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Abstract
BACKGROUND 
Bioinformatics analysis showed that the expression of the poly(A)-specific 
ribonuclease (PARN) gene in gastric cancer, head and neck squamous cell 
carcinoma, melanoma, cervical cancer and lung squamous cell carcinoma tissues 
was significantly higher than that in normal tissues and was associated with high 
stage and poor prognosis. The expression of the PARN gene in esophageal cancer 
(EC) tissue is also significantly higher than that in normal tissues, but the effect of 
PARN on the proliferation, migration and invasion of EC cells remains unclear.

AIM 
To investigate the relationship between PARN and the proliferation, migration 
and invasion of EC cells.

METHODS 
The EC tissues of 91 patients after EC surgery and 63 paired precancerous healthy 
tissues were collected. PARN mRNA levels were measured using a tissue 
microarray, and the PARN expression level was evaluated using immunohisto-
chemistry to analyze the relationship between PARN expression and clinicopath-
ologic features as well as the survival and prognosis of patients. In addition, the 
effects of PARN gene knockout on tumor cell proliferation, invasion and 
migration were studied by using shRNA during the in vitro culture of EC cell lines 
Eca-109 and TE-1, and the effects of the PARN gene on tumor growth in vivo were 
verified by a xenotransplantation nude mice model.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v29.i31.4783
mailto:liuwenqigx@163.com
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RESULTS 
The expression of PARN in EC tissues was higher than that in adjacent normal tissues, and the level of PARN 
expression was significantly positively correlated with lymphatic metastasis. Patients with high PARN levels had 
poor overall survival. BIM, IGFBP-5 and p21 levels were significantly increased in the PARN knockout group, 
while the expression levels of the antiapoptotic proteins Survivin and sTNF-R1 were significantly decreased in the 
apoptotic antibody array data. In addition, the expression levels of Akt, p-Akt, PIK3CA and CCND1 in the 
downstream signaling pathway regulating EC progression were significantly decreased. The culture of EC cell 
lines confirmed that the apoptosis rate of EC cells was significantly increased, the growth and proliferation of 
tumor cells were significantly inhibited, and the invasion and migration ability of tumor cells were significantly 
decreased after PARN gene knockout. In vivo experiments of BALB/c nude mice transfected with Eca-109 cells 
expressing control shRNA (sh-NC) and PARN shRNA (sh-PARN) showed that the tumor volume and weight of 
nude mice treated with sh-PARN were significantly decreased compared with those of nude mice treated with sh-
NC, indicating that PARN knockdown significantly inhibited tumor growth in vivo.

CONCLUSION 
PARN has antiapoptotic effects on EC cells and promotes their proliferation, invasion and migration, which is 
associated with the development of EC and poor patient prognosis. PARN may become a potential target for the 
diagnosis, prognosis prediction and treatment of EC.

Key Words: Poly(A)-specific ribonuclease; Esophageal cancer; Apoptotic; Phosphatidylinositol 3-kinase/protein kinase B

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Bioinformatics analysis showed that the expression of the poly(A)-specific ribonuclease (PARN) gene in gastric 
cancer, head and neck squamous cell carcinoma, melanoma, cervical cancer and lung squamous cell carcinoma tissues was 
significantly higher than that in normal tissues and was associated with high stage and poor prognosis. The expression of the 
PARN gene in esophageal cancer (EC) tissue is also significantly higher than that in normal tissues, but the effect of PARN 
on the proliferation, migration and invasion of EC cells remains unclear. This study investigated the relationship between 
PARN and the proliferation, migration and invasion of EC cells.

Citation: Zhang FW, Xie XW, Chen MH, Tong J, Chen QQ, Feng J, Chen FT, Liu WQ. Poly(A)-specific ribonuclease protein 
promotes the proliferation, invasion and migration of esophageal cancer cells. World J Gastroenterol 2023; 29(31): 4783-4796
URL: https://www.wjgnet.com/1007-9327/full/v29/i31/4783.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i31.4783

INTRODUCTION
Esophageal cancer (EC) is one of the most common malignancies in the world and the sixth leading cause of cancer-
related mortality worldwide[1]. The main pathological types of esophageal carcinoma include esophageal squamous cell 
carcinoma (ESCC) and esophageal adenocarcinoma. In contrast to Europe and America, Asia has the most ESCC cases, 
which account for the vast majority of EC cases[2,3]. Currently, the main treatments for EC include surgery, radiotherapy 
and chemotherapy[4]. Since the clinical symptoms of early EC are not obvious, more than half of patients are in the 
advanced stage at the time of detection, and only 20% of patients with EC can be treated with surgery. Inoperable EC 
patients can only use radiotherapy, chemotherapy and other comprehensive treatments. Since it is highly invasive and 
has a high recurrence and metastasis rate, the prognosis for ESCC patients remains poor despite the use of multidiscip-
linary therapies[5]. The overall 5-year survival rate for ESCC patients is only 30%-40%. Patients with advanced or 
metastatic EC have a worse prognosis, with a 5-year overall survival of less than 15 years[2,4,5].

Increasing evidence shows that the resistance of some ECs to radiotherapy and chemotherapy is the cause of relapse 
and metastasis. Obviously, it is necessary to study the molecular mechanism of EC progression through genomics and 
proteomics and explore effective cancer biomarkers to predict treatment efficacy and EC patient prognosis.

Bioinformatics analysis from The Cancer Genome Atlas (TCGA) database showed that the expression of the PARN 
gene in breast cancer, head and neck squamous cell carcinoma, skin cancer, testicular cancer, thymic carcinoma and lung 
cancer tissues was significantly higher than that in normal tissues and was positively correlated with high stage and poor 
prognosis. In addition, the expression of the PARN gene in EC tissues in the TCGA database was also significantly higher 
than that in adjacent tissues. However, the effect of PARN on the proliferation, migration and invasion of EC cells is not 
clear and is worth further discussion.

Poly(A)-specific ribonuclease (PARN) is a deadenylase enzyme that is present in mammalian cells[6,7]. As a 
deadenylase, PARN interacts with the cap and the poly(A) tail of mRNA to control the length of the poly(A) tail and 
regulate gene expression. Therefore, it plays a role in mRNA degradation in the nucleus and cytoplasm[8,9]. Interference 

https://www.wjgnet.com/1007-9327/full/v29/i31/4783.htm
https://dx.doi.org/10.3748/wjg.v29.i31.4783
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in RNA stability is closely related to tumorigenesis and tumor development, and factors that affect RNA stability may 
become new targets for the treatment of malignant tumors[10]. Recent studies have shown that RNA-degrading enzymes, 
called RNases, are involved in the development of malignant tumors, so the regulation of mRNA turnover is a promising 
mechanism[11].

However, the biological function of PARN and its basic molecular mechanism in the carcinogenesis of the esophagus 
are still unclear and are worthy of further investigation. In the present study, EC tissues and adjacent normal tissues were 
immunohistochemically stained and analyzed to detect PARN expression. Moreover, we also investigated the 
clinicopathological characteristics of PARN and explored the value of PARN expression in predicting prognosis. In 
addition, we investigated the role of PARN knockdown in the biological characteristics of EC cells in vitro and in vivo.

MATERIALS AND METHODS
Online databases used in this study
Data on PARN expression in EC cell lines were obtained from the Cancer Cell Line Encyclopedia (CCLE) (www.broadinst
itute.org/ccle). Mutation data were obtained from cBioPortal (https://www.cbioportal.org/). The mRNA expression 
level data of EC patients were downloaded from TCGA Portal (https://tcga-data.nci.nih.gov/tcga/).

Clinical samples
Ninety-one EC tissues and 63 healthy mucosa tissues were taken from EC patients who underwent resection at the 
Second Affiliated Hospital of Guangxi Medical University and the Affiliated Zhujiang Hospital of Southern Medical 
University from 2017 to 2018. The study ethics were approved by the Research Ethics Committee of the Second Affiliated 
Hospital of Guangxi Medical University and Zhujiang Hospital Affiliated to Southern Medical University, and written 
patient consent was obtained from all patients.

Immunohistochemistry
Immunohistochemistry (IHC) was conducted as previously described[12]. Briefly, the unstained tissue sections were 
deparaffinized by xylene and then rehydrated with a graded alcohol series. The sections were placed in EDTA buffer (pH 
= 8.0) buffer at 95-100 °C for 20 min to retrieve antigens. Then, the sections were incubated with rabbit anti-human PARN 
primary antibodies at 4 °C (1:100; Abcam, ab188333) overnight and then incubated with secondary antibodies for 1 h at 
room temperature.

Tissue microarray
The mRNA transcription levels of PARN in tumor tissues and adjacent normal mucosal tissues were measured using a 
tissue microarray (TMA).

Construction of a protein-protein interaction network and enrichment of functions and pathways
In this research, we obtained the protein-protein interaction by using an online tool, the String Database (STRING, http
s://string-db.org/). Then, the protein-protein interaction (PPI) we obtained was analyzed by using the software 
CytoScape (https://cytoscape.org/) and its plug-ins ClueGO and CluePedia. Then, Gene Ontology and Kyoto 
Encyclopedia of Genes and Genomes analyses were performed. The results of the PPI network and functional and 
pathway enrichment analyses are shown in Figures 1A and B.

Human apoptosis antibody array
The Homo sapiens apoptosis antibody array kit was purchased from Abcam (ab134001). Total protein samples were 
prepared as described above and incubated with the array according to the kit instructions. After the addition of chemilu-
minescence detection reagent, a signal proportional to the protein binding amount was detected. After RNA interference 
with the PARN gene in Eca-109 cells, the expression levels of apoptosis signaling pathway-related genes and proteins 
BIM, IGFBP-5 and p21 were evaluated.

Cell culture and transfection
We purchased human EC cell lines (Eca-109 and TE-1) from the Chinese Academy of Sciences Cell Bank (Shanghai, 
China). We cultured all cells in RPMI 1640 (Gibco, Grand Island, NY, United States) supplemented with 10% fetal bovine 
serum and maintained all cells in a humidified chamber at 37 °C with 5% CO2. Control shRNA, shPARN-1, shPARN-2, 
and shPARN-3 were constructed by our group (the list of shRNA sequences is shown in Table 1). Viral transduction and 
selection of stable transfectants were carried out as mentioned above.

Western blot assay and antibodies
We collected cells and lysed them in RIPA lysis buffer. Aliquots of protein were then loaded and separated on SDS-PAGE 
gels and transferred to a polyvinylidene difluoride membrane. After blocking, the membrane was incubated with the 
appropriate primary antibody, followed by incubation with the corresponding secondary antibody. The primary 
antibodies and dilution factors were as follows: Rabbit anti-PARN (ab1883331, 1:1000 dilution; Abcam, United States), 
rabbit anti-CDK1 (ab133327, 1:3000 dilution, Abcam, United States), rabbit anti-PIK3CA (ab40776, 1:1000 dilution, Abcam, 
United States), rabbit anti-AKT [4685, 1:1000 dilution, Cell Signaling Technology (CST), United States], rabbit anti-

http://www.broadinstitute.org/ccle
http://www.broadinstitute.org/ccle
https://www.cbioportal.org/
https://tcga-data.nci.nih.gov/tcga/
https://string-db.org/
https://string-db.org/
https://cytoscape.org/
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Table 1 Poly(A)-specific ribonuclease shRNA target sequence

Target number Target sequence

Human-PARN-1 TATGACACAGCCTCTGAACA

Human-PARN-2 TGGATACTAAATTGATGGCCA

Human-PARN-3 CAACACATCCCTTGCGGAATT

PARN: Poly(A)-specific ribonuclease.

Figure 1 Exploration of the downstream molecular mechanism of poly(A)-specific ribonuclease in esophageal cancer cells. A: Human 
apoptosis antibody array analysis was performed in Eca-109 cells transfected with control shRNA or poly(A)-specific ribonuclease shRNA; B: Differences in the 
human apoptotic antibody array were visualized; C: Densitometry analysis was performed, and the gray values of differentially expressed proteins are shown; D: The 
expression of the target protein pathway in Eca-109 cells was observed by western blot. The data are expressed as the mean ± SD, aP < 0.05, bP < 0.01. sh PARN: 
Poly(A)-specific ribonuclease shRNA; sh-NC: Control shRNA.

CCND1 (2978, 1:1000 dilution, CST, United States), rabbit anti-P-AKT (AF887-sp, 1:500 dilution, R&D Systems, United 
States), and rabbit anti-GAPDH (AP0063, 1:3000 dilution, Bioworld, United States).

Quantitative real-time polymerase chain reaction
Total RNA was isolated using TRIzol (Sigma-Aldrich, T9424-100 m), and cDNA was obtained with HiScript Q RT 
SuperMix for quantitative real-time polymerase chain reaction qRT-PCR (+gDNA wiper) (Vazyme, R123-01). PCRs were 
performed on an ABI 7500 qRT-PCR machine. GAPDH was used as an endogenous control. We assessed the qualified 
expression by employing the 2-ΔΔCt formula, while statistical analysis was conducted by using the fold change. All primer 
sequences used in this research are available in Table 2.

Cell viability assay
The cell viability of the TE-1 and Eca-109 cell lines was calculated using the Celigo cell counting assay after transfection. 
Logarithmic-phase transfected cells were collected, and cell suspensions were obtained by trypsin digestion. Then, we 
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Table 2 Primer sequences

Gene Sequence (5’-3’) Tm (°C)

Forward primer GAAAGCCTGCCGGTGACTAA 60.32GAPDH

Reverse primer GCCCAATACGACCAAATCAGAG 59.39

Forward primer GCCGCGGAATTCGATTTTAAG 58.63PARN

Reverse primer ATCGATGGCGAAGAAGTCGG 60.25

PARN: Poly(A)-specific ribonuclease.

seeded the cell suspensions (2000 cells/well) into 96-well plates and cultured them for 5 d. The cell number was recorded, 
and the cell growth curve was plotted.

Apoptosis and cell cycle assay
Apoptosis and cell cycle analyses were performed by flow cytometry. As mentioned above, transfected TE-1 and Eca-109 
cells were cultured in 6-well plates and then collected, washed with D-Hanks buffer and incubated with 1 × binding 
buffer. The cells were centrifuged and resuspended in 200 μL 1 × binding buffer, and an additional 10 μL Annexin V from 
the Annexin V Apoptosis Detection kit APC (cat. no. 88-8007; eBioscience; Thermo Fisher Scientific, Inc.) was added. 
Then, the cells were incubated in the dark for 15 min. The cell cycle distribution phases were detected based on 
propidium iodide (PI; Sigma, P4170) staining. The samples were analyzed on an easy Cyte HT flow cytometer (Merck 
Millipore).

Wound healing assay
In this study, we detected cell migratory abilities by using a wound healing assay. Cells were seeded into 96-well plates 
(5.0 × 104) and cultured to 90% confluence. Confluent monolayer cells were scratched gently with a 96 Wounding 
Replicator (VP scientific, VP408FH), and images were captured using a Cellomics ArrayScan VTI (Thermo Scientific) at 0 
h, 4 h, 8 h, 24 h and 72 h. The wound area was quantified using a Cellomics ArrayScan HCS Reader (Thermo Scientific).

Migration assay
Transwell plates (Corning, 3422) were used for migration assays, which were carried out according to the manufacturer’s 
protocol. Cells were seeded in transwell inserts (100 μL, 6.0 × 104/inserts), and RPMI 1640 medium with 30% foetal 
bovine serum (600 μL) was added to the bottom chamber. Following incubation for 24 h, the inserts were removed and 
stained with crystal violet. Photos were obtained using an inverted microscope (Olympus I × 73) and analyzed by ImageJ 
software.

BALB/c nude mouse xenograft model
This study was approved by the Guangxi Medical University Ethics Committee. All BALB/c nude mice (male; 4 wk old) 
were purchased from Charles River (Beijing, China). All BALB/c nude mice (male; 4 wk old) were maintained in a 
specific-pathogen-free environment. Cells were collected and suspended in D-Hanks solution (1 × 107 cells/mL) and then 
subcutaneously injected into the right front limb of 20 nude mice (n = 10 for each group). After injection, the size of the 
tumor was measured with calipers every 4 d for 23 d. On day 23 after injection, the mice were deeply anesthetized with 
isoflurane gas, and tumor growth and metastases were visualized and analyzed using a whole-body fluorescence 
imaging system (Berthold Technologies, LB983). After the live imaging experiment, mice were sacrificed by cervical 
dislocation under anesthesia. Additionally, the tumors were isolated, weighed and photographed. Tumor tissues were 
saved for further experimentation.

Statistical analysis
In this study, data are reported as the mean ± SD, and statistical analysis was carried out using GraphPad Prism 8.3 and 
SPSS 23.0. The Kaplan-Meier log rank test was used for survival curve analysis. Unpaired student’s t test was used to 
assess statistically significant differences between two groups, and one-way ANOVA with Dunnett’s posttest was used to 
compare the differences among three or more groups. P values < 0.05 represented a statistically significant difference.

RESULTS
Cancer data and bioinformatics analysis
Analysis of EC datasets from TCGA demonstrated that PARN mRNA levels were significantly increased in EC tissues 
compared with adjacent nontumor tissues (Figure 2B). Then, we extended the detailed annotation process of the 
preclinical human cancer model by compiling CCLE data and proved that PARN was abnormally upregulated in EC cell 
lines (Figures 2D and E). We found that PARN expression was upregulated in various EC cell lines, including Eca-109, 
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Figure 2 Poly(A)-specific ribonuclease protein expression was upregulated in both esophageal cancer tissue and cell lines and 
correlated with poor prognosis in esophageal cancer patients. A: Left panel: Representative immunohistochemistry (IHC) staining images of poly(A)-
specific ribonuclease (PARN) in esophageal cancer tissue specimens (magnification × 400, bar = 50 μm). Right panel: Summary of IHC staining of PARN in 
esophageal cancer tissues (n = 91) and adjacent normal tissues (n = 63) in an esophageal tissue microarray; B: PARN mRNA levels were significantly increased in 
esophageal cancer tissue (n = 160) compared with adjacent normal tissues (n = 11). The data were obtained from The Cancer Genome Atlas; C: Kaplan-Meier 
survival analysis showed that high expression of PARN was correlated with poor prognosis in esophageal cancer patients (the PARN IHC score criteria: Table 5); D 
and E: Exploration of PARN gene expression in various malignant tumors using TCGA database, and the expression of PARN gene in EC was significantly higher 
than that in adjacent tissues in the TCGA database, P = 0.0004; F: PARN mRNA levels in esophageal cancer cell lines. aP < 0.05, bP < 0.01, cP < 0.001, mean ± SD 
is shown. PARN: Poly(A)-specific ribonuclease; IHC: Immunohistochemistry.

KYSE450 and TE-1 cells (Figure 2F). In this study, we observed PARN mutations in < 2% of EC patients based on the 
cBioportal datasets, suggesting that gene mutation is not a major mechanism contributing to the frequent upregulation of 
PARN in EC patients (Supplementary Figure 1).

IHC and TMA of clinical samples
The IHC staining and the TMA assay results indicated that PARN protein expression is exceedingly upregulated in EC 
tissues compared with nontumor tissues (Figure 2A). Additionally, to assess the clinical significance of PARN expression 
in EC, we investigated the relationship between PARN expression and clinicopathologic data in 91 EC patients (Table 3). 
After statistical analysis, we found that PARN expression was correlated with lymphatic metastasis (P = 0.028). The 
expression of PARN was positively correlated with tumor lymph node metastasis (N value). With increasing tumor 
malignancy, the expression levels of PARN increased (Table 4). However, PARN expression was not correlated with 
tumor size (P = 0.110), T cell infiltration (P = 0.680) or stage (P = 0.336). To determine the relationship between PARN 
expression and EC patient clinical prognosis, we performed survival analysis using the survival data of 91 EC patients. 
The Kaplan-Meier analysis results indicated that high PARN levels were linked with poor survival (Figure 2C and 
Table 5). In summary, the above results demonstrated that high PARN expression may be implicated in the progression 
and metastasis of EC and that high PARN expression may predict a worse prognosis.

https://f6publishing.blob.core.windows.net/8d2fa3ef-4773-4cd4-a8a6-9255e4299fad/WJG-29-4783-supplementary-material.pdf
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Table 3 Relationship between poly(A)-specific ribonuclease expression and tumor characteristics in patients with esophageal cancer

PARN expression
Features No. of patients

Low High
P value

All patients 91 48 43

Age (yr) 0.758

    < 65 45 23 22

    ≥ 65 46 25 21

Gender 0.433

    Male 73 40 33

    Female 18 8 10

Tumor size 0.110

    ≤ 5 cm 46 28 18

    > 5 cm 35 15 20

T Infiltrate 0.680

    T0 1 1 0

    T1 3 1 2

    T2 15 8 7

    T3 39 22 17

    T4 10 4 6

Lymphatic metastasis (n) 0.028a

    N0 31 20 11

    N1 18 10 8

    N2 11 4 7

    N3 8 2 6

Stage 0.336

    I 3 2 1

    II 30 18 12

    III 33 14 19

    IV 2 2 0

Lymphoid positive number 0.164

    < 1 43 26 17

    ≥ 1 46 21 25

Grade 0.516

    I 7 4 3

    II 49 25 24

    III 26 16 10

aP < 0.05.
The high expression group: Poly(A)-specific ribonuclease immunohistochemistry scores > 6; the low expression group: Poly(A)-specific ribonuclease 
immunohistochemistry scores ≤ 6. PARN: Poly(A)-specific ribonuclease.

Construction of a PPI network, enrichment analyses and human apoptosis antibody array results
Functional and pathway enrichment and differential gene analysis showed that PARN plays a role in tumor apoptosis. To 
further identify the potential mechanism by which PARN induces apoptosis, a Human Apoptosis Antibody Array kit 
(ab134001), including 43 human apoptosis-related proteins, was used to investigate the mechanisms of PARN knockdown 
treatment-induced apoptosis. Among all detected proteins, BIM, IGFBP-5 and p21 were found to be significantly 
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Table 4 Relationship between poly(A)-specific ribonuclease expression and tumor characteristics (lymphatic metastasis) in patients 
with esophageal cancer (Spearman’s correlation coefficient for ranked data)

PARN

Lymphatic metastasis (N) Spearman correlation analysis 0.269

Significance (two-tailed) 0.027a

N 68

aP < 0.05.
PARN: Poly(A)-specific ribonuclease.

Table 5 Immunohistochemistry scoring criteria

Score type Score point Score

No positive signal 0 (negative)

0% < the proportion of positive cells < 25% 1

25% ≤ the proportion of positive cells < 50% 2

50% ≤ the proportion of positive cells < 75% 3

Positive cell score

75% ≤ the proportion of positive cells 4

No signal color 0 (negative)

Pale yellow 1

Brown yellow 2

Staining intensity score (the staining intensity of cytoplasm, 
membrane or nucleus)

Dark brown 3

The positive cell score × staining color intensity score was used to judge the immunohistochemistry results, and the higher the score, the higher the 
antibody expression (score 0: Negative, score 1-4: Positive, score 5-8: Positive ++, score 9-12: Positive +++).

upregulated in the PARN knockdown group, while knockdown of PARN significantly downregulated the expression of 
the antiapoptotic proteins Surviving and sTNF-R1 (Figures 1A-C). Changes in apoptosis-associated proteins strongly 
demonstrated that PARN is involved in preventing apoptosis of EC cells by regulating these apoptotic proteins. The 
original figures of the Human Apoptosis Antibody Array in this study are provided (Supplementary Figure 2). 
Furthermore, the expression of Akt, p-Akt, CCND1, CDK1 and PIK3CA was downregulated in the sh-PARN group 
compared with the sh-NC group (Figure 1D).

Effects of PARN on the proliferation, apoptosis and cell cycle of tumor cells in vitro
To investigate the effect of PARN on the biological characteristics of esophageal tumor cells, TE-1 and Eca-109 cells were 
transfected with sh-NC, shPARN-1, shPARN-2, and shPARN-3. The knockdown efficiency of PARN was validated by 
RT-qPCR. The results showed that shPARN-1 achieved the most efficient knockdown of PARN (Figure 3A), and 
thereafter, it was used to represent PARN knockdown in all follow-up experiments. The knockdown efficiency was 
verified at the protein level by western blotting (Figure 3B). The potential effect of PARN on the proliferation of Eca-109 
and TE-1 cells was evaluated using the Celigo cell counting method. The results showed that the proliferation rate of Eca-
109 and TE-1 cells infected with sh-PARN was significantly reduced compared with that of control cells (Figure 3C). It 
was confirmed that PARN knockout could significantly inhibit the proliferation of tumor cells. Apoptosis was analyzed 
by flow cytometry with Annexin V staining and showed a significantly increased percentage of apoptotic cells in sh-
PARN-infected TE-1 and Eca-109 cells compared to sh-NC cells (Figure 3G). These results suggest that PARN knockout 
inhibits cell proliferation by inducing apoptosis. It was also found that compared with the sh-NC group, the sh-PARN 
group exhibited a significantly increased percentage of cells in the G2/M phase (Figure 3F), suggesting that PARN affects 
the proliferation of TE-1 and Eca-109 cells by regulating the cell cycle. Together, these findings confirm that PARN 
promotes EC cell proliferation by blocking cell cycle arrest and apoptosis.

Wound healing assay and transwell invasion assay
In the wound healing assay, the migration rates were significantly decreased in the sh-PARN group compared to the sh-
NC group after lentivirus transfection. The migration abilities of Eca-109 cells in the sh-PARN group (72 h) were 47% 
lower than those in the sh-NC group (P < 0.001). In TE-1 cells, migration abilities in the sh-PARN group (8 h) were 
reduced by 40% (P < 0.001). (Figures 3D and E). Transwell invasion assays showed that after lentivirus transfection, the 
invasion ability of Eca-109 cells in the sh-PARN group was reduced by 73% compared with that in the sh-NC group (P < 

https://f6publishing.blob.core.windows.net/8d2fa3ef-4773-4cd4-a8a6-9255e4299fad/WJG-29-4783-supplementary-material.pdf
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Figure 3 Effect of poly(A)-specific ribonuclease on esophageal cancer cell proliferation, migration and invasion, cell cycle, and cell 
apoptosis in vitro. A and B: The interference efficiency of poly(A)-specific ribonuclease (PARN) via shRNA; C: Representative images of the Celigo cell count 
assay (magnification, × 100) and cumulative data of cell numbers in TE-1 and Eca-109 cells transfected with control shRNA or PARN shRNA; D: Representative 
images and statistical analysis of the wound healing assay; E: Representative images and statistical analysis of the transwell assay; F and G: Representative images 
and statistical analysis of flow cytometry analysis of TE-1 and Eca-109 cells after transfection. Cell cycle analysis revealed that PARN affected TE-1 and Eca-109 cell 
proliferation (F), and cell apoptosis analysis showed that PARN affected the apoptosis of TE-1 and Eca-109 cells (G). aP < 0.05, bP < 0.01, aP < 0.0001, cP < 0.001, 
means ± SDs are shown. sh PARN: Poly(A)-specific ribonuclease shRNA; sh-NC: Control shRNA.

0.001). In TE-1 cells, cell invasion was 70% lower in the sh-PARN group than in the sh-NC group (P < 0.001).

PARN facilitates tumor growth in vivo
The above results showed that knockdown of PARN inhibits cell proliferation and promotes cell apoptosis in vitro. We 
next wanted to examine the tumor suppression effects of PARN in vivo. To establish the xenograft tumor model, Eca-109 
cells that were stably transfected with sh-NC and sh-PARN were subcutaneously implanted into BALB/c nude mice. 
Tumor weight and volume in the shPARN group were significantly reduced compared with those in the sh-NC-treated 
group (Figures 4A-C). Additionally, bioluminescence imaging suggested that tumor growth in the sh-PARN group was 
substantially suppressed (Figures 4D and E), which was similar to the results presented above. The sh-PARN group 
exhibited significantly repressed tumor development in vivo, suggesting that the tumor-forming capacity of Eca-109 cells 
in nude mice was significantly accelerated by PARN downregulation. Additionally, Ki67 staining was used to examine 
the proliferative cells in tumors. IHC data of tumor tissue showed that the number of Ki-67-positive tumor cells in the sh-
PARN group markedly declined in comparison to that in the sh-NC group (Figure 4F). These in vivo results confirmed the 
in vitro results and showed that PARN significantly accelerated EC formation in nude mice.

DISCUSSION
Tumor progression is a complicated process, and increasing the degradation rate of homologous mRNAs affects the 
expression of dominant oncogenes, dysfunctional trans-acting factors and/or destruction of specific tumor suppressor 
genes. Therefore, precise control of mRNA levels is important for the regulation of gene expression[13,14].

As an RNA-processing enzymes, PARN may have an important role in tumor development and progression[15-17]. 
Currently, there is little evidence indicating a correlation between PARN expression and EC. Our study found that PARN 
expression levels in EC tissues are clearly higher than those in adjacent normal tissues and are significantly correlated 
with lymph node metastasis and poor patient survival. Since PARN expression has potential clinical implications in EC, 
the investigation of its regulatory mechanisms attracted our attention.

The main function of PARN is to cut the mRNA poly(A) tail and produce AMP in the process. The shortening of the 
eukaryotic poly(A) mRNA tail inhibits mRNA translation and induces transcript renewal; the deregulation of this process 
is common in cancer. A shortened poly(A) tail destabilizes mRNA and induces degradation. Thus, PARN is considered to 
be one of the important posttranscriptional regulators in cells. Previous studies have reported that the poly(A) tail of 
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Figure 4 Poly(A)-specific ribonuclease promotes tumor growth in vivo. A: Representative image of tumors separated from nude mice; B and C: Tumor 
volume and weight were measured in nude mice; D and E: Representative bioluminescence imaging (BLI) images and quantification of BLI in the tumor regions of 
nude mice; F: Representative images of Ki-67 staining in tumors isolated from the nude mice. Scale bars are indicated in the upper left corner of the picture (Bar = 50 
μm). Assays were conducted in triplicate. cP < 0.001, mean ± SD is shown. sh PARN: Poly(A)-specific ribonuclease shRNA; sh-NC: Control shRNA.

mRNA transcripts is removed by 3’ to 5’ exonucleases (deadenylases), and this process is referred to as the rate-limiting 
step of mRNA degradation[9,18-21]. After mRNA transcript degradation, the protein expression levels also change 
accordingly. The levels of these mRNAs are low under normal conditions due to deadenylase activity[22-24].

In our study, compared with normal tissues, EC tissues exhibited significantly increased mRNA levels of PARN, and 
we also observed this trend in EC cell lines. Interestingly, we found that high PARN expression predicted a poor 
prognosis in EC patients.

Furthermore, compared with the those of the respective control cell lines, the growth and proliferation of EC cells were 
significantly inhibited after PARN knockdown. In contrast, it was confirmed that high PARN levels can promote the 
growth and proliferation of EC cells.

In addition, it was also found that compared with the sh-NC group, the sh-PARN group exhibited a significantly 
increased percentage of cells in the G2/M phase, suggesting that PARN affects the proliferation of carcinoma cells by 
regulating the cell cycle.

Escape from apoptosis is beneficial for malignant cell survival and thus could be one of the important mechanisms in 
cancer pathogenesis[25,26]. Apoptosis involves many biochemical processes that are induced by multiple signaling 
pathways[27,28]. In our study, PARN knockdown significantly downregulated multiple apoptosis-related proteins (for 
example, the antiapoptotic proteins Surviving and sTNF-R1) and promoted apoptosis. Therefore, knockdown of the 
PARN gene promotes apoptosis by regulating apoptotic proteins. In addition, PARN knockdown not only affects the 
apoptosis rate but also regulates a wide range of downstream signaling factors, including Akt, p-Akt, PIK3CA and 
CCND1. There has been much evidence suggesting that the PI3K/Akt pathway is one of the most important signaling 
pathways for cell proliferation, survival, apoptosis and malignant transformation[29,30]. These results suggest that PARN 
may inhibit tumor cell apoptosis and promote tumor proliferation through the PI3K/Akt pathway in EC. Subsequent 
wound healing tests and transwell invasion tests confirmed the promoting effect of PARN on the migration and invasion 
of EC cells. In a BALB/c nude mouse xenograft model, the apoptosis ratio of Eca-109 and TE-1 cells was significantly 
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increased after PARN knockout, and the cell proliferation rate was significantly decreased, as well as the percentage of 
cells in G2/M phase arrest. It has been confirmed that PARN promotes tumor cell proliferation by blocking cell cycle 
arrest and apoptosis in EC.

CONCLUSION
Our study preliminarily concluded that PARN may inhibit in EC cell apoptosis and cell cycle arrest through the PI3K/
Akt pathway, thus promoting tumor proliferation, invasion and migration and further accelerating the progression of EC. 
Therefore, PARN can be used as a prognostic marker and therapeutic target for the diagnosis and treatment of EC.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer (EC) is a common malignant cancer type and the sixth leading cause of cancer-related mortality 
worldwide. The main treatment options for esophageal squamous cell carcinoma (ESCC) include surgery, radiotherapy, 
and chemotherapy. Due to its high invasiveness and high recurrence and metastasis rates, the prognosis of ESCC patients 
remains poor despite the use of multidisciplinary treatment. The 5-year overall survival rate of ESCC patients is only 
30%-40%. However, the prognosis of patients with advanced or metastatic EC is even worse, with a 5-year overall 
survival rate of less than 15%.

Research motivation
Poly(A)-specific ribonuclease (PARN) is a multifunctional enzyme that plays a crucial role in the occurrence and 
development of a variety of cancer types. The aim of this study was to explore the relationship between PARN and the 
proliferation, metastasis and invasion of EC cells to evaluate whether PARN could be a potential biomarker and drug 
target for the treatment of EC.

Research objectives
The objects of this study are as follows: (1) EC tissues and paired adjacent normal tissues were obtained from 91 patients 
with EC after surgery; (2) EC lines Eca-109 and TE-1; and (3) Nude mice.

Research methods
The expression of PARN mRNA was measured using a tissue microarray, and the expression of PARN was also detected 
using immunohistochemistry. The relationship between PARN expression and clinicopathological features and the 
survival prognosis of patients was analyzed. The effect of PARN on the proliferation, invasion and migration of Eca-109 
and TE-1 EC cells was investigated in vitro by knocking down PARN using shRNA. The effect of PARN on tumor growth 
in vivo was verified by a nude mouse xenograft model.

Research results
Our study found that PARN expression in EC tissues is clearly higher than that in adjacent healthy tissues and is 
significantly correlated with lymph node metastasis and poor survival. It was confirmed that PARN can promote the 
growth and proliferation of EC cells. Compared with the control shRNA group, the PARN shRNA group exhibited a 
significantly increased percentage of cells in the G2/M phase, suggesting that PARN affects the proliferation of carcinoma 
cells by regulating their cell cycle. Knockdown of the PARN gene promoted apoptosis by regulating apoptotic proteins. 
Wound healing tests and transwell invasion tests confirmed the promoting effect of PARN on the migration and invasion 
of EC cells. In the BALB/c nude mouse xenograft model, the apoptosis ratio of Eca-109 and TE-1 cells was significantly 
increased after PARN knockout, and the cell proliferation rate was significantly decreased, as well as the percentage of 
cells in G2/M phase arrest.

Research conclusions
Our study preliminarily concluded that PARN may inhibit EC cell apoptosis and cell cycle arrest through the PI3K/Akt 
pathway, thus promoting tumor cell proliferation, invasion and migration and further accelerating the progression of EC.

Research perspectives
PARN can be used as a prognostic marker and therapeutic target for the diagnosis and treatment of EC.
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