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Abstract: RNA-based therapeutics has attracted substantial interest from both academics and pharmaceutical com-
panies. In this study, we investigated the function and the underlying mechanism of Gelsolin (GSN) 3'UTR in NSCLC
H1299 and A549 cells. We found that transfected Flag-GSN plasmids significantly increased the proliferation, mi-
gration and invasion of NSCLC cells, whereas GSN 3’UTR could suppress the promotional effect of GSN protein on
the development of NSCLC in vitro. Interestingly, we observed that these in vitro anticancer effects of GSN 3’UTR
was independent of the co-expression with GSN coding sequence. Moreover, transfected GSN 3'UTR affected the
actin-cytoskeleton remodeling and epithelial-mesenchymal transition (EMT) processes in H1299 and A549 cells,
and targeted the co-expressed proteins to the plasma membrane. Subsequently, RNA pull-down assays have been
performed to identify Tra23 protein as a GSN 3’UTR binder. We then showed that Tra23 was important for the local-
ized protein expression mediated by GSN 3’UTR. Taken together, our results suggested that GSN 3'UTR may exert
anticancer functions in NSCLC cells through regulating the subcellular localized expression of GSN protein mediated
by the interaction between GSN 3'UTR-Tra2p.
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Introduction

The utilization of synthetic RNA molecules to
alter cellular functions, such as COVID-19 vac-
cine development based on mRNA technology,
is currently out of scope for traditional drug
design pipelines and has attracted substantial
interest from both academics and pharmaceu-
tical companies [1-3]. Because of the important
role of mMRNA in gene expression regulation and
their high efficiency, safe management, the
potential for low-cost production, and capacity
for rapid manufacture, mRNA drugs represent
promising alternative strategies for the treat-
ment of malignant tumors. Up to now, vaccine
platforms against several types of cancer, such
as individualized neoepitope mRNA cancer vac-
cines [4], have presented encouraging results
in both animal models and humans [5]. So far,

several 3’'UTRs in eukaryotic mRNAs have been
found to have tumor suppressive activity in
vitro, capable to cause malighant phenotypic
reversion (reduced tumorigenicity) in cultured
tumor cells or other malignant cells [6-8]. For
example, transfection of NF-IL6 3’UTR indu-
ced tumor suppression in human hepatoma
SMMC7721 cells. Yang et al. showed that
FOX01 3'UTR inhibited the metastases of
breast cancer cells via induction of E-cadherin
expression [7]. Hu et al. found that the CCR2
3'UTR inhibited breast cancer metastasis by
repressing EMT in vitro and in vivo [8]. 3’UTRs
exerted biological functions by regulating gene
expression, mRNA localization, and competitive
binding to miRNA or proteins [9-14]. However,
up to date, only a small number of functional
3'UTRs have been characterized and the
molecular mechanisms underlying these tumor
suppressor effects remain unknown.
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Lung cancer is one of the highest morbidity and
mortality diseases in the world, and the metas-
tasis is the main cause of death for patients
with lung cancer [15, 16]. 85% of lung cancers
are NSCLC, which includes lung adenocarcino-
ma and lung squamous cell carcinoma [17, 18].
Although significant progress has been made in
the treatment for patients with advanced epi-
dermal growth factor receptor (EGFR) mutated
NSCLC, represented by first line drugs Gefitinib,
Erlotinib and Osimertinib, the mortality of
NSCLC still remains high, and the important
reasons are ascribed to the high cost of drugs,
the strong metastasis, unlimited proliferation,
and high heterogeneity of lung cancer cells [19-
21]. Therefore, it is of great significance to fur-
ther elucidate the mechanism of pathological
progression of NSCLC and identify novel poten-
tial efficient and low-cost drugs for the therapy
of this cancer.

Gelsolin (GSN) is one of the most abundant
actin-binding proteins that mediate cellular
motility and play a pivotal role in the pathogen-
esis of human cancers [22, 23]. However, its
functions and regulatory mechanisms in NSCLC
have not been fully elucidated. In our previous
study, we have been interested in the function
of the GSN 3’UTR in NSCLC cell in vitro [24]. In
pursuing our study, we found that the 3'UTR of
GSN mRNA can reverse the promotional effect
of GSN protein on the proliferation, migration,
invasion and EMT in H1299 and A549 NSCLC
cells, and had a tumor suppressive effect which
could be independent of the exogenously co-
expressed GSN protein. In this report, we
describe these effects and investigate the
underlying molecular mechanisms.

Materials and methods
Cell lines and culture

NSCLC cell lines H1299 and A549 were ob-
tained from the Cell Bank of Chinese Academy
of Sciences (Shanghai, China). These cells were
maintained in high-glucose DMEM medium
with 10% fetal bovine serum. All cell lines used
in this study was free of mycoplasma con-
tamination.

Plasmids and cloning

The coding sequence (CDS) of human GSN
(2196 bp), and corresponding GSN 3'UTR (240
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bp) sequence were amplified from total RNA by
RT-PCR. The CDS of GSN flanked by BamH |
and Xho | restriction sites were inserted into
pCMV-flag plasmid (Flag-GSN). The GSN 3'UTR
sequence flanked by Xho | and Spe | restriction
sites was inserted into pCMV-flag-GSN, pCMV-
N-EGFP or pCMV-Luc plasmids to construct
the Flag-GSN-3'UTR, EGFP-3’UTR and Luc-
3’UTR vectors, respectively. For overexpressing
Tra2B, human Tra23 cDNA without the 3’UTR
was cloned into pCMV-flag plasmid (Flag-Tra2p3)
at BamH | and Xho | sites. All plasmids were
sequenced and confirmed for accuracy.

Small interfering RNA transfection

Sequences of siRNA were designed as follows:
(SITRA2B-1: 5-AGCUAAAGAACGUGCCAAUTT-3’;
SiTRA2(3-2: 5-CCGAUGUGUCUAUUGUAUATT-3’;
SiTRA2(3-3: 5-ACGCCAACACCAGGAAUUUTT-3’;
siNC: 5-UUCUCCGAACGUGUCACGUTT-3’). Lipo-
fectamine™ 2000 (Invitrogen, CA, USA) was
used to transfect cells according to manufac-
turer’s instructions.

mRNA quantification by RT-gPCR

Total RNA of cells was purified and gRT-PCR
was performed as previously described. The
relative expression level of mRNA was calculat-
ed using the 222t method [25, 26]. The primers
were synthesized as follows:

Primer Forward sequence Reverse sequence
Vimentin ~ CCACCAGGTCCGTGTCCTCGT ~ CGCTGCCCAGGCTGTAGGTG
E-cadherin  TTGCACCGGTCGACAAAGGAC ~ TGGAGTCCCAGGCGTAGACCAA
N-cadherin  CCCTGCTTCAGGCGTCTGTA TGCTTGCATAATGCGATTTCACC
Gelsolin GATCTGGCGTGTGGAGAAGTTCG CTCTCATCCTGGCTGCACTCATTG
GAPDH GACAGTCAGCCGCATCTTCT GCGCCCAATACGACCAAATC

Immunofluorescence (IF) assays

IF assay was performed to confirm the subcel-
lular localization of the indicated proteins as
previously described [25]. Appropriate primary
antibodies [Gelsolin (11644-2-AP, 1:200),
TRA2B (900958001, 1:100)] were used to blot
overnight and Alexa Flour 488 or Alexa Fluor
594-conjugated secondary antibody (ZSGB-
BIO Co., Ltd., China) was used. F-actin was
stained with Rhodamine-phalloidin (Invitrogen™
R415) and the nuclei were stained with DAPI
(Beyotime Biotechnology) both for 30 min at
room temperature. Cells were captured using
Confocal Zeiss LSM 700 equipped with a Zeiss
Plan-Neofluar 40 x/0.75 Qil DIC.
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Cell migration and invasion assay

Cell culture inserts (24 well, 8 um pore size)
were used for migration assays and Matrigel-
coated chambers (8 um pore size; BD
Biosciences) were used for invasion assays.
H1299 and A549 cells (6-8 x 10%/well) in
serum-free DMEM were plated into the upper
chamber. Complete medium containing 10%
FBS was added to the lower chamber as che-
moattractants. After 8-10 h incubation, the
migrated or invaded cells were fixed, stained
with crystal violet, photographed and quanti-
fied in five random fields.

MTT assay

Cells were seeded into 96-well plates at a den-
sity of 2 x 108 cells/well and cultured overnight.
200 pl working fluid with a final concentration
of 5 mg/mL MTT was added to detect cell pro-
liferation at each time-point by measuring the
absorbance at 570 nm.

Colony formation assay

Cells were seeded into 6-well plates at a
density of 1000/well and then cultured for 2
weeks and stained with crystal violet dye.
Clones containing more than 50 cells were
counted as one colony.

Western blotting

This assay was performed as described previ-
ously [25, 26]. Primary anti-bodies against the
following proteins were used: Gelsolin (11644-
2-AP; ProteinTech Group), GAPDH (10494-1-AP;
ProteinTech Group), E-cadherin (20874-1-AP;
ProteinTech Group), Vimentin (10366-1-AP;
ProteinTech Group), DDDDK-Tag (66008-3-Ig;
ProteinTech Group), B-tubulin (10068-1-AP;
ProteinTech Group) and TRA2B (900958001,
ABclonal Group).

Biotin pull-down assay

Flag-GSN or Flag-GSN-3'UTR PCR fragments
containing the T7 RNA polymerase promoter
sequence were used as templates to produce
the Biotinylated transcripts in vitro using T7
RNA polymerase (Invitrogen) and biotin-CTP
(Perkin Elmer), and then purified with RNeasy
Mini Kit (Qiagen). Biotin pull-down assays were
performed by incubating 40 pg of cell lysates
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with 1 pg of biotinylated transcripts for 30 min
at room temperature. The RNA-protein com-
plexes were isolated with streptavidin-coated
magnetic beads (Thermo), and the bound pro-
teins were analyzed by Western blotting.

Cell motility video recordings

5 x 10* cells/well were seeded into 6-well
plates which were then placed on the stage of
an inverted microscope equipped with phase-
contrast optics, and cultured in a carbon diox-
ide cell incubator (Sanyo, Japan). A computer-
controlled movable stage was mounted on the
microscope, allowing simultaneous recordings
from several microscopic fields via Cyto-MINI
software (Guangzhou Sipu Photoelectric Tech-
nology Co. LTD, China). For the observation of
cell motility, images of cells were taken sequen-
tially with an interval of 5 min, for a total dura-
tion of 20 h.

Statistical analysis

The significance of the data between the two
groups were determined by paired Student’s
t-tests using GraphPad Prism 6 software
(GraphPad Software, USA) [27]. Significant dif-
ferences between multiple groups were ana-
lyzed by one-way or two-way analysis of vari-
ance (ANOVA). P < 0.05 was considered as a
significant result.

Results

GSN 3’UTR could suppress the promotional
effect of GSN protein on the growth, migration
and invasion of NSCLC cells in vitro

To explore the biological function in NSCLC pro-
gression of the coding and non-coding 3'UTR
sequence in the GSN mRNA, we constructed
Flag-GSN and Flag-GSN-3’UTR expression vec-
tors, respectively containing the coding
sequence of GSN alone or with the 3’'UTR at the
3’-end right after the stop codon. H1299 and
A549 cells were then either transfected with
Flag-GSN or Flag-GSN-3’UTR plasmid for 24 h,
collected and subjected to Western blotting
analysis for the verification of GSN overexpres-
sion. We found that both H1299 and A549
cells transfected with Flag-GSN or Flag-GSN-
3’UTR vectors displayed higher GSN protein
levels than those transfected with control plas-
mids (Flag-vector) (Figure 1A and 1B). Then,
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Figure 1. GSN 3’UTR could suppress the promotional effect of GSN protein on the growth, migration and invasion of NSCLC cells in vitro. H1299 (A) and A549 (B)
cells were transfected with Flag-vector, Flag-GSN and Flag-GSN-3’UTR plasmids, and analyzed by western blotting. Signal intensities were quantified with GAPDH
as internal control. (C) The effects of Flag-vector, Flag-GSN and Flag-GSN-3’UTR overexpression on the proliferation of H1299 (upper panel) and A549 cells (lower
panel), analyzed by MTT assay. (D, E) H1299 and A549 cells were transfected with the indicated plasmids, and the colony formation ability was quantified by a colony
formation assay. (F, G) Transwell migration assays of H1299 and A549 cells transfected with the indicated plasmids. (H, I) Transwell invasion assays of H1299 and

A549 cells transfected with the indicated plasmids. Data are presented as the mean + s.d. and are representative of at least three independent experiments. "P <
0.05, P < 0.01, ""P < 0.001.
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MTT assay was used to evaluate the cell viabil-
ity. Our results showed that Flag-GSN signifi-
cantly increased the growth of both H1299
and A549 cells as compared with cells trans-
fected with Flag-empty plasmids (Figure 1C).
Surprisingly, Flag-GSN-3’UTR transfected cells
displayed similar (for H1299 cells, upper dia-
gram), or less viability (for A549 cells, lower dia-
gram) than control cells, and even lesser than
those transfected with Flag-GSN plasmids.
Colony formation assays were performed to fur-
ther verify these results. Our results showed
that Flag-GSN overexpression did not signifi-
cantly affect the number of colonies of H1299
and A549 cells in vitro, although the colony size
was bigger with Flag-GSN transfected cells
than those transfected with empty plasmids. In
contrast, overexpression of Flag-GSN-3'UTR
not only reduced the size of colonies, but also
significantly suppressed the ability of H1299
and A549 cells to form colonies in vitro as com-
pared with Flag-GSN overexpressing cells
(Figure 1D and 1E).

Subsequently, we assessed the possible role
of the 3'UTR of GSN on the migration and inva-
sion abilities of NSCLC cells. Transwell migra-
tion and Matrigel invasion experiments were
performed with Flag-GSN or Flag-GSN-3'UTR
transfected H1299 and A549 cells as herein-
above. As shown in Figure 1F-I, we found that
Flag-GSN significantly increased the cell migra-
tion and invasion in both H1299 and A549
cells. However, overexpression of Flag-GSN-
3’UTR in H1299 and A549 cells led to a signifi-
cant decrease in the cell migration (Figure 1F
and 1G) and invasion (Figure 1H and 1l) as
compared with Flag-GSN overexpressing cells,
and presenting a level close to that of the con-
trol cells.

Taken together, our results indicated that GSN
3'UTR exerted opposite effects of exogenic
GSN protein on NSCLC cells in vitro, reversing
the effect of the latter.

Opposite effects of GSN and GSN 3’UTR on
EMT process in H1299 and A549 cells

GSN has been reported to function as a switch
that controls E- and N-cadherin conversion via
Snail in human mammary epithelial cells, and
to promote the EMT in hepatocellular carcino-
ma [28, 29]. To investigate whether the 3’'UTR
of GSN can affect the regulation of EMT by GSN
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in lung cancer cells, we examined changes in
expression levels of key EMT-related markers in
H1299 and A549 cells transfected either by
Flag-GSN or by Flag-GSN-3’UTR. The western
blot analysis of H1299 cells in Figure 2A
showed that the downregulation of epithelial
marker E-cadherin was observed, concomitant
with the upregulation of mesenchymal interme-
diate filament Vimentin in Flag-GSN overex-
pressing cells, whereas GSN-3'UTR weakened
the function of GSN protein in promoting the
EMT transition. In Figure 2B, western blot anal-
ysis of A549 cells ascertained the notable
increase in the expression of Vimentin in Flag-
GSN overexpressing cells, and as expected,
Flag-GSN-3’UTR still counteracted this func-
tion. However, for the effects of Flag-GSN and
Flag-GSN-3’'UTR on the expression of E-
cadherin, quantitative analysis did not lead to
a conclusive result, probably due to the techni-
cal limitations of Western blotting as a quanti-
tative analysis method (Figure 2A and 2B).
Indeed, the mRNA levels of E-cadherin,
N-cadherin, Vimentin determined by qRT-PCR
confirmed the regulation of EMT process by
Flag-GSN and Flag-GSN-3’UTR (Figure 2C and
2D). The mRNA levels of N-cadherin and
Vimentin were both enhanced in H1299 and
A549 cells transfected with Flag-GSN plas-
mids, whereas such a promotion of mesenchy-
mal conversion did not occur in H1299 and
A549 cells transfected with Flag-GSN-3'UTR
plasmids. Taken together, these data suggest
that the 3'UTR of GSN could abrogate the abili-
ty of the co-overexpressed GSN protein to pro-
mote the EMT process and blocked the cell
invasion of NSCLC.

GSN 3°UTR localized the exogenously co-ex-
pressed GSN to the membrane

Our results in Figure 1A showed that the att-
achment of the 3'UTR to the CDS of GSN did
not alter significantly its protein expression
level. We then assessed if GSN 3’UTR might
regulate the localization of its co-expressed
GSN protein. By cell immunofluorescence anal-
ysis, we noticed that, in contrast to control
(empty plasmid-transfected) cells, Flag-GSN-
overexpressing H1299 cells developed stress
fibers across cell body, with Flag-GSN proteins
dispersed all over the whole cell body. How-
ever, Flag-GSN-3’'UTR overexpressing H1299
showed more actin-rich short protrusions, with
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Figure 2. GSN or GSN 3’UTR exerted opposite effects on EMT process in H1299 and A549 cells. Protein expression
of E-cadherin, Vimentin and transfected Flag-GSN expression by Western blotting in H1299 (A) and A549 (B) cells
after transfected with the indicated plasmids. Signal intensities were quantified with GAPDH as internal control. (C,
D) The mRNA levels of EMT marker and GSN were shown by qRT-PCR after transfected with the indicated plasmids
in H1299 (C) and A549 (D) cells. Data are presented as the mean * s.d. and are representative of at least three
independent experiments. "P < 0.05, ""P < 0.01, "P < 0.001.

exogenous GSN protein predominately enriched
at the plasma membrane, forming a ring-like
structure (Figure 3A and 3C). Similarly, Flag-
GSN and Flag-GSN-3’UTR overexpression in
A549 cells also resulted in significantly differ-
ent cytoskeletal actin remodeling, concomitant
with different localization of exogenous GSN
(Figure 3B and 3D). Taken together, these
results suggested that the alterations of GSN
subcellular distribution induced by its co-
expressed 3’'UTR may be directly responsible
for determining the regulation of GSN on the
proliferation, migration and invasion of H1299
and A549 cells.

The functions of GSN 3’UTR could be indepen-
dent of the exogenously co-expressed GSN
protein

We then addressed whether the functions of
GSN 3'UTR were dependent of the exogenously
co-expressed GSN protein. To this end, we have
replaced the co-expressed GSN CDS sequence
by the firefly luciferase CDS sequence. The
3’UTR of GSN was inserted right after the stop
codon of luciferase CDS in a pCMV-Luciferase
vector. H1299 and A549 cells transfected with
the yielded vector (Luc-3’UTR) or the control
vector (Luc-vector, expressing Luc CDS without
GSN 3'UTR) were then analyzed by transwell
migration, matrigel invasion, and MTT assays.
Both H1299 and A549 cells transfected with
the GSN 3’UTR had a significantly decreased
level of cell migration, metastasis, and prolifer-
ation in vitro (Figure 4A-E). These phenotype
changes were again associated with the upreg-
ulation of E-cadherin expression and the down-

3864

regulation of Vimentin and N-cadherin as deter-
mined by western blot analysis (Figure 4F).
Quantitative real-time PCR showed that GSN
3'UTR consistently reduced the expression
of mesenchymal markers, N-cadherin, and
Vimentin (Figure 4G). Together, our data indi-
cated that GSN 3’UTR could exert its antican-
cer functions in vitro in a manner independent
of the co-expressed GSN protein.

We then asked if GSN 3'UTR was also capable
to target another protein than GSN to the
peripheral region of the cell. To this end, GSN
3'UTR were attached to the open reading frame
of enhanced green fluorescence protein (EGFP)
and then expressed in H1299 and A549 cells
by transfection. Cell immunofluorescence
experiments revealed that GSN 3'UTR could
target the co-expressed EGFP to the proximity
of the plasma membrane in co-localization with
the F-actin forming a ring-like structure. As
commonly observed in previous studies, EGFP
protein encoded by EGFP CDS in the control
cells displayed a diffused pattern of expression
(Figure 5A-D). This result clearly indicated that
GSN 3'UTR could target the expression of the
upstream CDSs (including that of GSN and
other genes such as EGFP) to the proximity of
the plasma membrane.

Transfected GSN 3’UTR disturbed the subcel-
lular localization of endogenous GSN protein
in NSCLC cells

During our study, we have observed that endog-

enous GSN proteins were differently distributed
at different cell density in culture. As shown in

Am J Cancer Res 2021;11(8):3857-3876
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Figure 4. The functions of GSN 3’UTR could be independent of the exogenously co-expressed GSN protein. A, B. Cell
migration ability of H1299 and A549 cells transfected with Luc-vector or Luc-3’'UTR was analyzed by transwell as-
say. C, D. Invasion ability of H1299 and A549 cells transfected with Luc-vector or Luc-3’UTR was measured by use
of transwell assay. E. Transfected of GSN 3’'UTR in H1299 and A549 cells decreased the proliferation rate by MTT
assay. F. The level of E-cadherin, Vimentin and GAPDH was examined by western blotting analysis in H1299 and
A549 cells transfected with Luc-vector or Luc-3'UTR. G. The level of Vimentin/GAPDH and N-cadherin/GAPDH was
examined by RT-gPCR. Data are presented as the mean + s.d. and are representative of at least three independent

EXPERIMENTS. "P < 0.05, "*P < 0.01, ""P < 0.001.

Figure 5E-H, while a considerable portion of
cells expressed GSN proteins at the proximity
of the plasma membrane when cells were
sparse (at 30% of confluence), in the cells at
higher densities (50% and 70% of confluence),
GSN protein were expressed in the nucleus and
cytoplasm. Moreover, in reminiscence of previ-
ous reported findings [30], we have observed
that cells in vitro culture displayed different
mobility at different confluence. In order to
demonstrate this observation, we have record-
ed the motility of cells at different density of
culture in the same and also in separated
microscopic vision fields during 20 h by taking
a photograph per 5 min. In the accelerated
(4000 folds) slideshow of these photos, we
could observe that cells at low confluence
(about 30% of confluence) were less prone to
migration than other cells at higher confluence
in the surrounding area. However, in the second
half of the recording, when cell density became
higher, these cells also were subjected to cell
division and migration (Supplementary Video 1,
cells denoted by curved arrows). This suggests
that the plasma membrane localization of
endogenous GSN, mainly occurring when the
cell density was low, might be related to the
decrease in cell motility. Consistently, in EGFP-
vector transfected H1299 and A549 cells, simi-
larly as observed for EGFP protein, endogenous
GSN were evenly distributed throughout the
cell body. However, when transfected with
EGFP-3'UTR plasmid, a large proportion of cells
expressed GSN mainly at the cell membrane,
in co-localization with EGFP protein (Figure 5I
and 5J). These results suggested that the exog-
enously expressed 3'UTR of GSN mRNA could
exert its functions through disturbing the sub-
cellular distribution of the endogenous GSN
protein.

Tra2B bound to GSN 3’UTR and was important
for the localized expression of GSN

It is widely acknowledged that the 3’'UTRs are
sites for interactions with trans-acting effector
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factors. In order to identify proteins interacting
with GSN 3'UTR, we have performed an RNA
pull-down assay using in vitro synthesized Flag-
GSN-3’UTR transcript with H1299 cell lysates.
A total of 66 interacting proteins were then
identified using liquid chromatography-mass
spectrometry (LC-MS) (Supplementary Figure
1A). 54 of them also bound to Flag-GSN (CDS)
transcript, thus excluded from further analysis.
The remaining 12 3’UTR-specific binders are
listed in Supplementary Figure 1B, most of
which are reported in the literature as RNA
binding proteins. Among these proteins, we
were particularly interested by Tra2B (Trans-
former-2 protein homolog beta).

Tra2B is recognized as a modulator of gene
function and associated with cancer. It inter-
acts with RNA targets through its RNA recogni-
tion motifs (RRMs) [34, 32]. To directly confirm
the association of Tra2pB with the 3'UTR of
GSN, biotinylated transcripts of Flag-GSN or
Flag-GSN-3’UTR was incubated with H1299
cell lysates, the RNA-protein complexes were
precipitated with streptavidin-coated beads,
and the precipitated Tra2[3 or a-actin (as a neg-
ative control) was examined by western blot-
ting. As shown in Figure 6A, biotinylated tran-
script of Flag-GSN-3’UTR specifically interacted
with Tra23, but not with a-actin.

Next, we examined whether Tra2p knockdown
affected the localization of GSN. Three specific
siRNA against Tra2f (siTra2$3-1, -2 and -3) were
designed and tested as described for their effi-
ciency in H1299 cells (Figure 6B). We per-
formed cell immunofluorescence experiments
to examine the subcellular distribution of GSN
in H1299 cells transfected with siTra2B or
siNC. Interestingly, we found that in siNC-treat-
ed control cells, endogenous GSN was either
located near the plasma membrane or evenly
distributed throughout the cell body. However,
in Tra2B knockdown cells, endogenous GSN
was mainly located in the nucleus (Figure 6C).
Subsequently, the role of Tra23 in GSN 3’UTR-
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Figure 5. The 3’'UTR of GSN mRNA is sufficient for the mRNA localization in the proximity of the plasma membrane. (A-D) Immunofluorescence confocal microscopy
and corresponding quantification analyses of EGFP subcellular localization in H1299 (A, B) and A549 (C, D) cells transfected with EGFP-vector and EGFP-3’UTR
plasmids. (E-H) Immunofluorescence confocal microscopy and corresponding quantification analyses of endogenous GSN subcellular localization in H1299 (E,
F) and A549 (G, H) cells at various confluences. Cells were seeded at 1 x 10* cells/cm? and cultured for a total of 24, 48 or 72 h in standard culture medium. At
the indicated confluence, cells were fixed and immunolabelled with antibodies for detection of GSN. DAPI was used for nuclear staining. F-actin was stained using
rhodamine-conjugated phalloidin. Arrows: endogenous GSN proteins at the proximity of the plasma membrane. (I, J) Immunofluorescence analyses of the localiza-
tion of transfected EGFP and endogenous GSN proteins in H1299 cells transfected with the indicated plasmids. Quantification analysis was performed based on
counting of cells with diverse protein distribution patterns from three independent experiments (> 15 cells each, n=3). Scale bars: 10 um.
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Figure 6. Tra2p3 bound to GSN 3’UTR and was important for the localized expression of GSN. (A) RNA pull-down assay. H1299 cell lysate was incubated with in vitro
synthesized Flag-GSN transcript or Flag-GSN-3’UTR transcript as described in Materials and methods. Western blot analysis was performed to detect Tra2(3 protein
bound specifically to GSN 3’UTR. a-actin was used as a negative control. (B) Verification of Tra23 knockdown in H1299 cells using three siRNAs by Western blotting.
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Nuclear DNA was stained with DAPI (blue). Arrows: endogenous GSN proteins at the proximity of the plasma membrane. (D, E) H1299 cells were subsequently
transfected with siNC or siTra23-3 for 24 h, and with EGFP-3’UTR or EGFP-vector for another 24 h, then subjected to immunofluorescence confocal microscopy for
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three independent experiments (> 15 cells each, n=3). Scale bars: 10 um.
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mediated mRNA localization was investigated.
H1299 cells were transfected either with spe-
cific Tra2B-targeting siRNA or with siNC for 24
h, and then transfected with EGFP-3’UTR or
control plasmids for another 24 h. The subcel-
lular localization of EGFP protein was again
examined by confocal microscopy. When trans-
fected with EGFP-3’UTR, EGFP and endogenous
GSN displayed an expected ring-like localiza-
tion pattern in siNC treated cells, whereas this
localization pattern was much less frequently
in Tra2p3 knockdown cells, regardless of wheth-
er cells were transfected with EGFP-3’'UTR or
not (Figure 6D, 6E and Supplementary Figure
1C). This phenotype could be reversed through
the reconstitution of Tra2B (Supplementary
Figure 1D). Re-expression of Tra2f increased
the metastatic capacity of Tra23 knockdown
cells, in the case of co-transfection with EGFP-

3’UTR (Supplementary Figure 1E).

Furthermore, as shown in Figure 6F and 6G,
Tra2B was mainly localized in the nucleus of
EGFP-vector transfected H1299 cells, but in
the EGFP-3’UTR transfected cells, a large num-
ber of Tra2P has been translocated to cyto-
plasm, precisely in the cell periphery, forming a
ring-like structure at the proximity of the plas-
ma membrane. These results suggested that
the GSN 3’UTR-induced translocation of EGFP
protein or endogenous GSN protein was medi-
ated by the interaction between GSN 3'UTR
and its protein partner Tra2p.

Discussion

GSN expression is downregulated in 60-90% of
tumors during carcinogenesis of the breast
[33], colon [34], stomach [35], bladder [36],
prostate [37], and lung [38]. Literature report-
ed that GSN may be a tumor suppressor that
exerts a crucial role in the carcinogenic process
[23, 35, 39]. Hiroki et al. showed that GSN func-
tions as a switch that controls conversion of
cadherin from the E- and N-type, and demon-
strated that its knockdown induces EMT in
human mammary epithelial MCF10A cells [40].
Conversely, Zhang et al. showed that GSN pro-
motes HCC progression by influencing the EMT
process [28]. These conflicting observations
hinted on the versatile functions and complex
regulation mechanisms of GSN. Conceivably,
the activities of GSN may be regulated not only
by its expression level but also by its subcellu-
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lar localizations, where different locations elicit
different functions. For instance, besides its
role in the cytoplasm by severing, capping,
nucleating or bundling actin filaments, GSN
could also be endowed of unexpected nuclear
functions such as transcription regulation [23,
41, 42]. Particularly, the role of the 3’'UTR of
GSN mRNA has not yet been investigated.
Meanwhile, during the last decades, there have
been studies concerning the association of
3'UTR functions with diverse diseases, includ-
ing cancer [11, 12, 43, 44]. In our study, when
H1299 and A549 cells were transfected with
plasmids containing Flag-GSN coding seq-
uence, Flag-GSN was uniformly distributed in
the cytoplasm, accompanied by the appear-
ance of stress fiber and increased cell migra-
tion and invasion. However, the insertion of
non-coding 3'UTR sequence in the above
expression vector led to the Flag-GSN accumu-
lation at the proximity of the plasma membrane
accompanied by distinct changes in actin cyto-
skeleton and reduced cell growth, migration
and invasion (Figures 1-3). These results sug-
gested that GSN 3’'UTR might counteract the
function of the co-expressed GSN protein to
promote cancer development in vitro. Inter-
estingly, our further investigation indicated that
the effect of GSN 3'UTR could be independent
of the exogenously co-expressed GSN (Figure
4). We found that transfected GSN 3'UTR could
perturb the localization of endogenous GSN
protein. Consistent with this finding, differential
localization of GSN was a characteristic associ-
ated with different cell confluence of in vitro
culture, and could be correlated with different
cell migration potential (Figure 5 and

Supplementary Video 1).

By using RNA-pull down assay followed by
LC-MS, we identified Tra23 as a GSN 3’UTR-
binder. Knockdown of Tra2B3 prevented GSN
3’'UTR-mediated membrane localization of both
EGFP and endogenous GSN proteins (Figure 6
and Supplementary Figure 1). Furthermore, we
observed that transfection of GSN 3'UTR
resulted in the translocation of endogenous
Tra2p protein from nucleus to cytoplasm (Figure
6). Taken together, all these data converge
towards a hypothesis where the transfected
GSN 3’UTR perturb the subcellular localization
of GSN and thereby influence the migration
and invasion of NSCLC cell in vitro (Figure 7).
Our findings also point out the possible role of
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Figure 7. Exogenous GSN 3'UTR inhibits the EMT process and migration/invasion abilities of NSCLC cell through
interaction with Tra23 and perturbation of endogenous GSN protein localization. A. Without GSN 3’'UTR transfec-
tion, endogenous GSN proteins are distributed in the cytoplasm, Tra2f protein is exclusively located in the nucleus,
with actin-rich stress fibers across the cell body, and cells display mesenchymal characteristics with high mobility.
B. Upon GSN 3’UTR transfection, through an unknown mechanism, Tra2f3 protein is translocated from the nucleus
to the cytoplasm, where it can interact with the endogenous or exogenous GSN 3’UTR, bringing the corresponding
mRNA to the proximity of the plasma membrane and eliciting the localized translation of the latter. This in turn
perturbs the remodeling of actin-rich cytoskeletons, causing disappearance of stress fibers, and inhibits the EMT
process, thereby decreases the mobility of the cell.

Tra2B in the mRNA trafficking leading to the
localized expression of protein which could
influence cancer development. Future investi-
gations would be meaningful to further delin-
eate the precise molecular mechanisms by
which the interaction between GSN 3'UTR-
Tra2pB regulates the subcellular localization of
GSN protein.
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B
Number Gene Name Protein IDs Protein Name
1 RSLIDI 076021 Ribosomal LI domain-containing protein 1
A .5\5-’ 2 TRAZ P62995  Transformer-2 protein homolog beta
q\agG% ?\‘ag.f}‘?\ 3 H1FO PO7305 hvreid hHiSTOFIe H1.0 .
e yroid hormone receptor-
4 THRAP3 QOY2W1 associated protein 3
5 KRTS PO5787 Keratin, type |l cytoskeletal 8
54 12 6 RRBP1 Q9P2ES Ribosome-binding protein 1
7 RPS3 P23396 408 ribosomal protein 3
8 KRT18 P05783 Keratin, type | cytoskeletal 18
Translocon-associated protein subunit
9 SSR3 Q9UNL2 gamma
10 RPS14 P62263 408 ribosomal protein 14
11 H2AFJ Q9BTM1 Histone H2A.J
12 HIST1H2BM Q99879 Histone H2B type 1-M
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Supplementary Figure 1. (A) The Venn diagram showing the overlap between the proteins bound to Flag-GSN transcript and those to Flag-GSN-3’UTR transcript. (B)
List of 3'UTR region-specific binding proteins. (C) H1299 cells were transfected with siNC or siTra2-1 or siTra2p-2 for 24 h, and with EGFP-3’UTR or EGFP-vector
for another 24 h, then subjected to immunofluorescence confocal microscopy for the subcellular localization of EGFP. (D, E) H1299 cells were co-transfected with
EGFP-3'UTR and siTra23-1 or siTra23-2 for 24 h, and with Flag-tagged Tra23 or with empty vector for another 24 h, then subjected to IF assay (D) or transwell
migration assay (E). Scale bars: 10 ym.



