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ABSTRACT

Argonaute (Ago) proteins interact with various binding partners and play a pivotal role in microRNA (miRNA)-mediated
silencing pathways. By utilizing immunoprecipitation followed by mass spectrometry to determine cytoplasmic Ago2 pro-
tein complexes in mouse embryonic stem cells (mESCs), we identified a putative RNA-binding protein FAM120A (also
known as OSSA/C9ORF10) as an Ago2 interacting protein. Individual nucleotide resolution cross-linking and immunopre-
cipitation (iCLIP) analysis revealed that FAM120A binds to homopolymeric tracts in 3′′′′′-UTRs of about 2000 mRNAs, partic-
ularly poly(G) sequences. Comparison of FAM120A iCLIP and Ago2 iCLIP reveals that greater than one-third of mRNAs
bound by Ago2 inmESCs are co-bound by FAM120A. Furthermore, such FAM120A-bound Ago2 target genes are not sub-
ject to Ago2-mediated target degradation. Reporter assays suggest that the 3′′′′′-UTRs of several FAM120A-bound miRNA
target genes are less sensitive to Ago2-mediated target repression than those of FAM120A-unbound miRNA targets and
FAM120A modulates them via its G-rich target sites. These findings suggest that Ago2 may exist in multiple protein com-
plexes with varying degrees of functionality.
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INTRODUCTION

MicroRNAs (miRNAs) are versatile regulators of gene ex-
pression and are generated by a multistep biogenesis
pathway (Suzuki and Miyazono 2011; Treiber et al. 2019).
In the canonical pathway for miRNA biogenesis, long pri-
mary miRNA transcripts (pri-miRNAs) are processed to
hairpin-structured precursor miRNAs (pre-miRNAs) by the
nuclear Drosha and DGCR8 complex. Pre-miRNAs are fur-
ther processed into 21- to 24-nt double-stranded miRNAs
through the activity of Dicer. Resultant miRNA duplexes
are loaded into Argonaute (Ago) proteins (Ago1–Ago4 in
mammals), and one strand is retained in Ago and serves
as the mature miRNA strand (Suzuki et al. 2015). Then,
the RNA-induced silencing complex (RISC), of which
the minimal components are Ago and miRNA, directs
miRNA-mediated target repression.
Ago proteins are known to interact with a variety of pro-

tein-binding partners and play central roles in miRNA-

mediated silencing pathways. These functions are me-
diated by at least two functionally distinct complexes. In
the RISC-loading complex (RLC), comprised of Ago2,
Dicer, and TRBP, Ago is loaded with miRNA. This process
is stimulated by auxiliary factors such as HSC70/HSP90
chaperone proteins. On the other hand, the miRNA-in-
duced silencing complex (miRISC) includes TNRC6 pro-
teins (TNRC6A/B/C), also known as GW182 proteins, and
mediates posttranscriptional repression of target mRNAs
(Braun et al. 2011; Chekulaeva et al. 2011; Fabian et al.
2011). TNRC6 proteins are core components of miRISC
and induce shortening of the poly(A) tails of mRNAs by
an association with the CCR4-NOT complex, subsequent
translational repression, and mRNA destabilization.
Several previous studies have identified multiple other
Ago protein-binding partners in various cell types (Höck
et al. 2007; Landthaler et al. 2008; Frohn et al. 2012; Li
et al. 2014; Schopp et al. 2017).
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To accurately interrogate cytoplasmic Ago2 interacting
proteins in mouse embryonic stem cells (mESCs), we per-
formed immunoprecipitation followed by mass spectrom-
etry in mESCs expressing a single epitope-tagged Ago
family member in an Ago family knockout background
(Zamudio et al. 2014). This study characterizes a putative
RNA-binding protein FAM120A (also known as OSSA/
C9ORF10) as a novel Ago2 interacting protein.

RESULTS

Identification of FAM120A as an Ago2 interacting
protein

We have previously described an adapted mESC system
that allows for doxycycline (Dox)-inducible expression of
a single Ago protein in an Ago-deficient background to
accurately analyze its function (Zamudio et al. 2014).
TT-FHAgo1 or TT-FHAgo2 mESCs lack mouse Ago1−
Ago4 (Ago1−/−; Ago2−/−; Ago3−/−; Ago4−/−) and ex-
press Flag-hemagglutinin (HA)-tagged human Ago1
(FHAgo1) or Ago2 (FHAgo2) under the control of a TRE-
Tight (TT) Dox inducible promoter. After fractionation in
TT-FHAgo1 and TT-FHAgo2 cells, FHAgo proteins were
immunoprecipitated with anti-Flag and anti-HA antibodies
and resultant protein complexes were analyzed by mass
spectrometry (Supplemental Fig. S1A,B). As a control, we
performed the same experiments usingmESCs expressing
untagged human Ago2 (TT-Ago2). Mass spectrometry
analysis revealed various Ago1 or Ago2 interacting pro-
teins as summarized in Figure 1A and Supplemental
Table S1. These included many known Ago2 interacting
partners such as HSP90, TNRC6B, UPF1, and IGF2BP2.

We confirmed the interaction with SRSF1, IGF2BP2,
UPF1, and FAM120A in an independent immunoprecipita-
tion assay (Fig. 1B). Interestingly, FHAgo1 IP mass spec-
trometry analysis failed to identify FAM120A as an Ago1
interacting protein, and interaction between Ago1 and
FAM120A was also very weak in the follow-up validation
by immunoprecipitation (Fig. 1A,B). FAM120A has been
reported to be an Ago2 interacting protein in two previous
Ago2 interactome studies (Frohn et al. 2012; Schopp et al.
2017), however, whether or not this interaction has any
functional consequence has not been characterized.
Thus, we focused on FAM120A in the subsequent study.
We observed that FAM120A is primarily distributed in
the cytoplasm (Supplemental Fig. S1C) and that, similar
to the RNA dependent interactions with UPF1 and
IGF2BP2 (Supplemental Fig. S1D), Ago2–FAM120A inter-
action is RNA dependent (Supplemental Fig. S1E), sug-
gesting enriched co-occupancy on cellular RNA targets.
Figure 1C depicts FAM120A domain structure including
a PIN-like domain at the amino terminus and several pre-
dicted intrinsically disordered regions and low complexity
sequences in the middle and clustered near the carboxyl
terminus.

RNA-binding properties of FAM120A

FAM120A is a poorly characterized protein that has been
suggested to function as a regulator of activation of sever-
al intracellular kinases, including Src, FAK, and PI3K,
following oxidative stress and IL13 receptor α2 signaling
and has been shown to bind to RNA (Kobayashi et al.
2008; Tanaka et al. 2009; Kwon et al. 2013; Bartolome
et al. 2015). To analyze FAM120A function, we generated
mESCs expressing Flag-HA-tagged and untagged
FAM120A (TT-FHFAM120A and TT-FAM120A) in a
Dox-inducible manner (Supplemental Fig. S2A). In order
to characterize the RNA species bound to FAM120A in
mESCs, we utilized individual nucleotide resolution cross-
linking and immunoprecipitation (iCLIP). TT-FAM120A
and TT-FHFAM120A expressing cells were UV cross-
linked, and FHFAM120A was enriched by utilizing tandem
Flag and HA immunoprecipitation, followed by RNase I
digestion, 5′ end labeling, and separation via SDS-PAGE.
We observed that FHFAM120A clearly binds to RNAs
that are not observed in the control IP from untagged
FAM120A expressing cells (Supplemental Fig. S2B). iCLIP
analysis yielded identification of about 11,000 clusters
bound by FHFAM120A, which are statistically enriched
against the untagged FAM120A iCLIP library. Further an-
notation revealed that, of the enriched RNA bound to
FAM120A, >70% of the iCLIP clusters map to 3′-UTRs, cor-
responding to about 2000 bound genes (Fig. 2A–C). Gene
ontology (GO) analysis of bound genes showed enrich-
ment of various biological functions, including RNA-
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FIGURE 1. Ago2 interacts with FAM120A in the cytoplasm of mESCs.
(A) Select list of proteins identified in Flag IP from cytoplasmic extracts
frommESCs expressingAgo2, FHAgo1, or FHAgo2. (B) Ago2 binds to
FAM120A in mESCs. (FH1) FHAgo1, (FH2) FHAgo2. (C ) Schematic
representation of FAM120A protein domains from Ensembl database.
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binding, protein localization, nucleotide binding, and reg-
ulation of translation (Supplemental Fig. S2C).
Motif analysis of FAM120A-bound RNA sequences us-

ing MEME revealed a strong enrichment for poly(G) se-
quences and weak enrichment of other homopolymeric
tracts including poly(C), poly(U), and poly(A) sequences
(Fig. 2D; Supplemental Fig. S2D; Bailey et al. 2009). In ad-
dition, we analyzed the enrichment of all possible hexam-
ers and found that homopolymeric sequences, especially
G-rich motifs, are strongly enriched in FAM120A-bound
sequences (Fig. 2E). The G-rich motif also showed cross-
link site-centric enrichment (Fig. 2F). This unbiased ap-
proach indicates that FAM120A binds to poly(G) sequenc-
es in RNAs when assayed on a genome-wide scale.

FAM120A-bound genes are resistant to Ago2-
mediated target repression

Next, we investigated the functional relationship between
Ago2 and FAM120A. Strikingly, comparison of FAM120A
iCLIP and Ago2 iCLIP revealed that greater than one-third
of mRNAs bound by Ago2 in mESCs are also bound by
FAM120A (Fig. 3A, left; Bosson et al. 2014). However, we
observed that only a small fraction of Ago2 iCLIP sites spa-
tially overlaps with FAM120A iCLIP sites (Fig. 3A, right).
Consistent with the lack of overlapping binding sites, there
was no statistically significant enrichment of 6mer binding

sites for highly expressed miRNAs in mESCs in FAM120A
iCLIP sites (Fig. 2). This suggested that Ago2 and
FAM120A co-bind to many target genes through distinct
binding sites, that is, Ago2 throughmiRNAseed-typebind-
ing sites and FAM120A throughG-richmotifs, respectively.
As previously reported, TT-FHAgo2mESCs displayDox-

inducible repression of Ago2-boundmiRNA targetmRNAs
(Bosson et al. 2014). By comparing RNA-seq profiles of
TT-FHAgo2 mESCs after Dox starvation or treatment with
high doseDox (Bosson et al. 2014), we interrogated the im-
pacts of FAM120A binding on Ago2-mediated target re-
pression. When analyzing either all Ago2-bound miRNA
targets or Ago2-bound targets of the highly expressed
miR-294, mRNAs bound by both Ago2 and FAM120A
showed less target repression relative to mRNAs solely
bound by Ago2 (Fig. 3B). This trend was also observed
for target genes of the 8 highest expressed miRNAs in
mESCs (Fig. 3C), suggesting that avoidance of Ago2-
mediated target repression for FAM120A-bound genes is
a general phenomenon. In addition, we observed that
FAM120A-bound mRNAs are more highly expressed rela-
tive to Ago2-bound mRNAs (Supplemental Fig. S3A,B).

FAM120A modulates target genes through
G-rich motif

We further analyzed effects of FAM120A binding to
3′-UTRs by utilizing 3′-UTR luciferase reporter assays. To
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FIGURE 2. iCLIP of FAM120A reveals binding to 3′-UTRs of mRNA and an enrichment of G-rich motifs. (A) Breakdown of RNA species bound to
FHFAM120A from FHFAM120A iCLIP analysis. (B) Localization of FHFAM120A iCLIP clusters within boundmRNAs. A binding profile of untagged
FAM120A iCLIP library is shown as a control. (C ) Heatmap of FHFAM120A iCLIP clusters along mRNA for FHFAM120A-bound genes. (D) MEME
analysis of the 20 nt sequences flanking the summits of the top 1500 FHFAM120A iCLIP clusters. (E) Hexamer enrichment analysis in FAM120A
iCLIP clusters. In the middle panel, the x-axis shows the z-scores of hexamer frequency. The y-axis shows the negative log P-value of statistical
significance of the hexamer enrichment above background. The right panels show a comparison of G-rich hexamers with A/T and C/G.
(F ) Positional enrichment of 5G+A/T motifs around the cross-link sites.

Ago2 partner FAM120A sequesters microRNA function
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this end, we compared the 3′-UTRs of miR-294 target
mRNAs bound by Ago2 but not bound by FAM120A and
the 3′-UTRs of miR-294 target mRNAs bound by Ago2
and also containing G-rich motif-positive FAM120A iCLIP
sites. In TT-FHAgo2 cells, the former showed potent Dox-
dependent repression, while Dox-dependent repression
was weaker for the latter (Fig. 4A). On the other hand, in
TT-FHFAM120A cells, FAM120A overexpression by Dox
treatment did not impact reporters harboring 3′-UTRs
that are bound by Ago2 only, but enhanced reporter ex-
pression of the reporters harboring 3′-UTRs that are bound
by Ago2 and FAM120A, suggesting that FAM120A en-
hances the expression levels of its bound genes (Fig. 4B).
Furthermore, mutagenesis experiments of G-rich motifs
bound by FAM120A showed thatmutation of G-rich motifs
abolishes FAM120Aoverexpression-mediated reporter ex-
pression enhancement (Fig. 4C; Supplemental Fig. S3C).
Collectively, these results suggest that FAM120A poten-
tially modulates its target genes through G-rich motifs
and FAM120A binding may attenuate Ago2-mediated tar-
get repression.

DISCUSSION

The present study identified FAM120A as an Ago2 inter-
acting protein by utilizing mESCs conditionally expressing
a single epitope-tagged Ago1 or Ago2 in an all Ago-

deficient background (Bosson et al. 2014; Zamudio et al.
2014). In two previously reported Ago2 interactome data
sets (Frohn et al. 2012; Schopp et al. 2017), FAM120A
has been listed as an Ago2 binding partner, supporting
the validity of our findings. However, the functional conse-
quences of FAM120A/Ago interaction have not previously
been investigated. Our Ago2 IP mass spectrometry data
also included representative Ago2 binding partners such
as HSP90 and TNRC6B. Ago proteins interact with a
variety of binding partners and appear to exist in multiple
protein complexes. A recent conditional proteomics ap-
proach using protein fragments complementation and
proximity-dependent biotinylation technique (split-BioID)
clearly demonstrated that two Ago2 complexes, Ago2–
Dicer and Ago2–TNRC6C complexes, are associated
with distinct protein partners (Schopp et al. 2017). The for-
mer, representative of RLC, is associated with TRBP and
HSC70/HSP90, while the latter is associated with other
miRISC core components, including TNRC6A, TNRC6B,
CNOT4, and other miRISC modulators. In their report,
FAM120A is one of Ago2 binding partners, but is not en-
riched in either Ago2–Dicer complexes or Ago2–TNRC6C
complexes (Schopp et al. 2017). In addition, our findings
suggest that FAM120A-bound Ago2 target genes are sig-
nificantly less sensitive to Ago2-mediated target repres-
sion. Taken together, Ago2–FAM120A association may
represent an additional Ago2 complex, which is not
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FIGURE 3. FAM120A-bound mRNAs are devoid of Ago2-mediated target repression. (A) Venn diagram depicting overlap of FAM120A- and
Ago2-bound mRNAs (left) and positional overlap of FAM120A and Ago2 iCLIP clusters (right). P-value is calculated using hypergeometric
test. (B) Cumulative distributions of fold changes (FC; Ago2 ++ represents 2.5 μg/mL Dox treatment for 48 h, Ago2− represents Dox starvation
for 96 h) of Ago2-bound and FAM120A-bound miRNA target mRNAs and Ago2-bound and FAM120A-unbound miRNA target mRNAs. Left and
right panels show results for all miRNA targets and miR-294 targets, respectively. All of 6mer, 7mer, and 8mer were considered. P-values are cal-
culated by two-sided K–S test (Ago2-bound and FAM120A-unbound vs. Ago2-bound and FAM120A-bound). (C ) Box plot showing fold changes
(Ago2 ++ vs. Ago2 −) of Ago2-bound and FAM120A-bound target mRNAs and Ago2-bound and FAM120A-unbound target mRNAs for repre-
sentative miRNAs highly expressed in mESCs. (∗) P<0.001 with two-sided K–S test.
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functional in miRNA-mediated target repression in the
cytoplasm.
FAM120A was initially reported to be a component of

Purα-containing mRNP complexes (Kobayashi et al.
2008). Subsequently, it was reported that the carboxyl ter-
minus of FAM120A directly binds to IGF-II mRNA and pro-
motes the extracellular secretion of IGF-II protein (Tanaka
et al. 2009). In addition, FAM120A has been reported to
be an RNA-binding protein in mESCs (Kwon et al. 2013),
but its full cellular RNA-binding properties have not been
well characterized. Our iCLIP analysis reveals genome-
wide target preferences of FAM120A with striking overlap
between Ago2-bound mRNAs and FAM120A-bound
mRNAs. G-rich motif enrichment in our FAM120A iCLIP
study is also consistent with a previous report showing
that FAM120A binds to homopolymeric tracts in vitro
(Tanaka et al. 2009).
The functional analysis presented here suggests that

FAM120A may attenuate Ago2-mediated target repres-
sion through its bound G-rich motifs. While the specific
mechanism by which the binding of FAM120A counteracts
mRNA degradation is unclear, it is likely independent of
binding of the miRNA-Ago2 complex to its targets, as
the binding sites of FAM120A and Ago2 do not directly
overlap. This suggests that FAM120A may inhibit Ago2-
mediated target repression at steps downstream from
miRNA binding, for example, by inhibiting recruitment of
GW182 proteins or other miRISC partners. This scenario
would be consistent with the lack of detectable en-
richment of FAM120A in an Ago2–TNRC6C complex
(Schopp et al. 2017). Alternatively, it is possible that
FAM120A binds to other RBPs, which counteract Ago2-
target destabilization. Indeed, using tandem Flag-HA IP
mass spec of FHFAM120A in mESCs, we found that
FAM120A associates with multiple other RNA-binding
proteins, including hnRNP A1, hnRNP A3, hnRNP AB,
hnRNP D, IGF2BP1, IGF2BP3, PABPC1, ELAVL1, and

YBX1 (data not shown). The association between
FAM120A and IGF2BP1 is consistent with a previous re-
port (Tanaka et al. 2009). In HEK293 cells, IGF2BP1 and
Ago2 have previously been reported to bind to overlap-
ping mRNA targets, although IGF2BP1-bound transcripts
do not show an enrichment in miRNA seed-complementa-
ry sites (Landthaler et al. 2008). Given these observations,
the association between FAM120A and multiple RNA-
binding proteins may serve to counteract Ago2-mediated
destabilization of FAM120A-bound target mRNAs.
Ago2–FAM120A association may involve additional

roles of Ago2 in themodulation of cancer-related signaling
pathways and may be associated with distinct cellular lo-
calization relative to Ago2–GW182 complex. Recent re-
ports have shown that Ago2 interacts with various cell
signaling pathways and have miRNA-independent func-
tions, especially in cancer biology (Shen et al. 2013;
Yang et al. 2014; Shankar et al. 2016). In breast cancer,
hypoxia was found to enhance the association between
EGFR and Ago2 (Shen et al. 2013). This resulted in
EGFR-mediated phosphorylation of Ago2–Y393, which in-
hibited loading of miRNAs with tumor suppressive proper-
ties due to Ago2 structural differences. Furthermore, a
direct interaction between KRAS and Ago2 has been re-
cently reported in oncogenic KRAS-driven cancers, as ev-
idenced in multiple lung and pancreatic cancer cell lines
(Shankar et al. 2016). This interaction was found to occur
on the endoplasmic reticulum and to involve the switch II
domain of KRAS and the amino-terminal domain of
Ago2. Engagement of KRAS with Ago2 reduced RISC ac-
tivity and promoted stabilization of oncogenic KRAS. The
association between KRAS and Ago2 resulted in enhanced
PI3K signaling and promoted cellular transformation
(Shankar et al. 2016). Apart from its RNA-binding function,
FAM120A has been reported to be a scaffold protein nec-
essary for activation of several intracellular kinases, includ-
ing Src, FAK, and PI3K, in response to oxidative stress and

BA C

FIGURE 4. FAM120A stabilizes its bound 3′-UTRs through G-rich motifs. (A,B) 3´ UTR reporter assay of Ago2-bound miR-294 target genes not
bound by FHFAM120A or having G-rich motif-positive FHFAM120A iCLIP clusters in TT-FHAgo2 mESCs (A) and TT-FHFAM120A mESCs (B).
mESCs were cultured in the absence (Dox −) or presence (2.5 μg/mL, Dox ++) of Dox for 48 h, transfected with luciferase reporter plasmids,
and then subjected to luciferase reporter assays 48 h after transfection. (C ) Effects of mutation of G-rich motifs on FAM120A-mediated target
stabilization in TT-FHFAM120A mESCs. (WT) Wild-type, (Mut) mutant.
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IL13 receptor α2 signaling in cancer cells. These interac-
tions are associated with cancer progression (Tanaka
et al. 2009; Bartolome et al. 2015). Interestingly, Ago-
KRAS association appears to be specific for Ago2 among
the four Ago proteins (Shankar et al. 2016), and
FAM120A interaction was also specifically observed for
Ago2 but not Ago1 in our study. Thus, Ago2–FAM120A in-
teraction may be associated with additional and specific
roles of Ago2 in cancer biology.

MATERIALS AND METHODS

Cell culture

TT-FHAgo2 mESCs were maintained as described previously
(Zamudio et al. 2014). TT-FHFAM120A mESCs were generated
utilizing the pSLIK lentiviral expression system (Shin et al. 2006).
Lentivirus was generated in 293T cells by cotransfection with
pCMV-dR8.91 packaging and pHDM.G envelope vector. 293T
media was collected and filtered through a 0.45 µm syringe and
supplemented with 1 mM HEPES pH 7.0. Cells were infected
overnight with 4 µg/mL polybrene (Millipore) in a six well dish af-
ter centrifugation at room temperature for 1 h at 2000 rpm. Cells
were selected with 150 µg/mL hygromycin B in ES cell media to
generate stable cells.

Plasmids

3′-UTR reporter vectors were generated by inserting 3′-UTR
sequences into the 3′-UTR of the luciferase gene in the
psiCHECK-2 dual luciferase reporter vector (Promega) (Suzuki
et al. 2015, 2018). Mutations were introduced by a PCR-based ap-
proach. Primer sequences are given in Supplemental Table S2.

Argonaute IP

TT-Ago2 (control), TT-FHAgo1, or TT-FHAgo2 cells were induced
with Dox (2.5 µg/mL) and fractionated to cytosolic and nuclear
fractions. Cytosolic and nuclear fractions were dialyzed in buffer
DB (20 mM Tris-Cl pH 8, 10% Glycerol, 100 mM KCl, 5 mM
MgCl2, 0.2 mM EDTA) for 6 h with four buffer changes. Dialyzed
lysates were centrifuged and Flag IP was carried out overnight
with M2 Flag conjugated magnetic beads (Sigma). Immunopre-
cipitated material was washed and eluted with 3× Flag peptide
(Sigma) twice at room temperature. The eluted material was
TCA precipitated overnight at 4°C. The precipitate was resus-
pended in gel loading buffer, separated utilizing 4%–12% SDS-
PAGE (Thermo Fisher Scientific), and visualized with Imperial stain
(Thermo Fisher Scientific). The gel was separated into eight equal
size pieces and submitted to the Biopolymers & Proteomics Core
Facility of Robert A. Swanson (1969) Biotechnology Center at the
Koch Institute for mass spectrometry.

iCLIP

FHFAM120A iCLIP was carried out after Dox induction (2.5 µg/
mL) utilizing tandem Flag and HA IP after UV cross-linking as pre-

viously described (Jangi et al. 2014). Data represents the results
from one experiment.

Bioinformatics

Analysis of iCLIP libraries was performed as previously described
(Bosson et al. 2014). MEME analysis was performed for the 20 nt
sequences flanking the summits of the top 1500 iCLIP clusters
(Bailey et al. 2009). Hexamer enrichment analysis was performed
using the 40 nt sequences flanking the center of iCLIP clusters on
both directions, all possible hexamers, and background sequence
sets generated by HOMER (v4.10) (Heinz et al. 2010; Grigelio-
niene et al. 2019). GO analysis was carried out using Database
for Annotation, Visualization, and Integrated Discovery (DAVID;
https://david.ncifcrf.gov/). Data sets of target genes of all miRNAs
were downloaded from the TargetScan database (v7.1; targets-
can.org) (Agarwal et al. 2015). We analyzed the data of RNA-
seq in TT-FHAgo2 cells with/without Dox treatment (Bosson
et al. 2014) using a maximum filter of FPKM>0.1 or 1. For target
gene expression changes, P-values were calculated by two-sided
Kolmogorov–Smirnov (K–S) test.

Luciferase reporter assay

TT-FHAgo2 or TT-FHFAM120A mESCs were cultured in the ab-
sence or presence (2.5 µg/mL) of Dox (Sigma) for 48 h, and
then transfected with luciferase reporter plasmids using
Lipofectamine 2000 (Thermo Fisher Scientific). Forty-eight hours
after transfection, the ratio between firefly and Renilla luciferase
was determined using Dual-Luciferase Reporter Assay System
(Promega).

DATA DEPOSITION

Data generated during this study are available in the Gene
Expression Omnibus under accession number GSE128264.
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Supplemental material is available for this article.
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