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Abstract: Recent evidence has shown that long noncoding RNAs (IncRNAs) play major roles in tumorigenesis and
cancer progression. The cancer genome atlas program (TCGA) database was used to screen colon adenocarcinoma
(COAD)-related differentially expressed IncRNAs, which revealed that IncRNA ELFN1-AS1 was highly expressed in
COAD. This study aimed to explore the regulatory role of ELFN1-AS1 in COAD and construct a gene delivery system
based on extracellular vesicles (EVs). We found that ELFN1-AS1 levels were obviously increased in COAD patients
and COAD tumor cells. Knockdown of ELFN1-AS1 expression by siRNA inhibited COAD cell proliferation and migra-
tion. Moreover, silencing ELFN1-AS1 significantly reduced the activation of extracellular signal-regulated protein
kinase (Erk), up-regulated the protein expression of E-cadherin and down-regulated vimentin. In addition, we treated
human umbilical cord mesenchymal stem cells (hUCMSCs) with siRNA-ELFN1-AS1 and found that EVs from siRNA-
ELFN1-AS1-treated hUCMSCs could inhibit COAD cell proliferation and migration in vitro. These findings suggested
that ELFN1-AS1 could promote the progression of COAD and that hUCMSC-EVs might be an attractive vehicle for the
clinical administration of IncRNA-specific siRNAs in patients with COAD.

Keywords: ELFN1-AS1, colon adenocarcinoma, human umbilical cord mesenchymal stem cells, extracellular

vesicles

Introduction

Colon adenocarcinoma (COAD) is one of the
main causes of cancer-associated deaths
worldwide, and in China, its incidence has
shown an increasing trend every year [1, 2].
Due to the high frequency of recurrence and
metastasis, the 5-year survival rate for patients
with COAD is only 30% [3]. Therefore, deeper
investigation should be carried out to deter-
mine the underlying mechanisms of COAD and
to explore more novel potential targets for
effective therapies against COAD.

Long noncoding RNAs (IncRNAs) are a class of
RNA molecules that exist widely in the mamma-
lian genome, are between 200-100,000 nt
long, and have little or no protein-coding func-

tion [4]. Accumulating evidence has revealed
that IncRNAs may function in diverse crucial
physiological and pathological processes [5]
and play vital regulatory roles in tumorigenesis
and cancer progression [6]. Although some key
IncRNAs, such as HOTAIR [7], H19 [8], MALAT1
[9] and UCA1 [10], have been shown to be asso-
ciated with the progression of COAD, there are
still other new key IncRNAs that need to be
explored. LncRNA ELFN1-AS1, located anti-
sense to ELFN1, is a novel primate gene with
possible microRNA function expressed predom-
inantly in human tumors [11]. A recent study
reported that as a diagnostic target for COAD
diagnosis, ELFN1-AS1 had a specificity and sen-
sitivity of 100.0 and 87.6%, respectively [12].
Notably, analysis of ELFN1-AS1 genomic pro-
files from 270 COAD patients in the GEPIA
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(http://gepia.cancer-pku.cn) online database
revealed that the high expression of ELFN1-AS1
in COAD patients was closely associated with
lower overall survival [13]. ELFN1-AS1 might be
a new key IncRNA in COAD, but its role and the
underlying mechanisms in COAD are unclear.

Although IncRNAs provide new opportunities
for COAD diagnosis and therapy, the success-
ful delivery of IncRNA-targeting drugs (such as
IncRNA-specific siRNAs) to cancer cells has
been hampered by difficulties in developing a
sustainable and effective transportation sys-
tem. Extracellular vesicles (EVs) are small
membrane vesicles that mediate communica-
tion between cells by carrying nucleic acids or
proteins [14, 15]. Human mesenchymal stem
cells (MSCs) are considered to be the ideal
source of EVs for drug delivery because MSCs
possess lower immunogenicity and are readily
available and highly proliferative [16]. Our previ-
ous research has demonstrated that human
umbilical cord MSC (hUCMSC)-derived EVs
(hUCMSC-EVSs) are safe for use in animal mod-
els and exhibit intrinsic therapeutic effects in
sciatic nerve transection [17]. Furthermore, re-
cent studies have revealed that EVs can deliver
tumor-related siRNAs or IncRNAs into cancer
cells [18, 19]. However, the MSC-EV-based
IncRNA strategy for COAD treatment has not
been explored until now.

In this study, based on the TCGA database, we
identified the expression and role of EFLN1-
AS1 in COAD. ELFN1-AS1 is upregulated in
COAD patients and COAD cells. Knockdown of
ELFN1-AS1 inhibited COAD cell proliferation
and migration, which was accompanied by
changes in Erk activation and epithelial-mesen-
chymal transition (EMT)-related proteins. In ad-
dition, we utilized hUCMSC-EVs to deliver siR-
NA-ELFN1-AS1 (siRNA-EVs) to COAD cells and
found that siRNA-EV treatment decreased
COAD cell proliferation and migration. These
results highlight the potential role of ELFN1-
AS1 in COAD and indicate that hUCMSC-EVs
might be a promising vehicle for the clinical
administration of IncRNAs-specific siRNAs in
COAD treatment.

Materials and methods
Ethics statement

COAD samples were collected from 22 patients
who provided informed consent, which was in
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accordance with the ethical standards of the
ethics committee of the Affiliated Hospital of
Jiangsu University (Zhenjiang, China). All sam-
ples were reviewed by a pathologist and were
diagnosed as COAD based on histopathological
evaluation. These patients had not received
radiotherapy or chemotherapy prior to surgical
resection.

Cell culture

The human COAD cell lines (CaCO-2, SW-480
and HCT-116) and normal colorectal epithelial
cells FHC were purchased from ATCC (Ma-
nassas, VA). Cells were not revalidated for this
work. All of the cell lines were grown in DMEM
medium (Gibco, Carlsbad, CA) supplemented
with 10% fetal bovine serum (Gibco) and 1%
pen/strep (Gibco). Human umbilical cord mes-
enchymal stem cells (hUCMSC) were cultured
in stem cell culture medium (Cyagen, Guang-
zhou, China). All the cells were incubated under
5% CO, and 37°C conditions.

Cell transfection

ELFN1-AS1 siRNAs (si-ELFN1-AS1#1 and si-
ELFN1-AS1#2) were designed and synthesized
by GenePharma (Shanghai, China). The siRNAs
were transfected into COAD cells using Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA) ac-
cording to the manufacturer’s procedures.

RNA isolation and quantitative real-time PCR

RNA was extracted from the cell preparations
using Trizol (Invitrogen) according to the manu-
facturer’s protocol. All of the primers (human
ELFN1-AS1 and GAPDH) for real-time PCR were
purchased from Genecopoeia (Germantown,
MD). Real-time PCR was performed with All-in-
one™ gPCR Mix (Genecopoeia) in a CFX96™
Real-Time system (Bio-Rad, Hercules, CA). The
relative expression of ELFN1-AS1 mRNA was
evaluated by the 222¢t method and normalized
to GAPDH, based on our previous description
[20].

CCK-8 proliferation assay

COAD Cells (CaCO-2 and HCT-116) were col-
lected 24 h after transfection by siRNAs, and
then the transfected cells were seeded in
96-well plates (2x103%/well). Ten microliters of
the CCK-8 solution (Beyotime, Nantong, China)
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was added to each well and incubated for 2 h.
The absorbance of the cells in each well was
measured at 450 nm using a microplate reader
(Synergy HT, BioTek, Biotek Winooski, VT).

HUCMSC extracellular vesicles (hUCMSC-EVs)
engineered by si-ELFN1-AS1 (siRNA-EVs) and
SIRNA-EVs uptake

For the preparation of siRNA-EVs, hUCMSCs
were transfected with si-ELFN1-AS1#1 (100
nM) using Lipofectamine 2000, then the EVs
were collected [14, 17]. The transmission elec-
tron microscopy and the particle size distribu-
tion of the siRNA-EVs were detected as our pre-
vious description [14, 17].

For siRNA-EVs uptake, CaCO-2 cells were la-
beled with 3, 3-Dioctadecyloxacarbocyanine
perchlorate (DIO, green) and siRNA-EVs was
labeled with CM-Dil (red). After washed twice
with PBS, the CM-Dil-labeled siRNA-EVs were
incubated with the DIO-labeled CaCO-2 for 2 h.
After that, the cells were fixed with 4% para-
formaldehyde (PFA), permeabilized with 0.5%
Triton-X 100. Then, the cell nuclei were stained
using 4, 6 diamidino-2-phenylindole (DAPI). All
reagents were purchased from Invitrogen. Im-
ages of siRNA-EVs uptake were obtained us-
ing a Nikon Eclipse Ti confocal laser scanning
microscope.

Colony forming assay

With respect to the colony formation assay,
CaC0-2 and HCT-116 cell lines transfected with
si-NC or siRNAs were seeded in six-well plates
(500/well) and cultured for two weeks in cul-
ture medium with 10% FBS.

To investigate the effect of siRNA-EVs on COAD
cell colony formation, CaCO-2 or HCT-116 cells
were plated in six-well plates (10% EVs-free
FBS complete medium) and treated with hUC-
MSC-EVs, NC-EVs, siRNA-EVs (200 ug/ml) for
72 h (EVs-treated cells). After that, COAD ce-
lls were collected and cultured in another six-
well plates (500/well) respectively, and main-
tained in medium with 10% FBS for 14 days.
Then, cells were fixed with methanol and st-
ained with 0.4% crystal violet solution, finally
photographed.

Wound healing assay

After 24 h of transfection, 1x10° cells per well
were cultured in six-well plates. After the cells
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reached 80% confluence, scratches were per-
formed by a 200-ul pipette tip. Separated cells
were washed out using PBS, and images of
the same fields were taken at 48 h after the
scratch.

Cell migration assay

SiRNA-transfected COAD cells (CaCO-2 and
HCT-116) or siRNA-EV treated cells were har-
vested and plated into the upper Transwell
chamber (CaCO-2: 5x10% HCT-116: 1x10° in
200 pl serum-free meida) for migration assay.
The cells were allowed to migrate for 24 h
toward the lower chamber that contained 500
plof medium supplemented with 10% FBS.
After incubation, the membranes were fixed
with methanol and stained with 0.4% crystal
violet solution, imaged using a Carl Zeiss micro-
scope (Jena, Germany), and counted by Image J
software.

Western blotting

The proteins in COAD cells were extracted us-
ing RIPA buffer (Cell Signaling Technology Inc.,
Danvers, MA) containing PMSF (Beyotime, Nan-
tong, China). The protein extracts (50 ug) were
separated on 10% sodium dodecyl SDS-PAGE
and then electrophoretically transferred onto
polyvinylidene difluoride membranes (Bio-Rad,
Hercules, CA), as our previous description [20].
The antibodies to human E-cadherin was pur-
chased from cell signaling technology, Erk,
phosphorylated-Erk (p-Erk), GAPDH, Vimentin,
B-actin, CD63, calreticulin and HRP-linked an-
ti-rabbit/mouse 1gG were all purchased from
Abcam (Cambridge, MA).

Statistical analysis

GraphPad Prism software (Version 5.0; La Jolla,
CA) was used for statistical analyses. The data
are expressed as the means + SD. Statistical
significance was determined using Mann-Wh-
itney test or one-way analysis of variance. Re-
sults were considered statistically significant at
P-values less than 0.05.

Results

LncRNA ELFN1-AS1 was upregulated in hu-
man colon adenocarcinoma (COAD)

First, we analyzed RNA sequencing data of

COAD and para-cancerous tissues downloaded
from TCGA (39 normal and 398 cancer speci-
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Figure 1. ELFN1-AS1 expression is up-regulated in colon adenocarcinoma (COAD). A. Hierarchical cluster heat map
of differentially expressed IncRNAs in COAD and corresponding normal tissues generated from RNA sequencing
data from the TCGA database. Red in the heat map denotes upregulation; green denotes downregulation. The red
arrow indicates ELFN1-AS1. B. Expression of ELFN1-AS1 in the GEPIA database. *P<0.05 vs. Normal group (Mann-
Whitney test). C. Kaplan-Meier survival analysis of COAD patients’ overall survival based on ELFN1-AS1 expression
in GEPIA. D. The mRNA level of ELFN1-AS1 was determined by qRT-PCR in 22 pairs of tumor tissues and adjacent
non-tumor tissues. *P<0.05 vs. non-tumor group (Mann-Whitney test). E. ELFN1-AS1 expression in COAD cell lines
(CaC0-2, SW-480, HCT-116) compared with normal colorectal epithelial cells FHC detected by qRT-PCR. **P<0.01
vs. FHC group (one-way analysis of variance).

mens). As expected, ELFN1-AS1 was shown to Inhibition of ELFN1-AS1 impeded the prolifera-
be highly expressed in COAD tissues (Figure tion of COAD cells

1A). The results shown in the box plots revealed

that ELFN1-AS1 expression was dramatically To study the potential biological functions
increased in COAD tissues, and the survival of ELFN1-AS1, we designed two independent
curves of COAD patients showed that the ex- small interfering RNAs (siRNAs) to silence
pression level of ELFN1-AS1 was S|gn|f|Cant|y ELFN1-AS1. As shown in Figure 2A and 2B
associated with the overall survival rate by :

i he d £ he bioinf . I ELFN1-AS1 expression was strongly reduced
analyzing the data from the bioinformatic too 24 h after siRNA transfection of CaCO-2 and

Stl)ziéve(glgtﬂ; ;—EFI\? :-dAS::LLCz/.valsn magﬂ:alglny l\JNe HCT-116 cells. Next, CCK8 assays demonstrat-
y up ed that ELFN1-AS1 knockdown dramatically

regulated in COAD tissues compared with ad- o . ;
jacent nontumor tissues (Figure 1D). More- inhibited cell growth (Figure 2C and 2D). A si-
milar effect was also observed in the colony

over, ELFN1-AS1 was found to be expressed .
at higher levels in COAD cell lines than in the formation assay, where colony numbers were

normal colorectal epithelial cell line FHC (Figure decreased upon knockdown of ELFN1-AS1 (Fi-
1E). All of these results supported that ELFN1- gure 2E). These results suggested that EL-
AS1 played an oncogenic role in the progres- FN1-AS1 inhibition suppressed COAD cell pro-
sion of COAD. liferation.
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Figure 2. Down-regulation of ELFN1-AS1 expression inhibits COAD cell proliferation. A, B. The expression levels of
ELFN1-AS1 mRNA in CaCO-2 and HCT-116 siRNA group were detected by real-time PCR. **P<0.05 and ***P<0.001
vs. NC group (one-way analysis of variance). C, D. CaCO-2 and HCT-116 cell lines transfected with si-RNA or si-NC
were cultured in 96-well plates, cell proliferation were measured via CCK-8. *P<0.05, **P<0.05 and ***P<0.001
vs. NC group (one-way analysis of variance). E. The colony forming growth assay was performed to determine the
proliferation of siRNA/si-NC transfected COAD cells.

LncRNA ELFN1-AS1 promoted the migration of 4B and S1), suggesting that Erk signal acted as
COAD cells in vitro a downstream of ELFN1-AS1.
To validate the function of ELFN1-AS1 on the Epithelial-mesenchymal transition (EMT) is a
migration of COAD cells, we first carried out a process defined by the loss of tight junctions
scratch wound assay in which silencing ELFN1- and an increase in cell motility, which has an
AS1 significantly decreased the migration abili- important effect on tumor progression [22, 23].
ty of both CaCO-2 and HCT-116 cells (Figure 3A Erk pathway is an inducer of EMT, which could
and 3B). The results of the Transwell migration upregulate vimentin and downregulate E-cad-
assay revealed that compared with that of the herin [24]. Next, we investigated whether EL-
control group, SIRNA-ELFN1-AS1 treatment dra- FN1-AS1 had any influence on EMT progres-
matically decreased the number of migrated sion. Our results showed that the downregula-
COAD cells (Figure 3C and 3D). Taken together, tion of ELFN1-AS1 significantly induced E-cad-
these results suggested that ELFN1-AS1 could herin protein expression but decreased the
promote the migration of COAD cells. expression of vimentin (Figures 4C, 4D and S1).
These findings suggested that in COAD cells,
Knockdown of ELFN1-AS1 inhibited Erk path- the knockdown of ELFN1-AS1 could reduce the
way and epithelial-mesenchymal transition activity of Erk, inhibit EMT progression and de-
(EMT) process in COAD cells crease cell proliferation and metastasis, which

indicated that silencing ELFN1-AS1 might be a

As IncRNA ELFN1-AS1 is thought to participate novel effective therapy against COAD.

in the COAD progression, and Erk pathway been

shown to play an important role in promoting Extracellular vesicles (EVs) from hUCMSCs
proliferation and metastasis [21]. Therefore, SiRNA against ELFN1-AS1 modified effectively
we firstly explored the correlation of ELFN1-AS1 suppressed the proliferation and migration of
and Erk pathway. We found that knockdown of COAD in vitro

ELFN1-AS1 by siRNA transfection can reduce

the protein levels of phosphorylated-Erk (p-Erk) However, an effective targeted gene delivery to
both in CaCO, and HCT116 cells (Figures 4A, tumors is still a challenge. Most recently, sev-
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Figure 3. Down-regulation of ELFN1-AS1 gene expression inhibits COAD cell migration. A. A wound healing assay
was applied to analyze the migration capacity in COAD cells after transfection with siRNA or NC. B, C. The quantifica-
tions of COAD cell migration were presented as percentage the ratios of closure. **P<0.05 vs. NC group (one-way
analysis of variance). D. Transwell migration assay in down-regulation of ELFN1-AS1 cells and their corresponding
control cells. E. Image J software was used for cell counting and the columns represent the mean of cell numbers
from at least three independent experiments. ***P<0.001 vs. NC group (one-way analysis of variance).

eral studies indicated that EVs, especially tho-
se derived from MSCs, may be used as delivery
vehicles for cancer therapeutics (such as the
delivery of miRNAs) [25]. Here, we wanted to
determine whether MSC-EVs could be loaded
with ELFN1-AS1-siRNA to affect COAD progres-
sion. To address this issue, we first randomly
selected si-ELFN1-AS1#1 to transfect hUC-
MSCs. Then, we collected EVs from the si-
ELFN1-AS1#1-treated hUCMSCs and named
them siRNA-EVs. As shown in Figure 5A, si-
RNA-EVs were round membrane-bound vesicl-
es and had an average diameter of approxi-
mately 148 nm with a size distribution of 50
nm to 650 nm (Figure 5B). Western blotting
demonstrated that the EV marker protein CD63
was present in these vesicles (Figures 5C and
S2). Then, we treated CaCO-2 cells with CM-Dil-
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labeled siRNA-EVs and found that the-
se vesicles could fuse with the membranes of
CaCO0-2 cells (Figure 5D), suggesting that the
siRNA-EVs could be taken up by COAD.

Next, we evaluated the roles of siRNA-EVs on
COAD cells. There was a significant decrease in
ELFN1-AS1 expression in COAD cells treated
with siRNA-EVs (Figure 6A and 6B), which was
accompanied by the inhibition of p-Erk, upre-
gulation of E-cadherin and downregulation of
vimentin (Figures 6C, 6D and S3). Moreover,
compared to NC-EV group, siRNA-EV treatment
inhibited COAD cell proliferation (Figure 6E)
and migration (Figure 6F). Taken together,
these results suggested that EVs from hUC-
MSCs treated with siRNA against ELFN1-AS1
could effectively suppress the proliferation and
migration of COAD cells in vitro.

Am J Transl Res 2019;11(11):6989-6999
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by Image J software. *P<0.05, **P<0.05 and ***P<0.001 vs. NC group (one-way analysis of variance).
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Figure 5. Extracellular Vesicles (EVs) engineered by ELFN1-AS1 inhibitor (SiRNA-EVs). A. siRNA-EVs were observed
under a transmission electron microscope; some of the siRNA-EVs are indicated by arrows. Scale bar = 200 nm. B.
Size distributions of siRNA-EVs were detected using the Nanoparticle Tracking Analysis. C. Western blotting analysis
of CD63 and Calreticlin expression in lysates from siRNA-EVs and hUCMSC. D. DIO-labeled CaCO-2 cells (green)
were incubated with CM-Dil-labeled siRNA-EVs (red) for 2 h, and the siRNA-EVs uptake by CaCO-2 cells was deter-
mined. The arrows indicate the fusion of the membrane. The images are shown at x600.
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Figure 6. SIRNA-EVs inhibit COAD cell proliferation and migration in vitro. A, B. The expression of ELFN1-AS1 in COAD
cells treated with siRNA-EVs (200 pg/ml for 72 h) was detected by real-time PCR. *P<0.05 and **P<0.01 vs. NC-
EV group (one-way analysis of variance). C. Erk and p-Erk protein were detected by western blotting after treatment
by siRNA-EVs in COAD cells. D. EMT relevant proteins (E-cadherin and Vimentin) were detected by western blotting
analysis after treatment by siRNA-EVs in COAD cells. E. Colon forming assays were used to determine the colony-
forming ability of COAD cells after siRNA-EVs treatment. F. Transwell migration assay in siRNA-EVs treated-COAD
cells and their corresponding control cells.

HCT-116 CaCO-2
HCT-116 CaCO-2

Discussion IncRNAs in COAD. In this study, we analyzed

RNA sequencing data from the TCGA database
Colon adenocarcinoma (COAD) occurs increas- and found that IncRNA ELFN1-AS1 was incre-
ingly frequently worldwide [1, 2]. Although accu- ased; moreover, upregulation of ELFN1-AS1 in
mulated evidence has shown that the dysregu- COAD patients was closely associated with
lation of IncRNAs is closely related to tumori- lower overall survival. Although Liu et al. [12]
genesis and cancer progression [6], there are reported that ELFN1-AS1 was involved in the
still a limited number of reports about the key early stage of COAD and had potential diagnos-
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tic value, the potential roles of ELFN1-AS1 in
the progression of COAD are still unclear.

In this study, we first examined the expression
of ELFN1-AS1 in COAD patients and COAD can-
cer cell lines by real-time PCR and found that
the expression of ELFN1-AS1 was not only sig-
nificantly upregulated in COAD patients but was
also increased in COAD cell lines. In addition,
silencing ELFN1-AS1 significantly inhibited the
proliferation, colony formation and migration of
COAD cell lines in vitro. These findings indicate
that ELFN1-AS1 may be involved in promoting
COAD progression.

Epithelial-mesenchymal transition (EMT) is a
process in which epithelial cells lose cell polar-
ity and gain the ability metastasize [22], and it
has been confirmed that EMT is closely associ-
ated with cancer progression [23, 26]. Jiang et
al. [27] found that IncRNA SNHG15 could pro-
mote colon cancer progression by modulating
EMT. Similar to this report, we found that kno-
ckdown of ELFN1-AS1 could downregulate the
expression of vimentin, while E-cadherin was
upregulated, suggesting that the function of
ELFN1-AS1 in COAD might be associated with
EMT. In addition, we found that silencing EL-
FN1-AS1 dramatically inhibited the activation of
p-Erk. Erk pathway plays an important role in
promoting COAD proliferation and metastasis
and is a common inducer of EMT [21, 24]. Thus,
our results indicated that the inhibition of the
COAD progression induced by the knockdown
of ELFN1-AS1 might due to the decreased acti-
vation of the Erk pathway. While, the potential
mechanism of ELFN1-AS1 in COAD still needs
to be elucidated. In addition, it is also worth-
while to explore the role of ELFN1-AS1 in other
kinds of tumors.

ELFN1-AS1 may be a potential target for tumor
treatment. However, it is still a challenge to
efficiently deliver IncRNA-targeting drugs (for
example, IncRNA-specific siRNAs) to tumors
due to degradation of the delivered gene, poor
cellular uptake, and lack of tumor targeting
ability [28]. Although liposomes and viral-bas-
ed delivery systems have been assessed, all
of these approaches exhibit low efficiency
[29]. Extracellular vesicles (EVs) are nanoscale
membranous vesicles that can serve as a novel
gene drug delivery mechanism that combines
high drug carrying capacity and targeting speci-
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ficity, making them useful in tumor treatment
[30]. Thus, using EVs as biological vehicles to
deliver tumor suppressor siRNAs or INCRNAs is
a promising approach. In addition, MSCs are an
efficient mass producer of EVs for drug delivery
[16], and MSC-EVs have been shown to be safe
in some clinical trials [31, 32]. Recently, Li et al.
[33] found that EVs derived from bone-marrow-
derived MSCs (BMSCs) treated with siRNA ag-
ainst GRP78 suppress sorafenib resistance in
hepatocellular carcinoma. In this study, we
found that EVs from siRNA-ELFN1-AS1-treated
hUCMSCs (siRNA-EVs) could significantly de-
crease ELFN1-AS1 expression in COAD cells
and effectively inhibit COAD cell growth and
migration. Thus, MSC-EV-based IncRNA-specif-
ic siRNA therapy may be a new strategy for the
treatment of COAD. Interestingly, a previous
study reported that human BMSC-EVs could
promote SW480 growth [34]. While, in our stu-
dy, we found that hUCMSC-EV treatment alone
could not significantly influence COAD growth
and migration. This discrepancy may be attrib-
uted to the possibility that the quantity of EVs
was insufficient to affect tumor growth or to the
different sources of MSC-EVs.

In summary, we confirmed that in COAD cells,
IncRNA ELFN1-AS1 was upregulated and pro-
moted tumor proliferation and migration. EL-
FN1-AS1 functions in the tumorigenicity of
COAD cells at least in part by regulating p-Erk
and EMT, suggesting that ELFN1-AS1 might be
a potential molecular target for COAD treat-
ment. In addition, to our knowledge, this study
provides the first evidence that hUCMSC-EVs
might be a promising vehicle to deliver IncRNA-
specific siRNAs to COAD cells to inhibit tumor
progression.
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Figure S1. Original image of WB in Figure 4.
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Figure S3. Original image of WB in Figure 6.



