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Abstract

Oral squamous cell carcinoma (OSCC) constitutes over 90% of all cancers in the oral cavity. The
prognosis for patients with invasive OSCC is poor; therefore, it is important to understand the
molecular mechanisms of invasion and subsequent metastasis not only to prevent cancer progression
but also to detect new therapeutic targets against OSCC. Recently, extracellular vesicles—particularly
exosomes—have been recognized as intercellular communicators in the tumor microenvironment. As
exosomic cargo, deregulated microRNAs (miRNAs) can shape the surrounding microenvironment in a
cancer-dependent manner. Previous studies have shown inconsistent results regarding miR-200c-3p
expression levels in OSCC cell lines, tissues, or serum—Ilikely because of the heterogeneous
characters of the specimen materials. For this reason, single-cell clone analyses are necessary to
effectively assess the role of exosome-derived miRNAs on cells within the tumor microenvironment.
The present study utilized integrated microarray profiling to compare exosome-derived miRNA and
exosome-treated cell-derived mRNA expression. Data were acquired from noninvasive SQUU-A and
highly invasive SQUU-B tongue cancer cell clones derived from a single patient to determine
candidate miRNAs that promote OSCC invasion. Matrigel invasion assays confirmed that
hsa-miR-200c-3p was a key pro-invasion factor among six miRNA candidates. Consistently, silencing
of the miR-200c-3p targets, CHD9 and WRN, significantly accelerated the invasive potential of
SQUU-A cells. Thus, our data indicate that miR-200c-3p in exosomes derived from a highly invasive
OSCC line can induce a similar phenotype in non-invasive counterparts. This article is protected by

copyright. All rights reserved
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Introduction

Oral squamous cell carcinoma (OSCC) is the most common form of oral cancer with a high potential
for local invasion and lymph node metastasis'. Despite an increasing prevalence on a global scale, the
overall 5-year survival rate has not significantly changed during the past 30 years*>.

OSCC development results from an accumulation of genetic alterations'. Recent studies
demonstrate that non-coding RNAs—such as microRNAs (miRNAs)—can exhibit either
tumor-suppressive or oncogenic functions in OSCC progression'*!. miRNAs are short
(18-25 nucleotides), single-stranded, non-coding RNAs that bind complementary sequences typically
present in the 3' untranslated region (UTR) of the target mRNAs, which blocks their translation by
subsequent recruitment of the RNA-induced silencing complex (RISC)>‘. Given that over 60% of
human genes are predicted to be regulated by this process, miRNAs likely govern all cellular,
physiological, and developmental processes’. Consequentially, aberrant miRNA expression is common
in various cancers, and miRNA signatures have been helpful as diagnostic, prognostic, and therapeutic
biomarkers for cancers, including OSCC &,

The majority of miRNA expression profiling studies have used either cancer cell lines”'? or tissue
samples*''"'®; however, the resulting data were always controversial when discussing the role of
individual miRNAs®. Several factors are likely responsible for these inconsistencies, including
methodological and statistical variation, as well as the presence of heterogeneous expression patterns in
OSCC cell lines and tumor tissue samples''*%.

Exosomes are small membrane vesicles (30—-100 nm) derived from the luminal membranes of
multivesicular bodies and constitutively released via fusion with the cell membrane®' . Notably, these
vesicles mediate local and systemic cell communication through the horizontal transfer of their cargo,
which includes proteins, lipids, DNAs, miRNAs, and mRNAs protected from protease and

21-23 Exosome release has been

RNase-mediated degradation by the surrounding lipid bilayer
demonstrated in many proliferating cell types and detected in various body fluids, such as serum, urine,
and saliva. In addition, tumor cells show a marked increase in exosome release, as evidenced by their
elevated presence in the plasma, ascites, and pleural effusions of cancer patients’**’. Therefore,
exosome analysis may serve as a powerful diagnostic and therapeutic tool and uncover a new landscape
for miRNAs in cancer therapy.

Our group performed an integrated miRNA/mRNA analysis using non-metastatic SQUU-A and
metastatic SQUU-B tongue cancer cell lines isolated from the same patient’**’. Notably, metastatic

OSCC cells were capable of inducing an invasive phenotype in non-metastatic counterparts via

miR-200c-3p, providing clear insights into the function of this miRNA in the OSCC microenvironment.
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Results and Discussion

Integrated expression profiling between exosome-derived miRNAs and mRNAs in exosome-treated
SQUU-A cells

We previously demonstrated that exosome-mediated crosstalk determines invasiveness and
organotropic metastasis in OSCC using SQUU-A and SQUU-B cell lines*’*, and Matrigel invasion
assays confirmed the malignant potential of SQUU-B but not SQUU-A cells (Supplementary Figure
1)*2. miRNAs have attracted the most attention of any exosome cargo because of their regulatory roles
in gene expression. Interestingly, miRNAs are selectively incorporated and relatively more abundant
in exosomes than in their parent cells'®*’. Accordingly, exosomes were obtained from SQUU-A and
SQUU-B cell culture supernatants—henceforth referred to as ExoA and ExoB, respectively—and
analyzed for their miRNA expression profiles. The resulting data showed 21 significantly upregulated
and 11 downregulated miRNAs in ExoB as compared to ExoA (Table 1).

A subsequent transcriptome array was performed to examine differential mRNA expression
patterns in SQUU-A cells treated with ExoB compared to those treated with ExoA, which identified
seven upregulated and 15 downregulated mRNAs (Table 2). Combining the miRNA and mRNA
analyses revealed seven mRNAs likely regulated by exosome miRNAs: TRIB3 by miR-205-5p, FRK
by miR-23b-3p and miR-191-5p, WRN by miR-200c-3p and miR-221-3p, ETNKI by miR-200c-3p,
CHD?9 by miR-200c-3p, PANK2 by miR-23b-3p, and AKT3 by miR-92b-5p (Table 2). These results
were also validated by qRT-PCR analysis (Supplementary Figure 2a,b) using the primer set shown in
Supplementary Table 1.

miR-200c-3p regulates invasive potential in OSCC cells

We next examined whether any of the six identified miRNAs (miR-23b-3p, miR-92b-5p, miR-191-5p,
miR-200c-3p, miR-205-5p, and miR-221-3p) and seven downstream mRNAs (TRIB3, FRK, WRN,
ETNKI1, CHD9, PANK?2, and AKT3) were able to induce invasion in SQUU-A cells. After qRT-PCR
validation of each miRNA (Figure 1a) or its downstream mRNAs—TRIB3, ERBB3*’, and ZEB1*° for
miR-205-5p and CHDY, ETNKI, and WRN for miR200c-3p (Figure 1b—d)—to check the transfer
efficiency of miRNA mimic or inhibitor nucleotides (Supplementary Table 2), Matrigel invasion
assays were performed using cells individually transfected with a miRNA mimic or inhibitor of each
of the six miRNAs. Although it was difficult to regulate gene transfer efficiency at the same levels
shown in miRNA arrays and validation data (Table 1, Supplementary Figure 2a), SQUU-A cells
showed a 50.9-fold increase in miR200c-3p expression as compared with that in controls and a
significantly accelerated invasive capacity (Figure le). Conversely, SQUU-B cells transfected with

the miR-200¢-3p inhibitor showed a 3.70-fold decrease in the number of invasive cells (Figure 1e).
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However, no changes in invasive potential were observed in SQUU-A cells transfected with the
miR-23b-3p, miR-92b-5p, miR-191-5p, or miR-221-3p mimics or the miR-205-5p inhibitor.

Since miRNAs predominantly act through translational inhibition®”!

, we subsequently focused
on the miR-200c-3p downstream targets CHDY, ETNKI, and WRN (Table 2). Notably, qRT-PCR
validation analysis also revealed that SQUU-A cells transfected with miR200c-3p mimic showed
decreased CHD9 (0.38-fold), ETNK1 (0.30-fold), and WRN (0.63-fold) mRNA expression compared
to those transfected with the mimic negative control (Figure 1d). Correspondingly, increased CHD9
(1.28-fold), ETNKI (1.73-fold), and WRN (1.99-fold) expression was observed in SQUU-B cells
transfected with miR200c-3p inhibitor as compared to that in negative controls (Figure 1c). Thus, to
examine whether these three miR-200c-3p target genes mediated miR-200c-3p-dependent invasive
potential, we examined differences in invasive capacity between SQUU-A and SQUU-B cells in
terms of protein expression levels. In SQUU-A cells, siRNAs effectively reduced the targeted mRNA
and protein levels (Figure 2a,b and Supplementary Table 3). Furthermore, Matrigel invasion assay
analysis revealed that SQUU-A cells transfected with CHD9 and WRN siRNAs displayed
significantly accelerated invasion as compared to those transfected with negative control siRNA;
however, no differences were observed with regards to ETNKI (Figure 2¢). Conversely, SQUU-B
cells transfected with CHD9 or WRN exhibited a significant decrease in invasion, whereas no marked
changes were observed with ETNK-overexpressing SQUU-B cells (Figure 2d,e). Collectively, these
findings suggest that the spread of the invasive potential between OSCC cell clones could be driven
by exosome-derived miR-200c-3p and its effect on CHD9 and WRN expression in the same tumor
mass.

CHD?9 (also known as CReMM) is an ATP-dependent chromatin remodeling enzyme that binds
skeletal tissue-specific promoters to regulate the expression of genes such as RUNX2 (Runt-related
transcription factor 2), BGN (biglycan), BGLAP (bone gamma-carboxyglutamate Gla protein), and
MYH6 (a-myosin heavy chain)*®. Previous work indicates that CDH9 inactivation facilitates
metastatic spread to the bone in neuroblastoma®®. In addition, up to 50% of OSCC cases show
invasion into the maxilla or mandible at presentation®. In support of this, our data demonstrate that
CHD?9 acts to suppress cell invasion (Figure 2¢), although the specific mechanism remains unclear.

In contrast, WRN is a member of the RecQ helicase family and plays an important role in
maintaining genomic stability>>. WRN loss-of-function mutations result in Werner syndrome, an
inherited disorder characterized by premature aging, genomic instability, and increased early-onset
cancer incidence’®’’. Decreased WRN expression may cause genomic instability in normal cells and
induce tumor initiation*®. Meanwhile, malignant cells often acquire increased WRN expression to
protect their own genomic stability™®, although its promoter is often hypermethylated*®. Moreover,

some studies demonstrate that WRN silencing hinders cell viability and leads to mitotic catastrophe in
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3337 including head and neck cancers®. In our study, WRN-knockdown

several types of cancer
SQUU-A cells showed no differences in morphology or cell viability 24 h after transfection (data not
shown), but a marked increase in invasive potential was observed (Figure 2a—c). In addition, its
overexpression attenuated the invasion of SQUU-B cells. Based on these results, we propose that
WRN acts as a tumor suppressor to prevent OSCC invasion, likely as a regulator of genome stability.

ETNKI1 is a miR-200c-3p target also detected in our integrated miRNA/mRNA microarray
analysis (Table 2). ETNKI1 catalytic activity is involved in atypical chronic myeloid leukemia and
chronic myelomonocytic leukemia progression*’. While its role in solid cancer progression has not
been studied, our data suggest that ETNK1 expression is unrelated to OSCC invasion (Figure 2c,e).

Many previous reports have indicated that miR-200c attenuates cell invasion and metastasis by
downregulating the master regulators of the epithelial-to-mesenchymal transition (EMT)—such as
ZEB1 and ZEB2—in several cancers'’*!*, including head and neck cancer®. In contrast, other
studies propose that increased miR-200c expression is an indicator of malignancy, as it is often found
to be overexpressed in the sera of cancer patients as compared with levels in healthy controls**®. Le
et al. demonstrated the miR-200 family-containing extracellular vesicles are enriched in the sera of
patients with metastatic cancers and ectopic expression of miR-200 family members can enhance the
metastatic ability of tumor cells in some settings via the novel miR-200c targets TKS5 (SH3PXD2A;
SH3 and PX domains 2A) and MYLK (MLCK; myosin light chain kinase)*’. There was no significant
difference in the expression levels of the miR-200 targets ZEBI, ZEB2, TKS5, and MYLK between
SQUU-A cells treated with ExoB and those treated with ExoA in our differential mRNA array (Table
2); however, we did not investigate the endogenous expression of these targets in the unique two-cell
line model in the present study.

Intratumoral heterogeneity is a general characteristic of malignant tumors and represents a major
obstacle in the study of tumor biology, and miRNA analyses are no exception. The abovementioned
previous studies of the effects of miR-200c family members on metastasis also suffer from issues
related to tumor heterogeneity. This heterogeneity may influence measurements of miRNA expression,
and consequently, the number of samples are tended to be interpreted as representative estimates. In
addition, conflicting correlations between amounts of intracellular and extracellular (circulating)
miRNAs have been observed in cancer patients*®, and recent studies indicate that circulating miRNAs
may be potential biomarkers for malignant diseases***. In fact, our study indicates the existence of
multiple OSCC cell types in a single tumor mass that secrete exosomes containing a unique set of
miRNAs. Through the use of two unique malignant cell clones and the analysis of exosome-derived
miRNAs, this study indicates that miR-200c-3p is an oncogenic miRNA capable of inducing invasive

potential in noninvasive cells within an OSCC tumor mass.
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Figure legends

Figure 1. Expression validation and invasion assays using cells transfected with mimics or
inhibitors to miRNAs identified in microarray analyses. (a) Validation of miRNA mimic
transfection. Cells (8 x 10* cells/well) were cultured in 12-well-plates overnight and then transfected
with 0.8 pg miRNA mimic negative control #1 (Bioneer, Alameda, CA; open columns) or mimics for
miR-23b-3p, miR-191-5p, miR-200c-3p, miR-221-3p, miR-92b-5p, or miR-185-5p (closed columns)
with GeneSilencer siRNA transfection reagent (Genlantis, San Diego, CA) according to the
manufacturer’s instructions. MicroRNAs were extracted 24 h post-transfection with a High Pure
miRNA Isolation Kit (Roche, Mannheim, Germany) and subjected to poly(A) tailing (M0276; New
England BioLabs, Ipswich, MA), oligo(dT) adapter annealing, and qPCR with a miRNA EasyScript
cDNA synthesis kit (Applied Biological Materials, Richmond, BC, Canada), EvaGreen miRNA qPCR
MasterMix (Applied Biological Materials), and LightCycler 480 System (Roche) according to the
manufacturer’s instructions. SNORD44 was used as an internal control. miRNA expression was
normalized to that of U6-2. (b) Three estimated miR-205-5p targets (TRIB3, ERBB3, and ZEBI) and
(c) three estimated miR-200c-3p targets (CHD9, ETNK1, and WRN) were used to validate the effects
of each miRNA inhibitor (Bioneer; closed columns) in SQUU-A and SQUU-B compared to that of
miRNA inhibitor negative control #1 (Bioneer; open columns). (d) gPCR analysis for CHD9, ETNK],
and WRN in SUQQ-A cells transfected with miR-200c-3p mimic (closed columns) compared to those
treated with miRNA mimic negative control #1 (open columns). $/8 was used as an internal control.
The mature miRNA mimic and inhibitor sequences are shown in Supplementary Table 2. All
experiments were performed in triplicate in three independent experiments. Error bars represent SD.
**p < 0.01, ***P < 0.001 versus the corresponding control by Mann-Whitney U-test. (e) Matrigel
invasion assays using miRNA mimics or inhibitors. At 24 h post-transfection, 5 x 10* SQUU-A or
SQUU-B cells were subjected to invasion assays as previously described®?, but with a 48-h incubation
period. Scale bars: 100 um. Quantification was performed by counting the number of invasive cells in
a visual field at 40-fold magnification. The analysis was performed in triplicate in three independent
experiments with four random visual fields per culture insert. Error bars represent SD. ***P < 0.001

by Mann-Whitney U-test).

Figure 2. Invasion assays in SQUU cells with knockdown or overexpression of miR-200c-3p
downstream targets. (a) Validation of mRNAs in SQUU-A cells 24 h after transfection with CHD9,
ETNKI, or WRN siRNA. Total RNA extraction, RT reactions, and real-time PCR were performed as
previously reported®*?®. PCR primer sequences and amplicon sizes are shown in Supplementary Table

1. GAPDH was used as an internal control. All experiments were performed in duplicate in three
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independent experiments. Error bars represent SD. ***P < 0.001 versus the negative control siRNA
by Mann-Whitney U-test. All siRNA sequences (Bioneer) are shown in Supplementary Table 3. (b)
Validation of protein expression in SQUU-A cells 48 h after siRNA transfection with antibodies
directed to CHD9 (Proteintech, Rosemont, IL; 1:2000), ETNK1 (Abgent, San Diego, CA; 1:2000),
and WRN (Abgent; 1:2000) as previously reported”. HeLa cell extract (DS Pharma Biomedical,
Osaka, Japan) was used as a positive control. GAPDH (Acris Antibodies, San Diego, CA; 1:40,000)
was used as an internal control. Quantitation of each target expression normalized to that of GAPDH
is shown in each lower panel. Each experiment was repeated three times. Data represent the mean =
SD. *P < 0.05 and ***P < 0.001 versus the control. (¢) Matrigel invasion assay using siRNA
transfectants performed as described in Figure 1d. Scale bars: 100 pum. The analysis was performed in
triplicate in three independent experiments with four random visual fields per culture insert. Error
bars represent SD. ***P < 0.001 by Mann-Whitney U-test. (d) Validation of protein expression in
SQUU-B cells 48 h after transfection with CHD9, ETNKI1, and WRN c¢DNAs in the
pcDNA3.1-C-(k)DYK backbone (GenScript, Tokyo, Japan). Briefly, 8 x 10* cells/well were cultured
in a 12-well-plate overnight and transfected with 0.5 pg of each plasmid DNA or
pcDNA3.1-C-(k)DYK empty vector control with FuGENE HD Transfection Reagent (Promega,
Madison, WI) according to the manufacturer’s instructions. Cells were collected 48 h after the
transfection. Immunoblot analysis was performed as in (b). Quantitation of each target expression
(normalized by the amount of GAPDH) in an immunoblot is shown in each lower panel. Each
experiment was repeated three times. Data represent the mean + SD. *P < 0.05 and ***P < 0.001
versus controls. (e) Matrigel invasion assay using SQUU-B cells overexpressing CHD9, ETNK1, or
WRN as performed in Figure 1d. Scale bars: 100 pm. Analyses were performed in triplicate in three
independent experiments with four random visual fields per culture insert. Error bars represent SD. *P

< 0.05 and ***P < 0.001 by Mann-Whitney U-test.
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Table 1. Differential miRNA expression in ExoB vs ExoA.

Upregulated Accession No. Fold Change
hsa-miR-191-5p MIMATO0000440 31.78
hsa-miR-4454 MIMATO0018976 24.59
hsa-miR-221-3p MIMATO0000278 20.97
hsa-miR-193b-3p MIMAT0002819 10.85
hsa-miR-5100 MIMAT0022259 8.40
hsa-miR-1246 MIMATO0005898 7.41
hsa-miR-6875-5p MIMATO0027650 6.77
hsa-miR-185-5p MIMATO0000455 5.06
hsa-miR-200c-3p MIMATO0000617 4.96
hsa-miR-3622a-5p MIMATO0018003 4.08
hsa-miR-23b-3p MIMATO0000418 3.32
hsa-miR-3195 MIMATO0015079 2.93
hsa-miR-3197 MIMATO0015082 2.89
hsa-miR-4728-5p MIMATO0019849 2.48
hsa-miR-7150 MIMATO0028211 2.23
hsa-miR-4640-5p MIMAT0019699 2.22
hsa-miR-1587 MIMATO0019077 2.20
hsa-miR-92b-5p MIMATO0004792 2.16
hsa-miR-1910-5p MIMATO0007884 2.06
has-miR-4443 MIMATO0018961 2.04
hsa-miR-3613-3p MIMATO0017991 2.00
Downregulated Accession No. Fold Change
hsa-miR-4529-3p MIMATO0019068 0.01
hsa-miR-6840-3p MIMATO0027583 0.16
hsa-miR-205-5p MIMATO0000266 0.26
hsa-miR-6790-5p MIMATO0027480 0.33
hsa-miR-6824-5p MIMATO0027548 0.34
hsa-miR-3188 MIMATO0015070 0.34
hsa-miR-6716-5p MIMAT0025844 0.40
hsa-miR-4689 MIMATO0019778 0.42
hsa-miR-6776-5p MIMATO0027452 0.42
hsa-miR-8075 MIMATO0031002 0.42
hsa-miR-455-3p MIMATO0004784 0.44

Total RNA was isolated from exosomes purified from SQUU-A (ExoA) and SQUU-B (ExoB) supernatants
as previous reported”’-?® using Sepasol-RNA I Super G (Nacalai Tesque, Kyoto, Japan). RNA samples were
quantified with an ND-1000 spectrophotometer (NanoDrop, Wilmington, DE) and the quality confirmed
with a Experion System (Bio-Rad, Hercules, CA). Total RNA (100 ng) of each sample was labeled using
FlashTag™ Biotin HSR RNA Labeling Kit and hybridized to a Affymetrix GeneChip miRNA 4.0 Array
according to the manufacturer's instructions. All hybridized microarrays were scanned with an Affymetrix
scanner. Relative hybridization intensities and background hybridization values were calculated using
Affymetrix Expression Console™. The raw CEL files for gene-level analysis were processed with
median polish summarization and quantile normalization in Affymetrix® Transcriptome Analysis
Console Software to obtain normalized intensity values. To identify up or down-regulated genes, we
calculated ratios (Non-log scaled fold-change ratios were calculated from the ExoA and ExoB
normalized intensities to identify upregulated (> 2.0-fold) or downregulated (< 0.5-fold) genes.

This article is protected by copyright. All rights redérved



Table 2. Differential mRNA expression in SQUU-A cells treated with ExoB vs ExoA

Upregulated Accession Fold Change Related miRNA

NME3 NM 002513  1.66 -
HSPAIA DQ409329 1.66 -

ATP1A4 AF459737 1.64 -

CSFIR M25786 1.57 -

PIP5KLI NM 001135219  1.51 -

PRKCG NM 002739 1.50 -

TRIB3 AJ697940 1.50 hsa-miR-205-5p

Downregulated Accession Fold Change Related miRNA

AKT3 AL080074 0.44 hsa-miR-92b-5p

HSPAIB BC001876 0.49 -

PANK?2 BC008667 0.51 hsa-miR-23b-3p

CBWDS5 BC043420 0.54 -

CAMK2D EF139846 0.59 -

MAP3KI3 725428 0.59 -

CHDY BC027491 0.60 hsa-miR-200c-3p

ETNK]I NM 001039481  0.61 hsa-miR-200c-3p

WRN NM 000553 0.61 hsa-miR-200c-3p
hsa-miR-221-3p

FRK NM 002031 0.62 hsa-miR-23b-3p
hsa-miR-191-5p

AHSA2 BC050395 0.64 -

FIGN NM 018086 0.65 -

PIP5KI1A DQ656041 0.65 -

MYO3A NM 017433  0.66 -
MYO9A NM 006901 0.66 -

As previously reported?’, we added ExoA and ExoB to SQUU-A cell culture (17.5-fold converted into
concentrated supernatant according to our calculation). Total RNA was then isolated from SQUU-A cells
treated with ExoA or ExoB for 24 h, using Sepasol-RNA I Super G and purified with an RNeasy Mini Kit
(Qiagen, Hilden, Germany) according to the manufacturer's instructions. RNA samples were quantified
with an ND-1000 spectrophotometer (NanoDrop) and quality confirmed with a Experion System
(Bio-Rad). The cRNA was amplified, labeled using GeneChip® WT Terminal Labeling and Control Kit,
and hybridized to Affymetrix Human Transcriptome Array 2.0 according to the manufacturer's instructions.
All hybridized microarrays were scanned with an Affymetrix scanner. Relative hybridization intensities
and background hybridization values were calculated using Affymetrix Expression Console™. The raw
signal intensities of all samples were processed by quantile normalization with Affymetrix®
Power Tool version 1.15.0 software. To identify up- or down-regulated genes, we calculated
Z-scores and non-log scaled fold-change ratios from the normalized signal intensities of each
probe. The criteria for up- or down-regulated genes were as follows: upregulated genes,
Z-score > 2.0 and ratio > 1.5-fold; downregulated genes, Z-score < -2.0 and ratio < 0.66.
Each related miRNA was searched by miRNA target prediction resources from Affymetrix
(Santa Clara, CA) mainly based on miRTarBase*’, microcosm*’, and TargetScan’!->,
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Supplementary figure legends

Supplementary Figure 1. Matrigel invasion assay in SQUU-A and SQUU-B cells

Matrigel invasion assays were performed as previously reported®, but with a 48-h incubation time.
Scale bars: 100 um. Quantification was performed by counting the number of invasive cells in a
visual field at 40x magnification. Analyses were performed in triplicate in three independent
experiments with four random visual fields per culture insert. Error bars represent SD. ***P < (0.001

versus SQUU-A controls by Mann-Whitney U-test.

Supplementary Figure 2. Validation of microarray results by qRT-PCR.

(a) Validation of exosome-derived miRNAs. miRNA extraction, poly(A) tailing, oligo(dT) adapter
annealing, and qPCR were performed as in Figure 1la. SNORD44 was used as an internal control.
miRNA expression was normalized to that of U6-2 (data not shown). Primer sets were purchased
from Applied Biological Materials [MPH02300 for miR-200c-3p (accession no. MIMAT00000617),
MPHO02311 for miR-205-5p (MIMATO00000266), MPHO03958 for miR-92b-5p (MIMAT0004792),



MPHO02365 for miR-23b-3p (MIMAT0000418), MPH02350 for miR-221-3p (MIMAT0000278),
MPHO02276 for miR-191-5p (MIMAT0000440), MPH00001 for U6-2 (NR_002752), and MPH00003
for SNORD44 (NR _002750)]. ***P < 0.001 versus ExoA (open columns) or ExoB (closed columns)
by Mann-Whitney U-test. (b) Validation of mRNAs in SQUU-A cells treated with ExoA or ExoB.
Total RNA extraction, RT reaction, and real-time PCR were performed as previously reported™*".
PCR primer sequences and amplicon sizes are shown in Supplementary Table 1. All experiments
were performed in duplicate in three independent experiments. Error bars represent SD. ***P < (0.001
versus SQUU-A cells treated with ExoA (open columns) or ExoB (closed columns) by
Mann-Whitney U-test.
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Gene Direction Primer sequence Base pairs Probe
(Accession number)

S18 Forward GCA ATT ATT CCC CAT GAA CG 68 bp 48
(X03205.1) Reverse GGG ACT TAA TCA ACG CAA GC

GAPDH Forward AGC CAC ATC GCT CAG ACAC 66 bp 60
(NM_002046.3) Reverse GCC CAATAC GACCAA ATCC

AKT3 Forward TTG CTT TCA GGG CTC TTG AT 75 bp 22
(BC121154.2) Reverse CAT AAT TTC TTT TGC ATC ATC TGG

CHD9 Forward TCA TCA GCA TTT ACA TGA CAG AAA 78 pb 75
(NM_025134.4) Reverse CCA GAACCATCGCTCTTCTT

ETNK1 Forward AGC CTC CTG CAA CACCTG 75 bp 79
(NM_001039481.1) Reverse TGT GAT TCC ATC TGT GAA GAG C

FRK Forward CTG GGG AAACCATGCTTAAA 67 bp 33
(BCO12916.1) Reverse GGT CCA CGG TTT TAT ACG ACA

PANK?2 Forward TGG AGG TGG AGC GTA CAA AT 63 bp 15
(AF494409.1) Reverse TTG CAA AGC TGA AGA TCA CC

WRN Forward GAC AGA TGT TGC CAATAAAAA GC 89 bp 1
(NM_000553.4) Reverse TCA GGA GCT GTT TAC CTA AGA GG

TRIB3 Forward GTC TTC GCT GAC CGT GAG A 67 bp 67
(NM_021158.3) Reverse CAG TCA GCACGCAGGAGTC

ERBB3 Forward CTG ATC ACC GGC CTC AAT 73 bp 37
(M29366.1) Reverse GGA AGA CATTGA GCTTCT CTG G

ZEBI Forward TGT TAC CAG GGA GGA GCA GT 76 bp 3
(NM_001128128.2) Reverse TGC CCT TCC TTT CCT GTG T

Supplementary Table 1. Primer sets and probe numbers for qPCR analysis. TagMan probes specific for each sequence were selected from the
LightCycler Universal Library (Roche)



miRNA mimic for Mature sequence

miR-23b-3p AUC ACA UUG CCA GGG AUU ACC
miR-191-5p CAA CGG AAU CCCAAAAGCAGC UG
miR-200c-3p UAA UAC UGC CGG GUA AUG AUG GA
miR-221-3p AGC UAC AUU GUC UGC UGG GUU UC
miR-92b-5p AGG GAC GGG ACG CGGUGCAGUG
miR-185-5p UGG AGA GAAAGG CAG UUC CUG A
miRNA inhibitor for Mature sequence
miR-200c-3p UAA UAC UGC CGG GUA AUG AUG GA
miR-205-5p UCC UUC AUU CCA CCG GAG UCU G

Supplementary Table 2. Mature sequences (5'-3') of miRNA mimics or inhibitors. All oligonucleotides were synthesized and validated by
BIONEER.



Target mRNA Direction Sequence

CHD?9 (1) Sense CUG GUA ACU CGU AAC UCA U (dTdT)
Antisense AUG AGU UAC GAG UUA CCA G (dTdT)
CHD?9 (2) Sense CUG GAU UAC CAAAUC UGU U (dTdT)
Antisense AAC AGA UUU GGU AAU CCA G (dTdT)
ETNK]I (1) Sense CAC AACUCU ACU GUA CCU U (dTdT)
Antisense AAG GUA CAG UAG AGU UGU G (dTdT)
ETNK]I (2) Sense CCA CAA CUC UAC UGU ACC U (dTdT)
Antisense AGG UAC AGU AGA GUU GUG G (dTdT)
WRN (1) Sense GAG CCU UAA CAG UCU GGU U (dTdT)
Antisense AAC CAG ACU GUU AAG GCU C (dTdT)
WRN (2) Sense CUA CUU AGC GAC AUG AAC A (dTdT)
Antisense UGU UCA UGU CGC UAA GUA G (dTdT)

Supplementary Table 3. siRNA oligonucleotide sequences (5'-3'). The siRNA oligonucleotides were synthesized and validated by BIONEER.



