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ABBREVIATIONS

BART, BamH1A region rightward transcript.

BHRF1, BamH1 fragment H rightward open reading frame 1.
EBV, Epstein Barr virus.

mMiRNA, microRNA.
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ABSTRACT

Background: Epstein-Barr virus (EBV) was the first human virus identified to express
miRNAs. To date, 44 mature miRNAs are encoded for within the EBV genome. EBV
miRNAs have not been profiled in paediatric renal transplant recipients. In this study
circulating EBV miRNA profiles were investigated as novel biomarkers in paediatric renal

transplant patients.

Methods: Forty two microRNAs encoded within 2 EBV open reading frames (BART and
BHRF) were examined in renal transplant recipients who resolved EBV infection (REI),
patients who maintained chronic high viral loads (CHL) and patients with acute infectious

mononucleosis (IM).

Results: Plasma EBV-miR-BART2-5p was present in higher numbers of IM (7/8) and CHL
(7/10) compared to REI (7/12) patients. A trend was observed between the numbers of
plasma EBV miRNAs expressed and EBV viral load (p<0.07). Several EBV-miRs including
BART7-3p, 15, 9-3p, 11-3p, 1-3p and 3-3p were detected in IM and CHL patients only. The
lytic EBV-miRs, BHRF1-2-3p and 1-1, indicating active viral replication, were detected in
IM patients only. One CHL patient developed PTLD after several years and analysis of 10
samples over a 30 month period showed an average 24 fold change in plasma EBV-miR-

BART2-5p compared to the CHL group and 110 fold change compared to the REI group.

Conclusions: Our results suggest that EBV-miR-BART2-5p which targets the stress-induced
immune ligand MICB to escape recognition and elimination by NK cells may have a role in

sustaining high EBV viral loads in CHL paediatric kidney transplant recipients.
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Introduction:

EBYV infection is the causative agent of infectious mononucleosis and is associated with post-
transplant lymphoproliferative disease (PTLD) in renal transplant recipients. Current
strategies to identify patients at risk of EBV complications utilizes surveillance by EBV viral
load monitoring. Significant changes in EBV DNA load over time are used to assess the
efficacy of antiviral therapy and is also used widely to predict or to detect EBV-associated
disorders [1-5]. A critical limitation is that it is impossible to distinguish EBV DNA from the
latent EBV reservoir from virions being produced actively by infected cells. Hence,
quantitation of EBV DNA from whole blood alone may be viewed as having a limited role in
informing on patient management in different clinical contexts [6]. This is highlighted by the
observation that renal transplant recipients both with chronically high EBV viral loads and

those who resolve EBV infection can remain clinically well [7].

MicroRNAs (miRNAs) are a subset of 18-25 nucleotides of non-coding RNAs which
negatively regulate gene expression by targeting complementary sequences in messenger
RNAs [8]. They have been demonstrated to play key roles in growth and development,
regulation of immunity, cell differentiation, metabolism, apoptosis, cell proliferation, and
malignant transformation and their function has been linked to certain human diseases [9-11].
EBYV was the first human virus identified to express miRNAs [12]. To date, 44 mature
miRNAs are encoded for within the EBV genome, of which 4 miRNAs are derived from the
BamH]1 fragment H rightward open reading frame 1 (BHRF1), and the remaining 40 are
encoded by the BamH1A region rightward transcript (BART) [13]. The potential for EBV
miRNAs as biomarkers for monitoring nasopharygeal carcinoma[14,15] , in pediatric liver
transplant recipients [16] and chronic active EBV infection [17] has recently been published.

However, EBV miRNAs have not been profiled in paediatric renal transplant recipients. In



OCoO~NOUAWNE

this study, the profiles of 42 EBV miRNAs were investigated and compared in paediatric
renal transplant patients between those who resolve EBV infection and those patients with
chronically high EBV viral loads. Differential plasma EBV miRNA expression in healthy

individuals with infectious mononucleosis is also studied.
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Materials and Methods:

Patients and clinical samples

Paediatric transplant recipients who underwent renal transplantation at the Children’s
University Hospital Temple Street, Dublin between 2007 and 2010 were included in the study
(n=22). Briefly, the primary diseases were renal dysplasia , juvenile nephronophthisis,
branchiotorenal syndrome, posterior uretheral valves, cystinosis, mitochondrial cytopathy,
membranoproliferative glomerulonephritis, focal segmental glomerular sclerosis, anephrosis,
mainzer-saldino syndrome and primary oxalosis. One patient was undiagnosed. Ethical
approval for the study was obtained from the Research Ethics Committees at Children’s
University Hospital Temple Street, Dublin 1 and University College Dublin (LS-E-14-65-

Dean-Hassan).

Samples were collected prospectively post-transplant according to the protocol set out by
Children’s University Hospital Temple Street. Samples were taken for EBV viral load
measurements weekly for the first 3 months, then fortnightly for the next 3 months and then
monthly for the following 6 months and then at annual review clinics. If a patient became
symptomatic for EBV infection, irrespective of their follow-up schedule, samples were taken
weekly until EBV DNA became undetectable in two consecutive samples. EBV viral load
was determined in whole blood using quantitative real-time polymerase chain reaction

(qPCR).

CHL patients (n=10) were defined as those who maintained EBV loads >5000 copies/mL in
whole blood for a minimum period of 6 months post primary infection or reactivation of
infection. REI patients were classified as those who experienced primary infection post-
transplant or a reactivation of an existing infection but who resolved infection, and did not

have a detectable viral load for more than 6 months (n=12). Demographic characteristics of
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the patient groups including age at transplant and EBV serostatus pre-transplant have been

previously published [7].

The standard immunosuppressive regimen consisted of basiliximab induction, tacrolimus,
prednisolone, azathioprine or mycophenolate. Target tacrolimus trough levels in plasma were
12-15ng/mL for the first 8 weeks after transplant, 8-10ng/mL for the first year and <6ng/mL
after the first year. Mycophenolate and azathioprine were stopped when a patient who had
detectable EBV DNA developed clinical symptoms or the viral load increased to more than

log10° copies/ml. Thereafter there was a marked improvement in the majority of patients.

A cohort of healthy individuals with infectious mononucleosis (IM, n=8) was included in the

study.

Nucleic acid extraction.

For the isolation of EBV DNA, commercially available MagNA Pure 96 DNA and Viral
nucleic acids (NA) Small Volume kits were used in combination with the MagNA Pure 96
System (Roche, Mannheim, Germany) for the isolation of EBV DNA from 200 pl whole
blood or plasma for in vitro diagnostic purposes. The nucleic acid isolation procedure was
performed according to the manufacturer’s instructions. Briefly, the sample is lysed and the
nucleic acids which are released are denatured. The nucleic acids bind to the silica surface of
the added MagNA Pure Magnetic Glass Particles (MGPs) and are magnetically separated
from the residual lysed sample and unbound substances. The purified nucleic acids are then

eluted in a volume of 100pl.

Quantification of EBV DNA.
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The Artus ® EBV TM PCR Kit which is ready-to-use system for the in vitro quantitation of
Epstein Barr Virus (EBV) DNA (Qiagen GmbH, Hilden, Germany) using the ABI Prism
(Tagman) 7500 Analyser was used in accordance with manufacturer’s instruction. This Kit
contains reagents and enzymes for the specific amplification of a 97 bp region of the EBV
genome and provides 4 standards and an internal Quality Control which is used to prevent
misinterpretation of false negative results caused by inhibition of the amplification process or
an ineffective nucleic acid extraction. Base matrix is used as the negative control. For
standardization of quantitative EBV DNA detection, a positive control containing EBV DNA
at 17,780 copies/ml (Acrometrix, Thermo Fisher Scientific Ireland), is included in every run.
EBV DNA is reported as copies/ml and in log values and the lower limit of detection of the
assay is 500 copies/ml. External monitoring of EBV DNA quantitation is through

participation in the Quality Control for Molecular Diagnostics scheme.

miRNA isolation.

Total RNA was extracted from plasma using the miRCURY™ RNA isolation kit — biofluids
(Exigon, Vedbaek, Denmark). Plasma was thawed on ice and centrifuged at 3000 x g for 5
min in a 4°C microcentrifuge. An aliquot of 200 pL of plasma per sample was transferred to a
new microcentrifuge tube and 60 pl of Lysis solution BF containing 1pg carrier-RNA per
60ul Lysis Solution BF and RNA spike-in template mixture (UniSp2 and UniSp4) was added
to the sample. The tube was vortexed and incubated for 3 min at room temperature, followed
by addition of 20 pL Protein Precipitation solution BF. The tube was vortexed, incubated for
1 min at room temperature and centrifuged at 11,000 x g for 3 min. The clear supernatant was
transferred to a new collection tube, and 270 pL isopropanol was added. The solutions were
vortexed and transfer to a binding column. The column was incubated for 2 min at room

temperature, and emptied using a vacuum-manifold. 100 pL wash solution 1 BF was added to
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the columns. The liquid was removed using a vacuum-manifold, and 700 pL wash solution 2
BF was added. The liquid was removed using a vacuum-manifold. 250ul wash solution was
added and the column was spun at 11.000 x g to dry the columns entirely. The dry columns
were transferred to a new collection tube and 50 pL RNase free H20 was added directly on
the membrane of the spin column. The column was incubated for 1 min at room temperature

prior to centrifugation at 11,000 x g. The RNA was stored in a -80°C freezer.

c¢DNA synthesis and real-time qPCR

Expression levels of 42 EBV miRNAs with 95% coverage of the EBV genome, encoded
within 2 EBV open reading frames (BART and BHRF) and 4 human miRNAs (hsa-miR-16-
5p, hsa-miR-103a-3p, hsa-miR-423-5p and hsa-miR-30c-5p) were determined using
miRCURY LNA™ Universal reverse transcription microRNA PCR analysis (Exiqon,
Denmark). Briefly, 2 ul RNA was reverse transcribed in 10 pl reactions using the miRCURY
LNA™ Universal RT microRNA PCR, Polyadenylation and cDNA synthesis kit (Exiqon).
Each RT was performed in duplicates, including an artificial RNA spike-in (UniSp6). cDNA
was diluted 50 x and assayed in 10 ul PCR reactions according to the protocol for miRCURY
LNA™ Universal RT microRNA PCR; each microRNA was assayed once by qPCR using
assays for miR-23a, miR-30c, miR-103, miR-142-3p, and miR-451. In addition to these
miRNA assays, the RNA spike-ins were assayed. Negative controls excluding template from
the reverse transcription reaction was performed and profiled like the samples. The
amplification was performed in a LightCycler® 480 Real-Time PCR System (Roche,
Germany) in 384 well plates. The amplification curves were analyzed using the Roche LC
software, both for determination of Cp (by the 2nd derivative method) and for melting curve

analysis.

Data analysis

10
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The raw data was extracted from the Lightcycler 480 software. An average Cp was calculated
for the duplicate RT’s, and evaluation of expression levels was performed based on raw Cp-
values. The average expression level of the above 4 human miRNAs which were identified in

all plasma samples, was used to normalize the remaining data.

Statistical Analysis

Differential expression of miRNAs was compared using a Student’s t-test with Benjamini-
Hochberg correction. Mann-Whitney U test was used to compare patient cohorts. The
association between 2 variables was assessed by Spearman rank correlation coefficient (r).

P<0.05 was considered statistically significant.

11
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Results:

Considerable variation was observed in both the number of EBV miRNAs detected (ranging
from 0 to 17) and in their average relative expression levels as shown in the heatmaps in
Figure 1. In the three study cohorts examined, most EBV miRNAs were detected in the IM
group (7.25 on average), followed by the CHL (3.7) and REI (1.9) groups. EBV-miR-
BART2-5p and EBV-miR-BHRF1-2-5p were detected most frequently in the patient cohorts.
Plasma EBV-miR-BART2-5p was present in higher numbers of IM (7/8) and CHL (7/10)
patients compared to REI (7/12). However, there is no significant difference in the relative
levels of expression of either EBV miRNA, when comparing REI with CHL, or either
transplant group with the IM cohort. Only four other EBV miRNAs were detected in any of
the REI samples (BARTS-5p, 6-3p, 6-5p and 12). Of note, 3 EBV miRNAs (BARTS5-5p, 6-5p
and 12) were observed in the REI and CHL cohorts only. In contrast, both the IM and CHL
groups showed expression of a much broader range of miRNAs, with: 25 in total, with 9 of
which were common to both (BART1-3p, 3-3p, 6-3p, 7-3p, 9-3p, 11-3p, 13-3p, 15, and 19-
3p). Plasma EBV-miR-BHRF1-2-5p was present in higher numbers of REI (11/12) and IM

(6/8) when compared to CHL (5/10) patients.

12
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Interestingly, the lytic EBV-miR, BHRF1-2-3p and 1-1, indicating active viral replication,
were detected in IM patients only. A trend albeit not significant (p<0.07) was observed
between EBV viral load and the number of EBV miRNAs expressed in 15 plasma samples

(Figure 2). Viral loads were not available in the remaining samples.

Seventeen distinct EBV miRNAs were detected during the analysis of 10 samples over a 30
month period from a patient whom PTLD was clinically diagnosed and subsequently
clinically improved (Figure 3). The levels and numbers of EBV miRNAs peaked at the time
of PTLD diagnosis. BHRF1-2-5p appeared, albeit at low levels, 5 months prior to
development of PTLD and remained detectable for 9 months post-PTLD diagnosis. Several
other miRNAs including BART14-3p, 17-3p, 3-3p, 5-3p, 6-5p, 8-3p, 6-3p, 21-5p, 9-3p and 7-
3p were detectable at the time of PTLD diagnosis. Although not significant, a trend was
observed between EBV viral load and the number of EBV miRNAs expressed in this patient

over the 10 time points studied (p=0.058).

As with the other cohorts studied, the BART2-5p and BHRF1-2-5p miRNAs were most
commonly detected, and represented the highest and lowest relative expression levels,
respectively. Comparing these longitudinal samples with the other study cohort samples, the
patient who developed PTLD demonstrated an average 24-fold higher level of plasma EBV-
miR-BART2-5p compared to the CHL group (p<0.003), 38-fold higher compared to the IM

group (p<0.02) and 110-fold higher, compared to the REI group (p<0.001).

Principal Component Analysis (PCA) was performed by including the top 7 microRNAs that
had the largest variation across all samples. An overview of how the samples cluster based on
this variance is shown in Figure 4. Apart from the time series samples (TPO1-TP10), the data

show no clear clustering of groups and no outliers were detected.

13
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Discussion:

Epstein Barr Virus (EBV) is associated with significant complications in the post-transplant
setting due to the administration of immunosuppressive therapy to prevent rejection. As a
result the patient’s immune response is unable to control virus infection and replication. The
greatest risk associated with EBV infection is the development of post-transplant
lymphoproliferative disease (PTLD), which is associated with a high risk of morbidity and
mortality [18]. Biomarkers utilised to diagnose PTLD and predicting long-term outcomes are
needed to improve clinical decision-making following kidney transplantation. To date,
monitoring of EBV DNA loads in whole blood, plasma and peripheral blood mononuclear
cells from this cohort has been routinely employed to facilitate the diagnosis and
management of EBV infection and EBV associated PTLD. However, recent studies from our
laboratory and others have demonstrated a number of transplant recipients with chronically

high EBV viral loads, thereby calling into question the utility of monitoring EBV viral loads’.

The current study represents the first comprehensive clinical investigation of plasma EBV
miRNA expression as potential biomarkers for paediatric renal transplant recipients at risk of
developing PTLD. Our findings show that although broad variation can be seen in the profile
of EBV miRNA expression, the numbers and levels of expression of many of the 42 EBV
miRNAs studied were greater in IM and CHL patients compared to the REI cohort. In 15
plasma samples where EBV viral load was available, a trend although not significant

(p<0.07) was observed between EBV viral load and the number of EBV miRNAs expressed.

The two most commonly detected EBV miRNAs in our study cohorts were EBV-miR-
BART2-5p and BHRF1-2-5p miRNAs. EBV-miR-BART2-5p has been reported to target the

lytic viral DNA polymerase encoded by BALF5 and has also been shown to influence the

14
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innate immune response by down-regulating expression of MICB, a natural killer cell ligand
which contributes to immune evasion [19, 20]. It is not surprising therefore that BART2-5p
was detected in 87.5% of IM, 70% of CHL and 58.3% of REI patients. The dramatically
higher relative expression levels of EBV-miR-BART2-5p seen in the renal transplant
recipient who developed PTLD may indicate that monitoring BART2-5p expression,
alongside other EBV miRNAs and/or “traditional” markers of latent and lytic EBV infection,
could provide an important clinical marker in the diagnosis of this disorder. Interestingly,

once PTLD developed, expression of BART2-5p disappeared.

Although variable, BHRF1-2-5p was present in 75% of 1M, 50% of CHL and 91.7% of REI
patients. Of interest, in the patient who developed PTLD, BHRF1-2-5p expression appeared
at about 5 months prior to PTLD development and disappeared 6 months post PTLD
diagnosis. The BHRF1 cluster is believed to be involved in malignant transformation [21].
Other reports have shown that BHRF1 miRNA facilitates progressive growth, in vitro
transformation of infected cells and acute systemic EBV infection [22,23]. Furthermore,
BHRF1 has been shown to prevent primary B cells from apoptosis [24]. In agreement with
these findings, in the current study, the lytic EBV-miR, BHRF1-2-3p and 1-1, indicating
active viral replication, were detected in IM patients only. Of note, a study has reported that
while interrogating high confidence targets for BHRF1-1, several cellular 3’UTR clusters
could be assigned to both BHRF1-1 and BART4 due to off-set seed homology between these
two miRNAs [25]. In the current study, one 1M patient expressed BART4-3p and 4-5p
supporting the idea that not all EBV miRNAs are expressed throughout all stages of latency;
this may be a mechanism which allows EBV to ensure that important cellular transcripts are

downregulated [26].

15
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Other studies and our findings highlight the important functional roles of EBV miRNAs
during the viral life cycle including immune evasion, cell survival and proliferation as well as
control of the latent/lytic switch. Our results suggest that EBV-miR-BART2-5p which
targets the stress-induced immune ligand MICB to escape recognition and elimination by NK
cells may contribute to the sustained high EBV viral loads in a group of chronic high viral
load kidney transplant recipients. Furthermore, the expression of miR-BHRF1-2-5p which
correlates with the involvement of BHRF1 mRNAs cluster in cell transformation should be
monitored as well. Future studies in a larger cohort of patients is required to provide
additional data to assess the role of EBV miRNAs in the development of malignant EBV
complications in transplanted patients and to evaluate their detection as biomarkers for latent

and lytic EBV infection.

16



OCoO~NOUAWNE

References

1. Gulley ML, Tang W. Using Epstein-Barr viral load assays to diagnose, monitor, and
prevent posttransplant lymphoproliferative disorder. Clin. Microbiol. Rev. 2010. 23:350 —

366.

2. Gartner B, Preiksaitis JK. EBV viral load detection in clinical virology. J. Clin. Virol.

2010; 48:82-90.

3. Tsai, D. E., L. Douglas, C. Andreadis, D. T. Vogl, S. Arnoldi, R. Kotloff, J. Svoboda, R.
D. Bloom, K. M. Olthoff, S. C. Brozena, S. J. Schuster, E. A. Stadtmauer, E. S. Robertson,
M. A. Wasik, and V. N. Ahya. EBV PCR in the diagnosis and monitoring of posttransplant
lymphoproliferative disorder: results of a two-arm prospective trial. Am. J. Transplant. 2008;

8:1016-1024.

4. Orii, T., N. Ohkohchi, H. Kikuchi, N. Koyamada, S. Chubachi, S. Satomi, H. Kimura, Y.
Hoshino, and M. Morita. Usefulness of quantitative real-time polymerase chain reaction in
following up patients with Epstein-Barr virus infection after liver transplantation. Clin.
Transplant. 2000; 14:308-317.

5. Qertel, S., R. U. Trappe, K. Zeidler, N. Babel, P. Reinke, M. Hummel, S. Jonas, M. Papp-
Vary, M. Subklewe, B. Dorken, H. Riess, and B. Gartner. Epstein-Barr viral load in whole
blood of adults with posttransplant lymphoproliferative disorder after solid organ
transplantation does not correlate with clinical course. Ann. Hematol. 2006; 85:478-484.

6. Ouedraogo DE, Bollore K, Viljoen J, Foulongne V, Reynes J, Cartron G, et al.
Comparison of EBV DNA viral load in whole blood, plasma, B-cells and B-cell culture

supernatant. J Med Virol. 2014;86:851-856. doi: 10.1002/jmv.23858.

17



©CO~NOOOTA~AWNPE

7. Moran J, Carr M, Waters A, Boyle S, Riordan M, Connell J, et al. Epstein-Barr virus gene
expression: Human leukocyte antigen alleles and chronic high viral loads in pediatric renal

transplant patients. Transplantation 2011; 92: 328-333.

8. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function.

Cell. 2004;116:281-297.

9. Shi H, Zhang G, Zhou M, Cheng L, Yang H, Wang J, et al. Integration of Multiple
Genomic and Phenotype Data to Infer Novel miRNA-Disease Associations. PLoS

One. 2016;11(2):e0148521. doi: 10.1371/journal.pone.0148521.

10. Guo Y, Xiong Y, Sheng Q, Zhao S, Wattacheril J, Flynn CR. A micro-RNA expression
signature for human NAFLD progression. J Gastroenterol. 2016; 13:1-9.

11. Braoudaki M, Lambrou GI, Papadodima SA, Stefanaki K, Prodromou N, Kanavakis E.
MicroRNA expression profiles in pediatric dysembryoplastic neuroepithelial tumors. Med

Oncol. 2016;33:5. doi: 10.1007/s12032-015-0719-3.

12. Pfeffer S, Zavolan M, Gréasser FA, Chien M, Russo JJ, Ju J, et al. Identification of virus-
encoded microRNAs. Science. 2004;304:734-736.
13. Barth S, Meister G, Grasser FA. EBV-encoded miRNAs. Biochim Biophys

Acta. 2011 ;1809:631-640. doi: 10.1016/j.bbagrm.2011.05.010.

14. Cosmopoulos K, Pegtel M, Hawkins J, Moffett H, Novina C, Middeldorp J, Thorley-
Lawson DA. Comprehensive profiling of Epstein-Barr virus microRNAS in nasopharyngeal
carcinoma. J Virol. 2009;83:2357-2367. doi: 10.1128/JV1.02104-08.

15. Zhang G, Zong J, Lin S, Verhoeven RJ, Tong S, Chen Y, et al. Circulating Epstein-Barr
virus microRNAs miR-BART7 and miR-BART13 as biomarkers for nasopharyngeal
carcinoma diagnosis and treatment. Int J Cancer. 2015;136:E301-12. doi: 10.1002/ijc.29206.

16. Bergallo M, Gambarino S, Pinon M, Barat V, Montanari P, Dapra V, Galliano I, Calvo PL.

18



OCoO~NOUAWNE

EBV-encoded microRNAs profile evaluation in pediatric liver transplant recipients. J Clin

Virol. 2017;91:36-41. doi: 10.1016/j.jcv.2017.04.002.

17. Kawano Y, Iwata S, Kawada J, Gotoh K, Suzuki M, Torii Y, Kojima S, Kimura H, Ito Y.
Plasma viral microRNA profiles reveal potential biomarkers for chronic active Epstein-Barr

virus infection. J Infect Dis. 2013;208(5):771-9. doi: 10.1093/infdis/}it222.

18. Nalesnik MA. Clinicopathologic characteristics of post-transplant lymphoproliferative

disorders. Recent Results Cancer Res. 2002;159:9-18.

19. Barth S, Pfuhl T, MamianiA, Ehses C, Roemer K et al Epstein-Barr virus-encoded
microRNA miR-BART2 down-regulates the viral DNA polymerase BALFS5. Nucleic Acids

Res. 2008; 36: 666-675.

20. Nachmani D, Stern-Ginossar N, Sarid R, Mandelboim O. Diverse herpesvirus
microRNAs target the stress-induced immune ligand MICB to escape recognition by natural

killer cells. Cell Host Microbe 2009; 5: 376-385.

21. Howell M, Williams T, Hazlewood SA. Herpesvirus pan encodes a functional homologue
of BHRF1, the Epstein-Barr virus v-Bcl-2. BMC Microbiol. 2005;5:6.

22. Seto E, Moosmann A, Gromminger S, Walz N, Grundhoff A, Hammerschmidt W. Micro
RNAs of Epstein-Barr virus promote cell cycle progression and prevent apoptosis of primary

human B cells. PLoS Pathogen 2010; 6: €¢1001063.

23. Vereide DT, Seto E, Chiu YF, Hayes M, Tagawa T, Grundhoff A et al. Epstein-Barr virus

maintains lymphomas via its miRNAs. Oncogene 2014; 33: 1258-1264.

24. Choi H, Lee H, Kim SR, Gho YS, Lee SK. Epstein-Barr virus-encoded microRNA
BART15-3p promotes cell apoptosis partially by targeting BRUCE. J Virol 2013; 87: 8135-
8144.

19



OCoO~NOUAWNE

25. Cai X, Schafer A, Lu S, Bilello JP, Desrosiers RC et al. Epstein-Barr virus microRNAs

are evolutionarily conserved and differentially expressed. PLoS Pathogens 2006; 2; e23.

26. Skalsky RL, Corcoran DL, Gottwein E, Frank CL, Kand D, Hafner M, et al. The viral and
cellular microRNA targetome in lymphoblastoid cell lines. PLoS Pathogens 2012; 8:

€1002484.

20



OCoO~NOUAWNE

Figure captions:

Fig 1 Heat map illustrating the relative expression levels of EBV miRNAs in 8 patients with
infectious mononucleosis (IM), 12 paediatric renal recipients who resolved EBV infection
(REI) and 10 renal recipients who were chronic high EBV viral load carriers (CHL). Colours

indicate the grading from highest (green) to lowest (red) levels of miRNA expression.

Fig 2. Correlation of EBV Viral Load (copies/ml) with the number of EBV miRNAs
expressed in 15 plasma samples; CHL (n=8) (m), REI (n=5) (A), IM (n=2) (0) gave a value of

0.48, p<0.07. Viral loads were not available in the remaining samples.

Fig 3. Heat map illustrating the relative expression levels of plasma EBV miRNAs at various
time points in a renal transplant recipient who developed PTLD at time denoted by pink line.
Colours indicate the grading from highest to lowest (red) levels of miRNA
expression.

Fig 4. Principal Component Analysis was performed by including the top 7 microRNAs that
had the largest variation across all samples; (CHL (n=10), REI (n=12), IM (n=8), Timepoints

(TP0O1-TP10) in one patient who developed PTLD.

21
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ebv-miR-BART17-3p
ebyv-miR-BART13-3p
ebv-miR-BART14-5p
ebyv-miR-BARTS-5p
ebyv-miR-BARTS-3p
eby-miR-BARTE-5p
ebv-miR-BHRF1-1
ebv-miR-BHRF1-2-3p
eby-miR-BART14-3p
ebv-miR-BART3-3p
ebv-miR-BARTE-3p
ebv-miR-BART19-3p
eby-miR-BART12
ebv-miR-BARTS-3p
ebv-miR-BART13-3p
ebv-miR-BART1-3p
ebv-miR-BART11-3p
eby-miR-BARTIS
ebyv-miR-BART7-3p
eby-miR-BARTE-3p
ebv-miR-BART2-5p
ebv-miR-BHRF1-2-5p
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PTLD —»
09/11/2010 24/01/2011 21/03/2011 10/05/2011 27/06/2011 24/08/2011 17/10/2011|23/03/2012 27/07/2012 18/04/2013
eby-miR-BART12
ebv-miR-BART14-3p
ebv-miR-BART17-3p
ebv-miR-BART21-5p
ebv-miR-BART3-3p
ebv-miR-BARTS-3p
ebv-miR-BART6-5p
ebv-miR-BARTS-3p
ebv-miR-BART11-3p
ebv-miR-BART18-3p
ebv-miR-BARTS-3p
ebv-miR-BART13
ebv-miR-BART1S-3p
ebv-miR-BARTE-3p
ebv-miR-BART7-3p
ebv-miR-BHRF1-2-5p
ebv-miR-BART2-5p
Numbers of EBV miRNAs detected 5 4 4 5 6 4 8 2 1 0

R = S L L T e e e e T

Plasma EBV VL (copies/ml) 1,477 1,758 2,742 747 1,179 2,586 32,063 0 0 2,299
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