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The human vault RNA enhances tumorigenesis and chemoresistance through the 
lysosome in hepatocellular carcinoma
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ABSTRACT
The small non-coding VTRNA1-1 (vault RNA 1–1) is known to confer resistance to apoptosis in several 
malignant cell lines and to also modulate the macroautophagic/autophagic flux in hepatocytes, thus 
highlighting its pro-survival role. Here we describe a new function of VTRNA1-1 in regulating in vitro 
and in vivo tumor cell proliferation, tumorigenesis and chemoresistance. Knockout (KO) of VTRNA1-1 
in human hepatocellular carcinoma cells reduced nuclear localization of TFEB (transcription factor 
EB), leading to a downregulation of the coordinated lysosomal expression and regulation (CLEAR) 
network genes and lysosomal compartment dysfunction. We demonstrate further that impaired 
lysosome function due to loss of VTRNA1-1 potentiates the anticancer effect of conventional che-
motherapeutic drugs. Finally, loss of VTRNA1-1 reduced drug lysosomotropism allowing higher 
intracellular compound availability and thereby significantly reducing tumor cell proliferation 
in vitro and in vivo. These findings reveal a so far unknown role of VTRNA1-1 in the intracellular 
catabolic compartment and describe its contribution to lysosome-mediated chemotherapy 
resistance.
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Introduction

A new class of small non-coding RNA (ncRNA), named 
vault RNA (vtRNA), was discovered in 1986 in the Rome 
lab [1]. Vault RNAs are integral components of the large 
13-MDa vault particle, a hollow barrel-shaped ribonucleo-
protein (RNP) complex, consisting of multiple copies of 
three proteins: MVP (major vault protein), PARP4/vPARP 
(poly(ADP-ribose) polymerase family member 4) and TEP1 
(telomerase associated protein 1) [2]. Notably, only a minor 
fraction of their cellular transcript is associated with the 
vault particles [3,4] hinting to complex-independent func-
tions. Vault RNAs are short POLR3 (RNA polymerase III) 
transcripts with a length varying between about 80 and 150 
nucleotides (nt). In humans, four vtRNA paralogs have 
been identified, VTRNA1-1, VTRNA1-2, VTRNA1-3 and 
VTRNA2-1 [4,5]. vtRNAs have been suggested to be 
involved in a multitude of functions including cell prolif-
eration [6,7], apoptosis [8], autophagy [9], serving as 
microRNA precursors [10] and have also been linked to 
chemotherapy resistance [11,12]. Many of these findings are 
compatible with the hypothesis that altered vault RNA 
expression is associated with tumorigenesis. Recently, we 
demonstrated that the VTRNA1-1 paralog protects various 
human cancer cell lines from undergoing apoptosis in 
a vault particle-independent manner [8,13]. Yet, the exact 

function and mechanism of action of vault RNAs remains 
undeciphered in molecular terms.

Other classes of small ncRNAs, such as microRNAs 
(miRNA) and tRNA-derived RNAs (tdRs) have also been 
linked to tumorigenesis. miRNA levels were found to be 
altered in all cancer types studied [14] and have been 
suggested to function as tumor suppressors or oncogenes 
(oncomiRs) [15]. miRNAs seem to exert multifaceted 
functions on tumor progression, modulating tumor 
growth, metastatic potential, chemoresistance and regula-
tion of metabolism [16,17]. Similarly, tdRs have been 
identified to be significantly upregulated under various 
stress conditions and therefore have garnered much atten-
tion in the recent years [18–21]. This newly discovered 
class of ncRNAs has been shown to influence cancer 
development by modulating global translation via regulat-
ing the expression of genes coding for ribosomal compo-
nents [22], interacting with RNA binding proteins [23], by 
regulating kinase activity [24] and promoting cell prolif-
eration [25]. It is evident that small ncRNAs are important 
regulatory molecules orchestrating gene expression that 
can either drive or prevent oncogenic processes and there-
fore possess potential as prognostic biomarkers or putative 
drug targets for cancer treatment.
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