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Background: Although poly (ADP-ribose) polymerase family member 10

(PARP10) has been implicated in the progression of multiple cancer types, its

role in oral squamous cell carcinoma (OSCC) remains unknown. This study

aimed to examine the function of PARP10 in OSCC and investigate the

underlying mechanisms.

Methods: The expression of PARP10 in OSCC was investigated in OSCC patient

cohorts. Kaplan-Meier curve analysis was performed to assess the association

between PARP10 and prognosis in OSCC. Correlation between

PARP10 expression and the related variables was analyzed by χ2 test. CKK-8,

transwell assay, western blot, immunohistochemistry, immunofluorescence,

and bioinformatic analysis, were applied to clarify the role of PARP10 in OSCC.

Results: PARP10 was found to be markedly elevated in OSCC tissues. The

upregulation of PARP10 predicted shorter overall survival and disease-specific

survival and was significantly correlated with several malignant features.

Moreover, depletion of PARP10 markedly inhibited the proliferation,

migration, and invasion of OSCC cells, and promoted OSCC cell apoptosis,

and resulted in alterations of relevant proteins. Furthermore, a positive

correlation was observed between the expression of PARP10 and Ki67,

PARP1, MMP2, and VEGF. In addition, depletion of PARP10 impaired the

PI3K-AKT and MAPK signaling pathways.

Conclusion: PARP10 is involved in the progression of OSCC via regulation of

PI3K-AKT and MAPK signaling pathways.
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Introduction

Oral squamous cell carcinoma (OSCC) is a commonly

occurring head and neck cancer. More than 90% of cancer

cases in head and neck region are OSCCs (Quan et al., 2012).

Although the management of OSCC has improved, about 50% of

patients died within 5 years (Mascitti et al., 2018). Therefore, it is

urgent to explore the underlying mechanism of OSCC

progression and identify therapeutic targets for improving its

clinical treatment.

The poly (ADP ribose) polymerase (PARP) family consists of

17 members characterized by a PARP catalytic domain in the

C-terminus (Curtin & Szabo, 2020). PARPs participate in protein

posttranslational modifications by transferring multiple ADP-

ribose units or mono ADP-ribose units to substrates (Curtin &

Szabo, 2020). PARPs are involved in various biological processes

(Curtin & Szabo, 2020), including cells proliferation (Schiewer

et al., 2012; Choi et al., 2017), apoptosis (Yu et al., 2002; Todorova

et al., 2014), inflammation (Kamboj et al., 2013; Rom et al., 2016),

DNA damage response (Muller et al., 2019; Wang et al., 2019),

gene transcription (Chen et al., 2014; Gibson et al., 2016) and

chromatin remodeling (Wright et al., 2016; Hanzlikova et al.,

2017).

PARP10, a mono-ADP-ribosyltransferase (Kleine et al.,

2008), was initially discovered as an interacting protein of

c-Myc (Yu et al., 2005). PARP10 was found to inhibit the

transformation of rat embryonic fibroblasts mediated by

c-Myc and E1A (Yu et al., 2005). Subsequent studies

showed that PARP10 can function as either a tumor

suppressor or an oncogene (Schleicher et al., 2018; Zhao

et al., 2018; Tian L. et al, 2020). A deficiency of

PARP10 promotes the migration and invasion of HeLa cells

and hepatocellular carcinoma (HCC) QGY-7703 cells in vitro

and enhances the in vivo metastasis of these cells in a mouse

model (Zhao et al., 2018). Recently, a report showed that

PARP10 significantly decreases the colony-forming number of

HCC cells (Tian L. et al, 2020). In two other reports, the loss of

PARP10 was found to reduce the growth of HeLa cells both

in vitro and in vivo (Schleicher et al., 2018) and decreases the

proliferation of breast cancer and colorectal adenocarcinoma

cells (Marton et al., 2018). In addition, forced expression of

PARP10 is sufficient to induce tumor formation by non-

transforming RPE-1 cells (Schleicher et al., 2018).

Moreover, elevated levels of PARP10 have been observed in

up to 19% of breast tumors and 32% of ovarian tumors, as

revealed in The Cancer Genome Atlas (TCGA) database

(Schleicher et al., 2018). However, the role of PARP10 in

OSCC remains unknown.

In the present study, we investigated the clinical

significance of PARP10 in OSCC and determined its

function and potential mechanisms. We showed that

PARP10 was clinically significant in OSCC. Functionally,

knockdown of PARP10 inhibited OSCC cell growth,

migration, and invasion. Mechanistically, knockdown of

PARP10 impaired the PI3K-AKT and MAPK signaling

pathways. Thus, these findings suggest that

PARP10 functions as an oncogene in OSCC and may be a

potential target for OSCC treatment.

Materials and methods

Cell culture

The human OSCC cell lines (KB) were obtained from the

American Type Culture Collection (ATCC, Manassas,

United States). HSC3 and HSC4 cells of OSCC were

obtained from Japanese Collection of Research Bioresources

Cell Bank. These cells were cultured in Dulbecco’s modified

Eagle’s medium (DMEM; Gibco, United States) (KB cells) or

RPMI-1640 (Thermo Fisher Scientific, United States)

(HSC3 and HSC4 cells) supplemented with 10% fetal

bovine serum (Gibco, United States) and 1% penicillin-

streptomycin (Solarbio, Beijing, China). All cell cultures

were maintained in a humidified incubator at 37°C with

5% CO2.

Patients and clinical samples

Ninety-two surgical OSCC specimens were collected from

the Affiliated Hospital of Guilin Medical College from 2010 to

2015. None of the patients received radiotherapy or

chemotherapy treatment prior to surgery. All of the patients

were diagnosed and confirmed histologically as OSCC. Eleven

normal oral epithelium specimens were also collected from the

Affiliated Hospital of Guilin Medical College. The study protocol

was reviewed and approved by Ethics Committee of Guilin

Medical University. Written informed consent was obtained

from patients and the study was performed following the

Declaration of Helsinki.

Immunohistochemical (IHC) staining

IHC was performed as previously described (Qi et al., 2010).

Briefly, the paraffin-embedded tissues were cut into 4 μm

thick slices and then dewaxed and rehydrated. After the

endogenous peroxidase was blocked and performing antigen

retrieval, the slides were incubated with the primary

antibodies against PARP10 (Abcam, Cat. No.ab70800, Ki67

(Dako, Cat. No. M7240), PARP1 (Abcam, Cat. No.ab227244),

MMP2 (Abcam, Cat. No.ab86607), or VEGF (Abcam, Cat.

No. ab155288) at 4°C overnight, followed by incubation

with the horseradish peroxidase-conjugated secondary

antibody. Immunostaining signals were detected by 3,3′-
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diaminobenzidine (DAB) staining, and the nuclei were stained

with Harris hematoxylin. The specimens were independently

scored by two pathologists who were unaware of the clinical

information of these patients. Based on the proportion of

positively stained cells, the specimens were classified into four

grades: 0–5% (0), 6–20% (1), 21–50% (2), and 51–100% (3). The

expression levels of the indicated proteins were divided into two

groups based on the proportion score: 0–1 was defined as the low

expression group, and 2–3 was defined as the high expression

group.

Small interfering RNA (siRNA) transfection

The cells were seeded into six-well plates and transfected

with PARP10 siRNAs or nonspecific siRNA using

Lipofectamine 3000 (Thermo Fisher Scientific, United

States) according to the manufacturer’s instructions. The

siRNA oligonucleotides targeting PARP10 were as follows:

siPARP10 #1 sense: 5′-GCAUCUGCCAGCCCAGCAUTT-3′,
siPARP10 #2 sense: 5′-GCUCUACCAUGAGGACCUUTT-3′
and siPARP10 #3 sense: 5′-CCGGUCACUGGAGCCUCA

FIGURE 1
PARP10 is elevated in OSCC. (A) The mRNA levels of PARP family genes were investigated in the GEO OSCC dataset GSE37991. (B) The
differentially expressed PARP family genes were ranked by the R package “ggplot2”. (C) The DNA copy number of the PARP10 gene in OSCC was
investigated in theOncomine database. (D) ROC analysis was performed to assess the accuracy of PARP10 expression in distinguishing OSCC tissues
from adjacent nontumor tissues in GSE37991 cohort. (E) The protein level of PARP10 in various human tissues and cells, including oral
epithelium, was investigated in ProteomicsDB. NS, not significant. *p < 0.05, **p < 0.01, ***p < 0.001.
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FIGURE 2
Upregulation of PARP10 is associated with poor survival in OSCC patients. (A,B) The protein levels of PARP10 in OSCC and normal oral
epithelium tissues were investigated by immunohistochemistry (A), and the difference in PARP10 expression between the two groups was analyzed
using the χ2 test (B). (C,D) Kaplan-Meier analysis was performed to assess the association between PARP10 expression and the overall survival (C) and
disease-specific survival (D) of OSCC patients in the GSE41613 dataset.

FIGURE 3
PARP10 is positively associated with proliferation, EMT, and glycolysis signatures. (A) GSEA plots of enrichment of
BENPORATH_PROLIFERATION signature in PARP10High tumors versus PARP10Low tumors in the GSE41613 dataset. (B) GSEA plots of enrichment of
SARRIO_EPITHELIAL_MESENCHYMAL_TRANSITION_UP signature in PARP10High tumors versus PARP10Low tumors in the GSE41613 dataset. (C)
GSEA plots of enrichment of HALLMARK_GLYCOLYSIS signature in PARP10High tumors versus PARP10Low tumors in the GSE41613 dataset.
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ATT-3’. The nonspecific siRNA (sense: 5′-UUCUCCGAA

CGUGUCACGUTT-3′) was used as the negative control.

Western blot analysis

Western blot was performed as previously described (Qi

et al., 2010). Briefly, the cell lysates were collected and

subjected to protein extraction with RIPA lysis buffer

(Beyotime, Shanghai, China). Then, the total proteins were

separated by sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) and transferred to polyvinylidene

difluoride (PVDF) membranes (Solarbio, Beijing, China). The

membranes were blocked with 5% milk, followed by incubation

with the primary antibodies against PARP10 (Abcam, Cat. No.

ab70800), Cyclin B (Abcam, Cat. No.ab181593), Cyclin D1

(Abcam, Cat. No. ab6152), p53 (Proteintech, Cat. No.60283-1-

Ig), p21 (Proteintech, Cat. No.60214-1-Ig), p27 (Proteintech, Cat.

No.25614-1-AP), Cleaved Caspase 3 (Cell Signaling Technology

Cat. No.9661), Caspase 3 (Proteintech, Cat. No.19677-1-AP),

Bax (Proteintech, Cat. No.60267-1-Ig), Bcl2 (Proteintech, Cat.

No.60178-1-Ig), Bcl-xL (Proteintech, Cat. No.66020-1-Ig),

E-cadherin (Cell Signaling Technology, Cat. No.3195),

N-cadherin (Abcam, Cat. No. ab76011), Vimentin (Cell

Signaling Technology, Cat. No.5741), Snail (Cell Signaling

Technology, Cat. No.3895), Slug (Cell Signaling Technology,

Cat. No. 9585), MMP2 (Abcam, Cat. No.ab86607), VEGF

(Abcam, Cat. No. ab155288), β-catenin (Cell Signaling

Technology, Cat. No.9562), Wnt5a/b (Proteintech, Cat.

No.55184-1-AP), p-AKT (Proteintech, Cat. No.66444-1-Ig),

AKT (Proteintech, Cat. No.60203-2-Ig), p-SRC (Cell Signaling

Technology, Cat. No.2101), SRC (Cell Signaling Technology, Cat.

No.2108), p-P38 (Cell Signaling Technology, Cat. No.9216), P38

(Cell Signaling Technology, Cat. No.9212), p-RSK (Cell Signaling

Technology, Cat. No.9341), RSK (Cell Signaling Technology, Cat.

No.9333), or β-actin (Cat. No.TA-09) overnight at 4°C. After

washing with TBST, the membranes were incubated with a

secondary antibody for 2 h at room temperature. The

immunoblots were visualized by a chemiluminescence reagent

(Thermo Fisher). β-actin was used as an internal control.

Cell proliferation assay

The cells were seeded into 96-well plates at a density of

1,500 cells per well. Ten microliters of CCK-8 (Dojindo,

Shanghai, China) solution was added to each well of each

group at serial time points: 0 h, 24 h, 48 h, 72 h, and 96 h.

After 4 h of incubation with CCK-8, the absorbance was

measured at a wavelength of 450 nm.

Cell migration and invasion assays

The cells (5 × 104) in 200 μL of serum-free RPMI-1640

medium were seeded into the upper Transwell chambers

TABLE 1 The correlation between PARP10 expression and clinicopathological features in OSCC.

Clinicopathological features No. of patients PARP10 expression p-value

Low, n (%) High, n (%)

All patients 92 55 (59.8) 37 (40.2)

Age

≥57 54 35 (64.8) 19 (35.2) >0.05
<57 38 20 (52.6) 18 (47.4)

Sex

Male 66 37 (56.1) 29 (43.9) >0.05
Female 26 18 (69.2) 8 (30.8)

Histological differentiation

Well/Moderate 69 49 (71.0) 20 (29.0) <0.001
Poor 23 6 (26.1) 17 (73.9)

Lymph node metastasis

Negative 53 37 (69.8) 16 (30.2) <0.05
Positive 39 18 (46.2) 21 (53.8)

Clinical stage

Ⅰ 56 40 (71.4) 16 (28.6) <0.01
Ⅱ/Ⅲ 36 15 (41.7) 21 (58.3)

PARP10, poly (ADP-ribose) polymerase family member 10; OSCC, oral squamous cell carcinoma.
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(Corning) without (migration assay) or pre-coated with

(invasion assay) Matrigel (BD Bioscience). The lower

chambers were filled with 500 μL of RPMI-1640 medium

containing 10% FBS. After incubating for 48 h, the

migrated/invaded cells were fixed with 4%

paraformaldehyde, stained with crystal violet, and counted

in five random visual fields per filter under an inverted

microscope (IXTIFL, Olympus, Japan).

Immunofluorescence

The cells grown on the slides were fixed with 4%

paraformaldehyde and incubated with 0.5% Triton X-100.

Then, the cells were further incubated with an anti-α-tubulin
antibody (Abcam, Cat. No. ab52866) for 1 h at room

temperature, followed by the secondary antibody for 30 min at

room temperature. The nuclei were stained with 1 μg/ml DAPI

FIGURE 4
Depletion of PARP10 represses growth and metastatic capability in OSCC cells. (A)Western blot analysis of PARP10 in OSCC cell lines. β-actin
was used as an internal control. (B)Western blot analysis of PARP10 in HSC3 cells transfected with siRNAs targeting PARP10. β-actin was used as an
internal control. (C)Morphological images of HSC3 cells treatedwith PARP10 siRNA at the indicated time points. (D) Immunofluorescence assay of α-
tubulin (green) in HSC3 cells transfectedwith PARP10 siRNA. Nuclei were stainedwith DAPI (blue). (E) The proliferation of HSC3 cells transfected
with PARP10 siRNA was monitored by CCK-8 assays at the indicated time points. (F) Migration assay of HSC3 cells transfected with PARP10 siRNA
(left). Fold change of migration was quantified (Right). (G) Invasion assay of HSC3 cells transfected with PARP10 siRNA (left). Fold change of invasion
was quantified (Right). (H) Western blot analysis of the cell cycle regulators, apoptosis-related proteins, and EMT-related proteins in HSC3 cells
transfected with PARP10 siRNA. β-actin was used as an internal control. *p < 0.05, **p < 0.01, ***p < 0.001.
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(Solarbio) for 5 min. Images were captured using a Leica

DM3000a (Leica Microsystems Inc, Wetzlar, Germany).

Data mining

An OSCC dataset GSE37991 (Chou et al., 2019) was

downloaded from Gene Expression Omnibus (GEO; https://

www.ncbi.nlm.nih.gov/geo/) (Clough & Barrett, 2016), and the

expression levels of the PARP family genes were investigated in

this dataset, and the differentially expressed genes were ranked by

the R package “ggplot2”. The expression of PARP10 in head and

neck squamous cell carcinoma (HNSCC) was analyzed in the

UALCAN database (http://ualcan.path.uab.edu/index.html)

(Chandrashekar et al., 2017). The DNA copy number and

amplified status of PARP10 were analyzed in the Oncomine

(https://www.oncomine.org/) (Rhodes et al., 2007) and

cBioPortal databases (http://www.cbioportal.org/) (Gao et al.,

2013), respectively. The protein level of PARP10 in various

human tissues and cells was investigated in ProteomicsDB

(https://www.proteomicsdb.org/) (Schmidt et al., 2018;

Samaras et al., 2020).

Survival analysis

An OSCC GEO dataset GSE41613 (Lohavanichbutr et al.,

2013) containing follow-up data was obtained from GEO. The

cohort included 97 OSCC patients with 51 dead patients and

46 alive patients. Among 51 deaths, 30 were OSCC-specific

deaths. The probe 238083_at was used to extract the

expression data of PARP10, and the cutoff values for

PARP10 expression for the OSCC patients’ overall survival

and disease-specific survival were determined by receiver

operating characteristic (ROC) curves. Based on the cutoff

values, the OSCC patients were divided into high and low

PARP10 groups. The impact of PARP10 expression on the

overall survival and disease-specific survival of OSCC patients

was analyzed by Kaplan-Meier curve analysis.

Gene set enrichment analysis (GSEA)

GSEA was performed in the GSE41613 dataset to analyze the

relationship between PARP10 expression and a proliferation

signature (BENPORATH_PROLIFERATION), an epithelial-

mesenchymal transition (EMT) signature

(SARRIO_EPITHELIAL_MESENCHYMAL_TRANSITION_UP)

and a glycolysis signature (HALLMARK_GLYCOLYSIS) using

GSEA software (http://www.broadinstitue.org/gsea/index.jsp).

Gene ontology (GO) and KEGG pathway
enrichment analysis

The core enrichment genes of HALLMARK_GLYCOLYSIS

gene set revealed by GSEA were subject to DAVID database

(https://david.ncifcrf.gov/) for GO biological process and Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathway

enrichments. The differentially expressed genes (DEGs)

between PARP10High and PARP10Low patients in the

GSE41613 dataset were identified by the “limma” R package.

Genes with |Log2 (fold change)| > 0.585 and adjusted p-value < 0.

FIGURE 5
PARP10 is positively correlated with Ki67, PARP1, MMP2, and
VEGF in OSCC tissues. (A) Representative immunohistochemistry
images for PARP10, Ki67, PARP1, MMP2, and VEGF in OSCC
specimens. (B) The correlation between PARP10 expression
and the indicated proteins was analyzed using the χ2 test. **p <
0.01, ***p < 0.001.
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05 were considered statistically significant. The distribution of

DEGs was shown in volcano plots. The upregulated DEGs were

subjected to the DAVID database for KEGG pathway enrichment

analysis. The enrichment pathways were visualized by the

“ggplot2” R package.

Statistical analysis

All statistical analyses were carried out with SPSS22.0 or

GraphPad Prism 8.0. ROC curve was used to assess the accuracy

of PARP10 expression in distinguishing OSCC tissues from

adjacent nontumor tissues. The χ2 test was used to assess the

difference in PARP10 expression between the OSCC and normal

oral epithelium tissues, as well as the correlation between

PARP10 expression and various variables. Student’s t-test was

used to compare the differences between the two selected groups.

A p-value < 0.05 was considered to be statistically significant.

Results

PARP10 is highly expressed in OSCC

To better understand the expression of PARP family genes in

OSCC, the expression profiles of 17 PARP family genes were first

investigated in 40 OSCC tissues and paired adjacent nontumor

tissues in GEO OSCC dataset GSE37991. The results revealed that

eight genes (PARP1, PARP6, PARP8, PARP9, PARP10, PARP12,

PARP13, and PARP14) were upregulated, while two genes

(PARP3 and PARP16) were downregulated in OSCC tissues

compared to adjacent nontumor tissues (Figure 1A). Further

investigation revealed that the most upregulated gene was

PARP10 (Figure 1B). Similarly, higher expression of PARP10 was

found in head and neck squamous cell carcinoma (HNSCC)

(Supplementary Figure S1A, p < 0.001). Notably, its expression

gradually increased with the advancement of tumor grade

(Supplementary Figure S1B) and nodal metastasis

(Supplementary Figure S1C). Intriguingly, the expression of

PARP10 was more robust in human papillomavirus (HPV)-

positive patients than in HPV-negative patients (Supplementary

Figure S1D). In addition, we observed that the PARP10 gene was

amplified in OSCC (Figure 1C) andHNSCC (Supplementary Figure

S2). ROC analysis revealed that PARP10 could distinguish OSCC

tissues from adjacent nontumor tissues [Figure 1D; Supplementary

Table S1, area under curve (AUC) = 0.953, sensitivity = 97.5%,

specificity = 85.0%, positive predictive value = 0.867, negative

predictive value = 0.971]. Furthermore, when compared to other

human tissues, the expression of PARP10 was found to be lower in

oral epithelium (Figure 1E). These findings suggest that PARP10 is

upregulated in OSCC.

Upregulation of PARP10 is associated with
an adverse prognosis in OSCC

The above observations were further verified in our patient

cohort by immunohistochemistry (Figure 2A). PARP10 protein

expression was remarkably higher in OSCC than in normal oral

epithelium tissues (Figure 2B, p < 0.05). PARP10 protein was

expressed in high levels in 37 of 92 patients, while 55 of

92 patients had a low expression level of PARP10 (Figure 2B).

FIGURE 6
Depletion of PARP10 impairs the PI3K-AKT and MAPK signaling pathways. (A) KEGG pathway enrichment analysis of upregulated genes in
PARP10High versus PARP10Low OSCC in GSE41613. (B) Western blot analysis of proteins that are involved in the PI3K-AKT and MAPK signaling
pathways. β-actin was used as an internal control.
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In contrast, PARP10 protein expression was low in 11 of

11 normal oral epithelium tissues (Figure 2B). Correlation

analysis showed that high PARP10 expression was

significantly associated with several malignant features,

including histological differentiation (Table 1, p < 0.001),

lymph node metastasis (Table 1, p < 0.05) and clinical stage

(Table 1, p < 0.01). We further assessed the prognostic value of

PARP10 expression in the OSCC dataset GSE41613 with survival

data. As shown in Figures 2C,D; Supplementary Figure S3, OSCC

patients with high PARP10 expression had shorter overall

survival (p = 0.043) and disease-specific survival (p = 0.012)

than those with low PARP10 expression.

PARP10 is linked to various malignant
biological processes

The clinical significance of PARP10 in OSCC suggests that

PARP10 may play a role in OSCC progression. To elucidate the

role of PARP10 in OSCC, we applied gene set enrichment analysis

(GSEA) to investigate the malignant behaviors in which

PARP10 may be involved. The results showed that the

proliferation signature (BENPORATH_PROLIFERATION)

[Figure 3A, normalized enrichment score (NES) = 1.330, false

discovery rate (FDR) q = 0.212], epithelial-mesenchymal

transition (EMT) signature SARRIO_EPITHELIAL_

MESENCHYMAL_TRANSITION_UP (Figure 3B, NES = 1.441,

FDR q = 0.117) were enriched in the OSCC patients with high

PARP10 expression. Intriguingly, glycolysis signature

HALLMARK_GLYCOLYSIS was also found to be enriched in

OSCC patients with high PARP10 expression (Figure 3C, NES =

1.15, FDR q = 0.201). Further, the core enrichment genes of

HALLMARK_GLYCOLYSIS gene set (Table S2) were subject to

GO analysis and found that these genes mainly regulated various

metabolic processes including gluconeogenesis, carbohydrate

metabolic process, galactose catabolic process, galactose metabolic

process, fructose 1,6-bisphosphate metabolic process, pyruvate

metabolic process, and canonical glycolysis (Supplementary Figure

S4A). KEGG pathway enrichment analysis showed that these genes

weremainly enriched in theHIF-1 signaling pathway, biosynthesis of

amino acids, metabolic pathways, glycolysis/gluconeogenesis,

galactose metabolism, carbon metabolism, and central carbon

metabolism in cancer (Supplementary Figure S4B). These results

suggest a critical role of PARP10 in OSCC.

Depletion of PARP10 represses growth
and metastatic capability in OSCC cells

Based on the above observations, we next evaluated the effect of

PARP10 on OSCC cell growth. First, we detected the expression of

PARP10 in OSCC cell lines and found that PARP10 was

differentially expressed in three OSCC cell lines (Figure 4A).

HSC3 was used as a cell model for the subsequent experiments.

The siRNA oligonucleotides targeting PARP10 were applied to

silence the expression of PARP10 in HSC3 cells, and all three

siRNA oligonucleotides remarkably downregulated the expression

of PARP10 (Figure 4B). PARP10 siRNA #1 was selected for the

subsequent experiments. The PARP10 siRNA strongly decreased the

HSC3 cell numbers (Figure 4C) as revealed by optical microscopy,

and some cells exhibited distinct morphology characterized by

nuclear atypia (Figure 4D), which resembled apoptosis.

Consistently, silencing PARP10 significantly reduced HSC3 cell

proliferation (Figure 4E, p < 0.05). In support, silencing

PARP10 decreased cell cycle accelerators (Cyclin B and Cyclin

D1) and increased the expression of cell cycle inhibitors (p53,

p21, and p27) (Figure 4H). Moreover, silencing

PARP10 increased the expression of apoptosis-promoting

proteins (Cleaved Caspase-3, Caspase-3 and Bax) and decreased

the expression of apoptosis-inhibiting proteins (Bcl-2 and Bcl-xL)

(Figure 4H).

Further, we examined the effect of PARP10 deficiency on

OSCC cell metastatic potential. The results showed that

silencing of PARP10 dramatically reduced both the

migratory (Figure 4F, p < 0.001) and invasive (Figure 4G,

p < 0.01) capabilities of HSC3 cells. These data indicate that

PARP10 may play an important role in the promotion of

OSCC cell migration and invasion. As it is well established

that epithelial-mesenchymal transition (EMT) plays an

indispensable role in tumor invasion and metastasis

(Pastushenko & Blanpain, 2019), we next detected the

expression levels of EMT-associated proteins by western

blot. The results showed that silencing PARP10 slightly

induced the expression level of the epithelial marker

E-cadherin, but diminished the expression levels of

mesenchymal markers (N-cadherin and Vimentin) and the

expression levels of EMT activators (Snail, Slug, MMP2,

VEGF, β-catenin, and Wnt5a/b) in HSC3 cells (Figure 4H).

Taken together, these results suggest that PARP10 promotes

OSCC growth via regulation of the cell cycle and apoptosis

signaling and that PARP10 enhances OSCC cell migration and

invasion through regulation of EMT.

PARP10 is correlated with multiple
oncogenic proteins in OSCC tissues

To verify the above results, we compared the expression

patterns of PARP10 with well-known proliferation (Ki67),

apoptosis (PARP1), and metastasis (VEGF and MMP2)-

associated proteins in OSCC tissues. In accordance with the

above findings, the expression pattern of PARP10 appeared to be

highly consistent with those of Ki67, PARP1, MMP2, and VEGF

in OSCC (Figure 5A). Correlation analysis demonstrated a

positive relationship between the expression of PARP10 and

the expression of Ki67 (Figure 5B, p < 0.01), PARP1 (Figure 5B,
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p < 0.001), MMP2 (Figure 5B, p < 0.001), and VEGF (Figure 5B,

p < 0.01). These data further support the role of PARP10 in

tumor growth and metastasis of OSCC.

Silencing of PARP10 impairs the PI3K-AKT
and MAPK signaling pathways

We next explored the mechanisms involved in the regulation

of OSCC malignant behaviors by PARP10. A total of

161 upregulated genes in PARP10High versus PARP10Low were

identified in the OSCC dataset GSE41613 (Supplementary Figure

S5). These upregulated genes were subjected to KEGG pathway

analysis, and the results showed that these upregulated genes

were enriched in multiple pathways, including the PI3K-AKT

and MAPK signaling pathways (Figure 6A), which have been

demonstrated to contribute to the tumor growth and metastasis

of various cancers (Manning & Toker, 2017; Peluso et al., 2019).

Therefore, we investigated the impact of PARP10 on these two

pathways and found that silencing PARP10 decreased the protein

levels of p-AKT, p-SRC, p-P38, and p-RSK in HSC3 cells

(Figure 6B). These findings suggest that the tumor-promoting

function of PARP10 in OSCC may be at least partially mediated

by the PI3K-AKT and MAPK signaling pathways.

Discussion

Recently, the physiological role of PARP10 in cancers has

begun to be understood; however, to date, neither the clinical

significance of PARP10 nor the function and downstream of

PARP10 in OSCC has been clarified. In this study, we found that

PARP10 was upregulated in OSCC and HNSCC and that

PARP10 had the potential to differentiate OSCC tissues from

adjacent nontumor tissues. Importantly, its upregulation

predicted a poor prognosis in OSCC patients. Moreover, we

identified the role of PARP10 in OSCC cell proliferation,

apoptosis, and metastatic potential. Furthermore, PARP10 was

found to be involved in the regulation of the PI3K-AKT and

MAPK signaling pathways.

Increased PARP10 expression has been reported in breast

and ovarian tumors (Schleicher et al., 2018). Consistently, we

found that both the transcription and protein levels of

PARP10 were upregulated in OSCC and HNSCC, and that it

could efficiently discriminate OSCC tissues from adjacent

nontumor tissues, suggesting PARP10 may be useful for

diagnosis of OSCC, which needs to be validated in other

independent cohorts. Moreover, increased PARP10 protein

levels were correlated with several clinicopathologic indicators,

including histological differentiation, lymph node metastasis,

and clinical stage. The amplification of the PARP10 gene in

OSCC and HNSCC tissues and the upregulation of

PARP10 expression in HPV-positive HNSCC patients suggest

that a gain in gene copy number and HPV infection may at least

partially contribute to PARP10 overexpression in OSCC and

HNSCC. Given that HPV is a potential risk factor for OSCC

(Chai et al., 2020), HPV may contribute to the tumorigenesis of

OSCC partially through the upregulation of PARP10.

Importantly, elevated PARP10 predicted unfavorable outcomes

in OSCC patients. In support, in gastric cancer, high

PARP10 expression is correlated with shorter survival

(Marton et al., 2018).

PARP10 has been implicated in various biological processes

(Feijs et al., 2013; Kaufmann et al., 2015; Marton et al., 2018; Tian

Y. et al, 2020; Gao et al., 2020), including the regulation of cancer

cell proliferation (Schleicher et al., 2018; Wu et al., 2020) and

tumor metastasis (Zhao et al., 2018; Zhao et al., 2021). By

performing GSEA, we showed that PARP10 was closely

associated with cell proliferation and EMT signatures.

Importantly, the experimental data confirmed that

PARP10 deficiency markedly inhibited proliferation, migration,

and invasion of OSCC cells, and enhanced OSCC cell apoptosis.

Moreover, these observations were verified by the detection of

proliferation-, apoptosis- and EMT-associated molecules. In

addition, we also found that PARP10 was closely correlated

with proliferation-, apoptosis-, and metastasis-associated

molecules in OSCC tissues. These data further support the role

of PARP10 in the regulation of OSCC cell proliferation, apoptosis,

and metastatic capability. Besides, we found that PARP10 may be

involved in the regulation of glycolysis. In support, PARP10 has

been implicated in the regulation of metabolism (Szanto & Bai,

2020). PARP1 and PARP2, two PARP family members, have been

demonstrated to be involved in metabolic regulation, including

glucose metabolism (Bai & Canto, 2012). In addition, it has been

reported that poly-ADP ribose (PAR), can interact with PKM2 (a

key glycolytic enzyme), and that this interaction is required for

nuclear PKM2-induced glycolysis. PARP inhibitors can eliminate

the interaction of PARP/PKM2, thereby suppressing nuclear

PKM2-dependent glycolysis and tumor growth (Li et al., 2016).

These reports suggest that the PARP family may play a critical role

in glycolysis. Whether PARP10 plays a role in the regulation of

glycolysis is worth further investigation.

As a mono-ADP-ribosyltransferase, PARP10 has been

reported to participate in the regulation of multiple pathways,

a role that is dependent on its catalytic activity (Verheugd et al.,

2013; Zhao et al., 2018; Tian L. et al, 2020). PARP10 can inhibit

Aurora A activity by interacting with it and mono-ADP-

ribosylating it, which leads to inhibition of tumor metastasis

(Zhao et al., 2018). Recently, a report showed that PARP10 can

mono-ADP-ribosylate PLK1, thereby inhibiting its kinase

activity and suppressing HCC progression (Tian L. et al,

2020). In another report, PARP10 was demonstrated to

perform its oncogenic activity by alleviating replication stress

(Schleicher et al., 2018). Moreover, PARP10 has also been

revealed to modulate mitochondrial oxidative metabolism via

regulation of AMPK, thereby affecting cancer cell proliferation
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(Marton et al., 2018). Here, we showed that two pathways critical

for cancer cell proliferation and metastasis, the PI3K-AKT and

MAPK signaling pathways, were hampered by silencing PARP10.

These data suggest the possibility that PARP10 may regulate the

PI3K-AKT and MAPK signaling pathways indirectly or directly.

Whether PARP10 activates PI3K-AKT and MAPK signaling

pathways via its mono-ADP-ribosyltransferase activity or not

is worthy of further investigation.

Nonetheless, the results of this study were mainly derived

from the depletion of PARP10 in one cell line, and the conclusions

need to be verified in cells with PARP10 overexpressed, as well as

in more cell lines and mouse models. The clinical significance of

PARP10 also needs to be validated in additional independent

cohorts. Further investigation of the mechanisms responsible for

the function of PARP10 will enhance our understanding of the

role of PARP10 in OSCC. Given that a pipeline of inhibitors

targeting PARP10 has been developed (Ekblad et al., 2015;

Murthy et al., 2018; Morgan et al., 2019; Lemke et al., 2020), it

will be important to verify the effects of these inhibitors using

OSCC as a model.

In conclusion, the results of this study indicate that

PARP10 is upregulated in OSCC, and its overexpression is

associated with a poor prognosis. Moreover, PARP10 has

exhibited a substantial role in the regulation of OSCC cell

proliferation, apoptosis, and metastatic capability. Its effects

on the PI3K-AKT and MAPK signaling pathways may explain

the function of PARP10 in OSCC. This finding provides a

rationale for exploiting PARP10 as a diagnostic, prognostic,

and therapeutic target for OSCC.
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