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Supplementary Figure 1: Overexpression of EBV-encoded proteins 

Western blot analysis of the expression levels of EBV-encoded latency III proteins in BL2 cells. The Ponceau 

S staining of the membranes or the western blot signal for ribosomal protein L9 served as loading controls. 

The size of the proteins is marked on the right. (-) indicates untreated BL2 cells without any overexpression; 

LMP2a was tagged with a His-Tag, LMP2b and EBNA_LP (2E and 4E) with a FLAG-Tag, and LMP1 as well 

as all LMP1-mutants with an HA-Tag and were detected with specific anti-tag antibodies. Positions of 

molecular weight markers (kDa) are indicated on the left. 
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Supplementary Figure 2: Uncropped northern blots of vtRNA levels in response to expression of 
EBV-encoded latency III proteins. (a) Northern blot analysis was employed to assess the effects of 

overexpressing EBV-encoded proteins on the vtRNA1-1 levels in different BL2 cell lines. (-) indicate 

untreated BL2 cells, whereas (evc) indicates the empty vector control. EBV strain B95.8 was used as 

positive infection control (+ EBV). (b) In the presence of an NF-κB inhibitor northern blot analysis showed no 

LMP1-dependent up-regulation of vtRNA1-1.  
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Supplementary Figure 3: LMP1 expression in BL2 cells and its effects on vtRNA levels and NF-κB 

signaling  
(a) A northern blot analyses showing that LMP1 expression does neither affect vtRNA1-2, vtRNA1-3, nor 

vtRNA2 levels.  As a positive control, vtRNA levels in EBV infected BL2 cells (+EBV) are shown. (b) The 

vtRNA1-1 levels in different B cell lines (either EBV infected or not) were assessed by northern blot analysis. 

Only in cell lines known to express the EBV-encoded LMP1 (ref 1) signals for the vtRNA1-1 were evident.  In 

(a) and (b) 5.8S rRNA served as internal loading control. (c) Real time qPCR of known NF-κB target genes 

Bcl-xL, IL6 and c-Flip was monitored in untreated BL2 cells (-) and in LMP1 expressing cells and compared 

to cells treated with the NF-κB inhibitor. ‘Fold induction’ was calculated using the comparative Δct method 

where BL2 served as calibrator and TBP as housekeeping gene. Data shown are the mean values and 

standard deviations from three experiments. Significant differences in fold induction relative to the untreated 

BL2 cells were determined using the two-tailed unpaired Student’s t-test (*** P<0.001, ** P<0.01). (d) 

Western Blot analysis of NF-κB p65 in different BL2 cell lines. GAPDH serves as internal loading control. 

Positions of molecular weight markers (in kDa) are indicated on the left. 
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Supplementary Figure 4: (a) Growth curves showing BL41 cells (black) compared to vtRNA1-1 

overexpressing BL41 cells (red). Cells were counted by a CASY cell counter (Model DT). The mean and 

standard deviations of three independent proliferation experiments are shown (two-tailed unpaired Student’s 

t-test; * P<0.05). (b) The cell cycle profile of the parental BL41 cell line was compared to BL41 cells 

ectopically expressing vtRNA1-1. Cells were investigated by FACS analysis after a propidium iodide (PI) 

stain. (c, d) Of note, the vtRNA1-1 levels in the overexpressing BL41 cell line could not be further increased 

by either EBV infection or LMP1 overexpression. However, a sub-clonal cell line of BL41 ectopically 

expressing vtRNA1-1 to a lesser extent (BL41* + vtRNA1-1) was responsive to LMP1 expression. This cell 

line was transfected with the LMP1 expression construct and the levels of LMP1 (c) and vtRNA1-1 (d) were 

monitored by western and northern blot analyses, respectively. In (d) the levels of vtRNA1-1 were quantified 

and compared to the levels seen in the sub-clonal cell line BL41*+vtRNA1-1. In (d) the cell line named BL41 

+ vtRNA1-1 corresponds to the one otherwise used throughout this manuscript. Positions of molecular 

weight markers (M) are indicated on the left. The ribosomal protein L9 and the 5.8S rRNA served as internal 

loading controls. 
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Supplementary Figure 5: Uncropped northern blots assaying the expression levels of human 
vtRNAs.  Northern blot analysis reveals the amount of ectopically expressed vtRNA1-1 (99 nt long) , 1-2 (88 

nt long), and 1-3 (89 nt long)  in BL41 cells.  
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Supplementary Figure 6: Uncropped northern blots to assess the dose dependence of vtRNA1-1 
levels on the impact of apoptosis resistance. (a) Northern blot analyses demonstrate an shRNA-mediated 

knock-down of vtRNA1-1 levels in BL41 cells of ~50%. (b) Northern blot analysis showed a ~60% reduction 

of endogenous vtRNA1-1 levels in HeLa cells upon transfection of an anti-sense oligonucleotide analog 

(ASO). Administration of a control oligonucleotide (ASO_ctr) strand had no effect. (–) depict HeLa cells that 

were treated as the transfected samples, but in the absence of any oligonucleotides. (c) Analogous to (b), 

vtRNA1-1 concentrations were monitored using an anti-sense oligonucleotide analog (ASO) in the human 

breast cancer cell line HS578T. (d) In the presence of the NF-κB inhibitor IKK VII, northern blot analysis 

showed a decreased vtRNA1-1 expression level in HeLa and HS578T cells.  
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Supplementary Figure 7: vtRNA1-1 levels affect apoptosis resistance and cell proliferation in BL2 
cells.  (a) The endogenous vtRNA1-1 levels in BL2 cells were further increased by introducing additional 

vtRNA1-1 gene copies during two rounds of lentiviral transfections (+ 2x vtRNA1-1). Furthermore an shRNA-

mediated knock-down of vtRNA1-1 levels in these cells was performed and the intracellular vtRNA1-1 

concentrations assessed by northern blot analyses.  5.8S rRNA serves as internal loading control. The 

endogenous levels of vtRNA1-1 in untreated BL2 cells (-) was taken as 1.00 and compared to BL2 cells 

ectopically overexpressing vtRNA1-1 (+ 2x vtRNA1-1) in the absence or presence of shRNAs. (b) BL2 cells 

without (-) or containing additional vtRNA1-1 gene copies were treated with staurosporine (Stau) and the 

amount of apoptotic cells was determined by flow cytometry analysis after an annexin V stain. The data 

represent the mean and standard deviations of three independent experiments. The numbers of apoptotic 

cells in the untreated controls were below 20% and were subtracted from each experiment. (c) Growth 

curves showing BL2 cells (blue) compared to vtRNA1-1 overexpressing BL2 cells (green). The mean and 

standard deviations of three independent proliferation experiments are shown. P values were determined 

using the two-tailed unpaired Student’s t-test (** P<0.01). 
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Supplementary Figure 8: Uncropped northern blots showing expression levels of mutant versions of 
vtRNA. The expression levels of mutant vtRNAs M1 to M5 in BL41 were analyzed by northern blot analyses 

with an oligonucleotide able to detect all vtRNA variants. The asterisk depicts a signal from a previous 

northern blot hybridization using the same nylon membrane but a radiolabeled probe targeting 5.8S rRNA. 
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Supplementary Figure 9: Uncropped western and northern blots monitoring levels of MVP and 
vtRNA1-1 upon MVP knock-down. (a) MVP levels in BL41 cells treated with the empty vector control (evc) 

or ectopically expressing vtRNA1-1 in the absence (+vtRNA1-1) or presence of shRNA directed against the 

MVP were probed by western blot analyses. Positions of molecular weight markers (in kDa) are indicated on 

the left. (b) The expression levels of vtRNA1-1 in the cells shown in (a) were assessed by northern blotting. 

Ribosomal protein L9 served as loading control. 
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Supplementary Figure 10: vtRNA1-1 
modulates both the intrinsic and the 
extrinsic apoptosis pathway. (a) 
Uncropped western blots showing the 
protein levels of Bcl-xL, ARC, and the 
cleaved caspases Casp-9, and Casp-3 
in BL41 cells expressing vtRNA1-1 or 
vtRNA1-2 in the absence (-) or 
presence (+) of staurosporine (Stau) . 
Cleavage of Casp-8 was monitored 
after Fas-L treatment. Positions of 
molecular weight markers (in kDa) are 
indicated on the left. (b) Uncropped 
western blots to monitor the kinetics 
and levels of phosphorylated IκB 
expression in BL41 cells, or in BL41 
cells expressing vtRNA1-1 or vtRNA1-
2, respectively, as a function of TNFα 
incubation (in minutes). Hsp90 served 
as loading control. Molecular weight 
marker (M) is indicated on the left. 
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Supplementary Figure 11: miRNA21 is not involved in vtRNA1-1 mediated apoptosis resistance. 
(a) vtRNA1-1 expression and/or treatment with staurosporine have no effect on miRNA21 levels in BL41 

cells. 5.8S rRNA serves as loading controls for the shown northern blot.  (b) In support of the unchanged 

miRNA21 levels, one of the validated cellular targets for miRNA21 (PDCD4, a protein involved in the intrinsic 

apoptosis pathway) was not affected in the cells under investigation. Ribosomal protein L9 served as internal 

loading control for the western blot. Positions of molecular weight markers (in kDa) are indicated on the left. 
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Supplementary Table 1: Quantitative PCR-array of 84 key marker genes involved in apoptosis. ’Fold 

changes’ were calculated using the comparative 2-(ΔΔct) method where BL41 served as calibrator and BL41 

expressing vtRNA1-1 as target. The mean of two technical replicates is shown.  
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Supplementary Table 2: DNA oligonucleotides used in this study
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