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Abstract
According to the latest update, 2,578 unique mature micro-
RNAs (miRNAs) are currently annotated in the human ge-
nome and participate in the regulation of multiple events, 
such as cellular proliferation or apoptosis. A previous study 
analyzing global miRNA expression patterns in GH cells (high 
human endogenous retrovirus, HERV, K vs. low) showed that 
2 miRNAs (miR-663 and miR-638) are differentially regulated 
and exhibit expression parallel to that of HERV-K. The aim of 
this study was to evaluate HERV-K and -W pol gene and miR-
155 expression in kidney transplant recipients and the pos-
sible relationship between them. The comparison between 
kidney transplant patients negative for human cytomegalo-
virus (HCMV) infection and positive patients showed a sig-
nificant difference in terms of miR-155 expression (p = 
0.0111). We demonstrated that HERV-K and -W pol gene ex-
pression was significantly higher in CMV-infected kidney 
transplant recipients versus those not infected as previously 

reported by our groups. Our correlation data suggest that 
miR-155 are not directly involved in regulating the HERV not-
withstanding that we together observed increased expres-
sion of HERV-K and -W and diminished expression of miR-
155 in HCMV-infected human kidney transplant recipients.

© 2018 S. Karger AG, Basel

Introduction

MicroRNAs (miRNAs) are a class of short-length dou-
ble-strand genome-encoded RNAs that are produced to 
repress posttranscriptionally the expression of cellular 
mRNAs. The overall effect of a miRNA on a gene’s pro-
tein expression depends on whether its transcript is a di-
rect or indirect target of the miRNA; for example, when 
a miRNA targets a protein’s repressors, that miRNA will 
indirectly upregulate that protein (the so-called repressor 
of a repressor effect) [1]. 

The repression mechanism is not clearly defined yet 
but most probably is achieved by the translation repres-
sion and by the deadenylation and consequent degrada-
tion of target mRNAs [2]. 
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According to the latest update, 2,578 unique mature 
miRNAs are currently annotated in the human genome 
[3] and participate in the regulation of multiple events, 
such as cellular proliferation or apoptosis. For this reason, 
it is expected to find different and tightly regulated ex-
pression levels among the cellular miRNAs, depending 
on the cellular program [4].

The regulation of host cell processes is one of the key 
factors that viruses have developed in million years for 
their survival in the organism, upregulating the produc-
tion of enzymes and proteins useful for viral replication 
and altering the signal events that are responsible for the 
immune response.

The herpesvirus family comprehends many viruses 
able to control and modulate host cell processes permit-
ting the survival by a latency phase after primary infec-
tion. The herpesvirus family modulation of cellular events 
is so elaborated that it involves also cellular miRNAs,  
altering their expression [5]. Human cytomegalovirus 
(HCMV) is a member of the β-herpesvirus subfamily in-
fecting 50–90% of the world population, responsible for 
congenital infection (with a higher prevalence in develop-
ing countries with 5% of births) and a major cause of mor-
bidity in immunocompromised patients such as solid and 
bone marrow transplant recipients. 

Human endogenous retrovirus (HERVs) and related 
retrotransposons constitute approximately 8% of the hu-
man genome [6]. Most HERVs are defective and gener-
ally not considered to be infectious [7], but are transmit-
ted vertically. While they are known to be transcription-
ally active during embryonic development, they are 
generally downregulated in adult human tissues by epi-
genetic mechanisms such as DNA methylation or chro-
matin modifications [8]. However, induction of HERV 
transcription is possible under certain circumstances, 
and may have a possible role in some pathological condi-
tions.

A previous study analyzing global miRNA expression 
patterns in GH cells (high HERV-K vs. low) showed that 
2 miRNAs (miR-663 and miR-638) are differentially reg-
ulated and exhibit expression parallel to that of HERV-K 
[9]. Several miRNAs, and especially miR-155, play an es-
sential role in both the innate and adaptative immune re-
sponse. Tili et al. [10] demonstrated that resveratrol im-
pairs the upregulation of miR-155 by lipopolysaccharide 
in a miR-663-dependent manner. Hu et al. [11] identified 
many naturally occurring miR-155 target sites in HERV. 
Interaction between miR-155 and HERVs was further 
verified by a luciferase assay, and miR-155 was found to 
downregulate HERV expression [11]. Since the miR-155 

is regulated in a miR-663-dependent manner, we decided 
to evaluate HERV-K and -W pol gene and miR-155 ex-
pression in kidney transplant recipients and the possible 
relationship between them.

Material and Methods

Study Population
Thirty-one CMV seropositive kidney transplant patients (22/9 

M/F, mean age 59 ± 11.7 years) afferent to Ospedale Maggiore 
della Carità (Novara, Northern Italy), from 1 to 8 years after trans-
plantation (serological status 1 D–/R+, 30 D+/R+) were enrolled. 
Informed consent was obtained from all individual participants 
included in the study. The immunosuppressive treatment was 
based of tacrolimus and mycophenolate mofetil and ganciclovir in 
the presence of cytomegalovirus (CMV) infection (Table 1). All 
procedures performed in studies involving human participants 
were in accordance with the ethical standards of the University of 
Turin research committee and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. At the 
moment of the study 20 transplanted patients were positive to hu-
man CMV (HCMV) infection and 11 were negative.

Test Design
Primer design was obtained using Primer express 3.0 (Life 

Technologies, Carlsbad, CA, USA). Forward primer and minor 
groove binder (MGB) probe were specific for miR-155 and RNU43 
(calibrator for miR-155 quantification) detection. The primers and 
probe are listed in Table 2.

DNA Extraction
DNA extraction was performed starting from 1 mL of serum 

sample, to which 10 µL of CPE-DNA (Q-CMV Real Time Com-
plete Kit, ELITech Group, Puteaux, France) were added, followed 
by an extraction step using automatic extractor easyMAG (Bio-

Table 1. Main demographic and baseline characteristics of the 
study population

Patients, n 31
Gender (male/female), n 22/9
Age (range), years 59 (26–67)
CMV D/R serostatus, n (%)

D–/R+ 1 (3)
D+/R+ 30 (97)

Induction immunosuppressive therapy, n (%)
Basiliximab 31 (100)

Maintenance immunosuppression, n (%)
CNI-based (CSA, TAC)

TAC, MMF, steroid 20 (64.5)
TAC, steroid 6 (19.4)
CSA, MMF, steroid 5 (16.1)

TAC, tacrolimus; CNI, calcineurin inhibitor; MMF, mycophe-
nolate mofetil; CSA, cyclosporine A.
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mérieux, Marcy-l’Etoile, France), according to the manufacturer’s 
instruction. The DNA extracted was eluted in a 25-µL final elution 
volume.

HCMV Real-Time PCR
Five microliters of elute DNA were added to 20 µL of amplifi-

cation mix (Q-CMV Real Time Complete Kit, ELITech Group, 
Puteaux, France), following the manufacturer’s instructions, and 
amplified with the following thermal profile: 50  ° C for 2 min, 95  ° C 
for 10 min, 45 cycles of 95  ° C for 15 min, 60  ° C for 1 min. The viral 
quantification was reported as copiesper milliliter following the 
manufacturer’s instructions; the inferior detection limit was set as 
110 copies/mL. 

RNA Extraction 
RNA extraction was performed according to the RNAzol pro-

tocol modified by Bergallo et al. [12] and starting from 400 µL of 
thawed serum samples. 

miR-155 Reverse Transcription
Reverse transcription (starting from 500 ng of total RNA) was 

performed with a Gene Amp RNA PCR kit (Life Technologies, 
Carlsbad, CA, USA) including some modifications: 50 U of MMLV 
RT, 1 mM dNTPs, 5 mM MgCl2, 1 U RNase Inhibitor, 1× PCR buf-
fer II and 0.5 µg of miR-155 stem loop primer. The reaction was 
carried out in 3 steps: an initial incubation at 16  ° C for 30 min, a 
further one at 42  ° C for 60 min and a final incubation at 99  ° C for 
5 min.

RNA Quality and Integrity Evaluation
RNA purity and concentration were evaluated by spectropho-

tometry using NanoDrop ND-2000 (Thermo Fisher Scientific, 
Wilmington, DE, USA). 260/230 and 260/280 absorbance ratios 
were used to assess the presence of contaminants: peptides, phe-
nols, aromatic compounds, or carbohydrates and proteins.

miR-155 Expression Measurement by Real-Time MGB PCR
After the reverse transcription step, an asymmetric PCR using 

300 nM of specific forward primer (Table 1), 0.1 U of GoTaq® Hot 
Start polymerase (Promega, Bergamo, Italy), 4 μL of 5× Colorless 

GoTaq® Flexi Buffer and 2 μL of cDNA, obtaining a final volume 
of 20 μL, was performed. The thermal profile was the following: 
95  ° C for 2 min, 30 cycles of 94  ° C for 15 min, 55  ° C for 30 min and 
72  ° C for 20 min. 

Five microliters of enriched cDNA were added to 35 μL of reac-
tion mix containing 800 nM of forward primer, 1,000 nM of uni-
versal reverse primer, 200 nM of MGB probe and 1× TaqMan Uni-
versal PCR Master Mix (P/N: 4324018 Life Technologies, Carls-
bad, CA, USA) in a final volume of 40 μL. The amplifications were 
performed on an ABI 7500 real-time PCR system (Life Technolo-
gies, Carlsbad, CA, USA) in a 96-well plate at 95  ° C for 10 min, 
followed by 40 cycles of 95  ° C for 15 s and 60  ° C for 1 min. Each 
sample was run in triplicate. 

The level of miR-155 expression was measured using the Cq 
(cycle quantification) value, the fractional cycle number at which 
the fluorescence of each sample passed a fixed threshold. 

The 2–ΔCq method for relative quantification of gene expression 
was used to determine the level of miRNA expression. ΔCq was 
calculated by subtracting the Cq value of RNU43 RNA from the 
Cq value of the miR-155. RNU43 Cq values were obtained by a 
parallel asymmetric and real-time amplification with specific for-
ward primer, probe and universal primer at the same conditions 
for miR-155 amplification. The n-fold change was calculated using 
the equation n-fold change = 2–ΔCq. A negative control with ddH2O 
was included in the plate to avoid false-positive results.

Quantitation of HERV-K and -W RNA by In-House  
Real-Time PCR
One microgram of RNA was used for cDNA synthesis by a 

Gene Amp RNA PCR kit (Life Technologies, TX, USA) according 
to the manufacturer’s instruction. HERV-K and W expression was 
evaluated by relative quantitative relative real-time PCR on pol 
gene RNA, using glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) transcript as normalizer. Approximately 100 ng cDNA 
were amplified in a 20-μL total volume reaction containing  
1× TaqMan Universal PCR Master Mix (Life Technologies, TX, 
USA), 900 nM of specific HERV-K primers (KPOLF-5′-
CCACTGTAGAGCCTCCTAAACCC-3′; KPOLR-5′-TTGGTA-
GCGGCCACTGATTT-3′) and probe (KPOLP-6FAM-CCCA-
CACCGGTTTTTCTGTTTTCCAAGTTAA-TAMRA) or HERV-

Table 2. Primers and probes list (all the sequences are reported in 5’–3’ direction)

Target RNU43

Sequence GAACUUAUUGACGGGCGGACAGAAACUGUGUGCUGAUUGUCACGUUCUGAUU
Stem loop primer GGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAATCAG
Forward TGACGGGCGGACAGAAA
Probe minor groove binder family TGTGTGCTGATTGTCA

Target miR-155

Sequence UUAAUGCUAAUCGUGAUAGGGGU
Stem loop primer GGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCACCCCT
Forward CGCAGTTAATGCTAATCGTGATA
Probe minor groove binder family GGGGTGGCTCTGG
Universal reverse primer TGCAGGGTCCGAGGTATTC
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W primers (WPOLF-5′-ACMTGGAYKRTYTTRCCCCAA-3′; 
KPOLR-5′-GTAAATCATCCACMTAYYGAAGGAYMA- 
3′) and probe (WPOLP-6FAM-TYAGGGATAGCCCYCATC-
TRTTTGGYCAGGCA-TAMRA) or GAPDH-specific primers 
(GAPDHF-5′-CCAAGGTCATCCATGACAAC-3′; GAPDHR-5′- 
GTGGCAGTGATGGCATGGAC-3′) and probe (GAPDH-
6FAM-TGGTATCGTGGAAGGA-3′ MGB). 

The amplifications were performed on an ABI 7500 Real-Time 
PCR system (Life Technologies, TX, USA) at 95  ° C for 10 min, fol-
lowed by 40 cycles of 95  ° C for 15 s and 60  ° C for 1 min. Each 
sample was run in triplicate. Furthermore, in order to confirm that 
there was no DNA genomic contamination, a no-reverse-tran-
scriptase  control reaction in which no reverse transcriptase is add-
ed was performed using the same primers and probe described 
above.

Statistical Analysis
Mann-Whitney and Spearman tests were employed for the re-

sults analysis and p values calculated by GraphPAD Prism 5 
(GraphPad Software, La Jolla, CA, USA).

Results

Thirty-one kidney transplant patients were enrolled in 
this study. In all the patients screening tests for the HCMV 
infection had previously been performed, based on the 
medical guidelines for transplant patient health care. Of 

31 patients, 20 were positive for HCMV infection and 11 
negative (Table 3).

Based on relative quantification, the miR-155 expres-
sion was compared among the groups previously de-
scribed. As observable in Figure 1, the comparison be-
tween kidney transplant patients negative for HCMV in-
fection and patients positive for it showed a significant 
difference in terms of miR-155 expression (p = 0.0111; 
Fig. 1).
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Table 3. Results of quantitative real-time PCR: viral load (copies/mL)

Samples HCMV
negative

Samples HCMV
positive 

1 neg. 12 117,100
2 neg. 13 12,780
3 neg. 14 2,490
4 neg. 15 4,200
5 neg. 16 60,500
6 neg. 17 31,760
7 neg. 18 3,960
8 neg. 19 690,000
9 neg. 20 4,630

10 neg. 21 4,270
11 neg. 22 1,540

23 960
24 600
25 430
26 110
27 250
28 420
29 1,560
30 470
31 840

Fig. 2. HERV-K expression level comparison. HERV-K expres-
sion, normalized with GAPDH expression, in negative and posi-
tive CMV-infected kidney transplant recipients is represented. 
The p value of the Mann-Whitney test is reported.

Fig. 1. miR-155 level comparison. miR-155 expression, normal-
ized with RNU43 expression, in negative and positive CMV-in-
fected kidney transplant recipients is represented. The p value of 
the Mann-Whitney test is reported.
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Transcription levels of HERV-K and -W pol gene were 
analyzed by real-time quantitative RT-PCR (TaqMan 
system) using primers and probe located at the same 5′ 
part of the pol gene. We compared the HERV-K and -W 
expression levels in the two categories of transplant re-
cipients (CMV infection vs. no infection). There was a 
significant difference from the mean values of the two 
groups as demonstrated by the Mann-Whitney U test and 
shown in Figures 2 and 3. 

The miR-155 expression levels in sera, evaluated by 
stem loop real-time PCR analysis, was then plotted against 
HERV-K and -W relative quantification; however, Spear-
man’s test demonstrated no correlation between miR-155 
expression and HERV-K and -W expression levels (Fig. 4, 
5).

Computational miRNA/mRNA target algorithms that 
utilize a number of biological parameters, including the 
requirement of seed sequence complementarity, remain 
the only source for rapid prediction of miRNA recog-
nition sites harbored within the 3′-untranslated region  
of target mRNAs. Using a CLC Genomics Workbench 
(https://www.qiagenbioinformatics.com/support/re-
sources/), the miR-155 target site was investigated in 
HERV. Using computational analysis, we identified 2 
Homo sapiens miRNA-155-3p (hsa-miR-155-3p) target 
sites in the HERV env sequence (Fig. 6).

Discussion

Many biological processes are regulated by miRNA, 
such as development, cellular differentiation, prolifera-
tion, apoptosis, metabolism and immune response [13, 
14]. A stem loop primer real-time PCR for miR-155 de-
tection has been used as previously reported [15]. Results 
obtained showed a statistically significant reduction of 
miR-155 levels in patients with HCMV infection com-
pared to patients without HCMV infection (Fig. 1) as pre-
viously reported by our groups [15]. This result is contro-
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Fig. 3. HERV-W expression level comparison. HERV-W expres-
sion, normalized with GAPDH expression, in negative and posi-
tive CMV-infected kidney transplant recipients is represented. 
The p value of the Mann-Whitney test is reported.

Fig. 4. Correlation analysis. Spearman’s correlation analysis be-
tween miR-155 expression and HERV-K expression levels. p = 
0.607 was obtained comparing HERV-K pol gene expression with 
miR-155 expression.

Fig. 5. Correlation analysis. Spearman’s correlation analysis be-
tween miR-155 expression and HERV-W expression levels. p = 
0.6727 was obtained comparing HERV-W pol gene expression 
with miR-155 expression.
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versial as the results obtained by Wang et al. [16] showed 
a higher reduction of miR-155 levels days after infection, 
comparable to higher HCMV viral loads. To find out 
whether this discrepancy is casual or caused by in vivo 
events that offset the trend of progressive reduction, fur-
ther studies are needed including a larger cohort of pa-
tients. 

It is widely unclear how HERV gene expression is con-
trolled or induced in pathological processes. We sought 
to define whether CMV infection in kidney transplant re-
cipients may affect HERV expression. Our data suggest 
that CMV could facilitate HERV activation in vivo. We 
demonstrated that HERV-K and -W pol gene expression 
was significantly higher in CMV-infected kidney trans-
plant recipients versus those not infected as previously 
reported by our groups [17]. Little is currently known 
about the induction of HERV-K expression, although 
CpG methylation status of the HERV promoter or their 
regulatory elements have been suggested to be crucial in 
the regulation of their activity [18, 19]. Interestingly, Es-
teki-Zadeh et al. [20] reported that CMV causes a general 
hypomethylation by regulating DNA methyltransferase 1 
and 3 expression in infected cells, which may also affect 
CpG methylation of the HML-2 promoter, or their regu-
latory elements, and thereby facilitate retroviral activa-
tion.

Bioinformatic analysis utilizing TargetScan 6.2 (http://
www.targetscan.org, release date June 2012) revealed that 
at least 4,174 putative human miR-155-5p mRNA targets 
exist, with a total of 918 conserved sites (i.e., between 
mouse and human) and 4,249 poorly conserved sites [21–
23]. It is important to note that the total number of miR-
1555p putative binding sites (i.e. 5,167) is greater than the 
presumed number miR-155-5p mRNA targets since some 
of them harbor multiple miR-155 binding sites [24]. 
Therefore, mRNA target validation remains a critical step 

in defining the functions of individual miRNAs. Recently, 
Neilsen et al. [25] assembled a comprehensive list of miR-
155-5p/mRNA targets from the literature that were ex-
perimentally authenticated by both the demonstration of 
endogenous transcript regulation by miR-155-5p and 
validation of the miR-155-5p seed sequence through a re-
porter assay. This list was comprised of 140 genes and 
includes regulatory proteins for myelopoiesis and leuke-
mogenesis (AICDA, ETS1, JARID2, SPI1, etc.), inflam-
mation (BACH1, FADD, IKBKE, INPP5D, MYD88, 
RIPK1, SPI1, SOCS, etc.) and known tumor suppressors 
(C/EBPβ, IL17RB, PCCD4, TCF12, ZNF652, etc.) [24]. 
Given that miR-155-5p plays important roles in many bi-
ological pathways, more investigation is needed to fur-
ther define the in vivo mRNA targets of this miRNA. No-
tably, increased levels of ERV transcripts have been ob-
served in individuals with virus infections [17] and those 
with autoimmune diseases [26], and miR-155 is involved 
in these pathological processes [27]. The significance of 
these findings is that miR-155 exerts its regulation by lim-
iting overproduction of HERV during viral infection and 
by helping to stimulate innate immunity. Unfortunately, 
our correlation data suggest that miR-155 are not direct-
ly involved in regulating the HERV notwithstanding that 
we together observed increased expression of HERV-K 
and -W and diminished expression of miR-155 in HC-
MV-infected human kidney transplant recipients. 

The results of the present study demonstrated that 
mRNA expression of HERV-K and -W and miR-155 did 
not directly correlate; in this way we could not accept the 
hypothesis of a direct involvement of miR-155 in the 
modulation of HERV as recently supposed by Hu et al. 
[11]. Furthermore, further studies including other co-
horts of pathology with miR-155 and HERV involvement 
such as neoplastic diseases are needed to investigate the 
role of miR-155 in the cross-activations of HERVs.

Fig. 6. Target site analysis of the miR-155 seed sequences in the human endogenous retrovirus.
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