
© The American Society of Gene & Cell Therapy

Molecular Therapy  vol. 23  no. 10  october 2015 1557

commentary

1Division of Rheumatology, Immunology, 
and Allergy, Brigham and Women’s Hospital, 
Boston, Massachusetts, USA; 2Department of 
Medicine, Harvard Medical School, Boston, 
Massachusetts, USA; 3Broad Institute of Har-
vard and MIT, Cambridge, Massachusetts, USA
Correspondence: Pavel Ivanov, Division of  
heumatology, Immunology, and Allergy,  
Department of Medicine, Brigham and 
Women’s Hospital, 75 Francis Street, Boston, 
Massachusetts 02115, USA.  
E-mail: pivanov@rics.bwh.harvard.edu

See page 1622

Emerging Roles of tRNA-derived 
Fragments in Viral Infections: The 
Case of Respiratory Syncytial Virus
Pavel Ivanov1–3

doi:10.1038/mt.2015.161

Viruses exploit diverse strategies to 
evade host immunity and to facili-

tate their own replication. Some of these 
strategies use viral-derived or cellular 
noncoding RNAs to influence host im-
mune responses.1 As reported in this issue, 
Deng et al. have demonstrated that respira-
tory syncytial virus (RSV) employs a novel 
mechanism to suppress antiviral responses 
that involves RNA fragments derived 
from host transfer RNA (so-called tRNA-
derived fragments, or tRFs).2 Specifically, 
they show that RSV infection induces an 
abundant production of specific tRFs that 
enhance viral replication and counteract 
the host immune response by modulating 
gene expression at the posttranscriptional 
level.2,3 This report adds to the growing list 
of tRF functions in human health and dis-
ease, and suggests that tRFs may be targets 
for the development of new drugs for the 
treatment of respiratory tract infections 
caused by RSV.

tRFs, a novel class of noncoding RNAs, 
have recently gained significant attention. 
tRFs are not products of random tRNA 
cleavage or degradation but are produced 
by the endonucleolytic cleavage of tRNA 
at specific cleavage sites by cellular ribo-
nucleases. tRFs are heterogeneous in size 
(10–50 nucleotides), nucleotide composi-
tion, biogenesis, and function. Distinct 

subclasses of tRFs are defined by their 
tRNA cleavage sites and whether they 
are produced from precursor or mature 
tRNA molecules (reviewed in refs. 4–6). 
Although the abundance of tRFs varies in 
different cell types and tissues, the levels of 
specific tRNA fragments are similar to the 
levels of abundant microRNAs. Moreover, 
production of selected tRFs is tightly regu-
lated, and some tRFs are only expressed in 
proliferating cells or cells exposed to ad-
verse conditions.4–6

Although the biogenesis and function 
of most tRFs are unknown, biogenesis of 
the selected subgroup of tRNA fragments 
called tRNA-derived stress-induced RNAs 
(tiRNAs) is well understood. Under stress 
conditions, the ribonuclease angiogenin 
(ANG) is activated to cleave cytoplasmic 
mature tRNAs in the anticodon loop to 
produce 5′- and 3′-tRNA halves, which are 
designated as 5′-tiRNAs and 3′-tiRNAs, 
respectively.7 ANG targets a minor frac-
tion (2–5%) of the tRNA pool, and con-
sequently does not significantly change 
levels of functional tRNAs or cause abrupt 
translational arrest in cells.7,8 However, be-
cause cellular tRNA levels are significantly 
higher than those of many other tran-
scripts, e.g., messenger RNAs (mRNAs), 
even limited ANG-mediated tRNA cleav-
age leads to the release of high levels of 
tiRNAs that can impact cell physiology. 

What are the functions of ANG-in-
duced tiRNAs in stressed cells? Studies 
from several groups have implicated se-
lected tiRNAs in stress response programs 
and the regulation of cell survival. We 
showed that selected 5′-tiRNAs derived 
from tRNAAla and tRNACys are efficient 
inhibitors of protein synthesis in cultured 
cells. These tiRNAs target mRNA transla-
tion by impeding translation initiation, 
the first step in protein synthesis.8–10 Tran-

scripts targeted by 5′-tiRNAAla/Cys are then 
packed/compartmentalized into stress 
granules, dynamic cytoplasmic RNA gran-
ules with pro-survival and anti-apoptotic 
functions.11 As a consequence of stress 
granule assembly, cells reprogram gene 
expression to adapt to stress and to repair 
stress-induced injuries. Moreover, work 
from Hatzoglou’s lab showed that a sub-
population of 5′- and 3′-tiRNAs directly 
inhibits stress-induced apoptosis dur-
ing hyperosmotic stress.12,13 In response 
to stress, cytochrome c (Cyt c) is released 
from mitochondria to trigger apoptosome 
formation and subsequent caspase activa-
tion. Selected tiRNAs directly bind to Cyt 
c to prevent efficient apoptosome forma-
tion and thereby promote cell survival.12 
Future studies will characterize further 
molecular details about the roles of diverse 
tRNA fragments in cell survival and stress 
response programs.

Several reports have also implicated 
tRNA fragments in the pathogenesis of 
human diseases such as cancer, neurode-
generative disease, neurodevelopmental 
disorders, and other pathological condi-
tions (discussed in detail in ref. 4). For 
example, tissue damage (as a consequence 
of toxic injuries, ischemia/reperfusion in-
jury, or g-irradiation) in human patients 
and animal models leads to the ANG-
dependent accumulation of circulating 
tRNA fragments in blood. These circu-
lating tRFs can serve as early biomarkers 
of stress and tissue damage. In neurons, 
excessive accumulation of 5′-tiRNAs 
that are derived from a specific subset of 
tRNAs (Asp, Glu, Gly, His, Val, and Lys) 
triggers a sustained stress response lead-
ing to neuronal loss and links aberrant 
tRNA metabolism to the development of 
certain forms of intellectual disability. 

Similarly, accumulation of specific 
tRNA fragments processed from intron-
containing tRNATyr is observed in neurons 
derived from patients with pontocerebel-
lar hypoplasia, a group of inherited neu-
rodegenerative disorders. Mutations in 
the ANG gene are found in patients with 
amyotrophic lateral sclerosis and Parkin-
son’s disease, neurodegenerative diseases 
that cause selective death of neurons. 
These mutations diminish the ribonucle-
ase activity of ANG and thus its ability to 
produce tiRNAs required for motor neu-
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by RSV are the second leading cause of 
death worldwide in children under five 
years old, no vaccine exists for RSV. Al-
though the study of Deng et al. is at a very 
early stage, it identifies a new class of tar-
gets for the development of therapies to 
treat RSV infections. Therapies that in-
terfere with the function of a specific tRF 
(such as tRF5-GluCTC) or inhibit ANG 
could interfere with RSV replication. Fur-
ther studies on the functions of tRFs in vi-
ral infections are likely to provide valuable 
insights into details of virus–host interac-
tions that could lead to the design of new 
therapeutic strategies to prevent/treat viral 
infections.
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RSV particles produced by infected cells. 
These data imply a stimulatory role for 
tRF5-GluCTC in RSV replication.3

Using an elegant biochemical ap-
proach to capture tRF5-GluCTC–con-
taining ribonucleoprotein complexes fol-
lowed by bioinformatics analysis, Deng et 
al. have identified a number of potential 
cellular targets of tRF5-GluCTC.2 One 
of the candidate mRNAs encoding apo-
lipoprotein E receptor 2 (APOER2) has 
been shown to be a direct target of tRF5-
GluCTC. Mechanistically, tRF5-GluCTC 
recognizes a target site in the 3′-untrans-
lated region of APOER2 mRNA and sup-
presses its expression by an unknown 
mechanism. Further analysis identified a 
previously unappreciated role for APO-
ER2 protein in antiviral defense against 
RSV infection2 (see Figure 1). In sum-
mary, this study illuminates roles of tRNA 
fragments in host–virus interactions and 
describes a novel molecular mechanism 
for posttranscriptional regulation of im-
mune responses (reviewed in ref. 15)). 

Why is it important to learn about 
specific roles of tRFs in RSV infection? Al-
though respiratory tract infections caused 

ron survival. Administration of recombi-
nant ANG to cultured neurons protects 
them from stress-induced apoptosis and 
promotes the lifespan and motor function 
of SOD1(G93A) mice, a laboratory amyo-
trophic lateral sclerosis model (reviewed in 
ref. 4). Finally, diverse tRNA fragments are 
overexpressed in different cancer cell lines, 
where they regulate cancer cell prolifera-
tion and are involved in DNA replication 
and repair (reviewed in refs. 4 and 14). 

Deng et al. have revealed another link 
of tRFs to human health and disease.2 Pre-
vious work from this lab showed that RSV 
infection in airway epithelial cells leads to 
activation of ANG with subsequent abun-
dant production of tRNA fragments that 
resemble classic 5′-tiRNAs. These tRNA 
fragments (which they called tRF5s) were 
derived from various tRNAs (e.g., Cys, 
Gln, Glu, Gly, His, Leu, Lys, Met, Phe, Ser, 
Val).3 At least one of the fragments, called 
tRF5-GluCTC (derived from tRNAGlu), re-
pressed expression of a luciferase mRNA 
reporter at the posttranscriptional level. 
Importantly, targeted suppression of tRF5-
GluCTC downregulates RSV replication 
and significantly decreases the yield of 

Figure 1 Respiratory syncytial virus (RSV)-induced transfer RNA (tRNA) fragment suppresses 
host immune responses. Upon infection, RSV activates the ribonuclease angiogenin (ANG). ANG 
cleaves mature cytoplasmic tRNAGlu(CTC) in its anticodon loop to produce two halves: 5′-half (tRF5-
GluCTC or 5′-tiRNAGlu) and 3′-half (3′-tiRNAGlu). Although the function of 3′-tiRNAGlu remains unknown, 
tRF5-GluCTC targets several cellular transcripts on the posttranscriptional level through a poorly under-
stood mechanism involving base-pairing between the 3′-end of the tRNA fragment and a 3′-untrans-
lated region (3′-UTR) of target messenger RNA (“trans-silencing”). One such target is APOER2 mRNA 
encoding antiviral protein APOER2. RSV-induced tRF5-GluCTC inhibits expression of APOER2, thus sup-
pressing host immune responses and promoting RSV replication. ORF, open reading frame.




