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ABSTRACT

Dual-specificity phosphatase 11 (DUSP11) is a conserved protein tyrosine phosphatase (PTP) in metazoans.
The cellular substrates and physiologic activities of DUSP11 remain largely unknown. In nematodes,
DUSP11 is required for normal development and RNA interference against endogenous RNAs (endo-RNAi)
via molecular mechanisms that are not well understood. However, mammals lack analogous endo-RNAi
pathways and consequently, a role for DUSP11 in mammalian RNA silencing was unanticipated. Recent
work from our laboratory demonstrated that DUSP11 activity alters the silencing potential of noncanonical
viral miRNAs in mammalian cells. Our studies further uncovered direct cellular substrates of DUSP11
and suggest that DUSP11 is part of regulatory pathway that controls the abundance of select
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triphosphorylated noncoding RNAs. Here, we highlight recent findings and present new data that advance
understanding of mammalian DUSP11 during gene silencing and discuss the emerging biological

activities of DUSP11 in mammalian cells.

Introduction

Specifically processed non-protein-coding RNAs (ncRNAs) play
important roles in protein biosynthesis and regulation of gene
expression. For example, the abundant 5S rRNA forms a key
structural component of the ribosome' and microRNAs (miR-
NAs) generated from larger hairpin precursors dock to specific
mRNAs and repress translation.>” In addition, less specifically
processed ncRNAs with particular structural or biochemical fea-
tures are sensed by cells to detect the presence of pathogens.
Double-stranded RNAs (dsRNAs), RNAs with features of trans-
posons, and 5 tri-phosphorylated products of viral replicative
intermediates all can trigger inflammatory responses.*'® Conse-
quently, sensitive detection and proper control of these ncRNAs
are important to avoid infectious or autoimmune diseases. The
mounting interest in ncRNA biology emphasizes the importance
of understanding the proteins that modify and regulate ncRNAs.
Recently, our laboratory characterized the role of the DUSP11
RNA tri-phosphatase activity during noncanonical miRNA bio-
genesis pathways and in control of select non-protein-coding
RNA substrates.'" Here we highlight these findings, provide
additional data advancing understanding of the basic properties
of DUSP11, and discuss the activities of DUSP11 relevant to
diverse areas of ncRNA biology.

DUSP11

DUSP11 belongs to the DUSP subgroup of type-I cysteine-
based protein tyrosine phosphatases (PTPs). All DUSPs share a

highly conserved catalytic domain containing a consensus
phosphatase sequence (HCXXXXXR), which gives them the
ability to dephosphorylate both tyrosine and serine/threonine
residues.'” Based on sequence and/or function, DUSPs are cate-
gorized into 6 subgroups including: the slingshot phosphatases,
phosphatase of regenerating liver (PRL), Cdc14 phosphatases,
PTEN (phosphatase and tensin homolog deleted on chromo-
some 10)-like and myotubularin phosphatases, the mitogen-
activated protein kinase phosphatases (MKPs), and the atypical
DUSPs (For a review, see ref. 13). DUSP11 is a member of the
atypical DUSP subgroup, which is composed of 16 members.
The “atypical” DUSPs are so called because their members do
not share a common proximal ancestor and they lack con-
served/characterized domains (e.g., such as the N-terminal
CH2 domain of MPKs) outside the DUSP catalytic domain."
Consequently, the substrates, cellular functions, and physio-
logic roles of atypical DUSPs remain largely unknown and are
likely diverse.

The first insight into the substrate preference of DUSP11 was
the discovery of its high affinity association with RNA in vitro."*
This accounts for its alternative (common) gene name, “PIR-1”
which stands for phosphatase that interacts with RNA-ribonu-
cleoprotein complex 1. Loss of nuclear localization of ectopically
expressed DUSP11 with RNaseA treatment provided evidence
for its association with RNA and/or RNP complexes in mamma-
lian cells.'* Subsequently, DUSP11 was shown to remove the -
and B- phosphates from 5'-triphosphorylated RNAs in vitro."
Of note, the phosphatase activity of DUSP11 on tri- and di-
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phosphorylated RNA was several orders of magnitude greater
than that with phospho-protein substrates, implying that
dephosphorylation of RNA substrates is physiologically rele-
vant. Consistent with this, DUSP11 shares extensive sequence
homology to a well-studied RNA phosphatase, Baculovirus
phosphatase (BVP)."* Both DUSP11 and BVP contain the con-
sensus RNA tri-phosphatase domain (HCTHGXNRT) and
share more structural similarity with the metazoan mRNA cap-
ping enzymes than other PTPs.'®'® Nevertheless, whether
DUSP11 functions as an RNA tri-phosphatase in mammalian
cells had remained undetermined until recently.

DUSP11 and RNAi

RNA silencing is a conserved eukaryotic mechanism of post-tran-
scriptional gene expression regulation (For review, see ref. 19).
During RNA silencing, small RNAs (~22-30 nts) guide the

RNA-induced silencing complex (RISC), whose main component
is an Argonaute protein that binds to miRNAs and connects to
mRNA transcripts via base pairing. Upon mRNA association,
RISC generally represses gene expression of the mRNA by direct
cleavage of the mRNA’ or by repression of translation followed
by increased turnover of the mRNA.*"** Small interfering RN As
(siRNAs), microRNAs (miRNAs), and piwi-interacting RNAs
(pi-RNAs), which differ in their biogenesis and/or silencing
mechanisms, are effectors of RNA silencing. siRNAs mediate
RNA interference (RNAI), typically to defend against transposons
and viruses. While it is clear that RNAi is a major antiviral
response in invertebrates, the relevant contribution of RNAI to
antiviral defense in vertebrates remains debated.”>**

In C. elegans, DUSP11 suppresses Orsay virus replication,
presumably by an RNAi-based mechanism.'”® DUSP11 has
been shown to interact with Dicer and ERI-1 complexes to pro-
mote RNAi.'*?* Initially, knockout of DUSP11 was shown to
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Figure 1. Canonical and noncanonical host and viral miRNA biogenesis pathways. Schematic diagrams of the canonical and noncanonical host and viral miRNA biogenesis
in animals. Dashed red lines indicate noncanonical processing mechanisms. Enzymes in red indicate noncanonical miRNA biogenesis enzymes or mechanisms used by

those enzymes to generate miRNA RNA species.



abolish siRNA production triggered by exogenous RNAs.*
However, subsequent studies showed that knockout of
DUSP11 more specifically reduced endo-RNAi pathways in
germline cells, while RNAi stimulated by exogenous RNAs
remained largely intact.'® During endo-RNAi, DUSPI1 is
required for generation and/or function of 26G-RNAs, which
are primary siRNAs that initiate 22G-RNA amplification. 26G-
RNAs are predominately 5'-monophosphorylated but are
thought to be directly synthesized by RNA dependent RNA
polymerases (RdRPs) and initially contain a 5'-triphos-
phate.”**” Therefore, DUSP11 RNA tri-phosphatase activity
has been postulated to function in 26G-RNA maturation®® by
two non-mutually exclusive mechanisms: 1) Dephosphoryla-
tion of an RARP-generated precursor is required for 26G-RNA
biogenesis. 2) Dephosphorylation of the mature 26G-RNA per-
mits stable association with primary Argonaute proteins.'® A
similar role for DUSP11 in mammalian cells was unanticipated
since mammals do not encode an RdRp and lack analogous
siRNA biogenesis pathways.*®

DUSP11 and noncanonical microRNAs

miRNAs are a class of small RNAs conserved in metazoans that
regulate diverse cellular processes vital for development and
homeostasis, such as cell differentiation and metabolism.?
Unlike siRNAs, miRNAs are encoded in defined genomic loci
and mature through a conserved step-wise miRNA biogenesis
pathway (Fig. 1).>° Initially, miRNAs are embedded within
stem-loop structures in RNA polymerase II-transcribed pri-
mary miRNA (pri-miRNA) transcripts.”® Multiple structural
features of pri-miRNAs are common and necessary for efficient
miRNA maturation, including a basal single-stranded RNA
(ssRNA) region, a double-stranded RNA (dsRNA) stem (~3
helices), a terminal loop, and primary sequences within the
basal ssRNA and terminal loop.**** Through cooperation
between the flanking ssRNA regions and internal struc-
tures,”"*>*> the nuclear Microprocessor complex - which
includes the core RNase III endonuclease Drosha and its RNA
binding partner DGCR8 - cleaves the dsRNA stem ~11 nts
from the basal ssSRNA and ~22 nts from the terminal loop, lib-
erating a precursor miRNA (pre-miRNA) hairpin.””*° In the
cytosol, Dicer processes the pre-miRNA*"* into duplexed
(5p:3p) miRNAs,”” each containing a 5 monophosphate and 3’
hydroxyl termini.**** Through a process termed strand selec-
tion, one strand (guide strand) is efficiently loaded into an
Argonaute protein, a core component of RISC, while the other
strand (passenger strand) is rapidly turned over.***® Once
loaded into Argonaute, miRNAs form stable RISCs, termed
miRISC.

Although most miRNAs mature through the canonical
miRNA biogenesis pathway, there are several conserved cellular
miRNAs generated via unconventional mechanisms (Fig. 1; for
review see ref. 47). Pre-miR-451 is directly cleaved by
Argonaute 2 and trimmed by PARN to generate miR-451,
bypassing the Dicer processing step. “*** Mirtrons are a class of
miRNAs that are encoded in short hairpin introns that generate
pre-miRNAs upon splicing.”® The miR-320 and miR-484
pre-miRNAs are directly transcribed by RNAP II and contain a
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5'-m’G-cap, which only permits loading of the 3p arm into
Argonaute.*””!

Diverse viruses also encode miRNAs (For review, see refs. 52
and 53). Like host miRNAs, most viral miRNA mature through
the canonical miRNA biogenesis pathway. However, some
viruses utilize noncanonical mechanisms to generate miRNAs.
Murid gammaherpesvirus 68 (MHV-68) expresses RNAP III-
transcribed transcripts with a tRNA structure upstream of a
pre-miRNA hairpin,”*”” which is liberated via tRNaseZ-medi-
ated cleavage of the tRNA structure.”® Herpesvirus saimiri
(HVS) expresses RNAP II-transcribed Sm class U RNAs
(HSURs) that are processed by the integrator complex to gener-
ate pre-miRNAs.” Retroviruses, including members of the
foamy virus (FV) family and bovine leukemia virus (BLV),
express subgenomic pri-miRNA transcripts via RNAP III-
mediated transcription from the proviral genome.®”®> Some
FV pri-miRNA transcripts resemble a “dumbbell” structure
composed of 2 juxtaposed stem-loops that are processed by
Drosha to generate pre-miRNAs. Other FV pre-miRNAs and
all of the BLV pre-miRNAs are directly transcribed by RNAP
III and processed by Dicer, analogous to typical RNAP III-tran-
scribed short hairpin RNAs (shRNAs).** Similarly, Adenovi-
ruses (AdV) express viral-associated RNAs (VA RNAs) via
RNAP III-mediated transcription that are processed by Dicer
to generate miRNAs.***” The retroviral pre-miRNAs and AdV
VA RNAs initially contain a 5 triphosphate, typical of RNAP
I primary transcripts.®>*® However, the BLV and AdV 5p
miRNAs, which share the same 5'-end as their 5 -triphosphory-
lated precursors, are predominantly 5'-monophosphory-
lated.>*” This implicated a tri-phosphatase step during their
maturation. We recently characterized this phenomenon and
identified DUSP11 as the RNA tri-phosphatase responsible for
the dephosphorylation of the BLV and AdV 5p miRNAs."'

In DUSP11-null human cell lines, we observed a substan-
tial reduction in the steady-state levels, RISC activity, and
AGO-association of the BLV and AdV 5p miRNAs but not
the corresponding 3p miRNAs. This indicates that DUSP11
is not required for Dicer-mediated processing of the precur-
sors, but rather alters incorporation of the 5p miRNAs into
RISC. Several lines of evidence support that DUSP11-medi-
ated dephosphorylation of the BLV/AdV 5p miRNAs pro-
motes their association with Argonaute proteins: 1) 5p
miRNAs that mature through the canonical biogenesis path-
way were unaffected by DUSP11, indicating that DUSP11 is
specific for 5 triphosphorylated pre-miRNAs. 2) BLV/AdV
5p miRNA biogenesis was restored in DUSP11-null cells by
ectopically expressing wild type DUSP11, but not a catalytic
mutant (C152S). This demonstrates that the RNA tri-phos-
phatase activity of DUSP11 is required for efficient BLV/
AdV5p miRNA biogenesis. 3) Using pre-miRNA mimics, we
demonstrated that 5p miRNAs derived from 5-ppp-pre-
miRNAs, but not 5'-p-pre-miRNAs, are inefficiently loaded
into Argonaute proteins. These results support a model
whereby DUSP11-mediated dephosphorylation of 5-ppp
miRNA precursors promotes AGO association with the 5p
miRNAs. This occurs via a 5-monophosphate-dependent-
strand selection mechanism that is coupled to or enhanced
by Dicer processing (Fig. 2). Combined, these findings raise
new questions, including the relevant subcellular location
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Figure 2. Model of DUSP11-dependent Argonaute association of BLV and AdV 5p
miRNAs. The BLV and Adenovirus miRNA precursors are transcribed by RNAP I
and initially contain a 5’ triphosphate. In the absence of DUSP11-mediated
dephosphorylation, the 5’ triphosphorylated precursors are processed by Dicer to
yield mature 5p:3p duplex miRNAs. Through a 5'-monophosphate-dependent
strand selection mechanism that is coupled to Dicer processing, the triphosphory-
lated 5p miRNAs are excluded from being stably loaded into Argonaute proteins,
resulting in preferential loading of the 3p strand. The dashed line indicates that 5
triphosphorylated 5p miRNAs may have a reduced stable association with Argo-
naute proteins, resulting in their increased turnover. However, miRNA precursors
that are dephosphorylated by DUSP11 produce 5 monophosphorylated 5p
miRNAs that are more efficiently loaded and/or more stably associate with Argo-
naute proteins.

and the subdomains/motifs of DUSP11 that are involved in
DUSPI11-dependent RNA silencing.

Characterization of DUSP11 regions important for
localization and RNA tri-phosphatase activity in cells

DUSP11 contains 2 arginine-rich sequences [one near the
N-terminus (residues 8-20) and the other near the C-terminus
(residues 304-319)] that are characteristic of RNA-binding
domains (Fig. 3A). The N-terminal arginine-rich region also
overlaps with a putative nuclear localization signal (NLS) at res-
idues 13-26."7'® A proline-rich region, with similarities to
motifs known to interact with Src homology 3 (SH3) domains,
is located near the c-terminus (residues 280-286). To gain
insight into the function of these regions, we generated several
deletion mutants of DUSP11. We engineered a mutant that
removed an internal stretch of amino acids in N-terminal NLS/
arginine-rich region (A13-26). We also made a series of C-ter-
minal truncation mutants that deleted the C-terminal arginine-
rich region (A303-330), the arginine-rich region and the pro-
line-rich region (A277-330), or the majority of the C-terminal
region after the catalytic domain (A218-330; Fig. 3A). We then
analyzed the subcellular localization and ability of these
mutants to rescue the reduced 5p:3p miRNA ratios in
DUSP11-null cells.

Crude subcellular fractionation followed by immunoblot
analysis revealed that endogenous DUSPI11 is primarily local-
ized to the nucleus (~90%) in A549 cells, while ~10% is local-
ized to the cytoplasm (Fig. 3B). This is consistent with previous
findings of DUSP11 being predominantly nuclear."* Substan-
tially more endogenous DUSPI11 localized to the cytoplasm
(~40%) in HEK293T cells, although the majority (~60%) still
localized to the nucleus (Fig. 3B). We observed a similar
localization pattern of endogenous un-tagged and exogenous
3xFLAG-tagged full length DUSP11 in HEK293T cells,

indicating that the 3xFLAG did not grossly alter localization of
DUSP11 (Fig. 3C). Deletion of the residues 13-26, which con-
tains a putative nuclear localization signal,'”'® did not affect
localization of DUSP11. In contrast, the C-terminal truncation
mutants showed reduced nuclear localization. Deleting residues
303-330, which contains the C-terminal arginine-rich region,
reduced localization of DUSP11 in the nucleus 2-fold, with
~30% localizing to the nucleus. A similar reduction in nuclear
localization was observed with deletion of residues 277-330.
However, we observed a further reduction in nuclear localiza-
tion with deletion of residues 218-330, which showed ~75%
(or greater) localization in the cytoplasm (Fig. 3C). These data
indicate that typical nuclear localization of DUSP11 requires
regions in the C-terminus of portion of DUSP11.

To determine whether these deleted DUSP11 regions are
required for the RNA tri-phosphatase activity of DUSP11 in
cells, we analyzed the 5p to 3p ratio of miRNAs derived
from BLV-pre-miR-B2. We expressed 3xFLAG-tagged wild
type DUSP11, each DUSP11 deletion mutant, or the C152S
catalytic mutant in DUSP11 knock out HEK293T cells and
performed northern blot analysis. Wild type DUSP11 and
all the C-terminal truncation mutants increased the 5p to
3p ratio of BLV-pre-miR-B2 as compared with the negative
control DUSP11-C152§ catalytic mutant (Fig. 3D). In con-
trast, a smaller increase in the 5p to 3p ratio was observed
with DUSP11A13-26 in comparison to wild type DUSP11
(Fig. 3D). These data indicate that residues 13-26, which
contain an arginine-rich motif, are required for efficient
DUSP11-mediated dephosphorylation of the BLV 5'-ppp
substrate RNAs in cells, whereas the C-terminal portion of
DUSP11 is not.

Our data confirm that DUSP11 is predominately localized to
the nucleus, albeit the magnitude of this varies by cell type.
Future analysis in additional cell types will be informative to
the extent and the mechanism of this phenomenon. Unexpect-
edly, deletion of the C-terminus, and not the putative N-termi-
nal NLS-like motif, reduced nuclear localization. However, the
C-terminus is dispensable for RNA tri-phosphatase activity in
cells, at least during BLV miRNA biogenesis. In fact, truncation
of the C-terminus reproducibly increased (~1.5-fold) DUSP11
RNA tri-phosphatase activity (Fig. 3E). This could be due to
deletion of residues in the C-terminus that negatively regulate
DUSPI11 activity and/or due to the increased cytosolic levels of
DUSP11 being better positioned to dephosphorylate the BLV
pre-miRNAs/miRNAs. Interestingly, truncation of the C-termi-
nus results in 2-fold higher RNA tri-phosphatase activity in
vitro,"” supporting that the C-terminus can alter catalytic activ-
ity. While deletion of residues 13-26 did not alter localization
of the DUSP11, we did observe a trend in which deletion of
these residues slightly reduced DUSP11 RNA tri-phosphatase
activity on the BLV miRNAs (Fig. 3D,E). Barring that this dele-
tion did not grossly alter the structure of the DUSP11, these
results are consistent with residues 13-26 performing an
important function in cells. Given the positive charge of these
residues, one speculation is that these residues comprise part of
a direct RNA binding function. Alternatively, these residues
may be important for protein-protein interactions. Further
analysis is warranted to better understand the mechanisms of
DUSP11 domains/motifs.
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Figure 3. DUSP11 motifs/domains involved in localization and RNA phosphatase activity in cells. (A) Schematic diagram of DUSP11 (not to scale) illustrating the relative
location of the arginine-rich motifs, putative NLS, catalytic domain, and proline-rich motif. Below are the DUSP11 mutants that we generated, which are described in the
text. We cloned the constructs into pcDNA3.1+ and tagged the N-terminus via PCR-based engineering with a 3xFLAG epitope. (B) Nuclear/cytosolic fractionation of A549
and HEK293T cells to determine localization of DUSP11. Cells from one well of 12-well format plate were trypsinized, washed with phosphate-buffered solution (PBS),
resuspended in 50-ul of CSKT buffer [10mM PIPES (pH 6.8), 100mM NaCl, 300mM sucrose, 3mM MgCl,, TmM EDTA, TmM DTT, 0.5% (vol/vol) tritonX-100, protease inhibi-
tors (Roche)], and placed on ice for 10 minutes. Nuclei were then pelleted by centrifugation at 5000xg for 5 minutes. The supernatant [cytosolic fraction (Cyto)] was
removed (50-ul) and added to 50-ul of SDS lysis buffer (1% SDS; 2% 2-mercaptoethanol). The nuclei were then washed in 50-ul of CSKT buffer and centrifuged at 5000xg
for 5 minutes. The nuclei were then resuspended in 50-ul of water followed by addition of 50-ul of SDS buffer to make the nuclear fraction (Nuc). A whole cell lysate
(WCL) was collected in parallel by trypsinization and washing of the cells, which were then resuspended in 50-ul of water, followed by addition of 50-ul of SDS lysis buffer.
Samples were boiled for 10 minutes followed by vortexing for 30 seconds. Equal volumes (10-ul) of fractions were then fractionated via 12.5% SDS-PAGE. Protein was
then transferred to nitrocellulose membrane (Bio-Rad). Anti-DUSP11 polyclonal rabbit antibody (1:2000 dilution; Proteintech, catalog no. 10204-2-AP), anti-a-Tubulin
monoclonal mouse antibody (1:10,000 dilution; Sigma-Aldrich, catalog no. T6199), and anti-Histone H3 (D1H2) rabbit antibody (Cell signaling; mAb #4499) in phosphate-
buffered saline (PBS) with 0.1% Tween20 (PBST) and 5% BSA were used to blot for DUSP11, a-Tubulin (cytosolic localized control), and Histone H3 (nuclear localized con-
trol). After washing with PBST, membranes were blotted with IRDye 800CW and IRDye 680LT secondary antibodies (1:10,000 dilution; LI-COR) in PBST with 5% BSA. Blots
were washed 4 times with PBST and then scanned on an Odyssey CLx infrared imaging system (LI-COR). (C) Nuclear/cytosolic fractionation as described in (B) of HEK293T
cells (12-well format) transfected with 200-ng/well of the 3xFLAG-tagged DUSP11 constructs from (A). The anti-FLAG M2 mouse monoclonal antibody (Sigma-Aldrich)
was used to stain for the 3xFLAG-tagged DUSP11 proteins. (D) Analysis of the BLV-B2 5p:3p miRNA ratios with co-expression of the DUSP11 constructs from (A). DUSP11-
null HEK293T cells (24-well format; 70% confluent) were co-transfected with 5-ng/well of the EBER1 transfection control expression vector (pEBV R1J), 400-ng/well of
pBLV-B2, and 100-ng/well of pDUSP11, pDUSP11-C152, or the DUSP11 construct shown in (A). Northern blot analysis was then performed as described in refs. 11 and 84.
The membrane was probed with the BLV-miR-B2-5p probe, stripped and re-probed with the BLV-miR-B2-3p probe, and stripped and re-probed with the EBER1 probe as
a loading/transfection control. Below is immunoblot analysis that was performed on duplicate lysates to confirm and quantitate DUSP11 expression from each construct
using the anti-FLAG M2 mouse monoclonal antibody (Sigma-Aldrich). (E) Bar graph of the relative band density from 4 independent RNA gel blot analyses, as shown in D
(except for DUSP11-A13-26, in which 3 replicates were performed). Bars represent the average band density ratio (5p/3p) +/— SD of the BLV-B2 miRNAs. The ratio with
co-expression of each DUSP11 construct was normalized to the C152S catalytic mutant. Asterisks represent statistical significance (p<0.05) in comparison to wild type
DUSP11 (WT). P-values were determined using student’s t-test.
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Figure 4. Model for putative roles of DUSP11 in mammalian cells. lllustration of
the model for DUSP11s role in mammalian cells. DUSP11 dephosphorylates exoge-
nous or endogenous 5'-triphosphorylated RNAs. This activity results in 5" mono-
phosphorylated RNAs, which can alter the function/activity of the RNA (for
example loading into RISC) or permit degradation of the RNA by nucleases. This
process may also reduce activation of PRRs, which recognize 5’ triphosphorylated
RNAs and trigger the innate immune response.

Mammalian substrates of DUSP11

Small RNA sequencing demonstrated that DUSP11 expression
does not alter endogenous miRNAs,"" likely since they harbor
5’-monophosphates as a result of endonucleolytic cleavage by
Drosha and Dicer. Our analysis of RNAP III-transcribed
RNAs, which at least initially contain a 5" triphosphate, did
reveal significant differences of some transcripts. Using an
RNA-sequencing platform able to quantify highly structured
RNAs and differences in triphosphate status (TGIRT-seq),'"”""
7> we observed increased overall levels of vault RNAs and Alu
RNAs in DUSP11 knockout cells. We also observed a higher
triphosphorylated portion of these ncRNAs in DUSP11 knock-
out cells. Northern blot analysis confirmed increased vault
RNA steady-state levels in DUSP11 knockout cells and demon-
strated that reconstitution of DUSP11 restored vault RNAs lev-
els to wild-type levels. These observations support a model
whereby DUSP11-mediated conversion of select 5'-triphory-
lated RNAs to monophosphates increases their susceptibility to
exonuclease attack or otherwise alters their stability (Fig. 4).

Conclusions and perspectives

Recent studies have convincingly demonstrated that DUSP11
has RNA tri-phosphatase activity in the context of nematodes
and mammalian cells.!'® In mammalian cells, DUSP11-medi-
ated conversion of 5" triphosphorylated small RNAs and/or
their precursors to a 5 monophosphate increases their associa-
tion with AGO proteins. This occurs through a Dicer-coupled
loading mechanism and/or through stabilization of the
miRNA:AGO complex.'" Although performed in mammalian
cells, this model may also apply to 26G RNAs in nematodes.
However, the extent of DUSP11-mediated RNA silencing in
mammalian cells remains unclear since DUSP11-dependent
RISC activity has only been shown for a small subset of
noncanonical viral miRNAs. Some RNAP III-transcribed
ncRNAs - such as the 55 rRNA, vault RNAs, Alu RNAs, and
Y-RNAs - generate abundant small RNA derivatives that can
associate at low levels with RISC complexes in certain con-
texts.'"”*7¢ Since DUSP11 modulates the steady-state levels
and 5’ tri-phosphorylation status of these RNAs and/or their
small RNA derivatives,' it is conceivable that DUSP11 may be
required for the biogenesis or stable AGO association of these
sRNAs. As these less abundant RNAs could regulate gene
expression via RNA silencing mechanisms that require only

low levels of loaded AGOs - for example, such as in chromatin
regulation”” - further investigation into DUSP11s role in RNA
silencing in various mammalian contexts is warranted.

Our analysis of the mRNA profiles in DUSP11-null cells did
not reveal consistent changes in mRNAs levels shared between
the two different parental cell backgrounds that we analyzed, nor
did we observe any differences in patterns of mRNA splicing.
This indicates that DUSP11 does not grossly alter mRNA splicing
under the contexts we examined. Nevertheless, the association
between DUSP11 and multiple splicing factors'*’® suggests that
DUSP11 could alter splicing in other still-to-be-determined con-
texts, such as stress responses. Although we did not observe dif-
ferences in mRNA processing in DUSP11-null cells, we did
observe an increase in the levels and 5’ triphosphorylation status
of select RNAP IIl-transcribed RNAs. Consistent with these
results, a previous study demonstrated that siRNA-mediated
knockdown of DUSP1I1 increased levels of the RNAP I-tran-
scribed 47S primary transcript, indicating that DUSP11 is
involved in 47S rRNA biogenesis.”” Furthermore, a significant
increase in a 47S RNA 5'-fragment [+1 to cleavage site 01 of the
5’ external transcribed spacer (ETS)] was observed with DUSP11
knock down, suggesting DUSP11 is required for turning over
this by-product RNA. Since primary RNA transcripts, such as
the 47S RNA, vault RNAs and Alu RNAs, initially contain a tri-
phosphate, these observations are consistent with a model in
which DUSP11-mediatied dephosphorylation promotes process-
ing and/or turnover of diverse 5'-triphosphoylated RNAs (Fig. 4).

The possible association of DUSP11 with disease remains
unknown. Increases in SINE transcript levels, such as Alu tran-
scripts, are associated with increasing DNA damage, inducing
inflammation, and the age-associated autoimmune disease, mac-
ular degeneration.*'***! Therefore, the turnover of 5 triphos-
phorylated RNAs by DUSP11 may be an important mechanism
against excessive inflammation and transposon activity. Addi-
tionally, as 5’ triphosphorylated transcripts are produced as RNA
virus replication intermediates,”” DUSP11 also may play a role
in regulating the response to pathogens. DUSP11 has been
reported to be elevated in an in vitro model of transformation,*
but it is also a weakly inducible p53-responsive gene that has
been reported to reduce cell proliferation.”® Thus, whether and in
what contexts DUSP11 activity relates to tumor biology remain
unresolved. Combined, these observations merit further analysis
of the role of DUSP11 during development and disease.

Numerous aspects of DUSP11 biology remain incompletely
understood. These include the complexes that DUSP11 associates
with, its substrates, and its potential contribution to development,
homeostasis, aging, and the immune response. Although still
early days, the future study of DUSP11 shows promise for better
understanding diverse aspects of RNA biology.
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