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Abstract— Human cytomegalovirus belongs to the viral family
of herpesviruses and its infection modulates diffemt
microRNAs (miRNAs) involved in cellular differentiation and
tumor development. mMiRNA/MRNA dynamic expression aalysis
was performed using microarray data. 68 miRNAs wereselected
as differentially expressed and they were clustereth 6 groups
according to their temporal expression profile. Theprediction of
target genes on one of selected miRNAs was carriedt using an
approach based on different predictive algorithms ad a
correlation analysis on miRNA/mRNA expression dataResults,
validated using real time PCR, confirmed the relatnships
between this miRNA and some host’s genes during edtion.
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I. INTRODUCTION

normalization without background subtraction wapli&gl to
both miRNA and mRNA intensity signal.

B. Selection of differentially expressed miRNAs and mRNAs

Differentially expressed miRNAs/mRNAs were selected
using the method described in [1], which calculdtes area
of the region bounded by thieeated (infected)minus control
(not infected) expression profile. The method assig p-
value to each miRNA/mMRNA by evaluating the sigrfice
of this area against the null hypothesis. Availatgplicates
were used to derive the experimental error distidiou at
different intensity expression values and the hypothesis
distribution. To account for multiple testing, thignificance
level was corrected according to a false discovaty (FDR),

Human cytomegalovirus (HCMV) is an ubiquitous virus.e. the number of false positives divided by thenber of

that can establish lifelong latent infection andhcterate
periodically. In contrast to primary infection, whi is
generally asymptomatic, reactivation of the vinoatticularly
in immuno-compromised host, often results in sedésease.

selected miRNAs/mRNAs, equal to 0.05.

C. Clustering of miRNAs expression profiles
In order to identify the main temporal expressiaitgrns

HCMV encodes its own microRNAs (miRNASs) that arep.i., treated minus control expression profiles of selected

expressed during acute lytic infection. miRNAs ardarge

miRNAs were clustered using K means clustering thase

class of 22 nucleotide non-coding RNAs that postPearson correlation. Average Linkage was applied the

transcriptionally regulate gene expression by lsigdo the 3'

number K of clusters was set to 7.

UTR sequence of mRNAs, leading either to trangtatio

inhibition or to MRNA degradation. These flexiblemall-

sized and non-immunogenic molecules are the ideds for
viruses to regulate both their own and host’s gexgession
during infection. Currently, the activity of onlyfaw HCMV

mMiRNAs have been characterized and involved inl lifa

cycle and evasion from host antiviral response.

Il. MATERIALS AND METHODS

A. Analysis of HCMV miRNA and mRNA expression during
Iytic infection in human fibroblasts

Embryonic lung human fibroblasts MRC-5 were seealed
a density of 105 cells/well in a 24 well plate. Tdedls were
infected with Towne HCMV strain at MOl 2 PFU/cedit 4,
8, 24, and 48 hours post infection (p.i.), cellsevearvested
and total RNA was extracted and processed for boRNA
and mRNA expression analysis by using Agilent nacrays.
Also time series without infection (control case available

for both miRNA and mRNA expression analysis. Eac

D. Identification of miR-US25-2-5p targets

HCMV-encoded miRNA miR-US-25-2 was shown to
reduce viral replication and DNA synthesis of HCMZ].
Pre-miR-US25-2 encodes two complementary miRNA&-mi
US25-2-3p and miR-US25-2-5p, which were successfull
cloned [3]. In the present study, prediction ofytdrgenes of
miR-US25-2-5p, selected as differentially expresseds
performed. Candidate target genes were first iledtby a
method that integrates three existing algorithm<ARybrid,
Pita, Miranda), selecting only genes predicted Ibtha three
implemented methods. Starting from these candigatees,
correlation analysis was performed using Pearsoreletion
between miR-US25-2-5p and candidate genes timesseri
One-tailed test for associations was applied andy on
significant negatively-correlated target genes wsekected
considering a threshold on p-values equal to OR&sults
were experimentally validated by repeating the elation
gnalysis using miR-US25-2-5p time series obtainemnf

MIRNA measurement has 2 or 4 replicates whereas fgpantitative real time PCR using TagMan® MicroRNA
mRNA measurements, dye-swap experiment was pertormé\ssay Kit (Applied Biosystems). 10 ng of the RNArexted
thus each time point has 4 replicates: 2 with commovere reverse-transcribed to cDNA using specifieners for

reference in Cy5 and 2 with common reference in. Cp&ss

this miRNA.
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Il. RESULTS

A. Expression of cellular miRNAs during HCMV infection

68 MiRNAs were selected as differentially exprespead
Clustering analysis on miRNA temporal profiles itiéed 6
clusters of cellular miRNAs, involved in proliferan and cell
differentiation and characterized by coherent ckandn
expression profile during the time course of infactFigure
1). In particular, cluster 1 consists of miRNAs alhiwere
gradually downregulated and had low levels of esgign at
late time points p.i.,, such as miR-145, miR-143R+hB4,
which recognize target involved in oncogenesis and
defined tumor suppressor miRNAs; cluster 2, inalgdi
miRNAs which were markedly down-regulated sinceghdy
time points p.i. and during all the time courseystér 3,
including miRNAs transiently upregulated in thesfi24 h
p.i.; cluster 4 and 5, including miRNA up-regulatedlate
time points p.i. Cluster 4 consists of miRNAs thaerfere
with cell cycle arrest and apoptosis and are oxpressed in
tumor tissues like the miRNA miR-17-92, which iguéated
by c-Myc and binds the transcription factor E2Fheveas
miRNA miR-106b-25, belonging to this cluster, prdae®
entry into S phase by inhibiting CDKN1a/p21 the lyc

dependent kinase. Cluster 5 is represented by #&R-5

family, which has a large number of potential t&sdevolved
in many cellular processes, from cell proliferatidn
apoptosis and mitosis, suggesting a regulatory nelbged to
the development of cancer. Finally, cluster 6 idesimiRNA
miR-192, showing a marked and progressive incréase
expression levels since 24 h p.i.; its targetsp&® and other
regulators of cell cycle arrest.

)
?

Cluster 1 Cluster 2

g

T o~

o

Q

o o~

L

3 o

B \

sS4 ST T ==a \

X \ e== ===

] =

. A v o

b . 7 X

8 o | 16 miRNAs 9 miRNAs

35 Cluster 3 Cluster 4

[

T oA

S -~

Q \__r’— \‘\§

3] S .

T o ”~ -

9 7’

= T

o

X<

o ooy

e

B ol 7 miRNAs 14 miRNAs
?

3 Cluster 5 Cluster 6

[ -

€ o ===

: e

o v -~ -

8 e +”

3 o7 Vi

£

57

X

W

. O

b

a

9 miRNAs 11 miRNAs
| T

T T T
10 20 30
Time (h)

10 20 30
Time (h)

40 40

Fig. 1. Expression profile of miRNAs selected affedéntially expressed,
clustered in groups sharing the same temporalrpatte

B. Identification of miR-US25-2-5p targets

1034 genes were predicted by the three prediction

algorithms for miR-US25-2-3p and 266 of these gemese

2

selected as differentially expressed during pdsiciion. For
these 266 genes, correlation analysis between HOMR-
US25-2-5p microarray expression profile and expoessf
predicted mRNA targets led to the selection of tafeb4
genes, which were down-regulated in HCMV infected
fibroblasts and their expression profile was inegrgelated
to HCMV miR-US25-2-5p expression profile. UsingIréane
PCR expression profile of miR-US25-2-3p and repegathe
correlation analysis, 49 genes were selected gsttaf this
miRNA. Comparing the two list of target genes ofutgi from
the two correlation analysis, 43 genes are in commo
Among these genedrfAM127A (family with sequence
similarity 127, member A), andcFAM127B (family with
sequence similarity 127, member AJOD3 (extracellular
superoxide dismutase) abSM2 (small G protein signaling
modulator 2) showed low p-values (less than 0.8@nfthe
one-tailed test. FAM127A and FAM127B genes are
transcribed during embryonic development but afs@adult
tissues and are down-regulated in tum&3D3 encodes the

extracellular superoxide dismutase, which has anti-
inflammatory activity, whereasSGSM2 is involved in
vesicular transportation pathway.
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Fig. 2. Expression profile of miR-US25-2-5p and takated mRNA targets.

IV. CONCLUSION

An integrated analysis of viral and host miRNAvasdl as
host mMRNA, in a time course experiment allowed the
description of viral and host miRNA profiles dugimfection
and the identification of host targets of viral iR Target
genes of a specific miRNA characterizing cytomegals
infection were identified using a metaconsensusraaih
based both on the application of three differergdption
algorithms and a correlation analysis based on mima
expression data. Correlation results obtained ocraairay
data are confirmed also by using the real time PCR
expression profile of the selected mMiRNA. As future
development, experimental validation of a pool &k t
resulting target genes will be carried out.
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