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Extracellular vesicles (EVs) are capable of transferring cargo from donor to recipient cells, but precisely how cargo
content is regulated for export is mostly unknown. For miRNA cargo, we previously showed that when compared
to isogenic colorectal cancer (CRC) cells expressing wild-type KRAS, a distinct subset of miRNAs are differentially
enriched in EVs from KRAS mutant active CRC cells, with miR-100 being one of the most enriched. The mech-
anisms that could explain how miR-100 and other miRNAs are differentially exported into EVs have not been fully
elucidated. Here, we tested the effect of Nﬁ-methyladenosine (mGA) modification on miRNA export into EVs by
depletion of METTL3 and ALKBHS5, a writer and eraser of m°A modification, respectively. While the effects of
ALKBHS5 knockdown were quite modest, decreased levels of METTL3 led to reduced cellular and extracellular
levels of a subset of miRNAs that contain consensus sequences for m®A modification. Functional testing of EVs
prepared from cells expressing shRNAs against METTL3 showed that they were less capable of conferring colony
growth in 3D to wild-type KRAS cells and were also largely incapable of conferring the spread of cetuximab
resistance. Our data support a role for METTL3 modification on cellular miRNA levels and export of specific
miRNAs.

1. Introduction (Maas et al., 2017; Shifrin et al., 2013; Simons and Raposo, 2009). We

previously showed that EV cargo content is regulated in a

Recently, miRNAs and other small RNAs have been detected in the
extracellular space, usually packaged in extracellular vesicles (EVs), li-
poproteins, or protein complexes (Cha et al., 2015b; Crescitelli et al.,
2013; Dou et al., 2016; Hinger et al., 2018; Valadi et al., 2007). EVs are a
heterogeneous population of nanosized particles secreted from every cell
and appear to play a novel role in cell-cell communication by transfer of
RNA, lipid, and protein cargo (Maas et al., 2017; Tkach and Thery, 2016).
Distinct mechanisms regulating EV cargo content have been proposed
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KRAS-dependent manner with miR-100 being the most enriched miRNA
(Cha et al., 2015b; Demory Beckler et al., 2013; Dou et al., 2016; Hinger
et al., 2018). However, we have been unable to identify a specific
mechanism that could account for differential miRNA enrichment in EVs.
Here, we sought to test whether RNA base modifications might play a
role in selective miRNA export.

Over 130 RNA modifications have been identified and recent work
has highlighted the importance of understanding the potential role that
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RNA epitranscriptomics might play in regulating RNA metabolism and
gene expression (Barbieri and Kouzarides, 2020; Deng et al., 2018;
Holoch and Moazed, 2015; Jonkhout et al., 2017; Nachtergaele and He,
2018; Ries et al., 2019; Roundtree et al., 2017). As with chromatin
modifications, there are distinct writers, readers, and erasers of RNA
modifications with the best characterized of these involved with
N6—methyladenosine (m®A) (Panneerdoss et al., 2018; Roundtree et al.,
2017; Zaccara et al., 2019). Methyltransferase-like protein 3 (METTL3) is
an RNA methyltransferase that acts as the catalytic subunit of the com-
plex that methylates NO®-adenosine (Bokar et al., 1994, 1997; Sibbritt
et al., 2013). Alkylation repair homolog protein 5 (ALKBH5) is a deme-
thylase that can reverse m®A in mRNA (Zheng et al., 2013). The majority
of work examining the role of m®A modifications has been directed to-
ward its effects on mRNA metabolism, including turnover, splicing,
export, and translation (Nachtergaele and He, 2018). For miRNAs, mPA
modifications have been found to regulate pri-miRNA processing (Alar-
con et al., 2015b; Yuan et al., 2014), but the extent of modifications and
any potential roles they might play within mature, processed miRNAs are
less clear (Berulava et al., 2015; Konno et al., 2019; Yuan et al., 2014).

We used shRNAs to deplete multiple RNA base modifying enzymes in
KRAS mutant CRC cells and found that depletion of METTL3 affected the
cellular and extracellular levels of miRNAs containing m®A consensus
sequences, including miR-100. We also found that METTL3 knockdown
cells were inhibited for growth in 3D and that EVs from knockdown cells
were less capable of inducing the spread of cetuximab (CTX) resistance.
As the presence of mutant KRAS makes tumors refractory to EGFR
blockade by the monoclonal antibody CTX (Lievre et al., 2006), and this
excludes CRC patients from CTX treatment (Van Cutsem et al., 2011), the
mechanism by which tumor cells act non-autonomously to regulate each
other is critical for understanding the evolution of heterogenous tumors
in the tumor microenvironment when patients undergo drug treatment.
These studies give a mechanistic insight into these issues as the deletion
of METTL3 abrogates the ability of these cells to transfer CTX resistance.

2. Results
2.1. miRNA base modifications and EV secretion

To test whether RNA base modifications might play a role in miRNA
export, we initially used mass spectrometry and detected the presence of
12 modified ribonucleosides in RNA purified from EVs from mutant
(DKO-1) and wild-type (Dks-8) KRAS cells (Figure S1). EVs encompass a
variety of particles and for these experiments, we used differential
centrifugation to isolate a heterogeneous population of EVs that pelleted
after a 17-hour spin at 100,000xg. Because the modifications we detected
included abundant tRNA modifications, it was unclear to what extent
miRNAs might be modified in those EVs. To better assess whether mature
miRNAs might be modified in our EVs, we gel purified 22-23nt RNAs
from EV pellets derived from mutant KRAS cells (DKO-1) and performed
two-dimensional thin layer chromatography (2D TLC) analysis of modi-
fied nucleosides (Figure S2). By radiolabeling RNase T2 products, sig-
nificant levels of pseudouridine and m®A were identified, in addition to
at least five other potential modified nucleosides. Although it is possible
that some of the size-selected RNAs might have been derived from non-
miRNA sources, our detection of methylated bases in EVs is consistent
with reports that mature miRNAs contain m®A (Berulava et al., 2015;
Konno et al., 2019). Thus, we decided to test the effects of knockdown of
a select group of writers, readers, and erasers of RNA modifications on
miRNA export into EVs (Table S1). Except for the EM images in Figure S5,
the EVs we analyzed in this paper were derived from pellets via differ-
ential centrifugation with a final 17-hour spin at 100,000xg. Nano-
particle tracking analysis was used to quantify particle counts (Figure S3)
which showed similar EV secretion across all knockdown lines. The
average size of the EVs across all preparations was 133.7 + 7.9 nm.
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2.2. RNA methylation and miRNA export

To test whether any of the knockdown cell lines display altered
miRNA transfer, we first used a well characterized luciferase reporter in
Transwell cultures designed to detect functional transfer of miR-100 from
donor KRAS mutant cells to recipient DKs-8 wild-type KRAS cells (Cha
et al., 2015b). Recipient cells were transfected with either a luciferase
construct containing 3 perfect miR-100 binding sites in the 3’ UTR, or a
control construct with a scrambled, non-targeted 3’ UTR sequence
lacking any known miRNA binding sites (Figure 1A). Donor knockdown
KRAS mutant cells were plated on top of Transwell membranes and
luciferase levels were determined in recipient cells after 24 h. We found
that 6 of the cell lines showed significantly increased luciferase levels
implying inhibition of miR-100 export from donor cells (Figure 1B). A
common theme among all 6 of the knockdown lines that showed defects
in the miR-100 reporter assay is their role in RNA base methylation or
recognition: METTL3 is the catalytic subunit of the N®-methyltransferase
complex, the IGF2BP proteins are readers of m®A, hnRNPA2/B1 is
thought to be a reader of m®A but may actually bind adjacent to m°®A, the
Drosophila YBX-1 homolog recognizes 5-methylcytosine, and NSUN2 is a
5-methylcytosine transferase (Alarcon et al., 2015a; Chellamuthu and
Gray, 2020; Huang et al., 2018; Kossinova et al., 2017; Shurtleff et al.,
2016; Wu et al., 2018; Yuan et al., 2014; Zou et al., 2020) (Table S1).

2.3. Knockdown of METTLS3 alters levels and extracellular transfer of miR-
100

Because 4 of the 6 knockdown lines involved m®A modification and
because we detected m®A in 2D TLC analyses (Figure S2), we decided to
focus on the effects of decreased METTL3 on miRNA secretion, com-
plemented by similar analyses after knockdown of ALKBH5, an eraser of
mPA. The extent of shRNA-mediated knockdown for the two proteins was
60-70% using two independent shRNAs (Figure 2A). Analysis of miR-100
levels by RT/PCR in METTL3 and ALKBH5 knockdown cells and EV
pellets showed contrasting differences (Figure 2B). The levels of miR-100
were decreased after knockdown of METTL3 in both cells and EVs, but
only rose to significance in EVs from one of the knockdown lines. For
ALKBHS5, miR-100 levels trended up in cells and down in EVs, but did not
reach statistical significance in either case.

2.4. Small RNA profiles after knockdown of METTL3 and ALKBHS5 are
distinct between cells and EVs

To more quantitatively and comprehensively assess the effects of
depletion of METTL3 and ALKBHS5 on cellular and EV RNA profiles, we
conducted RNAseq on libraries created from small RNAs purified from
control parental DKO-1 cells and EVs, and from knockdown cells and EVs
(Figure S4; Table S2). Analysis of the size distribution of small RNAs
purified from control and knockdown cells showed an enrichment for
RNAs with a size consistent with miRNA (~22-23nt), whereas the EV
RNA preparations contained peaks corresponding to miRNA, but also
included a significant fraction of larger RNAs (30-40nt) corresponding
mostly to fragments derived from tRNA and rRNA (Figure S4A). Total
read numbers indicated sufficient coverage with over 5 million reads for
almost every sample (Figure S4B; Table S2). When quantifying read
numbers across the main categories of small RNAs found in the respective
libraries, the percentage composition for the different classes of RNA was
similar between both the control and knockdown cells and between the
control and knockdown EVs (Figure S4C). However, there was a clear
difference in the read distribution comparing cellular small RNAs to EV
small RNAs, consistent with Principal Component (PC) analysis which
showed distinct differences in RNA profiles comparing cells to EVs
(Figure S4D). The cellular profiles tended to cluster together whereas the
EV profiles showed greater variation by PC analysis.
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Figure 1. Reduced extracellular transfer of miR-100 after knockdown of readers, writers and erasers of RNA modification. Stable shRNA knockdown cell lines were
created using mutant KRAS (DKO-1) cells transfected with either an empty shRNA vector, a scrambled control shRNA vector, or vectors encoding shRNAs targeting 14
different proteins (see Table S1). A) Schematic of luciferase reporter assay. B) Luciferase reporter assay. Wild-type KRAS DKs-8 recipient cells were seeded in the
bottom of Transwell dishes and co-transfected with vectors expressing p-galactosidase and a luciferase reporter containing either a control 3'UTR or a modified 3'UTR
with three perfect miR-100 binding sites. Recipient cells were co-cultured the indicated donor cells for 24 h before cell lysates were collected. Luciferase expression
was quantified with decreased expression indicating increased transfer of miR-100. Significance was determined by one-way ANOVA. Data represent mean + SE, n = 3.

*p < 0.05, **p < 0.01, ***p = 0.0002, ****p < 0.0001.

2.5. METTL3 knockdown causes downregulation of miRNAs containing
mCA consensus sites

We next analyzed the small RNAseq data to identify those miRNAs
that were most upregulated or downregulated in cells or EVs after
knockdown of either METTL3 or ALKBHS5. After applying minimal
expression threshold levels and normalizing for differential expression
using DESeq2, the effects of ALKBH5 knockdown were quite modest with

no miRNAs showing a log2 fold change greater than +1 or -1 in cells and
only one miRNA (miR-3182) showing a log2 fold change greater than +1
in EVs. When we performed the same analysis on small RNAseq data after
METTL3 knockdown, no miRNAs were significantly upregulated greater
than log2 fold change +1 in either cells or EVs. In contrast, a distinct
subset of miRNAs were significantly downregulated (log2 fold change >
-1) in both cells and EVs after METTL33 knockdown (Table 1).
Remarkably, 5 of the top 7 most downregulated miRNAs in EVs contain
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Figure 2. Decreased levels of METTL3 and ALKBHS5 alters cellular and EV small RNA levels. A) Western blots were performed on cell lysates from stable lines
expressing an empty shRNA vector (Empty), a scrambled control shRNA vector, or two independent shRNAs targeting METTL3 or ALKBH5. Representative immu-
noblots using antibodies against METTL3, ALKBH5, Tubulin, and GAPDH are shown with the average decrease in METTL3 and ALKBHS5 being 60.4 + 1.1% and 68.4 +
1.04%, respectively. B) qRT/PCR analysis of miR-100 levels in cellular (black) and EV (gray) samples. Significance was determined by one-way ANOVA. Data represent

mean + SE, n = 3, and *p < 0.05.

consensus sequences for m®A modification with a 6™ miRNA (let-7e-5p)
having an mP®A consensus sequence in the immediate downstream loop
sequence (pre-let-7e-5p) (Table 1). In cells, 10 miRNAs were down-
regulated with a log2 fold change greater than -1. Five of those miRNAs
contain m®A consensus sites in the mature miRNA with 3 containing mSA
sites in the immediate downstream precursor loop sequence. Given that
we began these experiments attempting to understand differential export
of miR-100 in KRAS mutant cells, it is striking that knockdown of
METTL3 had a significant effect on miR-100. However, because both
cellular and EV levels were affected, the data are not conclusive for a
direct role for m®A modification in overall miRNA export, but suggest
that m®A modification plays arole in cellular processing, stability, and/or
export of these miRNAs.

2.6. Knockdown of METTL3 reduces EV-mediated anchorage-independent
growth

The observed changes in cellular small RNAs prompted us to perform
mRNAseq on our knockdown cells to identify gene expression changes
(Figure 3, Table S3). We used the WebGestalt functional enrichment
analysis tool (Liao et al., 2019) to identify Gene Ontology categories that
were the most downregulated (Figure 3A). The most affected pathways
included four secretory cascade categories. Because the cellular genes
most affected involved the secretory cascade, we decided to determine
whether changes due to METTL3 knockdown would alter cellular
behavior and EV tumor microenvironment interactions mediated by EVs.
Previously, we showed that EVs from mutant KRAS DKO-1 cells can

Table 1. Downregulated miRNAs contain m®A consensus sequences.

Cells

miRNA Read Base Mean Sequence FC P-value Adjusted P-value
miR-125b-5p 360.877 UCCCUGAGACCCUAACUUGUGA -1.7 5.07E-09 2.91E-06
miR-100-5p 1252.25 AACCCGUAGAUCCGAACUUGUG -1.7 3.7E-08 1.06E-05
let-7e-5p 410.781 UGAGGUAGGAGGUUGUAUAGUUgaggaggaca -1.3 1.91E-06 0.00036
miR-4521 114.646 GCUAAGGAAGUCCUGUGCUCAGuuuuguagcaucaaaacu -1.0 6.32E-05 0.008
miR-142-5p 121.025 CAUAAAGUAGAAAGCACUACU -1.2 7.13E-05 0.008
miR-146a-5p 149.772 UGAGAACUGAAUUCCAUGGGUU -1.0 9.86E-05 0.009
miR-99b-5p 844.702 CACCCGUAGAACCGACCUUGCG -1.2 0.00017868 0.015
miR-125a-5p 1040.74 UCCCUGAGACCCUUUAACCUGUGA -1.0 0.00045275 0.026
miR-135b-5p 127.410 UAUGGCUUUUCAUUCCUAUGUGAuugcugucccaaacu -1.1 0.00238943 0.099
miR-32-5p 241.298 UAUUGCACAUUACUAAGUUGCA -1.0 0.0222186 0.308
EVs

miRNA Expression Level Sequence FC P-value Adjusted P-value
miR-100-5p 1252.25 AACCCGUAGAUCCGAACUUGUG -1.5 1.09E-06 0.00074
miR-99b-5p 844.702 CACCCGUAGAACCGACCUUGCG -1.4 1.07E-05 0.003
miR-193b-3p 582.185 AACUGGCCCUCAAAGUCCCGCU -1.0 1.39E-05 0.003
miR-125b-5p 360.877 UCCCUGAGACCCUAACUUGUGA -1.2 7.31E-05 0.001
let-7e-5p 410.781 UGAGGUAGGAGGUUGUAUAGUUgaggaggaca -1.1 0.00014876 0.011
miR-125a-5p 1040.74 UCCCUGAGACCCUUUAACCUGUGA -1.2 0.00020023 0.013
miR-224-5p 1469.11 UCAAGUCACUAGUGGUUCCGUUUAG -1.0 0.00274813 0.098

Downregulated miRNAs in METTL3 knockdown cells and EVs compared to DKO-1 cells and EVs. Expression levels (Read Base Mean) are the average number of RNAseq
reads from 3 independent libraries. The sequence of downregulated miRNAs is shown along with the log2 fold change (FC), p-values, and adjusted p-values when
comparing cell and EV levels between METTL3 knockdown cells and control DKO-1 cells after DESeq2 normalization. Highlighted in red are the m®A consensus se-
quences present in the mature miRNA sequence (upper case) or the immediately adjacent loop sequence in the pre-miRNA.
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promote proliferation and anchorage-independent growth (Demory
Beckler et al., 2013; Higginbotham et al., 2011) and that Rab13 regula-
tion of EV secretion can inhibit cell growth in soft agar (Hinger et al.,
2020). Further, analysis of the Cancer Genome Atlas (TCGA) database
showed that METTL3 expression is increased in metastatic colorectal
cancer and is associated with a poor prognosis (Li et al., 2019). Thus, we
compared the growth of METTL3 knockdown cells to control DKO-1 cells
in soft agar and also compared the growth of these cells in 3D after
exposure to EVs from both cells. For this, we purified and characterized
EVs from DKO-1 and METTL3 knockdown cells using western blots with
antibodies against classical EV (exosome) markers (Figure 3B). By both
western blot analysis and morphology using electron microscopy, no
significant differences were observed between EVs from the control and
knockdown cells (Figure 3B; Figure S5).

Consistent with previous results, DKO-1 cells were capable of growth
in soft agar and colony numbers increased after exposure to self EVs
(Figure 3C,D). Increased growth of DKO-1 cells was also observed after
exposure to an equivalent amount of EVs from METTL3 knockdown cells
(Figure 3C,D). In contrast, METTL3 knockdown cells did not grow as well
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in soft agar and the effect of exposure to EVs from either DKO-1 or
METTL3 knockdown cells did not significantly increase growth
(Figure 3C,D). These data support the conclusion that depletion of
METTLS3 causes a cell-autonomous decrease in the ability to grow in soft
agar compared to control DKO-1 cells, even when exposed to DKO-1
control EVs. These results also suggest that METTL3 knockdown causes
a decreased ability to receive soft agar-dependent, growth inducing sig-
nals from DKO-1 EVs.

2.7. Knockdown of METTL3 reduces EV-mediated transfer of cetuximab
resistance

Since two of the top downregulated miRNAs in EVs after METTL3
knockdown are miR-100 and miR-125b, we next decided to test the effects
of EVs from DKO-1 and METTL3 on anchorage-independent growth of
wild-type KRAS cells (DKs-8) and on the transfer of cetuximab resistance.
DKs-8 cells form minimal, if any, colonies in soft agar unless exposed to

EVs from mutant KRAS DKO-1 cells which contain high levels of miR-100
and miR-125b (Cha et al., 2015a; Demory Beckler et al., 2013). Further,
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Figure 3. Knockdown of METTL3 reduces EV-mediated anchorage-independent growth. A) Gene ontology analysis of significant biological processes affected in
METTL3 knockdown cells compared to DKO-1 control cells after total RNAseq. B) Immunoblots of EVs from DKO-1 or METTL3 knockdown cells using antibodies
against CD63, TSG101, CD81, and H3. C,D) DKO-1 and METTL3 knockdown cells (500 cells/well) were grown in soft agar for 2 weeks in the presence or absence of
EVs derived from either DKO-1 cells or METTL3 knockdown cells. Representative images (C) and quantification of colony counts (D) are shown. Significance was
determined by one-way ANOVA. Equivalent amounts of EVs were added. Data represent mean + SE, n = 3, *p < 0.05.
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growth of DKs-8 cells is susceptible to cetuximab, a monoclonal antibody
against the Epidermal Growth Factor Receptor (EGFR). We previously
showed that upregulation of miR-100 and miR-125b can induce resistance
to cetuximab (Lu et al., 2017). When DKs-8 cells were exposed to EVs
from DKO-1 cells, they formed colonies in soft agar and were resistant to
cetuximab (Figure 4A,B). In contrast, exposure to EVs from METTL3
knockdown cells did not stimulate growth in soft agar or confer resis-
tance to cetuximab (Figure 4A,B). Interestingly, we occasionally detected
a few surviving colonies in the presence of cetuximab after exposure to
EVs from METTL3 knockdown cells but they consistently displayed an
unusual morphology (Figure 4A). These data support the conclusion that
the cargo contained within EVs isolated from METTL3 knockdown cells is
not able to drive colony growth in soft agar and is not able to confer drug
resistance on recipient cells, having lost components present in DKO-1
control EVs that are able to provide these functions. The decreased
levels of miR-100 and miR-125b are consistent with their action in
regulating these EV functions.

3. Discussion

Numerous studies have demonstrated consistent differential enrich-
ment of specific miRNAs within EVs (Cha et al., 2015b; Kosaka et al.,
2010; McKenzie et al., 2016; Santangelo et al., 2016; Shurtleff et al.,
2016; Skog et al., 2008; Squadrito et al., 2014; Valadi et al., 2007; Wei
et al., 2017). While such changes could be due to differential miRNA
stability and/or some means of passive differential loading of miRNAs
into EVs, it remains a key focus of current research to test potential
mechanisms that specifically regulate miRNA export (Mateescu et al.,
2017). RNA sequence motifs, roles for specific RNA binding proteins, and
differential mRNA target expression have all been proposed to drive se-
lective miRNA export, but no universal mechanism has been identified
(Batagov et al., 2011; Bolukbasi et al., 2012; Kossinova et al., 2017;
Santangelo et al., 2016; Shurtleff et al., 2016, 2017; Squadrito et al.,
2014; Statello et al., 2018; Villarroya-Beltri et al., 2013). This might
mean that all export control is context-specific or it might mean that we
have thus far failed to recognize mechanistic similarities. For our CRC
model, we detected KRAS-dependent differential miRNA enrichment, but
we were unable to identify a unique RNA sequence motif or RNA binding
protein that could mediate selective export (Cha et al., 2015a). This
prompted us to test whether RNA base modifications or the combination
of base modifications and recognition by specific RNA binding proteins

**p < 0.01, *

might drive deposition into EVs. While we show that depletion of
METTL3 leads to downregulation of miRNAs that contain m®A consensus
sites, many of those same miRNAs are downregulated in cells. Thus, even
though there might be a direct regulatory role for base modifications in
miRNA export, it is not possible to make a firm conclusion with the given
data. Disentangling direct or indirect roles for m®A modification between
cellular and EV RNA could potentially be performed with differential
isotopic labeling or other methods, but are beyond the current scope of
this work. Similarly, it will be difficult to utilize site-directed mutagenesis
to alter specific adenosine residues because single nucleotide changes
could alter normal miRNA function by affecting base pairing with targets,
altering the binding of specific RNA binding proteins, altering secondary
structure, stability, or some combination thereof (Harcourt et al., 2017;
Liu et al., 2015). Despite limitations on conclusions related to miRNA
export, our data are nevertheless consistent with a role for m®A modifi-
cation in the stability of mature miRNAs (Berulava et al., 2015; Konno
etal., 2019), in addition to supporting a role for m®A modification during
miRNA biogenesis (Alarcon et al., 2015b; Yuan et al., 2014).

m®A modifications are abundant across many different types of RNA
(Nachtergaele and He, 2018; Zaccara et al., 2019). Readers of m®A have
been proposed to affect the stability of mRNAs (Heck et al., 2020; Huang
et al., 2018; Ke et al., 2017; Mauer et al., 2017; Wang et al., 2014; Zhao
et al., 2017), but might also serve as nucleation sites for the formation of
condensates that might underlie non-membranous compartments or
complexes such as P-bodies, stress granules, or nuclear speckles that can
play a role in RNA stability, including miRNA half-life (Ries et al., 2019).
The presence of readers, writers and erasers of m®A suggest the potential
for dynamic changes in gene expression at the RNA level (Meyer and
Jaffrey, 2014; Roundtree et al., 2017; Zhou et al., 2015). Related to our
work on CRC, dynamic changes in m®A modification have been proposed
to regulate cancer growth and progression and serve as potential
anti-cancer drug targets (Barbieri and Kouzarides, 2020; Boriack-Sjodin
et al., 2018; Deng et al., 2018; Panneerdoss et al., 2018).

EVs are now thought to represent a heretofore unappreciated form of
cell-cell communication, both locally within the tumor microenviron-
ment and the immune synapse, and at a distance in the metastatic niche
(Gutierrez-Vazquez et al., 2013; Maas et al., 2017; Maia et al., 2018;
McAllister and Weinberg, 2014; Shurtleff et al., 2018; Wortzel et al.,
2019). We previously showed that exposure of wild-type KRAS cells to
EVs from mutant KRAS cells could induce growth and proliferation in
wild-type KRAS cells (Demory Beckler et al., 2013; Higginbotham et al.,
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2011). In a model of cetuximab resistance, we showed that dramatic
upregulation of cellular levels of miR-100 and miR-125b caused activa-
tion of Wnt signaling and drug resistance (Lu et al., 2017). Here, we show
that decreased levels of METTL3 resulted in the secretion of EVs that
were not as capable of promoting anchorage-independent growth and
also nearly abolished transfer of cetuximab resistance. The fact that
miR-100 and miR-125b were two of the top downregulated miRNAs after
METTL3 knockdown support the finding that transfer of miR-100 and
miR-125b could be, at least in part, responsible for transfer of cetuximab
resistance, although protein cargo may also contribute to resistance (Lu
et al., 2017).

We have found that knockdown of METTL3 affects the abundance of
many classes of RNA, both cellular and extracellular. This is consistent
with widespread m®A modification of RNA and the fact that CRISPR/
Cas9 mediated knockout of METTL3 in our CRC lines is lethal. Knock-
down of METTL3 affects miRNA levels in cells and EVs with the most
affected being those that contain mSA consensus sites, including miR-100
and miR-125b which are two of the most enriched miRNAs in EVs in CRC
cells. Future experiments will be devoted to identify specific adenosine
residues that are modified in these miRNAs and the development of
technology to directly determine whether m®A modification of these
bases is required for export.
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