of WUPYV based on (A) VP1, (B) VP2, (C) LTAg, and (D) STAg genes.
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UNI9130% (DISCUSSION)

Due to the awareness of MERS-CoV and other novel human coronavirus
infections worldwide, this study aimed to characterize the circulation and prevalence of
HCoV in Thailand from January 2012 to December 2013. The two types of specimens
examined consist of 5,833 nasopharyngeal swabs and aspirate samples collected
anonymously through the influenza surveillance project and viruses identified for acute
respiratory tract infections using RT-PCR. From these samples, 0.79% (46/5,833) of the
patients with influenza-like iliness was positive for HCoV.

The prevalence of HCoV infection found in this study was lower than that of
previous studies, in which detection of HCoV ranged from 2.1% to 5.7% [Gorse et al.,
2009; Lau et al., 2006; Bellei et al., 2008; Pierangeli et al., 2007]. On the other hand,
the rate of HCoV positive samples found in this study was more similar to the level of
infection in countries such as mainland China (1%) [Ren et al., 2011] and United
Kingdom (0.85%) [Gaunt et al., 2010]. Several factors may account for this disparity:
(1) the subjects recruited in this study were adult patients whereas those in some other
studies were mainly hospitalized children [Talbot et al., 2009; Mclintosh et al., 1974] or
adults with underlying diseases [Dare et al., 2007], (2) the viral infection rate obtained
from nasopharyngeal swab used in this study may be lower than that of nasopharyngeal
aspirates [Lau et al., 2006; Talbot et al., 2009], (3) differences in the study time frame
and geographical area [Dominguez et al., 2009], and (4) differences in the techniques
used for testing, such as the highly sensitive real-time PCR [Gaunt et al., 2010].

Although previous reports in Hong Kong and mainland Chinese population
showed that HCoV-OC43 was the predominant strain found [Ren et al., 2011], only a
few HCoV-OC43 infections were detected in the Thai population examined. A larger
proportion of HCoV-NL63 and HCoV-HKU1 infections were also found. These
differences may reflect our different geographical regions in which the samples were
gathered (Khon Kaen, Chon Buri, and Bangkok), different years of collection (2012-
2013) and the alternating pattern of viral seasonality in our study. This study indicates
that in Thailand, HCoV-NL63 and HCoV-HKU1 infections peaked every other year, while

HCoV-OC43 and HCoV-229E appeared less often. Furthermore, HCoV-NL63 was
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found mainly in 2012 and HCoV-HKU1 was found mainly in 2013, and only a few cases
of HCoV-229E and HCoV-OC43 appeared in the rainy season and winter season in
2012 and 2013. Previous studies conducted in Thailand also demonstrated annual
fluctuations in the predominance of HCoV strains [Dare et al., 2007]. Previous reports
have shown that the infections by 229E and OC43 strains are highest during the winter—
spring seasons and can recur every 2—4 years [Mclintosh et al., 1967; Shao et al., 2007;
Monto and Lim, 1974]. Furthermore, comparing current PCR data from other parts of
the world, the prevalence of the different HCoVs also appears to vary by year and
location [Vabret et al., 2008; Gorse et al., 2009; Dominguez et al., 2009]. For instance,
in France there was a relatively equal prevalence of HCoV-NL63 and HCoV-HKU1
[Vabret et al., 2008].

We found that HCoV was detected mainly in young patients between the ages
of 0 -5 years (54.35%). HCoV infections elicited common symptoms such as fever,
cough, sputum, rhinorrhea, headache, vomiting, muscle pain and sore throat. These
symptoms were similar to those in other reports of HCoV infections [Ren et al., 2011;
Dominguez et al., 2009]. However, the clinical presentations were slightly different
among on each subtype of HCoV. In this study, vomiting was more common in HCoV-
229E, NL63 and HKU1-positive patients but not in those infected by OC43 strains.
Sputum production was also absent in HCoV-229E infections. During the study period,
lower respiratory tract infections were found in individuals infected by HCoV-OC43,
HKU1 and NL63, but not in those with HCoV-229E infections. Tachypnea, hypoxemia,
abnormal breath sounds and signs of respiratory distress occurred less often in HCoV-
229E infections. These clinical features associated with coronavirus infection appear to
be similar to those observed with other respiratory viruses, such as RSV, parainfluenza
virus and human metapneumovirus. Symptoms of upper respiratory tract infection such
as rhinorrhea, sputum, and of lower respiratory tract infection such as tachypnea and
abnormal breath sounds were frequently observed in our patients.

The simultaneous screening for common respiratory viruses allowed us to
investigate co-infection of HCoV infected patients with other viral pathogens. Although

co-infection with RSV and other pathogens has been previously described
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[Theamboonlers et al., 2007], we did not find co-infection of HCoV-infected patients with
other viral pathogens. It may be that HCoV and the other viral pathogens do not share
a similar seasonal circulation. Additionally, the possibility of viral coinfection with
bacteria cannot be ruled out. Nevertheless, confirmation of the underlying mechanism
of co-infection will require good clinical sampling and further longitudinal studies
conducted over several years.

Previous characterization of the genetic variation and evolution of HCoVs have
utilized the whole viral genome, partial spike, the RdRp, or nucleocapsid gene. Here,
the phylogenetic study of HCoVs was performed based on the sequences of partial
spike gene. The S gene contains two subdomains: S1 region comprises the receptor
binding site while the S2 region is essential for membrane fusion [Zheng et al., 20086].
Phylogenetic analysis using the S gene may be more discriminating than the RdRp
gene [Lau et al.,, 2006]. Lau and co-workers [Lau et al., 2011] divided the human
coronavirus subtype HCoV-OC43 into four sub-genotypes of A, B, C and D
with genotype D most likely arising from recombination. Five Belgium strains from 2003
and Caen strain formed another cluster, clade B, while the other Niigata.JPN strains
and isolate CU strain formed the third cluster, clade C. Only three samples isolated
from this study were of the strain HCoV-OC43. Phylogenetic analysis showed that the
two HCoV-OC43 samples isolated in this study were closely related to the clade C
Niigata.JPN and isolate CU strains and one sample was closely related
with genotype B, most likely Belgium 2003 strain.

Ten HCoV-HKU1 samples belonged to clade A and nine samples to clade B.
None of the isolates in this study identified with clade C similar to a previous study [Lee
et al, 2013]. For HCoV-NL63, genotypes A and B were identified previously in
European clinical specimens [Fouchier et al., 2004]. Here, all 19 HCoV-NL63 isolates
could be classified into clade B. Meanwhile, the genetic pattern of HCoV-229E
appeared to be changing over time. Previously, the most recent isolates of HCoV-229E
were assigned to the 2001-2004 cluster [Chibo and Birch, 2006]. However, isolates in
this study formed a novel HCoV-229E cluster designated as 2008-2013 clade and

whose sequences are most closely related to the recent strains in GenBank.
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In summary, this study reports a large-scale, detailed analysis of the prevalence
and clinical presentations of different HCoV infections in Thai patients for two years
from 2012 to 2013. Although this study did not explain the factors contributing to the
prevalence of HCoV, it demonstrated the distribution of HCoVs during this period. The
results from this study should help to improve our understanding of the pathogenesis of
HCoVs and provide information for evaluating the disease burden in the clinics and
influence disease control policies. However, given that the study population was limited
and the number of HCoV-positive samples studied was low, future investigations are
needed to characterize the infections of the various HCoVs in patients more thoroughly
including the types of sample used for HCoV detection. More importantly, vigilant
surveillance and prevention of HCoV infection in early childhood will serve to minimize

the overall hospitalization and morbidity in this vulnerable age group.
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Abstract

Background: Coronavirus causes respiratory infections in humans. To determine the prevalence of human coronavi-
rus (HCoV) infection among patients with influenza-like iliness, 5833 clinical samples from nasopharyngeal swabs and

region.

aspirates collected between January 2012 and December 2013 were examined.

Results: HCoV was found in 46 (0.79 %) samples. There were 19 (0.32 %) HCoV-HKU1, 19 (0.32 %) HCoV-NL63, 5

(0.09 %) HCoV-229E, and 3 (0.05 %) HCoV-OC43. None of the sample tested positive for MERS-CoV. The majority (54 %)
of the HCoV-positive patients were between the ages of 0 and 5 years. HCoV was detected throughout the 2-year
period and generally peaked from May to October, which coincided with the rainy season. Phylogenetic trees based
on the alignment of the spike (5) gene sequences suggest an emergence of a new clade for HCoV-229E.

Conclusions: The data in this study provide an insight into the prevalence of the recent circulating HCoVs in the

Keywords: Human coronavirus (HCoV), Epidemiology, Respiratory tract infection (RTI), Thailand

Background

Human coronavirus (HCoV) is an enveloped positive-
strand RNA virus with ~27-32 kb genome. Its genome
contains five major open reading frames (Orfs) encoding
the replicase polyproteins (Orf 1a and Orf 1b), spike (S),
envelope (E), membrane (M), and nucleocapsid (N) pro-
teins (Hilgenfeld and Peiris 2013). HCoV belongs to the
order Nidovirales, family Coronaviridae and the genus
Coronavirus (Lai and Cavanagh 1997). Virions are pleo-
morphic with diameters between 60 and 220 nm. There
are four genera of coronaviruses (Alpha-, Beta-, Gamma-
and Deltacoronavirus) based on serologic and phylo-
genetic characterization. Among the five recognized
human coronaviruses, HCoV strains 229E and NL63 are
alphacoronaviruses, while HCoV strains OC43, HKU1,
and SARS (responsible for the severe acute respiratory
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and indicate if changes were made.

syndrome) are betacoronaviruses (Gaunt et al. 2010;
Gonzalez et al. 2003; Drosten et al. 2003). In addition,
a novel genotype of coronavirus was identified in Saudi
Arabia in 2012, later referred to as MERS-CoV (for the
Middle East respiratory syndrome coronavirus), which
was isolated from the sputum of a 60-year-old man in
Saudi Arabia who presented acute pneumonia and renal
failure with a fatal outcome (Hilgenfeld and Peiris 2013;
Zaki et al. 2012). It was subsequently found to be most
closely related to the bat betacoronavirus HKU4 and
HKU5 (Gonzalez et al. 2003). Fortunately, the conserved
structure and function of the polymerase made it possi-
ble to develop a PCR assay based on the polymerase gene
region to accurately differentiate new coronaviruses as
was done with MERS-CoV and other novel coronaviruses
(Rota et al. 2003; Moés et al. 2005).

HCoVs are recognized as one of the most frequent
causes of upper respiratory tract infection in elderly
adults leading to acute pneumonia and renal failure
(Memish et al. 2013; Gorse et al. 2009). HCoV infection
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is thought to participate in the exacerbations of chronic
obstructive pulmonary disease, congestive heart failure,
and other chronic diseases necessitating emergency care
and long-term hospitalization. In addition to respira-
tory syncytial virus, parainfluenza virus, adenovirus, and
influenza virus, HCoVs are also known to cause the com-
mon cold especially among children (Moés et al. 2005;
Lu et al. 2012). Furthermore, HCoVs are associated with
mild to severe upper and lower respiratory tract illness
and can cause more serious respiratory diseases in chil-
dren, the elderly and people with underlying conditions
(Mclntosh et al. 1974; van Elden et al. 2004).

The study of coronaviruses has sometimes been diffi-
cult due to limitations in cell culture and serology. Thus,
epidemiological and viral prevalence data are valuable in
investigating the emergence of HCoV infection. Using
reverse-transcription polymerase chain reaction (RT-
PCR) and phylogenetic analysis, we characterized HCoVs
identified in Thai patients with respiratory tract infection
between 2012 and 2013.

Methods

Clinical samples

This study was approved by the Faculty of Medicine of
Chulalongkorn University (IRB 388/56). A total of 5833
clinical samples from patients with influenza-like illness
were obtained between January 2012 and December
2013 for routine testing of respiratory viruses as part of
an epidemiological surveillance (Auksornkitti et al. 2014;
Prachayangprecha et al. 2013; Sriwanna et al. 2013). From
these, 5196 nasopharyngeal swabs (NPS) were collected
from patients with upper respiratory tract infections
who sought treatment at the Bangpakok 9 International
Hospital and Chum Phae Hospital (Khon Kaen, Thai-
land). Additionally, 637 nasopharyngeal aspirates (NPA)
were collected from patients with lower respiratory tract
infections who were admitted to King Chulalongkorn
Memorial Hospital and Chon Buri Hospital. All sam-
ples were stored in the viral transport medium (prepared
according to The World Health Organization guideline).
Patient identifiers were removed and all samples were
anonymous, although data on demographics, symptoms,
history of illness, results of clinical examination and labo-
ratory investigations were retained for analysis.

Coronavirus detection

Viral DNA/RNA was extracted using HiYield Viral
Nucleic Acid Extraction Kit (RBC Bioscience, Taipei, Tai-
wan, ROC). Complementary DNA was synthesized with
random hexameric primers and ImProm-II (Promega,
Madison, WI, USA) according to the manufacturer’s
instructions. HCoV was identified using the semi-nested
RT-PCR to amplify the RNA-dependent RNA polymerase

Page 2 of 8

(RdRp) gene of HCoV and the N gene of MERS-CoV as
previously described (Corman et al. 2012; Kon et al
2012). For controls, a panel of viral nucleic acid extracted
from samples previously tested positive for influenza A
virus [subtype HIN1 (pandemic 2009), H3N2], influenza
B virus, respiratory syncytial virus (RSV), human parain-
fluenza virus (HPIV) and human adenovirus was used to
determine the specificity of the HCoV semi-nested RT-
PCR. PCR was performed using the Perfect7ag™ Plus
Master Mix kit (5 PRIME, Hamburg, Germany) and
primers (Table 1) in 25 uL reaction volume under the fol-
lowing conditions: initial denaturation at 94 °C for 3 min,
40 cycles of 94 °C for 30 s, 55-58 °C for 30 s, 72 °C for
40 s, and a final extension at 72 °C for 7 min. Expected
amplicons for RdRp and N were ~450 and ~260 bp,
respectively. All the specimens were positive for GAPDH,
which served as an internal control.

To identify the types of HCoVs (HCoV-229E, HCoV-
NL63, HCoV-OC43, and HCoV-HKU1), the S gene was
genotyped using nested RT-PCR. Amplification con-
dition was the same as above except that the annealing
temperature was 50 °C. Amplicons were agarose gel-puri-
fied using the Expin Gel SV kit (GeneAll, Seoul, Korea)
and DNA sequencing was performed by First BASE Lab-
oratories (Seri Kembangan, Selangor, Malaysia).

Sensitivity of semi-nested RT-PCR for coronavirus
detection

PCR products from the amplification of HCoV-229E,
HCoV-NL63, HCoV-OC43, HCoV-HKU1 and MERS-
CoV were cloned into pGEM-T Easy Vector System
(Promega, CA, USA) according to the manufacturer’s
instructions. RNA transcripts from these five coronavi-
ruses were used as standards to validate assay sensitiv-
ity. The sensitivity of the semi-nested RT-PCR assay was
established for each coronavirus by testing transcripts of
known concentrations from serial dilution.

Sequence and phylogenetic analysis

Nucleotide sequences of the RdRp and S genes were
edited using Chromas Lite (version 2.1.1) and compared
to the HCoV reference strains available in GenBank
using the Basic Local Alignment Search Tool (BLAST)
program (www.ncbi.nlm.nih.gov/Blast.cig). ~Multiple
alignments of the nucleotide sequences utilized Clustal
W in BioEdit (version 7.0.9). Phylogenetic trees were
constructed using the neighbor-joining method and the
Kimura two-parameter distance model (MEGA version
6.06) and evaluated by 1000 bootstrap pseudo-replicates.

Nucleotide sequences
The nucleotide sequences of the RdRp gene (accession
numbers KJ866056-K]866101) and the S gene (accession
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Table 1 Sequences of primers used to identify HCoVs in this study
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Gene Primer Genotype Sequence (5’-3')? PCR application

RdRp SP6-CoV_16053_F ATTTAGGTGACACTATAGGGTTGGGAY TAYCCTAARTGTGA First and second round
CoV-16594_R TAYTATCARAAYAATGTCTTTATGTC First round
CoV-Pan_16510_R TGATGATGGNGTTGTBTGYTATAA Second round

S HCoV-S229E_F1 229E GTGGGTGCACTACCTAAGAC First round
HCoV-5229E_R1 229k CGTGGTTGAACAGCAATTATAGAACC
HCoV-S229E_F2 229E GAGTTTGTTATTTCACGCACAGGAC Second round
HCoV-S229E_R2 229k CCATCTGCACAAACGCCAAAAC
HCoV-SHKU1_F1 HKU1 TCACCTCTTAATTGGGAACGTA First round
HCoV-SHKU1_R1 HKU1 CATTAGAACAAGTGGTGCCAC
HCoV-SHKU1_F2 HKU1 GATTTGCAGTTGGGCAGTTCTGG Second round
HCoV-SHKU1_R2 HKU1 AAAGGCATCAGGACTACAAA
HCoV-SNL63_F1 NL63 GACACCACAATACCTTTTGG First round
HCoV-SNL63_R1 NL63 CTGGTTGGTTACATGGTGTCAC
HCoV-SNL63_F2 NL63 CATGTTAGCACTTTTGTGGGT Second round
HCoV-SNL63_R2 NL63 CCACCAGCAAGTGACTGGTTTG
HCoV-SOC43_F1 0C43 GTCGGTGCCCTCTCCATTAAATT First round
HCoV-SOC43_R1 0C43 GGCCGCAGAAACACGAC
HCoV-SOC43_F2 0C43 AATATGAGCAGCCTGATGTC Second round
HCoV-SOC43_R2 0C43 CCGAAATAGCAATGCTGGTTC

N NSeg-Fwd MERS CCTTCGGTACAGTGGAGCCA First round
NSeg-Fnest MERS TGACCCAAAGAATCCCAACTAC Second round
NSeg-Rev MERS GATGGGGTTGCCAAACACAAAC First and second round

2 Y= (C/T)and R=(A/G)

numbers KJ866102-KJ866147) identified in this study
were deposited in the GenBank database.

Results

Sensitivity and specificity of semi-nested RT-PCR assays

for coronavirus detection

Serial dilutions of coronavirus RNA transcripts (HCoV-
229E, HCoV-NL63, HCoV-OC43, HCoV-HKU]1, and
MERS-CoV) were tested using semi-nested RT-PCR.
RNA transcripts for all virus types were detectable at
<10 copies per reaction, or <400 copies/mL of sample.
To evaluate detection specificity and possible cross-reac-
tivity, nucleic acid from 18 different types of respiratory
viruses were tested. All assay results were negative, and
no false positive was observed.

Prevalence of HCoV infection

Among the 5833 samples analyzed, 637 (10.9 %) were
positive for influenza A virus, 206 (3.5 %) were positive
for influenza B virus, 201 (3.4 %) were positive for res-
piratory syncytial virus A, 91 (1.6 %) were positive for
respiratory syncytial virus B, and 78 (1.3 %) were posi-
tive for adenovirus (Table 2). More importantly, 46 sam-
ples (0.79 %) tested positive for HCoV. Co-infection
with other respiratory viruses was not observed in the

Table 2 Identification of viruses in the samples obtained
from 5833 patients hospitalized for acute respiratory tract
infection

Viruses Number of samples tested positive (%)
HCoV-229E 5(0.09)

HCoV-0C43 3(0.05)

HCoV-NL63 19(0.32)

HCoV-HKU1 19(0.32)

Influenza A virus 637 (10.9)

Influenza B virus 206 (3.5)

Adenovirus 78(1.3)

Respiratory syncytial virus A 201 (3.4)

Respiratory syncytial virus B 91(1.6)

HCoV-positive samples. All samples were negative when
tested for MERS-CoV N gene.

Amongst the HCoV-positive samples, 56.5 % were
from men and 43.5 % were from women (gender ratio
1.3:1) (Table 3). HCoV infection was detected in all age
groups, and the mean age of HCoV-infected patients
was 21.37 years (min. = 4 months, max. = 93 years,
mean = 27.04 years). The percentage of HCoV infec-
tion per year was 0.81 % (23/2838) in 2012 and 0.77 %
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Table 3 Demographic characteristics of individuals with
respiratory tract infection

Characteristic Specimens
No. specimens Positive HCoV (%)

Gender

Male [n (%)] 2935 (50.3) 26 (56.5)

Female [n (%)] 2898 (49.7) 20 (43.5)
Age (years)

Median 11 85

Mode 1 1

Mean (SD) 19.57 (19.9) 21.37 (27.0)
Age group

0-5 [years (%)] 2197 (37.7) 25 (54.3)

6-10 [years (%)] 732 (12.5) 2(4.3)

11-15 [years (%)] 538(9.2) 6(13.0)

16-30 [years (%)] 866 (14.8) 3(6.5)

31-60 [years (%)] 1102 (18.9) 3(6.5)

>60 [years (%)] 397 (6.8) 7(15.2)
Provinces

Bangkok [n (%)] 3292 (56.4) 17 (37.0)

Khon Kaen [n (%)] 2408 (41.3) 28 (60.9)

Chon Buri [n (%)] 132(23) 1(2.2)

Numbers in parentheses indicate the percent of positive infection from total
samples
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(23/2995) in 2013. There were no seasonal peaks associ-
ated with HCoV and no positive samples were identified
in the typically dry months of April and November dur-
ing both years (Fig. 1).

The majority of HCoV (25/46 or 54 %) were detected
mainly in young children between the ages of 0-5 years
and 15 % in the elderly aged over 60 years (Fig. 2).
Approximately 80 % of the positive samples (37/46) were
isolated from the NPS samples, while the rest (9/46) were
from the NPA samples. Furthermore, 46 % (17/37) of all
positive NPS and 89 % (8/9) of all positive NPA samples
belonged to the 0-5 year age group.

To further differentiate the 46 HCoV-positive samples,
the S gene was sequenced. Analysis showed that these
HCoV strains belonged to one of the four HCoV species
(Table 2; Fig. 3). In all, 19 (0.32 %) were positive for HCoV-
HKUT, 19 (0.32 %) were positive for HCoV-NL63, 5 patients
(0.09 %) were positive for HCoV-229E, and 3 (0.05 %) were
positive for HCoV-OC43. Relative to all HCoV-positive
samples, therefore, the predominant genotypes were 41.3 %
for both HCoV-HKU1 and HCoV-NL63 (19/46), followed
by 11 % HCoV-229E (5/46) and 6.5 % HCoV-OC43 (3/46).
Interestingly, HCoV-NL63 and HCoV-HKU1 appeared
sporadically during the study period and were detected
mainly in March 2012 and July 2013, respectively.
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Fig. 1 Seasonal distribution of HCoV infection from January 2012 to December 2013. Gray area represents the total number of specimens from
influenza-like illness each month (right scale). Bars represent the number of samples tested positive for HCoV (left scale)
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Age distribution

M All of positive HCoV
14 nasopharyngeal swab
A\ nasopharyngeal aspirate

3

1115y  16-30y 3160y  >60y
Age (Year)
Fig. 2 Age distribution of HCoV infection. Percentage of HCoV-

positive samples were derived from different age groups (black bars).
Positive samples tested from nasopharyngeal swab and aspirate from

Percent of HCoV infection
S

05y 610y

each age group are indicated by gray and hatched bars, respectively

Clinical characteristics of HCoV infections

Of the 46 HCoV-positive samples, 38 (82.6 %) were
derived from patients with acute infections involving the
upper respiratory tract such as the nose, sinuses, pharynx
or larynx (Table 4). The remaining 8 (17.4 %) were from
patients with lower respiratory tract infections. The most
common clinical manifestations were fever and rhinor-
rhea, although several patients experienced tachypnea
and hypoxemia.
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Molecular characterization of different HCoVs

To assess the relationship among the strains identified,
partial nucleotide sequences of the S gene from HCoV-
positive samples were subjected to phylogenetic analysis
(Fig. 4). This region was examined as it represents the
antigenic determinant of the virus and correlates with
strain evolution. HCoV-HKUT1 strains identified in this
study formed a single cluster (~99.6 % sequence iden-
tity) within clade B together with the strain identified on
mainland China. Meanwhile, HCoV-NL63 strains clus-
tered in two different groups within the same clade. Their
sequences were genetically closest to the isolates from
The Netherlands and U.S.A. Three HCoV-OC43 strains
grouped together with previous viruses characterized
in Japan in clade C. Finally, although the 5 HCoV-229E
identified in this study appeared to cluster into a new
group, they demonstrated nearest genetic resemblance to
strains from Japan and China.

Discussion

Due to the awareness of MERS-CoV and other novel
human coronavirus infections worldwide, this study
aimed to characterize possible circulation and preva-
lence of HCoV in Thailand in a 2-year period. The HCoV
prevalence of 0.79 % found in this study was lower than
that from previous reports, which ranged from 2.1 to
5.7 % (Bellei et al. 2008; Dominguez et al. 2009; Gorse
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Fig. 3 HCoV-positive samples identified by species. The total number of specimens examined is shown in gray (right scale), while the strains of
HCoVs (HKU1, NL63, OC43, and 229E) identified each month are indicated as bars (left scale)
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Table 4 Clinical characteristics of patients with HCoV
infection

Characteristic HCoV-positive individuals (%)®

HCoV-229E HCoV-OC43 HCoV-NL63 HCoV-HKU1

Total no. of 5 3 19 19
patients
URTI 5 2 16 (84 %) 15 (79 %)
LRTI 0 1 3(16 %) 421 %)
Clinical symptom
Fever 5 3 18 (95 %) 16 (84 %)
Cough 2 2 11 (58 %) 10 (53 %)
Sputum 0 1 5(26 %) 2(11 %)
Rhinorrhea 4 2 16 (84 %) 17 (89 %)
Vomiting 3 0 10 (53 %) 12 (63 %)
Tachypnea® 0 1 6 (32 %) 7 (37 %)
Hypoxemia® 1 1 5(26 %) 5 (26 %)
Respiratory 0 1 6 (32 %) 7 (37 %)
distress?
Abnormal 0 1 6 (32 %) 7 (37 %)
breathing
sound®

URTI upper respiratory tract infection, LRT/ lower respiratory tract infection
(pneumonia, bronchiolitis, and acute infection of the pulmonary parenchyma)

@ Percent of HCoV-positive individuals with such symptoms

b Age-related definition of tachypnea by The World Health Organization for
individuals <2 months (>60 breaths/min), 2-12 months (>50 breaths/min),
1-5 years (>40 breaths/min) and >5 years (>20 breaths/min)

¢ Oxygen saturation (Sp02) level below 95 %

d Including retractions (subcostal, intercostal, suprasternal), nasal flaring, and
grunting

¢ Crepitation, rhonchi, and wheezing

et al. 2009; Pierangeli et al. 2007). However, the rate of
HCoV-positive samples found in this study was similar to
the level of infection reported in countries such as main-
land China (1 %) (Ren et al. 2011) and United Kingdom
(0.85 %) (Gaunt et al. 2010). Several factors may account
for this disparity: (1) the subjects included in this study
were adult patients whereas other studies examined
mainly hospitalized children (Talbot et al. 2009) or adults
with underlying diseases (Dare et al. 2007), (2) the viral
infection rate obtained from NPS used in this study may
be lower than that of NPA (Lau et al. 2006; Talbot et al.
2009), (3) differences in the study time frame and geo-
graphical area, (4) natural varying of yearly distribution
of HCoV species, and (5) differences in the techniques
used for testing, such as conventional versus real-time
PCR.

Although a previous study in southern Thailand found
that HCoV-OC43 was the predominant strain (Suwan-
nakarn et al. 2014), very few HCoV-OC43 infections
were detected in this study. Yearly fluctuation in the
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predominance of HCoV strains in Thailand has been
documented (Dare et al. 2007). The majority of HCoVs
detected in this study was HCoV-NL63 and HCoV-
HKU1. HCoV-NL63 was found mainly in 2012 and
HCoV-HKU1 in 2013, while HCoV-OC43 and HCoV-
229E were sporadic and less frequent.

HCoV infections elicited common symptoms such
as fever, cough, headache, vomiting, muscle pain and
sore throat. Upper respiratory tract infection such as
rhinorrhea, sputum, and lower respiratory tract infec-
tion such as tachypnea and abnormal breath sounds
were frequently observed in our patients similar to past
observations (Ren et al. 2011; Dominguez et al. 2009).
However, clinical presentations were slightly differ-
ent among each subtype of HCoV. In this study, vom-
iting was more common in HCoV-229E, HCoV-NL63
and HCoV-HKU1-positive patients but not in those
infected by HCoV-OC43. Lower respiratory tract infec-
tions were associated with individuals with HCoV-
0OC43, HCoV-NL63, and HCoV-HKU1, but not in those
with HCoV-229E. Tachypnea, hypoxemia, abnormal
breathing sound and signs of respiratory distress also
occurred less often for HCoV-229E. These clinical fea-
tures were very similar to those observed with other
respiratory viruses, such as RSV, HPIV, and human
metapneumovirus.

The simultaneous screening for common respiratory
viruses allowed us to investigate possible co-infection
of HCoV with other viral pathogens. Although parain-
fluenza viruses, enteroviruses, and human metapneu-
movirus were not tested, co-infection of HCoV with
RSV was never observed (Theamboonlers et al. 2007).
It may be that HCoV and other respiratory viruses do
not share the same seasonal circulation. The possibil-
ity of viral coinfection with bacteria, however, cannot
be ruled out. Nevertheless, confirmation of the mecha-
nism of co-infection will require good clinical sampling
and further longitudinal studies conducted over several
years.

Previous characterization of the genetic varia-
tion and evolution of HCoV have utilized the whole
viral genome, S, RdRp, or N gene. Here, the phyloge-
netic analysis of HCoV was performed based on the
sequences of partial spike gene because the S gene may
be more discriminating than the RdRp gene (Lau et al.
2006, 2011). While phylogenetic grouping of HCoV-
HKU1, HCoV-NL63, and HCoV-OC43 were charac-
terized by clades or clusters, HCoV-229E strains were
typically subdivided by the year of emergence. HCoV-
229E strains collectively appeared to form a new cluster
similar to but distinct from previous strains in the phy-
logenetic tree.
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Fig. 4 Phylogenetic analyses of the S genes of 4 HCoV species. Phylogenetic trees were constructed based on the partial nucleotide sequences
of the S gene of HCoV-HKU1 (a), HCoV-NL63 (b), HCoV-OC43 (c), and HCoV-229E (d) with MEGA 6.06 software using the distance method and the
neighbor-joining algorithm with Kimura 2 parameters. Phylogenetic clusters are indicated to the right of the trees. CU designation is given to each
of the 46 clinical isolates examined in this study (black dots). The node clusters were supported by bootstrap values >70 %

Conclusions

In summary, this study surveyed the prevalence and clin-
ical presentations of different HCoV infections in Thai
patients from 2012 to 2013. Although the numbers of
HCoV-positive samples were low, we detected four spe-
cies of HCoV and phylogenetically characterized their
diversity. These viruses appeared to continue to cause
infections globally, thus accurate and timely diagnosis
will be essential. The assay described in this study can
be used to assist in the rapid and accurate detection of
emerging HCoV infection.
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Abstract

Interferons play important roles in defense mechanisms against viral infection, and thus interferon therapy has been a standard
treatment in chronic hepatitis B patients. Interferons signaling pathways promote interferon-inducible genes including microRNAs.
In this research, we aimed to determine microRNAs expression profiles in vitro and in vivo. For in vitro model, Huh7 cells were
transfected with or without hepatitis B virus plasmid for 6 h, and then treated with 100 ng of pegylated-interferon alpha-2a for 24 h.
In vivo, we defined microRNAs expression profiles in pair-liver tissues of chronic hepatitis B patients in comparison between
before and after treatment of pegylated-interferon alpha-2a for 48 weeks. Cellular small RNAs were extracted followed by library
preparation. To determine microRNAs expression profiles, the next-generation sequencing was carried out on MiSeq platform
(Mumina®). In vitro analysis demonstrated that microRNAs can be classified into up-regulated and down-regulated microRNAs in
response to hepatitis B virus, interferon, and combination of hepatitis B virus and interferon. Moreover, in vivo analysis revealed
microRNAs profiles in non-responders, responders without hepatitis B surface antigen clearance, and responders with hepatitis B
surface antigen clearance. The target genes of the candidate microRNAs were determined in terms of roles in cellular pathways
and immune response, which might be related to treatment in chronic hepatitis B patients. Results revealed that two down-
regulated microRNAs including miR-185-5p and miR-186-5p were correlated in both in vitro and in vivo studies. These two
microRNAs might be represented as specific hepatic microRNAs responding to hepatitis B virus and pegylated-interferon
alpha-2a treatment, which may remarkable and attractive for further study involving in the association of their target genes and
prediction of pegylated-interferon alpha-2a response. Interestingly, microRNAs expression patterns might be useful for under-
standing the response mechanism and serve as biomarkers for prediction of pegylated-interferon alpha-2a treatment response in
patients with chronic hepatitis B.

Keywords: microRNA, hepatitis B virus, interferon, next-generation sequencing
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Introduction . . .
DNA and produced viral proteins such as HBx, hepatitis B

Hepatitis B virus (HBV) is the main cause of acute or chronic
liver disease which up to 70-90% of patient can lead to cir-
rhosis and hepatocellular carcinoma (HCC), according to
50% of HCC patients have presence of HBV infection."?
Almost 360 million people worldwide have chronic hepa-
titis infection with HBV, and 0.5 to 1.2 million people die
each year from HBV-related liver disease. Prevalence of this
disease depends on prevalence rates of HBV that can be
varied by geographical regions and nationality population.’
During HBV infection, host genome was integrated by HBV

ISSN: 1535-3702
Copyright © 2016 by the Society for Experimental Biology and Medicine

surface antigen (HBsAg), and HBeAg. These viral proteins
can trigger cancer-related genes, motivate several signaling
pathways including genetic instability, inflammatory, and
host immune responses, which will lead to hepatocyte
injury and then transform to HCC.*

Currently, anti-viral drugs have been used in the treat-
ment of HBV infection. First of all, a nucleos(t)ide analog
affects the inhibition of viral polymerase and also viral
production. The second type of drugs is an interferon
(IFN) alpha, which can be called as immunomodulatory

Experimental Biology and Medicine 2016; 241: 1803-1810
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drug triggering host immune responses and leads to
inhibition of viral proliferation.” For the treatment of
HBYV patients, IFN alpha was the first permitted drug to
use since 1980s.”° IFN alpha was attached with polyethyl-
ene glycol (PEG) to improve pharmacological advantages
such as more resistance to protease activity and less renal
clearance leading to extension of drug circulation time.”
Treatment with IFN provides better treatment response
without drug resistant occur. Furthermore, IFN treatment
can show the definite duration of therapy.‘r”8 However,
there are various side-effects of IFN treatment such as
flu-like symptoms, headache, nausea, fatigue, weight
and hair loss.’ Furthermore, the Peg-IFN alpha treatment
response rate is just 32-36% with high cost of treat-
ment.'”"" Prediction of Peg-IFN alpha response in HBV-
infected patients will be useful for personalized medicine
or alternative treatments.

Small (18-24 nt in lengths) non-coding RNAs called
microRNAs (miRNAs) play an important role in gene
silencing via the mechanism of RNA interference pathway,
which leads to the degradation or translational repression
of mRNA target after matching the complement sequences
between miRNAs itself and target mRNA."
Approximately 30% of human genes can be regulated by
miRNAs.”> From the previous studies, many evidences
suggested that various cellular pathways and events such
as cell development, differentiation, and cell immunity can
be regulated by miRNAs.'* Besides, miRNAs can be used
as outstanding biomarkers of cancer prognosis and diag-
nosis, because they are easily detected and measured in
human serum and plasma. The risen possibility at present
is to find the unique miRNA patterns in serum and plasma
that can be useful for performing non-invasive disease
markers."”

The first aim of this research is to determine differential
expression of miRNA profiling in Huh? cells in response
to HBV and Peg-IFN alpha-2a treatment. Second, to
investigate hepatic miRNAs expression profiles in chronic
hepatitis B (CHB) patients between before and after
treatment with Peg-IFN alpha-2a. Finally, to compare
miRNAs expression profiles in CHB patients treated
with Peg-IFN alpha-2a between responders and non-
responders.

Table 1 Baseline characteristics of patients with chronic hepatitis B (CHB)

Materials and methods
Patients and sample collection

Pair-liver tissue samples of pre-and post-treatment with
Peg-IFNs alpha-2a were collected from patients with
chronic HBV infection who were admitted in King
Chulalongkorn Memorial Hospital, Thailand. Before treat-
ment, all patients share similar pattern of disease including
CHB (>6 months), infected with HBV genotype C, and posi-
tive for HBeAg with baseline characteristics as shown in
Table 1. All patients were continuously treated with
180 pg/week of Peg-IFNs alpha-2a (Hoffmann-La Roche
Ltd) for 48 weeks. After treatment, the patients were
selected and classified into responders (n=6) and non-
responders (n =4). The responders were defined by serum
HBV DNA level (<2000IU/mL) at 48 weeks post-treat-
ment.'® The responders were further separated into the
responders with HBsAg clearance (n=3) and the respon-
ders without HBsAg clearance (n=23). The HBsAg clear-
ance was defined by HBsAg seroconversion (HBsAg loss
and positive for anit-HBsAg) at 48 weeks post-treatment.'®
Exclusion criteria consisted of cancer progression and coin-
fection with HCV or HIV.

Plasmids and cell lines

The HCC cell lines (Huh?) and the plasmid expressing the
HBYV genome were generously provided by Prof. Yasuhito
Tanaka, Nagoya City University Graduate School of
Medical Sciences, Japan). The HBV plasmid was con-
structed by adding a full-length genome of HBV DNA
genotype C (accession no. AB246345) into the pUCI9
vector as described previously."” These plasmids were pro-
pagated in E. coli (DH5a) competent cells by heat shock
transformation method."®

Transfection of HBV plasmid

Huh?7 cell line was cultured and maintained at 37°C, 5%
CO, humidified incubator in Dulbecco’s Modified Eagle’s
Medium (Thermo Scientific) with 10% heat inactivated
(56°C, 30 min) fetal bovine serum (Thermo Scientific) and
1% antibiotic-antimycotic (Gibco®). Cell cultures were
divided into four different conditions in triplicates includ-
ing mock infection, HBV expression plasmids transfection,

Responders

With HBsAg Without HBsAg Non-responders
Clinical data clearance (n =3) clearance (n =3) (n=4) P
Mean age, years (+SD) 25.67 +5.68 28.0+4.00 25.0+5.41 0.745
Gender (male/female) 21 1/2 2/2 0.785
Mean HBV DNA before Peg-IFN treatment, Logqo IU/ml (£ SD) 8.34+0.07 7.47 £0.46 7.88+0.39 0.055
Mean HBsAg before Peg-IFN treatment, Logqo IU/ml (£SD) 4.7+0.00 3.5+1.04 4.5+0.22 0.460
Mean ALT, U/L (+SD) 71.0+25.16 63.0+12.52 76.0+13.62 0.610

HBV: hepatitis B virus; IFN: interferon.
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Peg-IFNs alpha-2a treatment, and combined transfection of
HBYV expression plasmids and Peg-IFNs alpha-2a treatment.
For transfection, the cells were seeded into 6-mm Petri dish
(TPP) at a density of 7 x 10° cells/dish in medium without
antibiotic-antimycotic and were incubated for 24h. After
the cells reached approximately 80% confluence, 3 pg of
the HBV plasmid was diluted with Opti-MEM I reduced
serum medium (Gibco®) and then transfected into cells by
using 7.5 uL of Lipofectamine™ 2000 (Invitrogen) follow-
ing the manufacturer’s guidelines. In IFN treatment condi-
tion, the cell cultures were treated with 100 ng of Peg-IFNs
alpha-2a after 6 h of HBV transfection and then followed by
24-h incubation.

Isolation of miRNAs

Total miRNAs in cell cultures and clinical liver tissues were
extracted by miRNA purification kit (Norgen) and the con-
centration of small RNA was quantitated by Qubit® BR
RNA Assay kit (Invitrogen) following the manufacturer’s
protocol.

Library preparation and next-generation sequencing

Small RNA libraries preparation begins with at least
100ng/sample of total small RNAs using NEBNext®
Multiplex Small RNA Library Prep Set for Illumina®
(New England Biolabs). Briefly, small RNA was ligated
with 3’ SR adaptor, and 5 SR adaptor was then reverse
transcribed into a ¢cDNA library. After that, the cDNA
library obtained from each sample was amplified by PCR
with different indexes (distinctive 6 base-labeled). The size-
selection of DNA library was performed through 3% agar-
ose gel electrophoresis. The specific product size of DNA
library (the length of miRNA with adaptors approximately
147bp) was extracted by QIAquick gel extraction kit
(QIAGEN). The DNA libraries were quantified by KAPA
SYBR FAST qPCR Master Mix (2x) (Kapa Biosystems)
according to the manufacturer’s recommendation. DNA
libraries with different indexes were pooled together with
equal concentration to make a 2 nM master DNA library.
After that the DNA library was denatured by NaOH and
then diluted using HT1 buffer in order to yield 10 pM DNA
library which is suitable for next-generation sequencing
(NGS). The NGS was performed using MiSeq® v2 reagent
kit (Illumina®) carried out on MiSeq platform (Illumina®)
according to Illumina’s instructions manual.

MicroRNA expression profiling

The CLC genomic workbench version 8 (http://
www.clcbio.com/) was used for data processing and
analysis of miRNA expression profiles. Low-quality reads
(Q-score < 30) and adapter sequences were trimmed. The
pass filtered reads (Q-score>30) were aligned with
human genomic DNA (hgl9), mature and precursor
human miRNA (from miRbase), and contaminant RNA
(human tRNA, rRNA, and mRNA). The sequencing reads
which matched to the miRNA database but not contamin-
ant RNA were considered as miRNA. The miRNAs were
identified and counted based on the number of reads

Jinato et al.  Analysis of hepatic microRNA 1805

matched to the miRbase (www.mirbase.org/). Fold
change between control and cases was calculated by log,
of normalized expression in case divided by normalized
expression in control. Fold changes higher than 2 were con-
sidered as the significant difference. For miRNA profiling
in vivo, candidate miRNAs were selected based on similar
expression profiles (up-regulated or down-regulated)
observed in the same group (responders with HBsAg clear-
ance, responders without HBsAg clearance or non-respon-
ders). RNAhybrid (https:/ /bibiserv2.cebitec.uni bielefeld.
de/rnahybrid) was used for prediction of hybridization
pattern between miRNA and their target genes.

Results
Analysis of miRNAs profiling by NGS

In cell culture model, miRNAs collected from the triplicate
wells of each group were pooled together and used for
preparation of four DNA libraries, including mock, Peg-
IFN alpha-2a treatment, HBV transfection and HBV and
Peg-IFN alpha-2a combination. In CHB patients, miRNAs
extracted from 10 pair-liver biopsy of pre-treatment (week
0) and post-treatment (week 48) with Peg-IFN alpha-2a
were used to construct 20 DNA libraries for individual
sample. All 24 DNA libraries were pooled with equal con-
centration and subjected to run at the same time on MiSeq
platform. The DNA library obtained from each sample was
identified by different indexes. The results obtained from
NGS yielded raw data 18,598,911 total reads. After trim-
ming of low-quality reads (Q-score<30) and adapter
sequences, the passed filter reads (Q-score>30) were
17,761,014 reads (97.37% of total reads). Average reads per
index were 740,042 reads. High-quality filtered reads were
achieved and used for further analysis. The miRNAs were
identified and counted based on the number of reads
matched to the miRbase (www.mirbase.org/).

MiRNAs in Huh7 cells responding to Peg-IFN-alpha
2a and HBV

The miRNAs profiles obtained from a mock control were
served as a baseline calibrator in order to compare with
other groups including Peg-IFN alpha-2a treatment, HBV
transfection and HBV and Peg-IFN alpha-2a combination.
The expression levels of each miRNA in cell cultures were
calculated and classified into up-regulated (>2-fold
increase) and down-regulated (<2-fold decrease) as
shown in Table 2. In Peg-IFN-alpha 2a-treated cells, four
miRNAs were up-regulated, while six miRNAs were
down-regulated. There were 13 up-regulated miRNAs,
but only one down-regulated miRNA was observed in
HBV-transfected group. For the cells transfected with
HBYV and treated with Peg-IFN-alpha 2a, seven miRNAs
were up-regulated whereas four miRNAs were down-
regulated.

Common miRNAs in Huh7 cells responding to
Peg-IFN-alpha 2a and HBV

For the characterization of miRNAs which is commonly
expressed among groups and those exclusively expressed
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Table 2 Up-regulated and down-regulated miRNAs in Huh7 cells responding to Peg-IFN-alpha-2a treatment and HBV transfection

Peg-IFN-alpha-2a treatment

HBV transfection

HBV and Peg-IFN-alpha-2a

miRNAs Fold change miRNAs Fold change miRNAs Fold change
miR-574-5p 3.25 let-7g-5p 3.27 let-7g-5p 3.07
miR-455-5p 2.25 miR-4791 3.10 miR-574-5p 3.07
let-7e-5p 2.25 miR-574-5p 2.90 miR-374b-5p 2.99
miR-885-5p 2.25 let-7a-5p 2.83 miR-217 2.51
miR-331-3p —2.07 miR-20a-5p 2.74 miR-23b-3p 2.31
miR-143-3p —2.14 miR-1180-3p 2.68 miR-4791 2.31
miR-99b-3p —2.39 miR-27b-5p 2.42 let-7a-5p 2.26
miR-1303 —2.66 miR-502-3p 2.42 miR-450b-5p —2.01
miR-660-5p —2.66 miR-130b-5p 2.42 miR-185-5p -3.01
miR-16-2-3p —2.88 miR-15b-5p 2.10 miR-186-5p -3.34

miR-374b-5p 2.10 miR-16-2-3p -3.82

miR-19b-3p 2.10

miR-3607-3p 2.10

miR-92b-3p —2.23

HBV: hepatitis B virus; IFN: interferon.
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miR-1180-3p

miR-3607-3p
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HBV & Peg-IFN-alpha 2a

Figure 1

(b)
Peg-IFN-alpha 2a
treatment

HBV transfection

miR-92b-3p miR-99b-3p

miR-143-3p
miR-331-3p
miR-660-5p
miR-1303

miR-185-5p
miR-186-5p
miR-450b-5p

HBV & Peg-IFN-alpha 2a

Venn diagram representing unique and common miRNAs which significantly expressed (fold changed > 2) in Huh7 cells culture model. Cells were divided

into four groups including mock control, HBV transfected, Peg-IFN alpha-2a treated, and combination of HBV and Peg-IFN alpha-2a. (a) The up-regulated miRNAs in
each group compared with mock control. (b) The down-regulated miRNAs in each group compared with mock control

in each group of interest, Venn diagram was used to distin-
guish all miRNAs into three groups as shown in Figure 1.
The results revealed miR-574-5p in the center of Venn dia-
gram which was found to be up-regulated in all the three
groups. In addition, up-regulated miRNAs observed
between HBV transfected group and combination of HBV
and Peg-IFN alpha-2a group were let-7g-5p, let-7a-5p,
374b-5p and miR-4791. These miRNAs possibly expressed
when the cell infected with HBV and involved with
endogenous IFNs response in the cell which enough to
induced miRNAs in this group. The miRNA expression in
cells treated with Peg-IFN alpha-2a between with and

without HBV transfection revealed that only miR-16-2-3p
was down-regulated which probably resulted from treat-
ment with IFNs.

Hepatic miRNAs profiling in CHB treated with
Peg-IFN alpha-2a

MiRNA profiles were determined in pair-liver tissue sam-
ples obtained from 10 patients with CHB during pre- and
post-treatment (48 weeks) with Peg-IFNs alpha-2a. The
miRNA expression profiles were compared between pre-
treatment and post-treatment in each individual patient.
Then the patients were classified based on the outcomes
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of the treatment including responders without HBsAg
clearance (n =3), responders with HBsAg clearance (1 =23)
and non-responders (n=4). Therefore, miRNA profiles
were compared among patients within the same group in
order to determine the consensus miRNA expression pat-
terns which might be useful as predictive biomarkers for
the outcomes of treatment. The results revealed that all of
the consensus miRNAs observed from patients within the
same group were down-regulated. For responders without
HBsAg clearance revealed the decrease of 5 miRNAs (let-
7d-5p, let-7f-5p, miR-155-5p, miR-181a-5p and miR-423-5p).
The reduction of six miRNAs expression in responders with
HBsAg clearance such as miR-183-5p, miR-185-5p,
miR-186-5p, miR-199b-5p, miR-422a and miR-424-5p is
influenced by the treatment of Peg-IFN alpha-2a, whereas
non-responders showed a decline of miR-145-5p and miR-
199a-5p. There is no overlapping miRNA expression pat-
tern observed among patients in different groups as shown
in Figure 2.

Target genes of candidate miRNAs

Our study focused on differential expression pattern of
miRNAs exclusively expressed in Huh? cell line transfected
with HBV and treated with Peg-IFN alpha-2a (in vitro ana-
lysis) and miRNAs profiles in responders with HBsAg clear-
ance (in vivo analysis). Target genes of candidate miRNAs
were identified based on data obtained from previous stu-
dies. Prediction of hybridization patterns between miRNAs
and 3-UTR of mRNA targets as well as minimum free
energy (MFE) was performed by RNAhybrid (Table 3).

Discussion

Currently, cell culture models have been used for studying
the mechanism of cancer cells. HepG2, HepG2.2.15 and
Huh? cell lines have been favored for representing HCC
cells. However, previous studies demonstrated that the

Responders with
HBsAg clearance

Responders without
HBsAg clearance

let-7d-5p
let-7f-5p

miR-183-5p
miR-185-5p

miR-155-5p miR-186-5p
miR-181a-5p miR-199b-5p
miR-423-5p miR-422a

miR-424-5p

miR-145-5p
miR-199a-5p

Non-responders

Figure 2 Venn diagram representing consensus of down-regulated miRNAs
observed among groups of CHB patients after treated with Peg-IFN alpha-2a for
48 weeks including responders without HBsAg clearance, responders with
HBsAg clearance, and non-responders
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expression level of IFN-o mRNA in Huh7 cells was more
than those found in HepG2 cells,®? meaning that Huh? cells
could respond to IFN better than HepG2 cells. Moreover, a
previous study found that the HepG2 cells completely
lacked primary response genes of IFN pathway.”
Therefore, Huh?7 cell culture would be more suitable than
HepG2 cells for being a model to investigate the effect of
Peg-IFN alpha-2a in this study. The result found that Huh7
could respond to HBV transfection and Peg-IFN alpha-2a
treatment as differential miRNAs expression. MiRNAs
expression in each group would affect the related target
genes by the regulation of cellular gene expression. The
HBV plasmid was used instead of HBV infection due to
the fact that the HBV still lacks effective cell culture
system in a laboratory. Therefore, 6-h HBV plasmid trans-
fection was used to mimic HBV acute hepatitis B infection,
but it could not represent CHB infection.

For miRNAs responding to HBV, a previous report
found that miR-15b promotes HBV replication and expres-
sion of HBx protein which leads to repression of the miR-
15b expression in long-term events.** However, this study
found the up-regulation of miR-15b, which might be due to
the acute phase (6 h) of HBV plasmid transfection. There
were some studies about miRNAs expression in response to
Peg-IEN alpha treatment. Cheng et al. studied the effect of
IFN alpha-2b to miRNAs expression level in Huh? cells by
incubating with 1ng/ml of IFN alpha-2b for 12h and quan-
tified miRNAs expression by TagMan miRNA profiling.
The study of Cheng and colleagues found up-regulation
of let-7e, miR-455-5p and down-regulation of miR-1303
which similar to those found in our study. In contrast,
miR-143, miR-99b, miR-331, miR-660 and miR-885-5p
showed different expression levels between our study and
the previous report.”® The variations might be due to dif-
ferent doses of IFN and measuring time of the miRNA
expression.

In combined treatment group (HBV and Peg-IFN alpha-
2a), our study found that miR-23b-3p and miR-217 were up-
regulated while miR-185-5p, miR-186-5p and miR-450b-5p
were down-regulated. Putative target genes of these candi-
date miRNAs were predicted by RNAhybrid and con-
firmed by previous researches. In up-regulated miRNAs,
miR-23b-3p has been found in targeting the 3' UTR of
SMAD family member 3 (Smad3), leading to down-regula-
tion of transforming growth factor-betal (TGF-B)/bone
morphogenetic protein signaling-induced apoptosis*®?
and association with cell proliferation, migration and dif-
ferentiation.’®” MiR-217 was reported as a biomarker
for pancreatic injury.® Previous study has shown that
miR-217 can target oncogenes or tumor suppressor genes.
As in breast cancer, miR-217 can promote cell prolifer-
ation through targeting dachshund family transcription
factor 1.*” However, miR-217 acts as a tumor suppressor
gene by targeting Kirsten rat sarcoma viral oncogene homo-
log in pancreatic ductal adenocarcinoma.”®

In down-regulated miRNAs, marginal zones B and Bl
cell-specific protein (Mzbl) and Burton tyrosine kinase
(BTK) are target genes of miR-185, which are related
with T cells and B-cell developments. In DN3 cells and
Jurkat T cells, there was the up-regulation of miR-185
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Table 3 Hybridization patterns between candidate miRNAs and target genes.

MiRNAs Target genes Hybridization pattern MFE (kcal/mol) Biological process References
miR-23b-3p SMAD3 targer 5+ A o o —21.6 Cell proliferation, Rogler et al.'®;
S Geon cwmmencon apoptosis Yuan et al.?°
miRNA 3' C ar cc 5
miR-183-5p PTEN targer 5+ 0 uma A . —25.9 Cell proliferation Sarver et al.?!
G e  Uasvcacasy
miRFA 3' U A A AT 5'
PDCD4 —22.9 Apoptosis Li et al.??
miR-185-5p MZB1 —235 T-cells and B-cells Belkaya et al.?®
) development
BTK casons § -27.8 T-cells and B-cells Flach et al.?*
i development
miR-186-5p AKAP12/Gravin s o —19.1 Cell proliferation Goeppert et al.>®
miR-199b-5p KIT e o a e —-19.1 Erythropoiesis Li et al.?®
miRNA 3" CUUG:":UAU:AG i\CU‘:L:UG\A::C 5"
miR-217 DACH1 . -20.3 Cell proliferation Zhang et al.?”
KRAS carger s o o - -23.6 Cell proliferation Zhao et al.?®
miRNA 3"
miR-422a CD3G carger 50 & cu A oo —25.6 T-cells recognition Alashti and
GEA GAC € GEARDCAGED Minuchehr et al.®
miRNA 3' C CA S
miR-424-5p WEET Carger o " s na —22.1 Cell proliferation Chen et al.*°
miRNA 3" ALS'J’U?USU)‘CUU“ :GLCSLC 5
miR-450b-5p PAX6 cazget 5 [ — aa —14.9 Cell development Shalom-Feuerstein
e v A hesow et al.®!

AKAP12/AKAP250/Gravin: A kinase anchor protein 12; BTK: Burton tyrosine kinase; CD3G: CD3g molecule; gamma; DACH1: Dachshund family transcription factor 1;
KRAS: Kirsten rat sarcoma viral oncogene homolog; Mzb1: Marginal zone B and B1 cell-specific protein; MFE: minimum free energy; PAX6: Paired box 6; PTEN:
phosphatase and tensin homolog; PDCD4: programmed cell death 4; SMAD3: SMAD family member 3; v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene

homolog (KIT); Wee1: WEE1 G2 checkpoint kinase.

leading to Mzb1l down-regulation and calcium responses
effect in T-cell receptor (TCR), B-cell antigen receptor
(BCR) and development of plasma cell.** Moreover, previ-
ous studies have found that BTK has a function in BCR cell
signaling connected to Erk phosphorylation which is
essential in follicular B-cell development regulated by
miR-185.2*" One target gene of miR-186 is a kinase
anchor protein 12 (AKAP12/AKAP250/Gravin), which
acts as a tumor suppressor gene by the decrease of cyclin
D1 expression and also inhibits cell signaling of protein
kinase A and protein kinase C through ERK2 and actin
cytoskeleton.” Prior study revealed that down-regulation
of Gravin expression was found in HCC and other can-
cers®**2 and also related to virulence of HCC progres-
sion.”” MiR-450b-5p was found to target the pairbox 6
(Pax6) gene, which is important in fate decision of epider-
mal cell development® including pancreatic B-cell
function.

In CHB patients, there were several significantly down-
regulated miRNAs after treatment with Peg-IFN alpha-2a.
In non-responders, down-regulation of miR-145-5p and
miR-199a-5p were observed. MiR-145-5p was known as a
tumor suppressor miRNA by regulating histone deacety-
lase 2 in liver cells.*>** Down-regulation of MiR-199a-5p
was induced by cisplatin leading to drug resistance through
activating autophagy in liver cancer cell.** Moreover, a
study found that miR-199a-5p could target discoidin
domain receptor tyrosine kinase 1 and affected the increase
of cell invasion in HCC.*

The results obtained from CHB patients treated with
Peg-IFN alpha-2a showed that down-regulation of let-7d-
5p, let-7f-5p, miR-155-5p, miR-181a-5p and miR-423-5p
were found in responders without HBsAg clearance
group whereas down-regulation of miR-183-5p, miR-185-
5p, miR-186-5p, miR-199b-5p, miR-422a and miR-424-5p
were observed in responders with HBsAg clearance
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group. Generally, miR-183 acts as a potent oncogene by tar-
geting tumor suppressor genes such as EGR1 and PTEN.*!
MiR-183 significantly up-regulates in HCC, targeting the
programmed cell death 4 inducing cell growth and cancer
development.?? In this study, miR-183-5p was down-
regulated in responders with HBsAg clearance which implied
that the decrease of miR-183-5p might be a potential marker
for treatment responsiveness in CHB patients. MiR-199b-5p
was identified as a positive regulator of human erythropoiesis
by targeting c-Kit expression.”® CD3G is one of cluster of dif-
ferentiation 3 (CD3) subunits assembled in TCR complexes
targeted by miR-422a.* CD3 subunits interact with TCR to
form a CD3-TCR complex to play a key part in cell recognition
events.” MiR-424-5p targeted Weel kinase, similar to miR-
128, leading to cell cycle arrest.*” Target genes of miR-185-5p
and miR-186-5p were explained above.

Comparisons of miRNAs expression profiling between
Huh7 cell (in vitro) and liver tissues of CHB patients
(in vivo) were performed in order to determine the hepatic
miRNAs in response to HBV and Peg-IFN alpha-2a treat-
ment. Results revealed that two down-regulated miRNAs
including miR-185-5p and miR-186-5p were correlated in
both in vitro and in vivo. This implied that these two
miRNAs might be represented as specific hepatic
miRNAs responding to HBV and Peg-IFN alpha-2a treat-
ment. Thus, miR-185-5p and miR-186-5p may remarkable
for further study involving in the association of their target
genes and trends to predict Peg-IFN alpha-2a response.
Other uncorrelated miRNAs observed between in vitro
and in vivo might be due to several factors. Firstly,
miRNAs observed in liver tissues of CHB patients were
affected from various cell types (hepatic stellate cells,
kupffer cells, liver sinusoids and endothelial cells),
whereas miRNAs observed in Huh7 cells were expressed
from only hepatic cells. Secondly, miRNAs in liver tissues
might be affected by circulating miRNAs and various
stimulants (hormones, cytokines and xenobiotics) from
other tissues, while miRNAs in cell culture were homoge-
nously obtained from Huh?7 cells. In addition, HBV plas-
mid transfection in cell culture represented as an acute
HBV infection, whereas HBV infection in CHB patients
was in chronic stage. Moreover, the IFN treatment in
Huh?7 cells was a single dose short-term treatment (24 h),
but CHB patients were treated with multiple doses in
long-term treatment (48 weeks).

In conclusion, miRNAs expression patterns might be
useful as biomarkers for prediction of Peg-IFN alpha-2a
treatment response in CHB patients. However, this study
has some limitations in terms of small clinical sample sizes
and invasive sample collections. The small sample sizes are
limited by the difficulty to obtain pair-liver tissue samples
(before and after treatments). Moreover, liver tissue collec-
tions from CHB patients are done by invasive methods
which implied that hepatic miRNAs are not suitable for
biomarkers. Therefore, large sample sizes and non-invasive
sample collection (serum or plasma miRNAs) should be
further studied in order to identify suitable serum or
plasma miRNAs as a biomarker for prediction of Peg-IFN
alpha-2a treatment response in CHB patients.
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Abstract

MicroRNAs (miRNAs) play an important role in regulation of gene silencing and are involved in many cellular processes including
inhibition of infected viral replication. This study investigated cellular miRNA expression profiles operating in response to influenza
virus in early stage of infection which might be useful for understanding and control of viral infection. A549 cells were infected with
different subtypes of influenza virus (pH1N1, H3N2 and H5N1). After 24 h post-infection, miRNAs were extracted and then used for
DNA library construction. All DNA libraries with different indexes were pooled together with equal concentration, followed by high-
throughput sequencing based on MiSeq platform. The miRNAs were identified and counted from sequencing data by using MiSeq
reporter software. The miRNAs expressions were classified into up and downregulated miRNAs compared to those found in non-
infected cells. Mostly, each subtype of influenza A virus triggered the upregulated responses in miRNA expression profiles. Hsa-miR-
101, hsa-miR-193b, hsa-miR-23b, and hsa-miR-30e* were upregulated when infected with all three subtypes of influenza A virus.
Target prediction results showed that virus infection can trigger genes in cellular process, metabolic process, developmental
process and biological regulation. This study provided some insights into the cellular miRNA profiling in response to various subtypes
ofinfluenza A viruses in circulation and which have caused outbreaks in human population. The regulated miRNAs might be involved
in virus—host interaction or host defense mechanism, which should be investigated for effective antiviral therapeutic interventions.

Keywords: miRNAs, influenza A virus, expression profiles, next-generation sequencing
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steps, and one of the potential mechanisms to control gene
expression is microRNA (miRNA) regulation.” "

MiRNAs are small (17-24 nt in length), endogenous, non-
coding RNAs found in multicellular organisms.'* They are
acknowledged as vigorous tool regulator molecules that can
trigger the targeted gene functions by the translational
repression or mRNA degradation through the RNA inter-
ference pathway.'"*'® Previous studies showed that the
genome of more than 150 species including viruses contain
sequences of mature miRNAs, especially in the human
genome, in which more than 1000 miRNAs have been char-

Introduction

The pandemic influenza virus usually infects a large popu-
lation, not only human but also livestock, such as swine and
poultry, resulting in problems in public health and loss of
economic distress in terms of hospitalization."” More than
284,000 people worldwide died because of pHIN1 after a
year of pandemic.’ Some strains of influenza virus can be
zoonotic, such as H5N1, leading to great losses in the poul-
try industry, and with high mortality rate in reported
human cases (>60%).*™® Unlike being infected with seasonal
influenza, H5N1 infection can cause multi-organ failure,

hemorrhagic syndrome and cytokine storm, suggesting
that host genes can respond in a different manner depend-
ing on the specific strain of influenza virus infection.
Previous studies showed that influenza virus principally
controls host genes to facilitate viral replication in multiple

ISSN: 1535-3702
Copyright © 2015 by the Society for Experimental Biology and Medicine

acterized.'®'~! Studies have expressed that a broad range
of cellular mechanisms are mediated by miRNAs, such as
cell proliferation signaling, chromosome maintenance, cell
differentiation and apoptosis.”'****** Not only can viruses
regulate host gene expression by using miRNAs to promote
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the viral life cycle, but the host cell can also alter differential
gene expression to respond against viral infection via the
miRNA mechanism. The proportion of the miRNA level
due to the encounter between host and virus will indicate
the disease progression and outcome.”® Multiple pieces of
evidence have shown that both host and virus constructed
miRNAs are essential for virus propagation. It has been
reported that the influenza virus plays a critical role in the
modulation of the miRNA mechanisms of infected cells and
animal models.”?”"?° In contrast, miRNAs can also react
with the influenza virus replication process. Many previous
studies have mentioned that influenza virus replication and
propagation were inhibited due to cellular miR-323, miR-
491, miR-654 and miR-146a expression which specifically
bind to the PB1 gene of the virus.”**'

Many techniques have been used to validate the miRNA
screening and target prediction of miRNA response to
influenza virus infection, such as qPCR, luciferase assay
and drug compound library screening.”'****' Among
these, microarray techniques have been used extensively
to study the miRNA profiles in response to the pathogen-
esis of the influenza virus.**>> Although microarray tech-
nique can gain a large amount of data of miRNA
expression, it cannot determine the significance of particu-
lar genes in the cellular mechanism which are not covered
by the probe set, and may lead to some essential genes,
which slightly change, being dismissed. The high-throughput
next-generation sequencing (NGS) can cope with these
problems, as the dataset generated from NGS will demon-
strate the genome-wide miRNA expression profiles of
infected host cells. This study aimed to investigate cellular
miRNA expression profiles operating in response to three
specific strains of influenza A virus responsible for causing
outbreaks in the human population; Avian-origin highly
pathogenic avian influenza (HPAI) H5N1, human pan-
demic (pH1N1) and seasonal H3N2 influenza A virus infec-
tion. The study also aimed to predict target genes which
might be useful for understanding the host defense mech-
anism in terms of regulating viral infection.

Materials and methods
Cell culture

A549 (human lung carcinoma) cells used in this study were
kindly provided by Prof. Jen-Ren Wang, Department of
Medical Laboratory Science and Biotechnology, Center of
Infectious Disease and Signaling Research, National
Cheng Kung University. A549 cells were cultured in
Dulbecco’s modified eagle medium (DMEM) (Thermo
Scientific) containing 10% heat inactivated fetal bovine
serum (Thermo Scientific) and 1% (v/v) antibiotic/antimy-
cotic (Gibco) under humidified atmosphere with 5% CO,
at 37°C.

Virus infection

A549 cells were seeded (3 x10° cells/well) in DMEM
medium without antibiotic/antimycotic in 6-well plates.
Then influenza A viruses subtype pHIN1 (A/Thailand/

104/2009), H3N2 (A/Thailand/CU-H187/2010) and
H5N1 (A/Thailand /NK165/2005) were prepared by dilut-
ing the virus stocks with DMEM medium to yield the
desired concentration of 3 x 10° pfu/mL (MOI =0.5). Each
viral infection was performed in triplicate in a biosafety
level 3 (BSL3) laboratory, Faculty of Medicine,
Chulalongkorn University. When cells reached approxi-
mately 80% confluence, cell culture media were removed
from each well and cells were washed with 3mL of phos-
phate buffer saline (PBS). After that 500 ul of each virus
suspension was added into each well and then incubated
in a humidified atmosphere with 5% CO, at 37°C for 1h
with occasional shaking to allow the virus to adsorb into the
cells. After incubation, the virus suspension was removed
from each well and then washed by 3ml of PBS. Finally,
3ml of complete DMEM medium was added into each
well and cells were incubated for 24h. The protocol of
this study was approved by the Institutional Review
Board (IRB No. 121/55), Faculty of Medicine,
Chulalongkorn University.

Library preparation

After 24h post infection, triplicate wells were pooled
together and microRNAs were extracted by using a
microRNA purification kit (Norgen) following the manu-
facturer’s protocol. The concentrations of microRNA were
quantified by using Qubit fluorometer (Invitrogen) with a
Quant-iT™ RNA Assay kit (Invitrogen). Purified
microRNA (0.2pg) from each group (uninfected cells,
pHINT1 infected cells, H3N2 infected cells and H5N1
infected cells) were used to construct four libraries with
different indexes according to a TruSeq Small RNA
sample preparation kit (Illumina). The length of DNA
libraries were validated by using Agilent 2100 Bioanalyzer
system (Agilent) with a high sensitivity DNA chip
(Agilent). The concentrations of DNA libraries were quan-
tified by using Qubit fluorometer (Invitrogen) with a
Quant-iT™ DNA Assay kit (Invitrogen). The four DNA
libraries were pooled together with equal concentration
and then high-throughput sequenced using a MiSeq plat-
form (Illumina).

Analysis of microRNA expression profiles

MiSeq reporter software version 2.4 was used for analysis of
sequencing data. Low-quality reads (Q-score <30) were
excluded whereas low-quality regions of sequences
were trimmed. The passing filtered reads (Q-score > 30)
were aligned with human genomic DNA (hg19), mature
& precursor human miRNA (from miRbase) and contamin-
ant RNA (human tRNA, rRNA and mRNA) using the
Bowtie algorithm (http://bowtiebio.sourceforge.net). The
clusters which matched to the miRNA database but not
contaminant RNA were considered as miRNA. The
miRNAs were classified and counted based on the
number of reads matched to the miRbase (www.mirba-

se.org/).
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Differential expression analysis and data visualization

The data of validated miRNAs expressed in cell culture
obtained from next-generation sequencing platform were
demonstrated in form of fold change, compared to the
amount of those miRNAs expressed in control experiment
(mock infection). Differential expression analysis was cal-
culated in terms of fold changes

Fold changes — 10g2< Normalized expression in case )

Normalized expression in control

Normalized expression in control

miRNA of interest in control

~ Total count of miRNAs in control

Normalized expression in case
miRNA of interest in case

~ Total count of miRNAs in case

The data visualization was performed by using the
GraphPad Prism 5 software to demonstrate the up-
regulated and deregulated miRNAs.

Analysis of microRNA-target genes and
biological process classification

Identifications of target genes for selected miRNAs were
analyzed by using the experimentally validated miRNA-
target interactions data accumulated in miRTarBase version
4.5 (http://mirtarbase.mbc.nctu.edu.tw/). Briefly, the
target genes of miRNAs were selected based on strong
experimental evidence obtained from validation methods
including reporter assay, qPCR or western blot. The
PANTHER (Protein ANalysis THrough Evolutionary
Relationships) classification system version 9.0 (http://
www.pantherdb.org/)** was used to classify genes and
proteins in order to facilitate high-throughput analysis.
Each of the validated target genes of miRNA were classified
based on biological processes including apoptotic process
(GO:0006915), biological adhesion (GO:0022610), biogenesis
(GO:0071840),  biological = regulation (GO:0065007),
cellular process (GO:0009987), developmental process
(GO:0032502), immune system process (GO:0002378), local-
ization (GO:0051179), multicellular organismal process
(GO:0032501), metabolic process (GO:0008152), reproduc-
tion (GO:0000003), and response to stimulus (GO:0050896).

Prediction of protein—protein interaction

The target genes of significant miRNAs from NGS experi-
ment were performed for protein interaction. The inter-
actions among the proteins in this study were analyzed
from the STRING 9.1 database,>’*® which merges and
weighs information from various sources, covering con-
served neighborhood, gene fusions, phylogenetic occur-
rence, co-expression, experiments, database imports, and
text-mining.”® The scores greater than 0.7 are considered
as the high confidence.

Human miRNAs profiling in response to influenza A viruses

Results

Analysis of human miRNAs by NGS based
on MiSeq platform

After 24 h of infection, triplicate wells of each group were
pooled together in order to generate 4 DNA libraries includ-
ing uninfected control, pHIN1, H3N2 and H5NT1 influenza
A virus infected cells. Then the 4 libraries with different
indexes were subjected to high-throughput sequencing
using MiSeq platform. A total of 3,654,615 reads were
obtained from a high-throughput sequencing process.
After data filtering based on quality score (Q>30),
2,225,781 high-quality filtered reads were obtained and
used for further analysis. The overall reads with a perfect
match compared to sequences of miRNA database
(miRBase version 16.0) (www.mirbase.org/) were charac-
terized and counted. According to miRBase data, the results
showed that there were totally 19,732 reads belonging to
human miRNAs, including 4604, 6482, 4509 and 4137 of
identified reads which were obtained from non-infected,
pHIN1-infected, H3N2-infected and H5N1-infected cells,
respectively.

Differential expression of miRNA profiling

MiRNAs expression profiles of A549 cells infected with
each subtype of influenza A virus were compared with
uninfected cells. The list of differentially expressed
miRNAs was identified and classified as upregulated
(>1.5 fold increase) and downregulated (<1.5 fold
decrease) compared to those miRNA levels in uninfected
cells. The full list of miRNA profiling is shown in Figure 1.
A549 infected with pHIN1 influenza A virus expressed
10 downregulated miRNAs and 29 upregulated
miRNAs. Infection of H3N2 influenza A virus showed
seven downregulated miRNAs and 20 upregulated
miRNAs while A549 cells infected with HPAI H5N1 influ-
enza virus revealed five downregulated and 23 upregulated
miRNAs. The miRNA expression profiles of cells infected
with each subtype of influenza A virus were compared both
in upregulated (Figure 2a) and downregulated (Figure 2b)
miRNAs in order to identify common miRNA responses to
multiple subtypes of influenza A virus. The results showed
that four miRNAs including hsa-miR-101, hsa-miR-193b,
hsa-miR-23b and hsa-miR-30e* were found to have upregu-
lated expression when infected with all three strains of
influenza A virus. The hsa-miR-128, hsa-miR-130a, hsa-
miR-181c, hsa-miR-301a, hsa-miR-127-3p and hsa-miR-
769-5p were upregulated in cells infected with H3N2 and
H5N1 while let-7e and hsa-miR-15b were upregulated by
pHIN1 and H5NT1 infection. For downregulated miRNAs,
hsa-miR-125b was downregulated by H5N1 and pH1IN1
infection while only hsa-miR-484 was downregulated by
H5N1 and H3N2 influenza viruses.

Analysis of common miRNA profiles in response to
influenza A virus infection

MiRNA expression profiles obtained from this study were
compared to previous studies which were performed in
various subtypes of influenza A virus and cellular
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Figure 2 Venn-Euler diagram shows a summary of differentially expressed miRNAs in response to influenza A virus infection. (a) Upregulated miRNAs when infected
with pH1N1, H5N1 and H3N2. (b) Downregulated miRNAs when the cells were infected by pH1N1, H3N2, and H5N1

models."??4%%> The comparative data suggested that there
were 15 common miRNAs including let-7 family, miR-10,
miR-15, miR-21, miR-29, miR-30, miR-34, miR-101, miR-132,
miR-146, miR-148, miR-548, and miR-574 (Table 1).

Host target genes prediction of miRNA expression
profile

After the analysis of common miRNA profiles in response
to influenza A virus infection compared to several studies,
15 miRNAs were selected to be significant miRNAs that
responded to influenza A virus infection. This study exam-
ined the target genes of miRNAs by miRNA-target inter-
action database called miRTarBase version 4.5 (http://
mirtarbase.mbc.nctu.edu) and the PANTHER classification
system. Using the information in the database for target
prediction, the results showed that each miRNA could
interact with hundreds of genes. We narrowed the targeted
genes of miRNAs from the profile using strong experimen-
tal evidence of validation methods from previous studies.
Using the PANTHER system, the number of target genes of
the 15 selected miRNAs were summarized (Table 2). The
number and percentages of miRNA target genes based on
GO biological process classification of selected target genes
were demonstrated. Each of the validated target genes for
miRNAs was categorized based on types of biological pro-
cesses, including apoptotic process (AP), biological adhe-
sion (BA), biogenesis (BG), biological regulation (BR),
cellular process (CP), developmental process (DP),
immune system process (IP), localization (Lo), multicellular
organismal process (MO), metabolic process (MP), repro-
duction (Re), and response to stimulus (Rs) (Table S1).
The protein-protein interactions provide information
regarding most biological processes in an organism. In
this study, the prediction of target proteins interaction via
four deregulated miRNAs from our experiment, and

therefore miR-101, miR-193b, miR-23b, and miR30a, were
illustrated. The analysis of topology demonstrates import-
ant network illustrations created by interacting proteins.
Therefore, the interactions between proteins from the
STRING 9.1 database were used to form the target gene
network of the differentially expressed microRNAs to
determine several ‘hub’ nodes (Figure 3), which play an
important role in apoptosis during the infection of influ-
enza viruses. This finding may enlighten the understanding
of the promising roles of the differentially expressed
microRNAs.

Viral target genes prediction of miRNAs

Many previous studies showed that the cellular miRNAs
can also target and modulate viral genes.""*® In this study,
both the downregulated and upregulated miRNAs under-
went the influenza virus target prediction compared to pre-
vious studies.>**® The result indicated that out of 11
miRNAs, nine of them were upregulated and targeted
influenza virus genes. In this group, some of them can
target only one viral gene, such as in the cases of miR-127,
128 and 29a, which target only PB1, PA, and HA gene,
respectively, while some miRNAs, including miR-548, 222,
and 16 can have multiple gene targets (Table 3). Most of the
viral genes targeted by miRNAs in this study were related
to polymerase activity (PB2, PB1 and PA).

Discussion

The present study provided miRNA profiling at an early
stage of infection with three subtypes of influenza A virus
(pPHIN1, H3N2 and H5NI1) by using next-generation
sequencing. From the miRNA profiling results it was
found that a number of host genes could be regulated by
influenza A virus via the miRNA mechanism. The differen-
tial miRNA expressions can reveal the host-pathogen
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Figure 3 MicroRNA regulated network of target genes related to apoptosis in response to influenza virus infection. The STRING 9.1, together with data from Panther
9.0 constructed the interactions between proteins playing an important role in programmed cell death. As integrated with in silico analysis of microRNA target
prediction, the pathway revealed the differentially expressed microRNAs controlling numerous target genes

Table 3 Viral targets of differentially expressed miRNAs in A549 infected
with 3 subtypes of influenza virus

Ratios of infected/

non-infected Influenza virus

miRNAs (normalized) segment

hsa-miR-127-3p +1.35 (H3) PB1

hsa-miR-128 +2.35 (H3) +1.96 (H5) PA

hsa-miR-29a +9.25 (H1) +1.74 (H5) HA

hsa-miR-548 +1.15 (H5) PB1, NS

hsa-miR-660 +1.74 (H5) PA

hsa-miR-323 +1.62 (H3) PB1

hsa-miR-let-7 +2.27 (H1) M

hsa-miR-222 +2.22 (H5) +2.22 (H5) PB2, PB1,PANS1,
NP, M

hsa-miR-16 +2.97 (H5) PB2, PB1,PA,NS1,
NP, M

hsa-miR-136 —0.38 (H1) NP, HA

hsa-miR-92a —1.55 (H3) PB2

interaction in viral infection in two ways. First, the virus can
hijack the host cellular mechanism by up- or downregulat-
ing the miRNAs involved in pathways that can promote
viral replication. For example, the results showed that

miR-181c was found to be upregulated in cells infected
with H5N1 and H3N2 influenza A virus. The increase of
this miRNA can target many genes associated with cellular
immune defense, such as BCL2, IL-2, and Tnf,**">" and the
deregulation of target genes can facilitate the influenza
virus to avoid the suppressed host immune system.
Second, the host cell can respond to viral infection via the
miRNA mechanism by alteration of miRNAs which can
have the effects on viral replication process to limit viral
propagation. For example, the upregulation of miR-301 in
H5N1 and H3N2 virus infection which can inhibit NKRF,
the NFKB repressing factor, will promote the cytokine
which indicates the innate and adaptive immunity response
in mammalian cells.*

Many previous studies have suggested a correlation
between influenza A virus infection and miRNA alteration.
The infection of influenza virus can specifically activate the
alteration of miRNAs including let-7 family, miR-30a-c,
miR-132 and miR-30e* which might target in many genes
function in lung repair.***®> However, the previous study
found that miRNAs in let-7 family (let-7c, -7f, -7i), miR-
30b and miR-26b were also upregulated by respiratory syn-
cytial virus (RSV) infection,”® implying that the alteration of
these miRNAs are not only present against influenza virus
infection but also other respiratory viruses.
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The miRNA expression profiles were analyzed and com-
pared to those from several studies which were obtained
from different sample sources, viral strains, infection peri-
ods, and culture models, in order to discover the common
miRNAs that overlapped between different systems. The
results showed that some miRNAs were required to be con-
sidered. The miR-21, -29, -30, -34 and let-7 family were
widely responsive to influenza virus infection in many sys-
tems. Interestingly, miR-15 and miR-21 were upregulated
by influenza virus infection while miR-132, -30, and -101
were upregulated only in the human model system.

After the target prediction had been performed, most of
the mechanisms due to virus infection were related to cel-
lular processes, metabolic processes, developmental pro-
cesses, and biological regulation (Table 2 and Table SI,
Supplementary Information). Many miRNAs and their
target genes should be considered and further discussed.
MiR-101 can target MCL1, the anti-apoptosis gene and
PRKDC, one of the large family of serine/threonine
kinase,” which can play an important role in the recep-
tor-mediated endocytosis process of the influenza life
cycle, since the HA protein of the influenza virus can effi-
ciently activate the PKC signaling pathway.”>® It has been
reported that the influenza virus propagation process can
be suppressed by a specific inhibitor of PKC.”” Another
miRNA that should be considered is the regulation of cell
apoptosis via miR-29¢ (Figure 3) which was found to be
upregulated in H5N1 infection. Much evidence suggests
that this miRNA is involved in the virus-induced apoptosis
pathway via the repression of anti-apoptotic agent,
BCL2L2.*! This is related to a previous study that found
that the miR-29 family tends to be more upregulated due
to influenza virus infection.’®® Moreover, some of the
miRNA experimentally targeted genes play a critical role
in immunoregulatory functions. For example, the upregu-
lation of miR-15b suggests that infection of influenza virus
can suppress the host immune response via miRNA mech-
anism. A previous study found that the IL-1B gene, the
crucial regulator of inflammatory response, cellular activity
including cell proliferation, differentiation and apoptosis,
can decrease the expression of miR-let-7g and miR-26b.>
Corresponding to this study, the high expression of let-7g
and miR-26b indicated that the IL-1B has not been pro-
duced in the first 24h after infection. In addition, our
study showed that the upregulation of let-7 family (in all
3 subtypes infection), miR-29a, b (in pH1NT1 infection) and
mir-29¢ (in H5N1 infection) might have resulted from TNF-
a and IL-4 still being inactive in the early phase of infection.
However, the downregulation of miR-26b by H3N2 influ-
enza virus infection should be considered, as it might be
responsible for the different pathogenicity of H3N2 virus
from pHINT1 virus and RSV.

A number of miRNAs have been found to be down regu-
lated. Most of them can target genes associated with DNA
methylation, protein degradation, and the signal transduc-
tion pathway. For example, the downregulation of miR-
125b can trigger the MAPK signaling pathway, which regu-
lates various cellular responses such as cell proliferation
and apoptosis.””*® Previously, MAPK and CDK13 can be
controlled by miR-548-3p and miR-138, which were,

Human miRNAs profiling in response to influenza A viruses

respectively,” identified as the mediators required for influ-
enza virus replication. It is tempting to conclude that the
upregulation of miR-548 (in H5N1 infection) and miR-138
(in pHINI infection) is the mechanism of the host response
to limit influenza virus replication. Besides, a previous
study suggested that the upregulation of MAPK protein
can result from HA membrane accumulation due to the
increase of polymerase activity. Interestingly, the upregula-
tion of genes associated with DNA methylation via the
decline of miRNA can cause the chromatin packaging,
which can lead to the protein expression inhibition and
may affect virus replication.

The difference of miRNA expression profile in cells
infected with different subtypes might provide insight in
the distinct pathogenicity of influenza virus. The result
showed that there are four upregulated miRNAs including
hsa-miR-101, hsa-miR-193b, hsa-miR-23b, and hsa-miR-
30e*. Moreover, there were some strain-specific miRNAs
which expressed in different levels in each subtype of influ-
enza virus. The results showed that infection of HSN1 HPAI
influenza virus can cause the highest amount of differential
miRNA expression. Compared to a previous study, miR-
3land miR-29c which are upregulated in H5N1 infection,
and miR-29a and b, which are upregulated in pH1N1 infec-
tion, were confirmed to be potentially controlled during the
early stage of influenza virus infection.”® Interestingly, the
results showed that miR-484 was found to be deregulated in
cells infected with H5N1 and H3N2 influenza A virus. This
miRNA can inhibit furin, the proteolytic enzyme that can
cleave HAO protein to facilitate influenza virus entry step.
The downregulation of miR-484 will allow the host cell to
produce more furin and promote the furin-dependent entry
mechanism of the influenza viral life cycle.®*"** One point of
discussion should be considered, infection of the pHIN1
virus can recruit the miR-30 family, including miR-30a,
miR-30a* miR-30b, and miR-30c while only one member
of miR-30 family was found to be deregulated in H3N2
infection, contrary to a previous study." However, the pre-
vious study suggested that genetics of the subject might
account for the regulation of miRNA expressiom,65 so that
genetic variation and a different cell culture system can
affect the miRNA expression during influenza virus infec-
tion. While the previous study found that the change of
miR-21%, miR-100%, miR-141, miR-574-3p, miR-1274a and b
resulted from H5NT1 infection in NCI-H292 cell line,'? our
results show the upregulation of miR-21* only. This sug-
gested that the different cell culture might be responsible
for various cellular responses via the miRNA mechanism.
Moreover, compared to a previous study,“’ which investi-
gated the miRNA profile of A/Udorn/72 (H3N2) infection,
and suggested that the miRNA profile of the same subtype
of influenza can be altered depending on the different gen-
etic characteristics of the virus, the up-to-date virus infec-
tion can represent the virus that is presently circulating. In
the study of Zhao et al.* infection of canine influenza
virus in lungs and trachea of dogs can cause the abundant
expression of miR-143 and let-7. When compared to our
study, the difference of miR-143 expression level may be
due to the different characteristics of viral strains or host
cells.
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Infection with virus can alter many cellular mechanisms
such as apoptosis which is one of the main machinery.
Herein, we identified the genes and miRNAs observed in
high-throughput sequencing that are involved in the apop-
totic pathway by using STRING software (Figure 3). The
pathway revealed the differentially expressed miRNAs
controlling numerous target genes including NFKB, SOC,
STAT, and IFN which can be regulated by many interesting
miRNAs, including let-7 family, miR-101, miR-30, and miR-
21, which might lead to development of miRNA thera-
peutics for influenza-like illness. However, many further
experiments should be required such as western blot, in
vivo study and pull down assays to make the refined obser-
vation and development.

Most of the upregulated miRNAs were predicted to
target the influenza virus genome (Table 3). Most of them
could bind to genes that have been reported in the early
stage of influenza virus life cycle such as hemagglutinin
and polymerase (PB2, PB1 and PA), which play the vital
role in influenza virus entry mechanism and genome repli-
cation, respectively. In addition, a previous study suggested
that miR-548an can mediate the influenza virus infection by
regulation of non-structural-1A  binding  protein
(NS1ABP),*? corresponding to our study which found that
the miR-548 was upregulated in H5N1 infection, implying
that the host cell can produce more miR-548 against the
exposure of influenza virus from an early stage of infection.
Some miRNAs were found to be downregulated, suggesting
that the virus can also trigger the miRNA pathway to fine-
tune the miRNA mechanism to survive in host cells. The
study in other time points after virus infection might
reveal other differential miRNAs that can target other sites
of the influenza virus genome, which may lead to the insight
into the cellular mechanisms used to fight back against
influenza virus infection. However, the built-on study by
using widely used panel of robust tools, which are specific
miRNAs inhibitors and miRNA mimics to knock down or
increase the expression of miRNAs, is crucial to investigate
the specific role of these candidate miRNAs.

Conclusion

In summary, this study provides the overall analysis of
miRNA profiles in cell cultures infected with three different
subtypes of influenza virus which have caused sporadic
outbreaks in the human population, to gain insight into
the overview of how the influenza virus can trigger the
host cellular mechanism to facilitate itself to survive in
host cells and also to find how cells can manipulate the
cellular process to defend against influenza virus infection
via the microRNA mechanism. This study provides infor-
mation only in the early stage of infection, at 24 h post infec-
tion and can generate some potential candidate miRNAs
and predicted target genes. This information can lead to
the development of effective therapeutic agents, which
have to interfere or control the influenza life cycle at an
early stage of infection. Moreover, to explore the novel anti-
viral drugs, further analysis will be required such as
miRNA profiling in late stages of infection or the study of
knock-down and overexpression of candidate miRNAs.
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Abstract: Hepatitis B virus (HBV) infection can lead to various disease states including asympto-
matic, acute hepatitis, chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC), which

1,2,5%

Sunchai Payungporn

remain a major health problem worldwide. Previous studies demonstrated that microRNA (miRNAs)

plays an important role in viral replication. This study aimed to predict and evaluate human miRNAs targeting multiple
genotypes of HBV. Candidate human miRNAs were analyzed by data obtained from miRBase and RNAhybrid. Then
miRNAs were selected based on hybridization patterns and minimum free energy (MFE). The silencing effect of miRNA
was evaluated by real-time PCR, the luciferase reporter assay and the ELISA assay. Five human miRNAs including miR-
142-5p, miR-384, miR-500b, miR-4731-5p and miR-5193 were found to target several HBV genotypes. Interestingly,
miR-5193 was found to be the most potent miRNA that could target against all HBV transcripts in almost all HBV geno-
types with a highly stable hybridization pattern (5' canonical with MFE lower than -35 kcal/mol). Moreover, miR-5193
caused significant silencing in luciferase activity (53% reduction), luciferase transcript (60% reduction) and HBV surface
antigen (HBsAg) production (20-40% reduction depending on genotypes). Therefore, miR-5193 might be useful and have

a vital role for inhibition of HBV replication in the future.

Keywords: Gene expression, gene silencing, genotypes, hepatitis B virus, microRNAs, miR-5193.

INTRODUCTION

Hepatitis B virus (HBV) can be divided into 10 geno-
types, genotypes A-J, depending on differences in genome
sequence [1, 2]. The viral genome is a partially double-
stranded DNA about 3.2 Kb and contains 4 overlapping open
reading frames (ORFs) encoding for the viral core protein
(HBc), the surface protein (HBs), the DNA polymerase (Pol)
and the X regulatory protein [3, 4]. More than 350 million
people worldwide are infected with chronic HBV, leading to
various progressive disease states such as acute hepatitis,
chronic hepatitis, liver cirrhosis and hepatocellular carci-
noma (HCC) [5]. Progression of chronic HBV infection is
related to several factors, including environmental factors
(alcohol and alfatoxin consumption), viral factors (viral load
and viral genotype) and host factors (age, sex, immunity and
genetics). MicroRNAs (miRNAs) have been newly identified
as a host factor regulating gene expression [6].

MiRNAs are non-coding RNAs that are transcribed from
the host genome [7]. The process of miRNA biogenesis
firstly begins within the nucleus to generate primary miRNA
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(pri-miRNA) consisting of hundreds to thousands of nucleo-
tides with hairpin structures. The pri-miRNA is then trimmed
by a nuclear RNase III protein, Drosha, to produce precursor
miRNA (pre-miRNA) containing 60 to 100 nucleotides with
a stem loop structure. After that the pre-miRNA is taken out
of nucleus to cytoplasm by Exportin-5 [7]. The loop portion
is then removed from the pre-miRNA by a ribonuclease 111
enzyme called Dicer to yield mature miRNA duplexes, ap-
proximately 22 nucleotides in length, with 2 nucleotide over-
hangs on the 5' and 3' ends [8]. The miRNA duplexes are
then incorporated into the RNA-induced silencing complex
(RISC) and one strand of miRNA is taken away by the
helicase activity of the RISC. After strand separation, the
single stranded miRNA strand guides RISC to bind to target
mRNA. Consequently, miRNAs act as a key player in the
regulation of gene expression in terms of gene silencing by
mRNA degradation or translational repression. Therefore,
miRNAs have been proposed as potential important bio-
molecules for clinical application [9].

Recently, many studies have shown that several miRNAs
play a prominent role in regulation of viral infection and can
be divided into 2 groups: viral miRNAs and cellular miR-
NAs. Previous reports have indicated that several viruses
encode their own miRNAs including herpesviruses (HSVs)
[10], Epstein—Barr-Virus (EBV) [11], Simian Virus 40

© 2015 Bentham Science Publishers
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(SV40) [12] and human immunodeficiency virus-1 (HIV-1)
[13]. Viral miRNAs can target cellular mRNAs and interfere
with cellular processes leading to pathogenesis. On the other
hand, cellular miRNAs encoded by the host cell can target
viral genes related to the replication of several infectious
viruses such as primate foamy virus type 1 (PFV-1) [14],
vesicular stomatitis virus (VSV) [15], hepatitis C virus
(HCV) [16] and human papillomavirus (HPV) [17].

This study focused on the identification of human miR-
NAs targeting conserved regions among several HBV geno-
types (A-J). Firstly, an in silico analysis was performed in
order to predict the candidate human miRNAs targeting
HBV genes. Then, the best candidate miRNA was evaluated
based on silencing of a recombinant luciferase reporter gene
and silencing of HBsAg production in cultured mammalian
cells. This work identified hsa-miR-5193 as an effective si-
lencer, implying that this miRNA might be useful and attrac-
tive for inhibition and treatment of HBV.

MATERIALS AND METHODS
Computational Analysis

The genome sequences of HBV were obtained from NCBI
database (http://www.ncbi.nlm.nih.gov/). Ten HBV genotypes
were used in this study, genotypes A (AM282986), B
(DQ361535), C (AB246345), D (AB246347), E (AB091225),
F (AB116654), G (AB056513), H (AY090457), I (AF241409)
and J (AB486012). Each HBV genome sequence was sepa-
rated into fragments, 50 bp in length. Each fragment had a 25
bp overlap with the fragment prior. Then, each 50 bp fragment
was analyzed for sequence similarity against all human miR-
NAs in the miRBase database (http://www.mirbase.org/
search.shtml). In miRBase, SSEARCH was used to find all
human miRNAs that could align with HBV sequences. Mature
human miRNAs with high sequence similarity to HBV se-
quences (> 40% match) were considered as candidate miR-
NAs. These candidate miRNAs further had their hybridization
patterns and minimum free energy of base pairing predicted
with  HBV RNAs using RNAhybrid [18] (http://bibi
serv.techfak.uni-bielefeld.de/rnahybrid/submission.html).
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Criteria for Selection of MiRNAs

The potential hybridization patterns could be classified
into 3 categories: 5'-seed, 5'-canonical and 3'-compensatory
[19]. The 5'-seed pattern contains significant base pairing
within the seed region (2-8 bp from the 5'-end of miRNA)
whereas the 5'-canonical pattern has hybridization in the seed
region and additional base pairing in 3'-end of the miRNA.
The 3'-compensatory class is a hybridization pattern between
miRNAs and their target RNAs by complimentary base pair-
ing from the middle of the miRNAs to the 3’-end of miRNAs
without base-pairing in the seed region. A minimum free
energy (MFE) of less than -15 kcal/mol was used as another
criterion for the selection of candidate miRNAs [20]. These
criteria were successfully used for selection of miRNAs tar-
geting HCV as described previously [21].

Constructions of a Reporter Vector and shRNA Expres-
sion Vectors

For a reporter vector construction, a partial HBV gene
segment was ligated into the Xhol and Nhel sites at the 3'-
untranslated region (UTR) of a firefly luciferase gene, within
a pGL3MS2/Basic vector, in order to generate a
pGL3MS2/Basic-HBV reporter vector. The pGL3MS2/Basic
vector was kindly provided by Dr. Brown, University of
Otago, New Zealand [22]. This HBV partial segment was the
predicted target of candidate human miR-5193. The pCMV-
RLuc containing the Renilla luciferase reporter gene was
used as a transfection control vector. For short hairpin RNA
(shRNA) expression vectors, segments of miR-5193 or fire-
fly luciferase genes were ligated into BamHI and Hindlll
restriction sites within a pSilencer 3.0-Hlvector (Ambion®)
to generate pSilencer-miR-5193 or pSilencer-Fluc, respec-
tively (Table 1).

Cloning Strategies

Top and bottom strand oligonucleotides (1 pg/ul) were
mixed in 1X annealing buffer then denatured at 90°C for 3
min, followed by annealing at 37°C for 1 hour (Table 1).
After that the annealed fragment was ligated into a corre-

Table 1. Oligonucleotides used for vector constructions.
Oligos Sequence (5'>3") Vector name
HBV_TS CTAGCCTTCAAAGACTGTGTGTTTACTGAGTGGGAGGC pGL3MS2/Basic-HBV
HBV_BS TCGAGCCTCCCACTCAGTAAACACACAGTCTTTGAAGG
mir-5193_TS GATCCGAACTGGGATGGGGGTTGGGGGGAGGTAAGAAGTCTCTGACTCCTCCTC- pSilencer-miR-5193
TACCTCATCCCAGTTTTTTTTGGAAA
mir-5193_BS AGCTTTTCCAAAAAAAACTGGGATGAGGTAGAGGAGGAGTCAGAGACTTCT-

TACCTCCCCCCAACCCCCATCCCAGTTCG

siRNA-FLuc_TS
TTTTGGAAA

GATCCGCGCTGCTGGTGCCAACCCTTCAAGAGAGGGTTGGCACCAGCAGCGCTT-

pSilencer-Fluc

siRNA-FLuc_BS
CAGCAGCGCG

AGCTTTTCCAAAAAAGCGCTGCTGGTGCCAACCCTCTCTTGAAGGGTTGGCAC-
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sponding vector as previously described [23]. The recombi-
nant plasmid was transformed into E. coli strain DH5a (RBS
Bioscience) by a heat shock method and then a colony was
selected with ampicillin resistance. The fidelity of each re-
combinant vector was confirmed via nucleotide sequencing.

Cell Cultures

Human hepatoblastoma HepG2 cells were cultured in
Dulbecco’s modified eagle medium (Thermo Scientific) con-
taining 10% heat inactivated fetal bovine serum (Gibco) and
1% (v/v) antibiotic-antimycotic (Gibco) under humidified
atmosphere with 5% CO, at 37°C.

Transfections of Reporter Vectors

Transfection was performed after seeding cells (8x10°
cells/well) in medium without antibiotic-antimycotic in 96-
well plates. When the cells reached approximately 80% con-
fluence, the plasmids containing 100 ng of a reporter vector
(pGL3MS2/Basic or pGL3MS2/Basic-HBV), 10 ng of a
transfection control vector (pCMVRLuc containing Renilla
luciferase reporter gene) and 50 ng of a shRNA expression
vector (pSilencer scrambled negative silencing control or
pSilencer-miR-5193 or pSilencer-Fluc positive silencing
control) were diluted with Opti-MEM (Gibco) and then co-
transfected into cells using 0.4 pl of Lipofectamine®2000
reagent (Invitrogen) following the manufacturer’s instruc-
tions. The transfected cells were incubated in a humidified
atmosphere with 5% CO, at 37°C for 72 hours and then har-
vested for the luciferase and real-time PCR assays.

Luciferase Assay

This assay was performed at 72 hours post-transfection
by using the Dual-Luciferase Reporter assay system
(Promega). According to the manufacturer’s specification,
the cells were washed with 100 ul phosphate buffer saline
(PBS) and then lysed in 20 ul of the Passive Lysis Buffer.
The suspensions were transferred into 96-well opaque bot-
tom plate (Costar®). After that, 100 pl of Luciferase assay
reagent II (LARII) was added into each well before measur-
ing firefly luciferase activity at 560 nm, using a Multi-Mode
Microplate reader (Synergy HT, BioTek). After that 100 ul
of Stop and Glow reagent was added in order to stop the fire-
fly luciferase and then Renilla luciferase activity was meas-
ured at 480 nm. The assay was performed in triplicates at
least three independent experiments.

Real-time PCR Assay

RNA was extracted from the cell culture by RBC Real
genomics total RNA extraction kit (RBC Bioscience) and
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treated with RQ1 RNase-Free DNase (Promega) to degrade
single-stranded or double-stranded DNA. Then, cDNA was
generated from the total RNA by using HelixCript™Thermo
reverse transcriptase (Nanohelix) with random hexamers.
GAPDH (Glyceraldehyde 3-phosphate dehydrogenase) and
ﬁref]%/ luciferase genes were quantified by SYBR® Green-
ER™ gPCR SuperMix universal (Invitrogen) using Step One
Plus™ Real-time PCR Systems (Applied Biosystems). The
GAPDH gene was used as an internal control to determine
the relative expression levels of firefly luciferase. The qPCR
primers used in this study were summarized in Table 2. The
thermal profile was 50°C for 2 min, 95°C for 3 min and 40
cycles of amplification (95°C for 15 sec, 58°C for 30 sec,
72°C for 1 min and 74°C for 30 sec with fluorescence detec-
tion at the end of each cycle). These data were analyzed by
using Step One™ Software version 2.2 (Applied Biosys-
tems). The relative quantification was calculated by using the
comparative threshold (delta-delta Ct) method.

Transfection of HBV Plasmids and ELISA Assay

HepG2 cells were seeded (5x10* cells/well) in medium
without antibiotic-antimycotic in 24-well plates. After 24
hours of incubation, 600 ng of the miRNA expression plas-
mid or pSlilencer-scramble was transiently co-transfected
with 300 ng of each plasmid expressing the HBV genomes:
A (AB246337), C (AB246345) and D (AB246347). All
plasmids expressing HBV genomes were prepared as de-
scribed previously [24]. These plasmids were generously
provided by Prof. Yasuhito Tanaka, Nagoya City University
Graduate School of Medical Sciences, Japan. After 72 hours
of transfection, cell culture media and cell lysate were har-
vested for quantification of HBsAg levels by using the AR-
CHITECT 1i1000SR kit (Abbott) following the manufac-
turer’s protocol based on the enzyme-linked immunosorbent
assay (ELISA) [25].

Statistical Analysis

Difference between each group was analyzed by using
the student’s t test. A P value < 0.05 was considered to be
statistically significant.

RESULTS AND DISCUSSIONS

Prediction of Candidate Human MiRNAs Targeting
HBV

During the viral replication cycle, HBV produces differ-
ent RNA transcripts including pre-C/pre-genomic RNA (3.5
kb), pre-S1 (2.4 kb), pre-S2/S (2.1 kb) and X (0.9 kb). There-
fore, those transcripts are proposed to be targeted by cellular
miRNAs. Previously, Wu and colleagues [20] found 6 hu-

Table2. Primers used for quantitative real-time PCR.
Primer name Sequence (5'>3") Gene Size (bp)
FLuc_F TCATAGAACTGCCTGCGTGAG .
- firefly luciferase 141
FLuc R ACATATCAAATATCCGAGTGTAGT
GAPDH_F GAGAAGGTCGGAGTCAACGGG GAPDH 106
GAPDH_R TCAATGAAGGGGTCATTGATGG
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man miRNAs, miR-7, miR-196b, miR-205, miR-345, miR-
433 and miR-511, targeting conserved regions among HBV
adr, ayw and adw2 subtypes. These miRNAs yielded the
lowest minimum free energy (MFE) ranging from -21.12 to -
25.71 kcal/mol. In addition, Potenza et. al (2001) identified 7
potential human miRNAs targeting conserved regions among
HBV ayw, adw and adr subtypes. Those miRNAs consisted
of miR-125a-5p, miR-125b, miR-151, miR-183, miR-326,
miR-378 and miR-425 targeting the P/S ORF with a MFE
ranging from -12.2 to -20.9 kcal/mol [23]. Moreover, miR-
20a and miR-92a-1 were recently identified to target the
HBV P/X ORF with a MFE of -22.1 and -23.1 kcal/mol re-
spectively [26]. In previous studies different human miRNAs
targeting HBV were identified using several variation factors
such as accession number of HBV sequences, HBV geno-
types, HBV subtypes, prediction softwares and criteria for
miRNA selection.

In the present study, miRBase and RNAhybrid were used
to predict candidate human miRNAs targeting HBV tran-
script among different genotypes (A-J). Candidate human
miRNAs were analyzed based on their hybridization pattern
and minimum free energy (MFE). This study predicted new
miRNAs targeting HBV sequences that differed from those
reported in the previous studies. According to the analysis
across different genotypes of HBV, 5 human miRNAs, miR-
142-5p, miR-384, miR-500b, miR-4731-5p and miR-5193,
were found to target several HBV genotypes. The miR-142-
5p targeted pre-C/pgRNA (3.5 kb) transcripts of HBV geno-
types C, D, F and I with a 5' canonical hybridization pattern
and MFE ranging from -17.0 to -17.2 kcal/mol. The miR-384
targeted to pre-C/pgRNA (3.5 kb) transcripts of HBV geno-
types D, E, F and H with a 3' compensatory pattern and a
MFE of approximately -23.8 kcal/mol. The miR-500b hy-
bridized to pre-C/pgRNA (3.5 kb) transcripts of HBV geno-
types E, G, I and J with a 3' compensatory pattern and MFE
ranging from -21.0 to -23.1kcal/mol. The miR-4731-5p was
predicted to target pre-C/ pgRNA (3.5 kb), pre S1 (2.4 kb)
and pre S2/S (2.1 kb) transcripts of HBV genotypes C, D, E,
G and J with a 5' canonical hybridization pattern and MFE of
-26.6 to -29.5 kcal/mol. Interestingly, the miR-5193 per-
formed complementary base pairing to all HBV transcripts in
almost all genotypes of HBV (except genotype G) with a 5'
canonical hybridization pattern and MFE ranging from -35.4
to -39.1 kcal/mol. Among the 5 predicted miRNAs targeting
HBV, miR-5193 was found to be the most potent miRNA
due to the ability to target all transcripts of HBV in almost
all genotypes with the most stable hybridization. Based on
the MFE, miR-5193 was more stable than other miRNAs
targeting HBV described in previous reports. Therefore,
miR-5193 was selected for in vitro analysis in order to
evaluate the function of this miRNA. The hybridization pat-
tern and MFE of each predicted miRNA were summarized in
Table 3.

Repression of Luciferase Activity Triggered by MiR-5193
Targeting HBV Segment

The evaluation of miRNA is based on the silencing of a
reporter gene transfected in cultured mammalian cells. The
candidate miRNA (miR-5193) was selected for constructing
a miRNA expression vector. A partial HBV fragment con-

Khlaiphuengsin et al.

taining a putative target site for human miR-5193 was cloned
into the 3'-UTR of the firefly luciferase open reading frame
in the pGL3MS2/Basic vector to generate a reporter-target
vector: pGL3MS2/Basic-HBV. The pCMV-RLuc plasmid
containing the Renilla luciferase reporter gene was used as a
normalization reference gene. The recombinant plasmids
were then co-transfected into HepG2 cells. Relative lu-
ciferase activity was measured 72 hours after transfection.
The firefly luciferase signal was normalized against the
Renilla luciferase signal, allowing accurate measurements of
the expression level of the reporter gene. The basis for using
this assay was that the binding of the miRNA (miR-5193) to
the HBV viral target, transcribed together with the firefly
luciferase gene, would repress firefly luciferase activity
compared to the control.

For evaluation of luciferase activity repression, cells were
divided into 6 groups (Fig. 1). In each group, cells were
transfected with equal amounts of the pCMV-RLuc control
vector but with varying the reporter-target vector and the
shRNA expression vector. Group A served as a negative
silencing control as it was transfected with pGL3MS2/Basic
(without HBV gene) and pSilencer-scramble (a scrambled
sequence that is not complementary to any gene of the hu-
man genome). The mean of relative luciferase activity ob-
served in group A was set as 100% for comparison with the
other groups. Group B and E served as positive silencing
controls as they were transfected with either pGL3MS2/ Ba-
sic (group B) or pGL3MS2/Basic-HBV (group E) and pSi-
lencer-Fluc (specifically to hybridize and knockdown the
firefly luciferase gene encoded by the reporter vector). The
results showed that the relative luciferase activity observed
in both group B (31.07% £ 7.36) and E (23.38% % 15.02)
was significantly lower than the control group (P = 0.008).
The cells in group C were transfected with pGL3MS2/Basic
and pSilencer-miR-5193 in order to test whether miR-5193
performed non-specific binding to the firefly luciferase gene.
The results revealed no significant reduction (P = 0.304) of
the relative luciferase activity in group C (84.01% = 3.86),
indicating that miR-5193 could not directly hybridize with
the firefly luciferase gene. In group D, cells were transfected
with pGL3MS2/Basic-HBV and pSilencer-scramble to test
the silencing effect triggered by binding of endogenous cel-
lular miR-5193 to the HBV gene within the 3'-UTR of the
firefly luciferase gene. Result showed no significant differ-
ence (P = 0.788) of the relative luciferase activity between
group D (103.87% =* 2.67) and the control, implying that
endogenous cellular miR-5193 was expressed at insufficient
levels to trigger silencing of the reporter gene. Finally, cells
in group F were transfected with pGL3MS2/Basic-HBV and
pSilencer-miR-5193 in order to investigate whether miR-
5193 expressed from pSilencer-miR-5193 can bind to the
HBYV segment transcribed together with the firefly luciferase
gene and trigger the repression of firefly luciferase activity.
Interestingly, the relative luciferase activity in group F
(47.62% % 0.68) was significantly lower than those found in
a control (P = 0.017), indicating that miR-5193 triggered a
53% reduction of the luciferase activity by targeting the
HBV segment within the 3'-UTR of the firefly luciferase
gene.
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Table3. Predicted miRNAs targeting multiple genotypes of HBV.
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2 20 A second group (13.25% = 8.13) was significantly lower than
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Fig. (1). Repression of luciferase activity. HepG2 cells were di-
vided into 6 groups depending on different combination of trans-
fected vectors including a control vector (pCMV-Rluc), a reporter
vector (pGL3MS2/Basic or pGL3MS2/Basic-HBV) and a shRNA
expression (pSilencer-Scramble or pSilencer-Fluc or pSilencer-
miR-5193). After 72 hours post-transfection, relative luciferase
acitivity was measured from firefly luciferase (Fluc) normalized
with Renilla luciferase (Rluc) activities. Note that * indicates P<
0.01 whereas ** represents P< 0.05 when compared with a control

group.

Degradation of Luciferase mRNA Triggered by MiR-
5193 Targeting HBV Segment

Cells were co-transfected with a control vector, a reporter
vector and a shRNA expression vector as described above.
After 72 hours post-transfection, total RNAs were extracted
from the cells in each group, followed by DNase treatment
and cDNA synthesis. Then cDNA was used as a template for
relative quantification by real-time PCR. The glyceraldehyde
3-phosphate dehydrogenase (GAPDH) gene served as an
internal control for normalization of the firefly luciferase

mRNA level by targeting the HBV segment linked with the
3-UTR of the firefly luciferase gene, triggering specific
mRNA degradation.

Inhibition of Hepatitis B Surface Antigen (HBsAg) Pro-
duction by MiR-5193

For evaluation of miR-5193’s inhibition of HBsAg pro-
duction, HepG2 cells were transiently co-transfected with
300 ng of plasmid expressing HBV genome genotypes A, C
or D and 600 ng of pSilencer vector (scramble or miR-5193).
After 72 hours post-transfection, the levels of HBsAg in cell
lysates and supernatant were quantitated by the ELISA as-
say. As shown in the results (Fig. 3), the levels of HBsAg in
the control group (HBV genome plasmid and pSilencer-
scramble co-transfected cells) were set as 100% in both the
supernatant and cell lysate. In the supernatant, HBsAg secre-
tion of HBV genotype A (84.35% + 2.44; P =0.0804), geno-
type C (65.66% £ 0.03; P = 0.0001) and genotype D
(68.83% =+ 4.29; P = 0.0049) were reduced by miR-5193
when compared to the control group (Fig. 3A), implying that
miR-5193 can inhibit the production and secretion of HBsAg
in the supernatant. In addition, HBsAg expression in the cell
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lysate transfected with the genome plasmid of HBV geno-
type A (88.59% £ 2.67; P = 0.0150), genotype C (84.82% =
0.52; P = 0.0019) and genotype D (61.66% + 0.45; P =
0.0003) were also significantly decreased by miR-5193 when
compared to the control (Fig. 3B), indicating that expression
of HBsAg was suppressed by miR-5193.

120
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pCMV-Rluc
pSilencer-Scramble
pSilencer-Fluc
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Fig. (2). Normalized mRNA level in cells transfected with dif-
ferent vectors. The amount of firefly luciferase (Fluc) was normal-
ized with glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
internal control gene. Relative quantitation was performed by real-
time PCR and calculated by delta-delta Ct method. Note that * indi-
cates P< 0.01.

Other studies demonstrated that several miRNAs could
regulate the silencing of HBV mRNAs or proteins. For ex-
ample, miR-199a-3p and miR-210 have been proven to tar-
get HBV genes and able to suppress HBsAg expression [27].
In addition, miR-125a-5p was reported to interfere with
HBsAg expression, reducing the amount of secreted HBsAg
[23]. Recently, the miR-17-92 cluster including miR-20a and
miR-92a-1 [26] were shown to target HBV mRNAs directly
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by the luciferase reporter assay and inhibit HBV replication.

In the present study, miR-5193 was shown to target HBV
genomes by silencing of a luciferase reporter gene and re-
vealed significant silencing in both mRNA and protein lev-
els. Moreover, miR-5193 could suppress HBsAg translation
in cell lysates and HBsAg production in the supernatant.
However, the expression level of endogenous miR-5193 was
quite low in HepG2 cell lines as implied by the results of the
luciferase assay (Fig. 1, group D). Moreover, the expression
levels of miR-5193 were not significantly different between
HepG2.2.15 and HepG2 cultured cells [28] implying that
expression of miR-5193 was not altered by HBV infection. It
is necessary to further investigate and identify a substance or
components that could induce over-expression of endoge-
nous miR-5193 in order to test whether enhancing of miR-
5193 expression could inhibit HBV replication in vivo or not.
In addition, recent studies have been developed cell culture
models of HBV infection based on HepG2™" cells (human
sodium taurocholate-cotransporting polypeptide transduction
cells), which can turn the cell culture become more suscepti-
ble to HBV infection [29, 30], used to study cytolytic and
non-cytolytic responses in HBV virus infection. These
should be considered in order to expand the study of cellular
response after HBV infection and to verify the genuine ef-
fects. Although the mechanisms of miRNA normally affect
the endogenous cellular phenomenon, this cellular model
would be used to imitate the natural processes in study of
miRNAs which can affect the entry and propagation mecha-
nism of HBV.

In summary, human miRNAs, miR-142-5p, miR-384,
miR-500b, miR-4731-5p and miR-5193, were predicted to
target several genotypes of hepatitis B virus. Among these
predicted miRNAs, miR-5193 was selected for in vitro analy-
sis as it could target all transcripts in almost all genotypes of
HBYV with a highly stable hybridization pattern during the in
silico analysis. The miR-5193 revealed significant inhibition
of luciferase mRNA and luciferase activity as well as HBsAg
production. Therefore, miR-5193 might be useful and have a
vital role for inhibition of HBV replication in the future.

(A) HBsAg in supernatant
miR-5193

Scramble miRNA

(B) HBsAg in cell lysate

Relative HBsAg Level (%)

HBV genotypes

Fig. (3). Inhibition of HBsAg production by miR-5193. Hepatitis B

100

80

60

40 -

20

Relative HBsAg Level (%)

HBV genotypes

surface antigen (HBsAg) was detected and quantitated by ELISA.

(A) Levels of HBsAg secretion in supernatant. (B) Levels of HBsAg expression in cell lysates. Note that * indicates P< 0.05 and ** repre-

sents P <0.01.
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production. Therefore, miR-5193 might be useful and have a
vital role for inhibition of HBV replication in the future.
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Abstract

MicroRNAs (miRNAs) play an important role in the regulation of gene expression and are involved in many cellular processes
including inhibition of viral replication in infected cells. In this study, three subtypes of influenza A viruses (pH1N1, H5N1 and H3N2)
were analyzed to identify candidate human miRNAs targeting and silencing viral genes expression. Candidate human miRNAs
were predicted by miRBase and RNAhybrid based on minimum free energy (MFE) and hybridization patterns between human
miRNAs and viral target genes. In silico analysis presented 76 miRNAs targeting influenza A viruses, including 70 miRNAs that
targeted specific subtypes (21 for pH1N1, 27 for H5N1 and 22 for H3N2) and 6 miRNAs (miR-216b, miR-3145, miR-3682, miR-
4513, miR-4753 and miR-5693) that targeted multiple subtypes of influenza A viruses. Interestingly, miR-3145 is the only candidate
miRNA targeting all three subtypes of influenza A viruses. The miR-3145 targets to PB1 encoding polymerase basic protein 1,
which is the main component of the viral polymerase complex. The silencing effect of miR-3145 was validated by 3'-UTR reporter
assay and inhibition of influenza viral replication in A549 cells. In 3'-UTR reporter assay, results revealed that miR-3145 triggered
significant reduction of the luciferase activity. Moreover, expression of viral PB1 genes was also inhibited considerably
(P value < 0.05) in viral infected cells expressing mimic miR-3145. In conclusion, this study demonstrated that human miR-
3145 triggered silencing of viral PB1 genes and lead to inhibition of multiple subtypes of influenza viral replication. Therefore,
hsa-miR-3145 might be useful for alternative treatment of influenza A viruses in the future.

Keywords: miRNA, miR-3145, silencing, inhibition, viral replication, influenza A virus

Experimental Biology and Medicine 2015; 240: 1630-1639. DOI: 10.1177/1535370215589051

miRNAs might be useful for an alternative treatment
against influenza A virus.

MiRNAs are small non-coding RNAs approximately 22
nucleotides in length.* MiRNAs are firstly transcribed as
long hairpin RNAs called primary miRNAs (pri-miRNAs)
which are continually cropped and trimmed to 60-100
nucleotides with a stem loop structure called precursor
miRNAs (pre-miRNAs). The pre-miRNAs are then
exported to cytoplasm by Exportin-5 protein. Cytoplasmic
Dicer removes the loop structure of pre-miRNAs generating
mature miRNA. Consequently, RNA-induced silencing
complex (RISC) will assemble with miRNA duplexes and
one strand of miRNA is removed by a helicase activity of the
RISC while the remaining miRNA strand guides the RISC to
a distinctive target mRNA via base pairing. MiRNAs regu-

Introduction

Influenza A viruses are members of Orthomyxoviridae family.
These enveloped viruses contain eight negative single
strand RNA segments encoding for 11-12 viral proteins.'
Infection of influenza A viruses can affect the upper respira-
tory system and cause asymptomatic to severe symptoms
including fever, sneezing, coughing, runny nose, nasal con-
gestion, and diarrhea.! Various subtypes of influenza A
viruses can be classified by a combination of 17 different
Hemagglutinin ~ (HA) proteins and 10 various
Neuraminidase (NA) proteins. The pHIN1, H5N1, and
H3N2 subtypes cause serious worldwide public health con-
cerns.”® The therapeutic approaches are limited to targeting
neuraminidase or M2 ion channels, as well as vaccines,
which have been restricted due to seasonal antigenic drift.

Recent studies suggest that cellular microRNAs (miRNAs)
are involved in the regulation of viral replication; therefore,
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late gene expression by mRNA degradation or translational
repression, thus miRNAs play an important role in the
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regulation of many cellular processes including cell prolif-
eration, apoptosis, and homeostasis.”> Moreover, cellular
miRNAs also inhibit viral replications. For examples, hsa-
miR-32 confines the accumulation of the primate foamy
virus type 1 (PEV-1).° In 2010, Song et al. reported that
miR-323 miR-491 and miR-654 target PB1 genes of HIN1
influenza A viruses (A/WSN/33), leading to viral gene
silencing and blocking viral replication.” However, those
miRNAs were proved to inhibit only one subtype (H1N1)
of the influenza A virus in 1933, which may not represent
the other subtypes or the recent strains of influenza A
viruses infecting humans. Therefore, this study’s purpose
is to identify human miRNA targets in multiple subtypes of
influenza A viruses such as pHIN1, H5N1 and H3N2, then
to validate the candidate miRNA on viral gene silencing.

Materials and methods

Prediction of candidate miRNAs targeting influenza
viral genes

Three subtypes of influenza A viruses including pHIN1
(A/Thailand/104/2009) [accession no. GQ169381-5,
GQ205443, GQ229379 and GQ259597], HS5N1 (A/
Thailand /NK165/2005) [accession no. DQ372591-8] and
H3N2 (A/Thailand/CU-H1817/2010) [accession no.
CY074963-70] were used to predict human miRNAs that
target them. Two web-based programs, miRBase®?
(www.mirbase.org) and RNAHybrid"® (http://bibiserv.
techfak.uni-bielefeld.de/rnahybrid/) were used to screen
the human miRNAs that target viral genomes based on
the  principles of  miRNA-target  recognition'*
Hybridization patterns between the miRNAs and their
target mRNAs can be classified into 5 canonical, 5 seed,
and 3’ compensatory. Therefore, criteria for the selection of
miRNAs targeting influenza viral genes is based on effect-
ive hybridization patterns (5 canonical, 5 seed, or 3’ com-
pensatory) and minimum free energy (MFE) for base
pairing less than —17.5kcal/mol. Details of the computa-
tional prediction method was described in previous work.'?

Construction of a reporter vector

Total viral RNA was extracted by the Guanidium-isothio-
cyanate method and then reverse transcribed by random
hexamers with SuperScript® III reverse transcriptase
(Invitrogen, Waltham, Massachusetts, USA) following the
manufacturer’s instruction. The targeting region fragment
on viral PB1 genes was amplified by using Nhel/PB1_F and
Xhol/PB1_R primers (Table 1). The thermal profile included
an initial denaturation at 95°C for 3 min, 40 cycles of amp-
lification (95°C for 155, 60°C for 15s, and 72°C for 45s) and
final extension at 72°C for 7min. These primers were
designed with restriction sites of Nhel and Xhol for ligation
with a pGL3MS2/Basic reporter vector containing firefly
luciferase (FLuc) as a reporter gene. The pGL3MS2/Basic
vector and PB1 PCR product were digested by restriction
enzymes Nhel and Xhol (Thermo Scientific, Waltham, MA,
USA). The digested products were analyzed by agarose gel
electrophoresis and purified by HiYield™ Gel Extraction
kit (RBC Bioscience, New Taipei City, Taiwan). Then, the

Human miR-3145 inhibits influenza A viruses replication

partial PB1 DNA fragment was ligated into Xhol and Nhel
sites at 3-UTR of a firefly luciferase gene within a
pGL3MS2/Basic vector by T4 DNA ligase (Thermo
Scientific). This constructed vector was called pGL3MS2/
Basic_PBI.

Construction of silencing vectors

The pSilencer 3.0-H1 (Ambion®, Foster City, CA, USA) was
used as a parent vector to construct the miRNA expression
vector and positive silencing vector. For pSilencer_miR-
3145 (encodes for hsa-miR-3145 short hairpin RNA), two
oligonucleotides (1ng/pL each) - miR-3145_TS (top
strand) and miR-3145_BS (bottom strand) - were mixed in
1X annealing buffer then denatured at 90°C for 3 min, fol-
lowed by annealing at 37°C for 1h (Table 1). After that, the
annealed fragment was ligated into BamHl and HindIll
restriction sites within a pSilencer3.0-H1 according to the
manufacturer’s protocol. For pSilencer_FLuc (encodes for
short hairpin RNA against firefly luciferase reporter gene),
two oligonucleotides - shRNA-Luc_TS and shRNA-Luc_BS
(Table 1) - were annealed and then inserted into
pSilencer3.0-H1 with the same protocol as described above.

Plasmids propagation

Plasmids (pGL3MS2/Basic, pGL3MS2/Basic_PB1,
pSilencer_scramble, pSilencer_FLuc and pSilencer_miR-
3145) were transformed into competent cells (E. coli strain
DH5a) (RBC Bioscience, New Taipei City, Taiwan) by a heat
shock protocol and then a colony was selected based on
ampicillin-resistant characteristics. Nucleotide sequencing
was performed in order to confirm the fidelity of each
recombinant vector. The concentration of each plasmid
was measured by NanoDrop 1000 spectrophotometer
(Thermo Scientific).

Cell culture

Human lung adenocarcinoma epithelial cells (A549) were
cultured in DMEM (Thermo Scientific) containing 10%
heat-inactivated fetal bovine serum (Thermo Scientific)
and 1% (v/v) antibiotic-antimycotic (Gibco, Waltham,
Massachusetts, USA) at 37°C under 5% CO, with 95% air
atmosphere.

Plasmid transfection for 3'-UTR reporter assay

In 3'UTR reporter assay, A549 cells were seeded at 8 x 10°
cells/well in medium without antibiotic-antimycotic in 96
well-plates and incubated for 24 hours. For transfection into
each well, three plasmids including 100ng of a reporter
vector (pGL3MS2/Basic_PB1 or pGL3MS2/Basic), 50 ng of
a silencing vector (pSilencer_scramble or pSilencer_miR-
3145 or pSilencer_FLuc) and 10ng of a control vector
(PCMV_RLuc) were diluted with Opti-MEM (Gibco,
Waltham, MA, USA) and then co-transfected into the
A549 cells by using 0.4uL of Lipofectamine®2000
(Invitrogen, Waltham, MA, USA) according to the manufac-
turer’s protocol. The transfected cells were incubated in a
humidified atmosphere with 5% CO, at 37°C for 72 hours
and then harvested. The Renilla luciferase activity obtained
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Table 1 Primers for quantitative PCR (qPCR) and oligonucleotides for plasmid construction used in this study

Primer/oligos Sequence (5 — 3) Strand Application

PB1_F GACAGGGACATTTGAATTCAC Sense gPCR

PB1_R GGTTTGATCCCACAGCTTCTT Antisense

GAPDH_F GTGAAGGTCGGAGTCAACGG Sense qPCR

GAPDH_R TCAATGAAGGGGTCATTGATGG Antisense

Nhel/PB1_F TTGCTAGCGGATCCGACAGGGACATTTGAATTCAC Sense Reporter vector

Xhol/PB1_R ACGGATCCTCGAGGTTTGATCCCACAGCTTCTT Antisense

miR-3145_TS GATCCGTTCAACTCCAAACACTCAAAACTCATTGTTGAATGGAATGAG Sense Silencing vector
ATATTTTGAGTGTTTGGAATTGAATTTTTTGGAAA

miR-3145_BS AGCTTTTCCAAAAAATTCAATTCCAAACACTCAAAATATCTCATTCCA Antisense
TTCAACAATGAGTTTTGAGTGTTTGGAGTTGAACG

shRNA-Luc_TS GATCCGCGCTGCTGGTGCCAACCCTTCAAGAGAGGG Sense Silencing vector
TTGGCACCAGCAGCGCTTTTTTGGAAA

shRNA-Luc_BS AGCTTTTCCAAAAAAGCGCTGCTGGTGCCAACCCTCTCTT Antisense

GAAGGGTTGGCACCAGCAGCGCG

Note: Underline indicates recognition sites of restriction enzymes.

from pCMV_RLuc was used for normalization of the rela-
tive luciferase assay.

Dual Luciferase Assay

The dual luciferase assay was performed by using Dual-
Luciferase® Reporter Assay System (Promega, Madison,
WI, USA) according to the manufacturer’s instruction.
Briefly, cells were washed with 100 uL of phosphate buffer
saline and then lysed by adding 20 uL of the Passive Lysis
Buffer. The suspensions were then transferred into a white
opaque 96-well plate (Costar™). After that, 100uL of
Luciferase assay reagent II (LARII) was added into each
well. The emissions of firefly luciferase activity at 560 nm
were measured by Synergy HT Microplate reader (BioTek,
Winooski, VI, USA). After that, 100 uL of Stop and Glow
reagent was added in order to stop firefly luciferase and
then measure Renilla luciferase activity at 480 nm. The assay
was performed in triplicates in at least three independent
experiments. The relative luciferase activity was calculated
using signal intensities of firefly luciferase from a reporter
vector divided by Renilla luciferase from a control vector.

Plasmid transfection for silencing of viral genes

In a 24-well plate, A549 cells were seeded at 5 x 10* cells/
well in DMEM medium without antibiotic-antimycotic.
After 24h of incubation, 600ng of a silencing vector
(pSlilencer_ scramble or pSlilencer_miR-3145) was diluted
with Opti-MEM (Gibco, Waltham, Massachusetts, USA)
and then individually transfected into the A549 cells by
using 1.25pL  of Lipofectamine®2000  (Invitrogen,
Waltham, Massachusetts, USA). Then influenza A virus
subtypes pHIN1 (A/Thailand/104/2009), H3N2 (A/
Thailand/CU-H187/2010) and H5N1 (A/Thailand/
NK165/2005) were prepared by diluting the virus stocks
with DMEM medium to yield the desired viral titer. After
24h post-transfection, cell culture media were removed
from each well and cells were washed with 1mL of phos-
phate buffer saline. After that, 500 L of each virus

suspension (MOI=0.1) was added into each well and
then incubated in a humidified atmosphere with 5% CO,
at 37°C for 1h with occasional shaking every 15min to
allow the virus to adsorb into the cells. After adsorption,
the virus suspension was removed from each well and then
washed with 1mL of phosphate buffered saline. Finally,
1mL of complete DMEM medium was added into each
well and cells were incubated in a humidified atmosphere
with 5% CO; at 37°C for 48 h. After that, supernatant and
cell lysate were collected for further analysis. The experi-
ments were performed in triplicates under a biosafety level
3 (BSL3) laboratory, Faculty of Medicine, Chulalongkorn
University. The protocol of this study was approved by
Institutional Review Board (IRB No. 121/55), Faculty of
Medicine, Chulalongkorn University.

Real-time RT PCR

Total RNA was extracted from infected cell lysates by RBC
Real genomics total RNA extraction kit (RBC Bioscience,
New Taipei City, Taiwan) and then reverse transcribed
with random hexamers by SuperScript® III reverse tran-
scriptase (Invitrogen, Waltham, Massachusetts, USA). The
viral PB1 gene and internal control GAPDH gene were
quantified by Maxima SYBR Green/ROX qPCR Master
Mix (Thermo Scientific). The primers used for amplifica-
tions of GAPDH and PB1 genes are summarized in
Table 1. Real-time PCR amplification was carried out in
Step One Plus'™ Real-time PCR Systems (Applied
Biosystems, Foster City, CA, USA). The thermal profile
included one 3 min cycle at 95°C and 45 cycles of amplifi-
cation (95°C for 155, 60°C for 155, 72°C for 45s with fluor-
escence detection at the end of each cycle). After that, a
melting curve analysis was performed by increasing the
temperature from 60 to 95°C with a temperature transition
rate of 0.5°C/s while continuously collecting the fluorescent
signal. The results were analyzed using StepOne™
Software v.2.2 analysis. The relative quantitation was calcu-
lated by comparative Ctr method to compare the viral gene
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silencing between cells transfected with pSlilencer_miR-
3145 and pSlilencer_scramble control.

Statistical analysis

Data obtained from relative luciferase activity and relative
gene expression between each group was analyzed by
Student’s t-test. A P<0.05 was considered statistically
significant.

Results

Prediction of candidate human miRNA targeting
multiple subtypes of influenza A viruses

Viral genomes obtained from three subtypes of influenza A
viruses including pHIN1 (A/Thailand/104/2009), H5N1
(A/Thailand/NK165/2005) and H3N2 (A/Thailand/CU-
H1817/2010) were used to predict human miRNA targets
based on the miRNA-target recognition patterns (5’ canon-
ical or 5 seed or 3’ compensatory) and minimum free
energy for base pairing (less than -17.5kcal/mol) criteria.
Computational prediction revealed that there were 76

+miR-26a-2

+miR-186

A/Thailand/NK165/2005

*miR-1282 +miR-5006

HIN1

A/Thailand/104/2008

+miR-520d

+miR-105 +miR-556 *miR-3155a
*miR-128 *miR-581 *miR-3155b
+miR-129 +miR-876 +miR-3160
+miR-136 *miR-1243 +miR-4278
+miR-150 *miR-1245b =miR-4507

+miR-1255b

*miR-29a +miR-3140
+miR-92a +miR-548c +miR-3189 +miR-106a  *miR-3913
*miR-127 *miR-548y +*miR-3916 +miR-5693 *miR-146b +miR-4667
+miR-146a +miR-550a *miR-3925 +miR-216b *miR-147b  *miR-4695
*miR-300 *¢miR-550b =miR-3975 +miR-191 *miR-4712
*miR-367 +miR-550e *miR-4260 +miR-196a  ¢miR-4714
+*miR-371b +*miR-576  *miR-4646 +miR-338 *miR-4717
+miR-432 +miR-660 *miR-4668 +miR-371a  *miR-4747

+miR-670  +miR-4728 *miR-548k  +*miR-5700
+miR-1248 +miR-4769 +miR-548I *miR-5705
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human miRNAs targeting theninfluenza A viruses used in
this study. Seventy miRNAs were found to specifically
target each subtype of influenza A virus, 21 of which tar-
geted HIN1 subtype, 27 targeted H5N1 subtype and 22 tar-
geted H3N2 subtype (Figure 1). There were 6 miRNAs that
targeted multiple subtypes of influenza A viruses including
hsa-miR-216 b (target on NA gene of H5N1 and H3N2 sub-
types), hsa-miR-3682 (target on NS gene of pHIN1 and
H3N2 subtypes), hsa-miR-4513(target on PA gene of
pHIN1 and H3N2 subtypes), hsa-miR-4753 (target on PA
gene of pH1N1 subtype and PB1 gene of H5N1 subtype),
hsa-miR-5693 (target on PA gene of H5N1 and H3N2 sub-
types) and hsa-miR-3145 (target on PB1 gene of pHINI,
H5N1 and H3N2 subtypes). The hybridization pattern
and MFE of each predicted candidate miRNA are summar-
ized in Table 2.

Human miR-3145 targeting 3 subtypes of influenza
A viruses

Interestingly, hsa-miR-3145 was the only candidate human
miRNA targeting on PB1 gene of all three subtypes of

Hybridization patterns
+ 5’ canonical

= 5 seed

* 3’ compensatory

+miR-1289

*miR-4653

+*miR-3682
*miR-4513

H3N2

A/Thailand/CU-H1817/2010

+miR1279

*miR-626

Figure 1 Venn-Euler diagram shows a summary of candidate human miRNAs targeting influenza A viruses subtype pH1N1, H5N1, and H3N2. Bullets refer to different
types of hybridization patterns between miRNAs and target viral RNA. The prediction showed that 76 human miRNAs target influenza A viruses, including 70 miRNAs
that targeted specific subtype (21 for pH1N1, 27 for HSN1 and 22 for H3N2) and 6 miRNAs (miR-216b, miR-3145, miR-3682, miR-4513, miR-4753 and miR-5693) that
targeted multiple subtypes of influenza A virus
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Table 2 Summary of candidate human miRNAs targeting multiple subtypes of influenza A viruses

Human Viral gene MFE Pairing
miRNAs Viral Subtype (position) Hybridization pattern (kcal/mol) pattern
miR-216b H5N1 NA (822-843) target 5' A c G a 3 -31.3 5’canonical

UCACAU UGU UGCAGGGAU
AGUGUA ACG ACGUCUCUA

miRNA 3°' A G AR 5'
H3N2 NA (872-892) CETGEL.E' B 6 O R —30.1 5'canonical
UCL AU UGUCUGCAGAGA
AGU UA ACGGACGUCUCU
miRNA 3* G A ARAA 5°*
miR-3145 pH1N1 PB1 (1551-1570) AEGEELE A c G 3 -18.2 5'seed
CC AGC UUUGGAGUGUCU
GG UUG GAGUUUUAUAGA
miRNZ 3' GUURR U U 50
H5N1 PB1 (1503-1541) carger 5' C UAUGGAGCUGCCE U G 3 —-20.7 5’canonical
CAAUUUCEG A CUUGGAGUGUCU
GUURAAGGUU U GAGUUUUAUAGA
miRNA 3' GU 5'
H3N2 PB1 (1531-1549) CREGEEE c o — —18.1 5’canonical
CCAG  UUUGGAGUGUCU
GGUU  GAGUUUUAUAGA
miRNA 3' GUUARA uGo L
miR-3682 pHIN1 NS (1011-1028) target 5' G UG GG —— —19.1 5’canonical
U U UCCA GUAUCGUC
A G AGGU CAUAGUAG
niRNA 3' G UG GGA U s
H3N2 NS (580-600) targer 5' A — P —-22.6 3'compensatory
AUGAURACACAS GAGU
UACUAUUGUGUC uuca
miRNA 3* CAUC oc 5°
miR-4513 pH1NA1 PA (587-609) target 5' U a - coar -32.3 5’canonical
AUGGG UUCC UCGUCAGUC
UACCC GAGG GGCAGUCAG
miRNA 3' G uc A S
H3N2 PA (560-582) CATGEE 51T a v c 3 -32.3 5’canonical
AUGGG UUCC UCGUCAGUC
UACCC GAGG GGCAGUCAG
miRNA 3' G uc AS'
miR-4753 pH1N1 PA (1090-1115) CHEGEEEY T ac ACanE c 3 —20.9 5’canonical
CAAGG AAAGA AAGAGAA
GUUCC UUUCU TUCUCUU
miRNA 3' UGU Gh 5
H5N1 PB1 (541-564) target 5' A i s —20.9 5'canonical
ACACA  C AGAGAAAGAGRA
UGUGU G UUUCUUUCUCUU
miRNA 3°' ucc A 5t
miR-5693 H3N2 PA (1353-1370) CaEgEEIEY B —— —_— -27.9 5’canonical
ACACA  C AGAGAAAGAGAA
UGUGU G UUUCUUUCUCUU
miRNA 3°' ucc A 5*
H5N1 PA (1353-1370) EAYEEE 5° c G a3 -28.7 5’canonical

CAUU UAGAGCCACUG
GUAR GUCUCGGUGAC
miRNA 3' CUCAZ A G 5°

influenza A viruses. The hybridization patterns between the pairing energy or minimum free energy (MFE) at
hsa-miR-3145 and its viral PB1 target in different subtypes = —18.2kcal/mol. With H5N1, hsa-miR-3145 was hybridized
of influenza A viruses were slightly different (Table 2). For = with a “5'canonical” pattern with MFE at —20.7 kcal/mol.
pHINI, the hybridization was classified as “5'seed” with  The PB1 of H3N2 targeted a “5canonical” pattern with
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MEFE at —18.1 kcal/mol. Moreover, alignment of PB1 genes
obtained from various strains of human influenza A viruses
revealed that PB1 target sites for the seed region of hsa-miR-
3145 were conserved among various strains of the viruses
(Figure 2). Implying that hsa-miR-3145 might be able to
target PB1 of several strains of influenza A viruses. The
silencing of PB1 expression by hsa-miR-3145 might have
some effects on the replication of influenza A viruses.
Therefore, hsa-miR-3145 was selected for further
investigation.

Human miR-3145 targeted viral PB1 gene

To investigate the ability of hsa-miR-3145 to target viral PB1
gene, a 3'-UTR reporter assay was performed. According to
the conserved target regions in PB1 genes among three viral
subtypes, the pHIN1 virus was selected to be the represen-
tative for hsa-miR-3145 targeting validation. The
pGL3MS2/Basic_PB1 reporter vector was constructed by
adding a viral PB1 target region into 3'UTR of the firefly
luciferase (FLuc) reporter gene in pGL3MS2/Basic vector.
The pSilencer_scramble vector (a scrambled sequence that
is not complemented by any gene of the human) and
pSilencer_FLuc vector were constructed as negative silen-
cing control vector and positive silencing control vector,
respectively. The pSilencer_miR-3145 vector was con-
structed as a miR-3145 expression vector. The
PCMV_RLuc vector was used for Renilla luciferase (RLuc)
expression as a transfection control vector. The basis for
using this assay is that the hybridization between

Accession no. Strains of influenza A viruses
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miR-3145 and the viral PB1 target that linked with 3'-UTR
of the firefly luciferase gene will trigger silencing of firefly
luciferase activity compared to a control.

Basically, cells in each group were co-transfected with
three plasmids including a reporter vector (pGL3MS2/
Basic_PB1 or pGL3MS2/Basic), a silencing vector
(pSilencer_scramble or pSilencer_FLuc or pSilencer_miR-
3145) and a control vector (pCMV_RLuc). Each group was
transfected with the same pCMV_RLuc control vector, but
differed with respect to the types of reporter vector and
silencing vector. Therefore, the transfected A549 cells were
separated into six groups (Figure 3). In group 1, cells were
transfected with pGL3MS2/Basic and pSilencer_scramble
as the control group without target regions in the reporter
vector and negative silencing control. In group 2, cells were
transfected with pGL3MS2/Basic and pSilencer_FLuc was
used as the positive silencing control due to the shRNA
expression from pSilencer_FLuc specially targeting to
FLuc reporter gene. As the results shown in Figure 3, the
dual luciferase activity of group 2 was significantly lower
(P=0.0132) than those found in group 1, showing the effect-
iveness of the shRNA expression system. In group 3,
pGL3MS2/Basic and pSilencer_miR-3145 were transfected
into the cells in order to test whether miR-3145 triggered
non-specific complementation with a firefly luciferase gene.
Even the transfected cells could express hsa-miR-3145, but
there was no target region in the reporter vector. As
expected, the result revealed no significant difference
(P=0.3162) of the relative luciferase activity between
group 3 and group 1, indicating that miR-3145 could not

Conserved target site for a
seed region of hsa-miR-3145

FJ966080 A/California/04/2009 (HIN1) TACCCAGCTTTCEXSNENST GGAGTARATGAATC
KC866601 A/California/7/2009(HIN1) = ..cve........ IO . . . . ........
KC782012 A/Iowa/01/2010 (HIN1) = |cee-ee.......DSNEEN. . .. ..........
KC882265 A/California/20/2011 (HIN1) = |c-ceeen....../ANNN. . .. ...........
CY148257 A/Georgia/T51700/2012 (HIN1)  |-ee-ce...... . ONNNNNN. ... ..........
CY168429 A/Boston/YGA 00087/2013 (HINL) |evecev...... RN .
KM366389 A/Helsinki/1151/2014(HIN1)  |ceeceeo.... AN, @ . ... .........
CY112939 A/Fujian/411/2002 (H3N2) G..... T.... .. . . . BA....C..G
CY114379 A/California/7/2004 (H3N2) T avia & T.... . . . 7 P G
CY012110 A/Wellington/1/2004 (H3N2) y| R T.... . A . . . R 5o B -
CY164118 A/Wisconsin/67/2005 (H3N2) G onos T.... . . A....C..G
CY039093 A/Brisbane/10/2007 (H3N2) G..n.. T.... N N veiCina G
KJ942686 A/Victoria/361/2011 (H3N2) G..A..T.... N . ... O A
KJ942622 A/Texas/50/2012 (H3N2) CALLT. .. N . . A aeiCidE
AY576392 A/HK/212/2003 (H5N1) G s T.... N . . .. P Prevanva i
AY818129 A/Viet Nam/1203/2004 (H5N1) Genne - T.... AN . .. BT sniscmomnsn
CY014176 A/Indonesia/CDC7/2005 (H5N1) G oaies 2 T.... N . . ] N
AB462293 A/Shanghai/1/2006 (H5N1) ciNg— T... NN .. 7 YL | A
CY098673 A/Fujian/1/2007 (H5N1) Graneas T.... N . . .. AT........
CY098700 A/Guangdong/1/2008 (H5N1) .. ..... T.... . . . R T iiaiis i
CY098714 A/Shandong/1/2009 (H5N1) Gis svae = T.... .. .. . BT oo mussarans
KF277180 A/Viet Nam/CM32/2011 (HS5N1)  |----... T.... AN .. ) L
JQ714244 A/Cambodia/wW0112303/2012 (HS5N1) -G..... T.... N .. O L e
KF918488 A/Cambodia/X0817302/2013 (H5N1) .G..... T.... . .. 72 V] Lo R
KC896772 A/Nanjing/1/2013 (H7N9) R T.... . . . GA.T..... G
KF278743 A/Jiangsu/1/2013 (H7N9) Goawas T.... . . . . GA:T:w.ns G
KF469232 A/Nanchang/1/2013 (H7N9) G..A..T.... . . . G C.iCinE
KJ411981 A/Shanghai/01/2014 (H7N9) G s T. ... C..GA.T..... G
CY181519 A/Anhui/DEWH72-01/2013 (H7N9) G p o T. ... - G GAST v e G
KJ476631 A/Beijing/1/2013 (H7N9) Gewun T. ... C..GA.T..... G

Figure 2 The alignment of viral PB1 gene revealed conserve target sites for seed region of hsa-miR-3145. Various strains in representative of four subtypes (pH1N1,
H3N2, H5N1 and H7N9) of influenza A virus infecting humans were included in the alignment. The alignment was performed using Clastal W implemented in BioEdit

software
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Figure 3 The bar graph shows the relative luciferase activity among groups of transfected cells. Group 1, cells were transfected with pGL3MS2/Basic and
pSilencer_scramble as the control group; group 2, cells were transfected with pGL3MS2/Basic and pSilencer_FLuc was used as the positive silencing control; group 3,
cells were transfected with pGL3MS2/Basic and pSilencer_miR-3145 in order to test whether miR-3145 triggered non-specific complementary with a firefly luciferase
gene; group 4, cells were transfected with pGL3MS2/Basic_PB1 and pSilencer_scramble to test a silencing effect triggered by base complementation between an
endogenous cellular miR-3145 and the PB1 gene within 3'-UTR of the firefly luciferase gene; group 5, cells were transfected with pGL3MS2/Basic_PB1 and
pSilencer_FLuc as another positive silencing control; group 6, cells were transfected with pGL3MS2/Basic_PB1 and pSilencer_miR-3145 to test the silencing effect of
miR-3145. The pCMV_RLuc control vector was transfected into cells in each group. “*’ refers to significant differences from controls. Results revealed that the relative

luciferase in groups 2, 5, and 6 were significantly lower (P < 0.05) than controls

directly bind to the firefly luciferase gene. For group 4, cells
were transfected with pGL3MS2/Basic_PB1 and
pSilencer_scramble to test a silencing effect triggered by
base complementation between an endogenous cellular
miR-3145 and PB1 gene within 3'-UTR of the firefly lucifer-
ase gene. Results from group 4 showed no significant reduc-
tion (P=0.3604) of the relative luciferase activity between
group 4 and group 1, implying that the endogenous cellular
miR-3145 was not expressed or was expressed at a very low
level that was not sufficient to silence the reporter gene.
In another positive silencing control in group 5, cells were
transfected with pGL3MS2/Basic_PB1 and pSilencer_FLuc.
The significant reduction of luciferase activity in group 5
compared to those found in group 1 and group 4 (P =0.0026
and 0.0063 respectively) showed the effectiveness of posi-
tive silencing control. There was no significant difference of
the relative luciferase activity observed between groups 2
and 5, implying that no additional silencing effect occurred
when adding the viral PB1 target region into the 3-UTR of
the reporter gene. In group 6, pGL3MS2/Basic_PB1 and
pSilencer_miR-3145 were transfected into the A549 cells.
In this group, the A549 cells could overexpress hsa-miR-
3145 to hybridize with a viral PB1 target region presented
at 3-UTR of the reporter gene. Interestingly, the relative
luciferase activity in group 6 was significantly lower than
those found in group 1 and group 4 controls (P =0.0063 and
0.0115, respectively), indicating that hsa-miR-3145 triggered
approximately a 63% reduction of the luciferase activity by
targeting the viral PB1 segment within the 3-UTR of the
firefly luciferase reporter gene.

Inhibition of influenza A virus replication triggered
by hsa-miR-3145

After 24h of post-transfection with a silencing vector
(pSilencer_scramble or pSilencer_miR-3145), the A549
cells were infected with pHIN1 influenza virus
(MOI=0.1). To investigate the antiviral activity of hsa-
miR-3145, cell lysate was collected at 48 h post-infection fol-
lowed by RNA extraction and cDNA synthesis. Expression
level of viral PB1 gene was normalized by the amount of
host GAPDH internal control gene, which was quantitated
by real-time PCR. The infected cells with an overexpression
of hsa-miR-3145 showed a significant reduction of viral PB1
RNA expression (P <0.05) compared to cells transfected
with pSilencer_scramble negative silencing control in all
three subtypes of viral infection (Figure 4). For the pH1N1
subtype, the PB1 expression was decreased by approxi-
mately 84.62% (P =0.0024) while that in the H5N1 subtype
was decreased for 98.95% (P =0.0004) and PB1 expression
of H3N2 subtype was repressed 60.00% (P =0.0001). Thus,
the overexpression of hsa-miR-3145 seemed to inhibit the
viral PB1 expression. The PB1 is one of the viral polymerase
complexes (PB2, PB1 and PA) required for viral transcrip-
tion and replication. Therefore, silencing of the viral PB1
gene led to inhibition of viral replication.

Discussion

Although the computational tools of miRNA prediction are
available, most of these tools can predict miRNAs target(s)
only in some organisms, such as humans, mammals, fish,
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Figure 4 Percentage of relative expression of viral PB1 gene normalized with GAPDH gene quantitated by real-time PCR. The result demonstrated the significant
reduction (P < 0.05) of viral PB1 gene in the presence of miRNA-3145 compared to mock infection in all three subtypes of influenza A virus including pH1N1, H5N1 and

H3N2. “ refers to significant differences from the control (mock infection)

flies or worms.'®!” There are not many studies on predict-
ing viral genes targeted by human miRNAs. The main cat-
egory used in these tools is the complementary in the seed
region of miRNA 5 portion and their targets, leading to lots
of false-positive and false-negative results.'® In this study,
we used the categories based on the principle of miRNA
target recognition.'* The hybridization patterns of miRNAs
and their targets could be divided into three types; 5 canon-
ical, 5 seed and 3’ compensatory. These patterns were used
as the main criteria for the screening of candidate human
miRNAs targeting various subtypes of influenza A virus. In
addition, the pairing energy or minimum free energy (MFE)
from the RNA Hybrid program was included in candidate
miRNA selection. The criteria and prediction method used
in this study was previously performed in order to identify
miRNAs targeting HCV viral genes.'

In 2013, Zhang and colleagues reported that they
identified miRNAs including hsa-miR-489, hsa-miR-325,
hsa-miR-876-3p and hsa-miR-2117, which target HIN1
influenza A viral genes such as HA, PB2, MP and NS,
respectively.” Similarly, the hsa-miR-876 was also found
to be pH1N1-targeting miRNA in our study. Previous stu-
dies indicated that human miRNAs can inhibit influenza
virus replication. The hsa-miR-146a was reported to inhibit
the replication of HIN1 and H3N2 subtypes of influenza A
viruses.”’Ma et al. also verified that human miRNA let-7c
can regulate the M1 expression of HIN1 influenza virus.*'
Hsa-miR-26a, which was predicted to target the HIN1
influenza virus in our study, was also reported to inhibit
the replication of the HINT subtype in MDCK cells.** The
hsa-miR-145 and hsa-miR-92a were suggested to target HA
genes while hsa-miR-150 was reported to target PB2 genes
of the HINT1 influenza A virus.”

However, most of the miRNAs targeting influenza
viruses were differently identified in each study. This
might be due to several factors including viral subtype,
viral genome reference sequence, prediction software and
miRNA selection criteria used in each individual study.
According to the genetic variability of influenza A virus
among different subtypes and strains, the aim of this
study was to identify human miRNA targeting multiple
subtypes of influenza A viruses infecting humans.
Therefore, three subtypes of influenza A virus that infect
humans, including pHIN1, H3N2 and H5N1, were ana-
lyzed. The result revealed that hsa-miR-3145 was the only
human miRNA targeting influenza A viruses subtype
pHIN1, H5N1, and H3N2. Interestingly, the target of this
miRNA was the PB1 gene, which plays an important role in
viral replication. Even the hybridizations between hsa-miR-
3145 to three stains of influenza A viruses were slightly
different, but the targets of miRNA seed region were con-
served among various stains of the influenza A viruses as
shown in the alignment of PB1 genes (Figure 2). H7N9
influenza A virus was recently reported to infect humans;
therefore, the PB1 gene of H7N9 influenza A virus was also
analyzed. Interestingly, H7N9 influenza A virus also
contains conserved target sites for the seed region of hsa-
miR-3145, implying that hsa-miR-3145 might be able to
hybridize with PB1 gene of the H7NO virus (Figure 2).

Similar to the study described by Song et al.,” the 3-UTR
reporter assay was performed to validate the targeting and
silencing ability of candidate miRNAs. For hsa-miR-3145
evaluation, the target site on viral PB1 gene was ligated to
the 3'-UTR of luciferase reporter gene. It revealed that hsa-
miR-3145 can target the viral PB1 and lead to the silencing
activity.
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Real-time RT-PCR was used to determine viral PB1
expression in A549 infected cells. The PB1 gene expression
was significantly decreased in viral infected cells that were
transfected with hsa-miR-3145 expression vector, indicating
that hsa-miR-3145 triggered silencing of the PB1 gene.
Interestingly, H5N1 subtype infected cells show a dramatic
decrease in PB1 expression when compared to the pHIN1
and H3N2 infected cells. This may be caused by strong
hybridization between the H5N1 PB1 target gene and hsa-
miR-3145. The silencing of the PB1 gene by hsa-miR-3145
was proved in both 3'-UTR reporter assay and in vitro viral
replication (Figures 3 and 4). The PB1 gene plays an import-
ant role in viral replication by encoding polymerase basic
protein 1, which is the component of viral polymerase com-
plex. When the PB1 gene was repressed, the viral replica-
tion would be inhibited, leading to the decrease in viral
production. Thus, hsa-miR-3145 might have an antiviral
effect against multiple subtypes of influenza A viruses.

The hsa-miR-3145 miRNA was first reported in the
Melanoma miRNAome study by deep sequencing.** Until
now, its function or target has not been revealed.
Unfortunately, the expression level of endogenous hsa-
miR-3145 was very low in both uninfected and influenza
viral-infected A549 cells (data not shown). This suggest that
hsa-miR-3145 in the respiratory epithelial cell line is not
constitutively expressed in normal conditions and not
expressed in response to influenza viral infection.
Therefore, further studies about induction mechanisms for
endogenous hsa-miR-3145 expression might be useful for
alternative antiviral approaches against influenza virus
infection.

Conclusion

This study is the first report found that hsa-miR-3145 tar-
geted multiple subtypes of influenza A viruses. The results
revealed that hsa-miR-3145 targeted conserved regions in
PB1 genes of influenza A viruses and triggered silencing of
viral PB1. Thus, hsa-miR-3145 might be the best candidate
for human miRNA inhibiting replication of influenza A
viruses.
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Background: The WU polyomavirus (WUPyYV) is a small DNA virus (family Polyomaviridae) that contains a circular
double-stranded DNA genome, approximately 5 kb in length. WUPYV was first discovered in the respiratory tract of children
with acute respiratory symptoms.

Objective: This study focuses on the complete genome characterization and phylogenetic analysis of WUPyV obtained from
Thai patients with respiratory diseases in 2013.

Material and Method: DNA was extracted from nasopharyngeal (NP) suction specimens (n = 614) from patients with
respiratory tract infections. WUPYV was detected by using semi-nested PCR and then characterized by whole genome
sequencing. The nucleotides and deduced amino acid sequences were analyzed by multiple sequences alignment and phylogenetic
tree.

Results: Analysis revealed that 0.16% (1/614) of the sample was positive for WUPYV. Phylogenetic trees demonstrated that
WUPyV (isolate CU_Chonburi 3) was closely related to previously described WUPyV. Moreover, whole genome sequences
alignment of WUPyV showed several nucleotide variations within non-coding regions and amino acid changes in VP1
(position S347T); VP2 (positions L40V, G120R, Y1211, P123R, G127S, L137F, Q287R, and A327V); LTAg (positions Q357P,
V369E, E377K, D378V, A381T, R382E, R383G, and D389G); and, STAg (positions R139S, K141E, R148K, and W153C).
Conclusion: Nucleotide variations within non-coding regions and critical amino acid substitutions in viral proteins may
affect the rate of viral replication and viral adaptation; factors that may be linked to the susceptibility and severity of viral
infection. Data obtained from this study may be useful in better understanding the genetic characterization and mutation
patterns of WUPYV.

Keywords: WU polyomavirus, Characterization, Phylogenetic, Thailand
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Respiratory tract infection is a major cause
of hospitalization in infants and young children.
The common respiratory viruses include influenza
viruses, parainfluenza virus, rhinovirus, respiratory
syncytial virus, coronaviruses, adenoviruses, and
metapneumovirus®. Novel viruses that may cause
respiratory illness have recently been identified. In 2007,
WU (Washington University) polyomavirus (WUPyV)
was first discovered in the respiratory tract of children
with acute respiratory symptoms®. WUPYV is a small
DNA virus belonging to the Polyomaviridae family. It
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contains a circular double-stranded DNA genome that
is 5,229 bp in length®. The genome consists of three
functional regions, including early, late, and non-coding
regions. The early region encodes regulatory proteins,
including large T antigen (LTAg) and small T antigen
(STAQ), which are responsible for viral DNA replication
and gene expression. The late region encodes three
capsid proteins: VP1, VP2, and VVP3. The non-coding
region encompasses the origin of replication and
transcription control elements®. Accordingly, this virus
contains 5 functional proteins: LTAg, STAg, VP1, VP2,
and VVP3. The large T-antigen is required for viral DNA
replication, virion assembly, and transcription. The
small T-antigen protein is also able to activate several
cellular pathways that stimulate cell proliferation. The
three capsid proteins include a major coat protein, VP1,
and two minor coat proteins, VP2 and VVP3.
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WU polyomavirus was observed in clinical
specimens obtained from children with respiratory tract
infection in several countries, including Australia
(2.97%)@, United Kingdom (1.02%)®, France (2.42%)®,
China (2%)®, Thailand (6.29%)(", South Korea
(6.99%)®, and Canada (6.41%)®. The prevalence and
molecular characterization of WUPYV in Thai patients
were previously reported in 2008, However, mutations
in the viral genome may have occurred since that time.
Therefore, this study focused on the complete genome
characterization of WUPYV obtained from Thai pediatric
patients with respiratory disease in 2013. Those
findings were then compared with previously described
characterizations of WUPyV. The comparative findings
may provide insights into the viral mutation and genetic
variability of WUPYV that may be responsible for the
virulence and pathogenesis of this virus.

Material and Method
Clinical samples

Nasopharyngeal (NP) suction samples (n =
614) were collected from patients with influenza-like
illness at King Chulalongkorn Memorial Hospital and
Chonburi Hospital, Thailand. The protocol for this
study was approved by the Institutional Review Board
(IRB No. 457/56), Faculty of Medicine, Chulalongkorn
University.

Detection of WUPyV by semi-nested PCR amplifi-
cation

DNA was extracted from 100 uL of NP suction
using a HiYield™ Viral Nucleic Acid Extraction kit
(Real Genomics, USA), according to manufacturer
protocol. Semi-nested PCR amplification within LTAg
of WUPYV was performed using specific primers. The
first round of PCR was amplified by WU_4337F: 5'-
CATTATTAACWCCTTTACARAATAA-3” and
WU_4585R: 5-TGTC WCAWGCTGTATTTAGTAA
TA-3’; whereas, the second PCR was performed by
WU_4390F: 5-AAG TTATTAAYAGCACTAACTCTA
TG-3"and WU_ 4585R.

The expected semi-nested PCR product of
WUPYV was approximately 215 bp. Moreover,
amplification of the GAPDH gene (199 bp) using
GAPDH_F404: 5-CTTCACCACCATGGAGAAGG-3
and GAPDH_R603: 5-GTTGTCATGGATGACC
TTGGC-3" served as the internal control for detection.

Whole genome amplification of WUPyV

The complete genome of WUPyYV was
amplified directly from clinical samples, using 4 primer

S2

pairs in order to generate overlapping PCR products of
the circular genome. All primers used for whole genome
amplification were designed from nucleotide conserved
regions from different strains of WUPYV, as previously
described®.

PCR conditions

The PCR reaction mixture comprised 1 ul of
DNA, 2.5 ul of 10xPCR buffer minusMg, 0.5 ul of 10mM
dNTPs mixture, 0.75 ul of 50 mM MgCl,, 0.5 uM of each
primer, and 19.25 ul of distilled water for a final volume
of 25 ul. Thermal profiles are described, as follows:
initial denaturation at 94°C for 3 minutes; followed by,
40 amplification cycles consisting of 94°C for 30
seconds, 55°C for 30 seconds, and 72°C for 1.30 minutes;
and, a final extension at 72°C for 7 minutes. Positive
and negative controls were included in each run to
ensure suitable detections.

Gel electrophoresis and nucleotide sequencing
PCR products were separated by 2% agarose
gel electropholysis and then visualized by ethidium
bromide staining under UV transillumination. The PCR
amplified products were then purified using HiYield ™
Gel Extraction (RBC Bioscience, Taiwan). Nucleotide
sequencing was then performed by First BASE
Laboratories Sdn Bhd, Selangor, Malaysia.

Nucleotide sequences analysis

Nucleotide sequences were analyzed using
the BLAST analysis tool (http://www.ncbi.nlm.gov/
BLAST). Complete genome sequences were assembled
using the contig assembly program (CAP) and aligned
using ClustalW software, and implemented using the
BioEdit Sequence Alignment Editor (version 7.0.4.1).
The complete genome sequence of WU polyomavirus
obtained from the present study was submitted to
the GenBank database and assigned accession
number: KJ725028. Other genome sequences of
WUPyV analyzed in this study were obtained from the
GenBank database, including: WUPYV reference strain
(NC_009539); USA (EF444554 and FJ794068); Thailand
(EU358768 and EU358769); China (EU296475, GQ926980,
and FJ890981); Germany (EU711058); and, Australia
(GU296363, GU296405, and GU296408). Nucleotide
sequences were selected according to year and country
of isolation. Redundant sequences were excluded from
this analysis. The similarity of genome sequences
between sample and WUPyV reference sequence
were analyzed by Simplot version 3.5.1 (http://
sray.med.som.jhmi.edu/SCRoftware/simplot).
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Phylogenetic analysis

Phylogenetic trees were constructed by
neighbor-joining (NJ) method with bootstrap (1000) and
Tamura-Nei nucleotide substitution model implemented
in Molecular Evolutionary Genetics Analysis (MEGA)
program version 5.2 (http://www.mybiosoftware.com/
phylogenetic-analysis/2334). All WUPyV genome
sequences described above were included in the
phylogenetic tree.

Results
Detection of WUPyV

The detection of WUPYV from Thai patients
with respiratory diseases in 2013 revealed that 0.16%
(1/614) of the sample was positive for WUPyV. BLAST
analysis confirmed that this positive sample was closely
related to WUPYV. This sample was assigned as
WUPYV isolate CU_Chonburi 3 and the complete
genome was further characterized. Other samples were
negative for WUPyV, but were positive for GAPDH
internal control; a result indicating appropriate sample
collections and DNA extraction processes.

Complete genome analysis of WU polyomavirus

The genome of WUPYV (isolate CU_Chonburi
3) was closely related to the reference sequence of
WUPyYV (NC_009539), with 99% similarity. The
genomes were then further compared by using the
SimPlot software program (public domain). The result
revealed that WUPyV (CU_Chonburi 3) was slightly
different from WUPyV (NC_009539), as follows: non-
coding region (positions 100-350); VP2 (positions 850-
1,000); LTAg (positions 3,500-3,700); STAg (positions
4,650-4,800). The complete genome of WUPyV
(CU_Chonburi 3) was then aligned with several WUPyV
whole genome sequences from several countries,
including Australia, USA, Germany, China, and
Thailand during the timeframe of 2007-2011. Table 1
describes several nucleotide variations within non-
coding regions, to include positions 37, 67, 73, 95, 130,
152,173,177, 180, 181, 206, 275, 293, 294, 350, 451, 499,
4522, and 5211. Table 2 illustrates amino acid changes
in VP1 (position S347T); VP2 (positions L40V, G120R,
Y1211,P123R, G127S, L137F, Q287R, and A327V); LTAg
(positions Q357P, VV369E, E377K, D378V, A381T, R382E,
R383G and D389G); and, STA( (positions R139S, K141E,
R148K, and W153C).

Phylogenetic analysis

Phylogenetic trees were constructed based
on analysis of nucleotide sequences within VP1, VP2,

J Med Assoc Thai Vol. 98 Suppl. 1 2015

LTAg, and STAg (Fig. 2). The phylogenetic tree of the
VP1 gene (Fig. 2A) demonstrated that WUPYV (isolate
CU_Chonburi 3) was closely related to previously
described WUPyV, such as WUPYV reference sequence
(NC 009539), isolate MN 2726 from Australia in 2010
(GU296405), and isolate CLFF from China in 2008
(EU296475). Conversely, phylogenetic trees obtained
from the analysis of VP2 (Fig. 2B), LTAg (Fig. 2C),
and STAg (Fig. 2D), revealed that WUPyV (isolate
CU_Chonburi 3) was quite unrelated to other strains of
WUPyV.

Discussion

According to the previous study, the
prevalence of WUPYV in Thailand in 2008 was 6.29%
(19/302)™. However, the present study observed a
prevalence of only 0.16% (1/614) in Thai patients with
respiratory disease during 2013. When comparing the
current and previous studies, there was no difference
in specimen type (NP suction) or detection technique
(semi-nested PCR). Moreover, the sample size used in
this study was double the sample size used in the
previous report. Accordingly, type of specimen,
detection method, and sample size were not responsible
for the low prevalence of WUPyV observed in the
present study. A possible explanation may be a
difference in antibody response against WUPyV.
WUPyV contains VVP1 as a major coated protein to
target cell receptors; as such, VVP1 protein becomes the
main target of host neutralizing antibodies. According
to the analysis in the present study, the VP1 gene of
WUPyV (isolate CU_Chonburi 3) was relatively
conserved (only one amino acid change: S347T),
consistent with the previous descriptions of WUPyV
(Fig. 1 and 2A). This finding implies that WUPYV in
2013 should be neutralized by antibodies against the
VP1 protein. Consequently, the prevalence of WUPyV
in 2013 should be very low, as compared to prevalence
rates reported in the previous studies®#9,

Phylogenetic analysis based on the VP1 gene
revealed that WUPyYV isolated from several countries,
including Australia, USA, Germany, China, and
Thailand, from 2007 to 2013 were closely related. The
phylogenetic trees of WUPYV (isolate CU_Chonburi
3) based on VP2, LTAg, and STAg were located a
considerable distance from other strains of WUPyV.
However, additional WUPYV genome sequences from
several countries should be chronologically
investigated in order to understand better the evolution
of this virus.

Mutations within viral proteins (LTAg, STAg,
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Fig. 1  Similarity plot of complete genome sequences between WUPYV (CU_Chonburi 3) and WUPYV reference sequence

(NC_009539).
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Fig. 2

VP1, and VP2) were determined by whole genome
comparison. Amino acid changes can be divided into 2
groups, including non-critical and critical amino acid
changes. Changes in non-critical amino acids may not
affect the function of the proteins, because the
properties of amino acids are similar (including: VP1
(position S347T); VP2 (positions L40V, Q287R, and
A327V); and, STAg (position R148K)). On the other
hand, changes in critical amino acids may influence the
function of the proteins by triggering properties specific
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GU2IBIFEIWUPYV 367 (Australia 2010)
GU29540ZIWUPYV_NP36) (Australia 2010
GURISTIBIWUPYV_TS (Austraka 2010)
GU2SE3FEWLIPYY_C40 (Austraka 2010)
FJTO40680WUPYV_Rochester-T029 (USA 2009)

NC_0095390WUPYV

FJ830981WUPYV_FZ18 (China 2011)
—— ELISETEEWUPYY_CU-295 (Thailand 2008)
GQIZEITOWUPYY_GD-WUTDI (China 2009)
GU2IB40SIWUIPYV_MN2T26 {Australia 2010)

CU_Chanburi 3 (Thailand,20173) e
EUZ9647SWWUPYV_CLFF (China 2008)
HO218321/WUPYV_BUFS276 (China 2010)

EUISETEIWURYY_CU-302 {Thailand, 2008)
Gl yW_03 (Australia, 2010)
L‘—Ecum:sanwpw_m‘ (Austraiia 2010)
EUT11058IWUPYV_Wuerzburg (Germany, 2009)

—
oo

D) ——————— FJ830581[WUPyV_FZ18 (China 2011)
GU2IBL05IWUPYY_MN2T26 (Australia 2010)
GU296398IWUPYV_T3 (Australia 2010)
GOAZESBOWUPYY_GDWUTOS (China, 2009)
EFS44554IWUPYY_SS (USA_2007)
FUTS4068WUPYY_Rochester- 7029 (USA,2009)
HOZIBIZIWUPYY_BUFE276 (China 2010)
GU2SSTISIWUPYY 36T (Australia 2010)
NC_009539WUPYY

EU2964T5MWUPYV_CLFF (China 2008)
GUZIBIEIWUPYY_C40 (Australia, 2010)
GUZIB02WUPYV_NP3IE0 (Austraka 2010)
EUISSTEIWUPYV_CU-302 (Thadtand 2008)
EU3SETEEMNUPYV_CU-295 (Thaitand 2008)

CU_Chonbun 3 (Thailand,2013) 4=

GUISEL0BIWUPYV_O3 (Australia, 2010)
| GUZIBIEIWUPYY_O91 (Australia 2010)
L EUT11058/WUPYW_Wuerzburg (Germany 2009)

Phylogenetic analysis of WUPyV based on (A) VP1, (B) VP2, (C) LTAg, and (D) STAg genes.

to individual amino acids, to include: charge, ring
structure, glycosylation site, and disulfide linkage. The
critical amino acid changes observed in this study
include: VP2 (positions G120R, Y121I, P123R, G127S,
and L137F); LTAg (positions Q357P, V369E, E377K,
D378V, A381T, R382E, R383G, and D389G); and, STAg
(positions R139S, K141E, and W153C).

Conclusion
Nucleotide variations within non-coding

S5



regions and critical amino acid substitutions in viral
proteins may affect the rate of viral replication and viral
adaptation, which may be linked to susceptibility and
severity of viral infection. However, further experimental
investigation is required in order to confirm the
impact of each non-synonymous mutation on the
characteristics of WUPYV and the specific immune
response to this particular virus.
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