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stability to promote the progression of esophageal squamous cell carcinoma
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ABSTRACT

The molecular etiology of esophageal squamous cell carcinoma (ESCC) has not been fully
elucidated. Understanding the molecular mechanisms and finding new therapeutic targets for
ESCC are of crucial importance. PolyC-RNA-binding protein 1 (PCBP1) is an RNA-binding protein.
Here, we found overexpressed PCBP1 in esophageal cancer tissues by quantitative polymerase
chain reaction (gPCR) and western blotting analysis. PCBP1 knockdown significantly attenuated
migratory and invasion abilities of ESCC cells. Mechanistically, PCBP1 bound directly to tropo-
myosin 3 (TPM3) mRNA, which was verified by RNA-protein immunoprecipitation (RIP) assay.
PCBP1 knockdown markedly reduced messenger RNA (mRNA) levels of TPM3. After inhibiting
intracellular mRNA synthesis with actinomycin D (ActD), it was found that PCBP1 knockdown
contributed to a significant decrease in TPM3 mRNA degradation. Furthermore, PCBP1 promoted
migration and invasion of EC cells by directly binding to the 3'UTR of TPM3 mRNA, increasing
TPM3 mRNA stability. Taken together, PCBP1 acting as a pro-oncogenic factor enhances TPM3
mMRNA stability by directly binding to the 3'UTR of TPM3 mRNA in esophageal squamous cell
carcinoma. Our findings provide a new perspective for understanding the molecular mechanism
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of esophageal carcinogenesis, and PCBP1 is a promising therapeutic target.
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Introduction

Esophageal cancer (EC) is a great challenge to human
health, with 600,000 patients diagnosed and 540,000
deaths each year globally [1]. Esophageal squamous
cell carcinoma (ESCC) is the main pathological char-
acteristic of EC [2], which arises from malignant
transformed esophageal epithelial cells [3]. Most
cases of EC are diagnosed at an advanced stage, and
the 5-year overall survival is less than 20% [4].
Extensive studies have explored the pathogen-
esis of esophageal cancer. Dietary habits contribute

to the high incidence of esophageal cancer in
China. Previous studies have reported that a high
consumption of pickled foods significantly ele-
vated the risk of esophageal cancer [>7]. And
drinking hot tea caused persistent damage to the
esophageal epithelium, resulting in tumorigenesis
[8]. Besides, Porphyromonas gingivalis facilitates
esophageal squamous cell cancer progression by
mediating TGFB-dependent Smad/YAP/TAZ sig-
naling pathway [9] and the miR-194/GRHL3/
PTEN/AKkt signaling axis [10]. Antibacterial thera-
pies reduced the incidence of esophageal cancer
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[11,12]. Additionally, genetic factors play an
important role in esophageal cancer development
and progression [13,14]. The pathogenesis of eso-
phageal cancer metastasis is complex. Therefore,
further investigation may provide more insight
into the precise pathogenesis of ESCC.

Tropomyosin 3 (TPM3) belongs to the TPM
family that can maintain the stabilization of cytos-
keletal microfilaments [15,16]. Our previous work
showed that TPM3 expression was increased in
ESCC tissues and high expression of TPM3 was
associated with TNM stage and therapeutic effect
of postoperative chemotherapy in patients with
ESCC [17]. Previous studies have indicated that
upregulation of TPM3 enhanced the metastatic
ability of esophageal cancer cells [18,19]. TPM3
stimulated the epithelial-mesenchymal transition
(EMT) process by regulating MMP2 and MMP9
expression, promoting migration of EC cells [20].
However, the reason for the upregulation of TPM3
expression in esophageal squamous cell carcinoma
tissues is unclear.

RNA-binding proteins (RBPs) are essential
modulators during the post-transcriptional gene
regulation [21]. Poly(rC)-binding protein 1
(PCBP1), an RNA-binding protein, is a potential
TPM3 mRNA-binding protein. The aim of the
current research is to clarify the molecular
mechanisms of PCBP1 in upregulating TPM3
expression, providing a potential therapeutic target
for the treatment of esophageal squamous cell
carcinoma.

Methods and materials

Sample collection and clinicopathological
features of patients with esophageal squamous
cell carcinoma

We retrospectively analyzed the clinical character-
istics of 23 patients admitted to our hospital from
January 2015 to January 2021 who were diagnosed
with esophageal squamous cell carcinoma by gas-
troscopy and underwent surgical resection, includ-
ing 14 males and 9 females, aged 52-73 years, with
an average of 65.8 + 7.25 years. Tumors were
located in the upper esophagus in 2 cases, in the
middle segment in 14 cases, and in the lower
esophagus in 7 cases. Seventeen cases were in

TNM stage I/II and six cases in stage III/IV. All
cases were reconfirmed by postoperative pathol-
ogy. None of them received antitumor treatments
including radiotherapy and chemotherapy before
surgery. This study was approved by the ethics
committee of Fujian Medical University Union
Hospital, and written informed consent was
obtained from patients.

Cell culture

Human esophageal squamous cell carcinoma lines
Ecal09 and EC1 and human normal esophageal
epithelial cells Het-1A were purchased from
ATCC (USA) [22]. Het-1A cells were maintained
in Bronchial Epithelial Cell Growth Basal Medium
(catalog no. CC-3171, Lonza, Basel, Switzerland)
supplemented with Bronchial Epithelial Cell
Growth Medium BulletKitTM (catalog no. CC-
3170, Lonza, Basel, Switzerland). Tumor cells
were cultured in DMEM medium containing 10%
fetal bovine serum (Gibco), 100 U/ml penicillin,
and 100 pg/ml streptomycin (Gibco) in a cell cul-
ture incubator with saturated humidity and 5%
CO, at 37°C. Culture medium was replaced with
fresh medium every 2 days. The cells grew to
approximately 90% confluence and then trypsi-
nized using 0.25% Trypsin-EDTA (Gibco) for
passaging.

Plasmid construction and cell transfection

Plasmid pEGFP-N1 was obtained from Public
Protein/Plasmid Library (PPL). PCBP1 expression
plasmid pEGFP-N1-PCBP1 and TPM3 expression
plasmid pEGFP-N1-TPM3 were generated by cloning
the coding sequences (CDS) of PCBP1 or the 3'UTR
of TPM3 mRNA into pEGFP-N1 vector. The resul-
tant plasmids were transformed into Escherichia coli
bacterial DH5a. Ten colonies were randomly chosen.
The plasmids were extracted and purified according
to the instructions of Plasmid Extraction Kit (Sangon
Biotech, Shanghai, China) and stored at 4°C.

ESCC cells at logarithmic growth phase were
inoculated in 6-well dishes, and cell transfection
was performed when the cells grew to approxi-
mately 60% confluence using Lipofectamine 2000
Transfection Reagent (catalog no. 11,668,027,
ThermoFisher Scientific). Culture medium was



replaced with fresh medium after 12 h, and trans-
fection efficiency was measured by qPCR and wes-
tern blotting analysis at 48 h post-transfection.

Generation of PCBP1-knockdown ESCC cell
lines

shRNA sequence targeting human PCBPI
(Table 1) was cloned into plv-cs plasmid. The
plasmids were transformed into DH5a-competent
cells for amplification and purified as described
above. For lentiviral generation, 293 T cells were
transfected with shRNA plasmids, lentiviral plas-
mids, and  packaging  plasmids  using
Lipofectamine 2000. Six hours later, culture med-
ium was replaced with fresh medium following
continued cultivation for 48 h at 37°C. Next, cul-
ture media containing lentiviral particles were har-
vested, centrifuged at 1000 x g for 10 min at 4°C
and then mixed with an equal volume of fresh
medium. The mixture was used to infect tumor
cells in the presence of polybrene (4 ug/ml final
concentration), followed by incubation for 48 h.
Infected ESCC cells underwent puromycin selec-
tion (2 pg/ml final concentration) for 7 days to
obtain ESCC cell lines with stable knockdown
endogenous PCBP1. Knockdown efficiency was
verified by qPCR and western blotting analysis.

Transwell migration and invasion assays

According to previous work [23], for transwell
migration assay, ESCC cell concentration was
adjusted to 1 x 10° cells/ml after resuspension
with serum-free culture medium. 600 pl of com-
plete culture medium containing 10% FBS was
added to transwell lower chamber, and 200 pl of
cell suspension in each group was seeded into the
upper chamber. After culturing for 24 h, the cells
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inside the upper chamber were wiped off with wet
cotton swabs, and the cells adhering to the lower
surface of the polycarbonate membrane were fixed
with 4% paraformaldehyde for 15 min, followed by
staining with 0.05% crystal violet for 20 min. The
stained cells were imaged under an optical micro-
scope, and the number of migrating/invaded cells
was counted. Additionally, for transwell invasion
assay, the frozen Matrigel (Corning, catalog
no. 354248) was thawed overnight at 4°C and
diluted to 2 mg/ml using a pre-cooled serum-free
medium. 100 pl of diluted Matrigel was added to
the upper chamber of the transwell and placed in
an incubator at 37°C for 2 h, and the liquid in the
upper chamber was gently aspirated before use. All
further experimental steps were followed as men-
tioned above.

RNA immunoprecipitation (RIP) experiment

RNA immunoprecipitation was performed as
described [24]. ESCC cells were collected and
lysed with RIP lysis buffer containing RNAase
inhibitor and protease inhibitor. Lysates were
incubated on ice for 30 min and then centrifuged
at 12,000 x g for 10 min at 4°C. The supernatant
was collected for subsequent analysis. The samples
were incubated with the corresponding antibodies
or protein A/G-coupled magnetic beads that were
washed three times beforehand with appropriate
amount of RIP lysis buffer, following incubation
with rotating overnight at 4°C. After carefully
aspirating off the supernatant to collect the
beads, the beads were washed three times with
washing buffer for precipitation. Total RNA in
the precipitate was extracted using RNA Isolation
Kit (catalog no. 83913, Sigma-Aldrich) and pre-
pared for subsequent experiments.

Table 1. The sequences of all primers, shRNA and siRNA used in this study.

Gene Forward

Reverse

GAPDH
PCBP1

Name

shRNA1-PCBP1
shRNA2-PCBP1
shRNA3-PCBP1

shRNA-control 5'-GTTCTCCGAACGTG-3’

5'-ACAACTTTGGTATCGTGGAAGG-3'
5'-GACGCCGGTGTGACTGAAA-3’
TPM3 5'-ACCACCATCGAGGCGGTAA-3’
siRNA or shRNA sequences
5'-ATCTCTTTGATCTTACACCCG-3'
5'-GGUGUAAGAUCAAAGAGAUCC-3’
5'-CAUUCCAAAUAACUUAAUUGG-3'

5'-GCCATCACGCCACAGTTTC-3'
5'-GTCAGCGTGATGATCCTCTCC-3’
5'-CCCTTTCCTCCGCATCATCA-3'
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Quantitative polymerase chain reaction
(qPCR) analysis

Total RNA was extracted and purified from ESCC
cells or tissues using RNA Isolation Kit (Sigma-
Aldrich), and the purity and concentration of total
RNA  were measured using NanoDrop
(ThermoFisher Scientific). cDNA was synthesized
using PrimeScript™ RT Master Mix (Perfect Real
Time) (catalog no. RR036A, Takara) following the
manufacturer’s instructions. 2 pl of reverse tran-
scription reaction product was used as qPCR reac-
tion template. QPCR analysis was performed using
One-Step TB Green® PrimeScript™ RT-PCR Kit
(Perfect Real Time) (catalog no. RRO66A,
Takara). Total reaction system was 20 ul: 2 pl
reverse transcription product, 10 pl 2x Mix,
0.8 ul each forward/reverse primers, and 6.4 pl
ddH,0. qPCR thermal cycling conditions were as
follows: pre-denaturation for 3 min at 95°C, fol-
lowed by 40 cycles of denaturation at 95°C for 30
s, annealing at 60°C for 30 s, and extension at 72°C
for 10 s. Relative gene expressions were calculated
using the 27**“" method using GAPDH as refer-
ence gene. Primer sequences are listed in Table 1.

Western blotting

Tissue and cell samples were lysed using pre-
chilled RIPA lysis buffer containing 1% PMSEF.
After incubating on ice for 10 min, the suspension
was centrifuged at 12,000 x g for 15 min at 4°C.
The supernatant containing proteins was collected,
and protein concentration was determined using
Pierce™ BCA Protein Assay Kit (catalog no. 23225,
ThermoFisher Scientific). Next, 30 pg of heat-
denatured protein lysates were loaded onto SDS-
PAGE gels for electrophoretic separation. The
separated proteins were transferred to PVDF
membranes by a wet-transfer method, and the
membranes were blocked with 5% skimmed milk
in TBST for 2 h at room temperature.
Subsequently, the membranes were incubated
with the corresponding antibodies overnight at
4°C. After washing three times with TBST, the
secondary antibodies were added and incubated
for 2 h at room temperature. The membranes
were again washed three times with TBST, and
immunoblots were visualized using ECL

chemiluminescence kits (Pierce). Protein expres-
sion was quantified by analyzing grayscale values
of bands using Quantity One software with B-actin
as the internal reference.

Immunohistochemistry (IHC) of PCBP1 and
TPM3 in ESCC tissues

Tissue paraffin sections were obtained from the
Department of Pathology. The sections were pro-
cessed by standard experimental procedures, and
the primary antibodies used were as follows: Anti-
PCBP1 (Proteintech Group, Inc., #14523-1-AP,
dilution 1:200) and anti-TPM3 (Proteintech
Group, Inc., #10737-1-AP, dilution 1:50).

Bioinformatic analysis

Gene expression between esophageal cancer speci-
mens and normal tissues and correlation between
gene expressions were further analyzed using
GEPIA (http://gepia.cancer-pku.cn/), TCGA, and
GTEx datasets.

Statistical analysis

Data were analyzed using SPSS 21.0 software and
expressed as mean + standard deviation.
Comparisons between two groups were performed
with independent sample t-test or paired student
t-test. One-way ANOVA with Dunnett post hoc
test was used for multiple comparisons. The
Kaplan-Meier method and the log-rank test were
used to estimate the overall survival (OS). Pearson
correlation analysis was applied to assess the cor-
relation of gene expressions. A P value less than
0.05 was considered to be statistically significant.

Results

Previously, we found the abnormally high
expression of TPM3 in ESCC tissues compared
to normal tissues [17]; however, the mechanism
underlying the upregulation of TPM3 expression
is unclear. RNA-binding proteins (RBPs) are
important regulators of RNA metabolism by
interacting with RNA [25,26]. PCBP1, a well-
characterized RNA-binding protein, was identi-
fied as the RNA-binding protein to TPM3
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mRNA. Therefore, to understand the biological
functions of PCBP1 in esophageal squamous cell
carcinoma, qPCR, western blotting assays, and
cellular functional experiments were performed.
Here, we found that PCBP1 was highly
expressed in esophageal squamous cell carci-
noma and PCBP1 knockdown suppressed ESCC
cell migration and invasion, suggesting that
PCBP1 is an ESCC-associated pro-oncogenic
factor.
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PCBP1 is highly expressed in esophageal
cancer tissues and ESCC cells

Our data indicated that PCBP1 was significantly
upregulated in ESCC tissues, which was consistent
with the data from TCGA database (Figure 1
(a-d)). ESCC patients with high expression of
PCBP1 had shorter survival time (Figure 1(e)).
Besides, PCBP1 was significantly elevated in
ESCC cell lines compared to human normal eso-
phageal epithelial cells (Figure 1(f,g)). Besides,
immunohistochemistry revealed that the IHC
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Figure 1. PCBP1 expression in esophageal squamous cell carcinoma tissues and cells. (a) PCBP1 expression in esophageal squamous
cell carcinoma from GEPIA dataset. (b) PCBP1T mRNA expression in 23 paired esophageal squamous cell carcinoma tissues and normal
tissues. (c, d) Representative images and quantification of PCBP1 protein expression in esophageal squamous cell carcinoma tissues
and adjacent normal tissues. (e) Correlation between PCBP1 expression and ESCC patients’ prognosis. (f) PCBPT mRNA expression in
ESCC cell lines and normal esophageal epithelial cells Het-1A. (g) Representative blots and statistical analysis of PCBP1 protein
expression in ESCC cells and Het-1A cells. (h) Immunohistochemistry of PCBP1 in ESCC tissues. Comparisons between two groups
were performed with paired student t-test. One-way ANOVA with Dunnett post hoc test was used for multiple comparisons. Kaplan—
Meier method and the log-rank test were used to estimate overall survival (OS). Error bars represented as S.D. *P < 0.05; **P < 0.01;

***¥P < 0.001. ESCC, esophageal squamous cell carcinoma.
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scores of PCBP1 in ESCC tissues were markedly
higher than adjacent normal tissues (Figure 1(h)).

PCBP1 knockdown reduces migratory and
invasive capabilities of ESCC cells

Next, to explore the biological function of PCBP1 in
esophageal squamous cell carcinoma, we con-
structed ESCC cell lines with stable PCBP1 knock-
down and examined the silencing efficiency by qPCR
and western blotting analysis (Figure 2(a-d)). Data
indicated that PCBP1 knockdown could significantly
inhibit the migration and invasion of ESCC cells
compared to the control cells. The inhibitory effects
of different shRNAs targeting PCBP1 on ESCC cell
migration and invasion were correlated with PCBP1
expression levels (Figure 2(e-h)).
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PCBP1 directly binds to the 3'UTR of TPM3
mRNA and regulates TPM3 mRNA stability

TPM3 was highly expressed in esophageal squa-
mous cell carcinoma from TCGA dataset (Figure 3
(a)). Data from GEPIA dataset showed
a significant positive correlation between PCBP1
and TPM3 expression (Figure 3(b)). Besides,
TPM3 expression was significantly elevated in
ESCC cells compared to normal esophageal epithe-
lial cells (Figure 3(c,d)). Immunohistochemistry
demonstrated that the IHC scores of TPM3 were
significantly elevated in ESCC tissues compared
with in adjacent normal tissues (Figure 3(e)), and
TPM3 expression was positively correlated with
PCBP1 expression in ESCC tissues (Figure 3(f)).
Considering the difference in knockdown effi-
ciency of shRNAs targeting PCBP1, we thus
chose shRNA 3 (sh3) with the highest silencing
efficiency for subsequent experiments. PCBP1
knockdown caused downregulation of TPM3
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Figure 2. Effects of PCBP1 knockdown on migration and invasion of esophageal squamous cell carcinoma cells. (a, b) Knockdown
efficiency of three shRNAs targeting PCBP1 in EC1 cells was tested by gPCR and western blot analysis. (c, d) Knockdown efficiency of
three shRNAs targeting PCBP1 in Eca109 cells was measured by qPCR and western blot analysis. (e, f) PCBP1 knockdown attenuated
migratory and invasive abilities of EC1 cell. (g, h) PCBP1 knockdown reduced migratory and invasive capabilities of Eca109 cell.
Comparisons between two groups were performed with unpaired student t-test. One-way ANOVA with Dunnett post hoc test was
used for multiple comparisons. Error bars represented as S.D. *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 3. TPM3 is a downstream target of PCBP1 in esophageal squamous cell carcinoma cells. (a) TPM3 expression from TCGA
esophageal squamous cell carcinoma dataset. (b) Correlation between TPM3 and PCBP1 expression from TCGA esophageal
squamous cell carcinoma dataset. (¢, d) TPM3 mRNA and protein levels in esophageal cancer cell lines and normal esophageal
epithelial cells Het-1A. (e) Immunohistochemistry of TPM3 in ESCC tissues. (f) Correlation between the IHC scores of PCBP1 and TPM3
in ESCC tissues. (g, h) PCBP1 knockdown caused a significant decrease in TPM3 expression at the transcriptional and translational
levels in EC1 cells. (i, j) PCBP1 knockdown resulted in a significant downregulation in TPM3 expression at the transcriptional and
translational levels in Eca109 cells. (k, I) RIP assay showing an interaction between TPM3 and PCBP1 in EC1 and Eca109 cells.
Comparisons between two groups were performed with unpaired student t-test. One-way ANOVA with Dunnett post hoc test was
used for multiple comparisons. Error bars represented as S.D. *P < 0.05; **P < 0.01; ***P < 0.001.
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mRNA and protein levels in ESCC cells

(Figure 3(g-j)).

To determine the relationship between PCBP1
and TPM3, RIP experiments were conducted.
Result confirmed that anti-PCBP1 magnetic
beads were able to enrich TPM3 mRNA but not f3-
actin mRNA, suggesting that PCBP1 directly binds
to TPM3 mRNA (Figure 3(k,1)). Moreover, TPM3
mRNA content in actinomycin D-treated EC cells
was measured. It was observed that the degrada-
tion rate of TPM3 mRNA was faster after PCBP1
knockdown in comparison to the control (Figure 4
(a,b)).

Given that PCBP1 directly binds to the
GCCCAG motif of RNA, we then cloned the
sequence at 1317-1322 of TPM3 mRNA 3’'UTR
into pcDNA3.1-GFP plasmid and then co-
transfected with PCBP1 overexpression plasmid
into 293 T cells. Anti-PCBP1 magnetic beads
were able to enrich GFP mRNA; however, after
mutating the binding sites of TPM3 mRNA, anti-
PCBP1 magnetic beads were unable to enrich GFP
mRNA, suggesting that PCBP1 exerted its biologi-
cal activity by directly binding to TPM3 mRNA
3UTR (Figure 4(c,d)). Wild-type TPM3'*!7~1322
elevated GFP protein expression, while mutant
TPM3""771%2% had no significant effect on the
GFP expression (Figure 4(e)).

PCBP1 regulates TPM3 expression, affecting
migration and invasion of ESCC cells

To further examine the effect of PCBP1/TPM3
axis on malignant phenotypes of esophageal can-
cer cells, plasmid-encoded TPM3 restored TPM3
expression in PCBP1-knockdown ESCC cells
(Figure 5(a-d)). PCBP1 knockdown attenuated
the migratory and invasive abilities of ESCC cells,
whereas overexpression of TPM3 partially reversed
the phenotypes induced by PCBP1 knockdown
compared to the control (Figure 5(e-h)). These
findings suggested that the PCBP1/TPM3 axis
did affect the migratory and invasive properties
of esophageal squamous cell carcinoma cells.

Discussion

TPM3 is a cell motility-related protein that is
upregulated in a variety of tumor tissues and

promotes tumor cell migration and invasion
[27]. Similarly, our previous study showed that
TPM3 was upregulated in esophageal squamous
cell carcinoma tissues and was associated with
migration and invasiveness of ESCC cells [17].
Therefore, we further explored the molecular
mechanisms underlying the upregulation of
TPM3 in esophageal squamous cell carcinoma.
In this study, we identified PCBP1 as an
upstream regulator of TPM3. PCBP1 is an RNA-
binding protein that was aberrantly expressed in
a variety of tumor tissues [**7%!]. In prostate and
breast cancers, PCBP1 expression was signifi-
cantly upregulated and correlated with poor out-
comes, and PCBP1 acts as a pro-oncogenic
factor [28,29]. In the current study, we found
that PCBP1 was responsible for the significant
upregulation of TPM3 in esophageal squamous
cell carcinoma. PCBP1 is an RNA-binding pro-
tein (RBP). PCBP1 was highly expressed in eso-
phageal cancer tissues. PCBP1 knockdown
significantly attenuated the proliferative, migra-
tory, and invasive capabilities of ESCC cells by
directly binding to the 3’ untranslated region
(3’UTR) of TPM3 mRNA and regulating TPM3
mRNA stability. Targeting PCBP1 holds great
promise for treating esophageal squamous cell
carcinoma.

RNA-binding proteins (RBPs) play a pivotal
role in a variety of biological processes, espe-
cially in the post-transcriptional gene regulation
[32]. Considering that PCBP1 is an RNA-
binding protein, previous studies have shown
that PCBP1 directly binds to mRNA, regulating
mRNA stability [29,33]. There was a significant
positive correlation between PCBP1 and TPM3
expression in ESCC. Therefore, we hypothe-
sized that PCBPI1 could directly bind to TPM3
mRNA and had an effect on mRNA stability.
Our results confirmed that PCBP1 could
directly bind to TPM3 mRNA at position
1317-1322 to stabilize mRNA against degrada-
tion. PCBP1 knockdown simultaneously accom-
panied a decrease in TPM3 expression and
inhibited migration and invasion of ESCC
cells. Although TPM3 plays a complex role in
a variety of human tumors [18,34], to our
knowledge, this is the first study to confirm
post-transcriptional  regulation of TPM3
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Figure 4. PCBP1 maintains TPM3 mRNA stability by directly binding to 3'UTR of TPM3 mRNA. (a, b) TPM3 mRNA levels in EC1 cells
and Eca109 cells with PCBP1 knockdown. The cells were treated with actinomycin D and harvested at the indicated times. (c) RIP
analysis showing the interaction between wild type TPM3'*'77322 mRNA transcripts and PCBP1. (d) RIP analysis showing the
interaction between mutant TPM3'3'7'322 mRNA transcripts and PCBP1. (e) qPCR and western blot analysis were performed to
assess GFP protein expression in 293 T cells transfected with TPM3'"7~"322.wt plasmid or TPM3'*"7~"322.mut plasmid. Comparisons
between two groups were performed with unpaired student t-test. Error bars represented as S.D. *P < 0.05; **P < 0.01; ***P < 0.001.

WT, wild type; Mut, mutant.

mRNA mediated by RNA-binding proteins in
esophageal squamous cell carcinoma.

RBPs bind to RNA-forming ribonucleopro-
tein (RNP) complexes and contribute to RNA
maturation, translation, transportation, and

localization [32]. RBP consists of multiple sub-
domains that can efficiently recognize a broad
range of target RNAs [26]. Via eCLIP-sequence
analysis to identify PCBPIl-interacting tran-
scripts in hepatocellular carcinoma cells, it was
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Figure 5. PCBP1 directly regulates TPM3 expression affecting migration and invasion of esophageal squamous cell carcinoma cells.
(a, b) The mRNA and protein levels of TPM3 in PCBP1-knockdown EC1 cells transfected with or without TPM3 overexpression
plasmids. (c, d) The mRNA and protein expressions of TPM3 in PCBP1-knockdown Eca109 cells transfected with or without TPM3
overexpression plasmids. (e, f) TPM3 overexpression partially reversed migration and invasion of EC1 cells induced by PCBP1
knockdown. (g, h) TPM3 overexpression partially restored migration and invasion of Eca109 cells caused by PCBP1 knockdown. Data
were analyzed using one-way ANOVA with Dunnett post hoc test. Error bars represented as S.D. *P < 0.05; **P < 0.01; ***P < 0.001.

found that PCBP1 reads were preferentially
enriched in 3'UTR and CDS regions. Notably,
a total of 145 genes that were identified to bind
to PCBP1 underwent alternative splicing under

the regulation of PCBP1 at the same time [35].
Other works in various human cancer cells
uncovered that PCBP1 binds to p27 mRNA 3’-
UTR region via 5-AUUAAGUAAU-3" to



repress tumor cell transformation and carcino-
genesis [29]. In ovarian cancer, RNA-affinity
pulldown using biotinylated TRIM56 3’-UTR
combined with mass spectrometry has found
PCBP1 as the most differentially binding pro-
tein. Overexpression of PCBP1 promoted the
migration and invasion of ovarian cancer cell
SKOV-3 [36]. Hence, it is suggested that PCBP1
knockdown-caused alterations in cellular beha-
viors related to metastatic ability may be a part
of the mechanisms by which it performs its
biological function in ESCC. Further investiga-
tions are required to understand the underlying
mechanisms of PCBP1 in ESCC progression.

Conclusions

In summary, our data suggested that PCBP1 expres-
sion levels were significantly increased in esophageal
squamous cell carcinoma. Upregulated PCBP1 led
to significant upregulation of TPM3 in cancer tis-
sues by directly binding to TPM3 mRNA and
enhancing its mRNA stability, promoting migration
and invasion of ESCC cells. These findings provide
a new perspective for understanding molecular
mechanisms of esophageal carcinogenesis. PCBP1
may be a potential therapeutic target for esophageal
squamous cell carcinoma treatment.
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