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Integrated transcriptomic and proteomic analysis reveals the mechanistic role 
of OST in cutaneous squamous cell carcinoma 

Yue WANG1,#, Hongfang DING2,#, Tong GAO1, Bocheng JI1, Yan GAO3, Wenjie YAN1,*, JUANWANG2,3,*

1Department of Dermatology, The Affiliated Hospital of Guilin Medical University, Guilin, China; 2Faculty of Basic Medicine, Guilin Medical 
University, Guilin, China; 3Nurse of College, Guilin Medical University, Guilin, China 

*Correspondence: ywj716@glmc.edu.cn; juanlovelife@163.com  
#Contributed equally to this work. 

Received April 22, 2025 / Accepted November 24, 2025

Osthole (OST) is a natural component of the traditional Chinese medicinal herb, Cnidium monnieri, that exhibits 
antipruritic properties and may exert effects on dermatitis. Numerous previous studies have focused on the effects of OST 
in tumors; however, the potential impact on cutaneous squamous cell carcinoma (CSCC) remains to be fully elucidated. 
Thus, the present study aimed to evaluate CSCC cell proliferation following treatment with OST, and further analyzed the 
underlying mechanisms using multi-omics analyses. Due to their cancerous characteristics, both A431 and SCL-1 cells are 
used in drug screening and testing for CSCC, particularly for therapies targeting growth pathways and markers associated 
with SCC. Results of the flow cytometry analysis demonstrated that OST impacted the CSCC cell cycle, causing arrest in the 
G2 phase. Notably, OST exerted a slight growth-promoting effect on healthy skin HaCaT cells. In addition, our omics results 
revealed that there were 1,720 differentially expressed genes and 227 differentially expressed proteins in the OST-treated 
group. Transcriptomics combined with proteomics analyses revealed that 5 of the top 20 screened pathways were associated 
with the cell cycle, and ATR, CENPJ, and RAD54B were highlighted as specific targets for OST-mediated regulation. Collec-
tively, these results suggested that OST has a potential inhibition on human CSCC cells, and ATR, CENPJ, and RAD54B may 
be the key factors regulated by OST in A431’s cell cycle progression inhibition. 
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Cutaneous squamous cell carcinoma (CSCC) is character-
ized by the malignant proliferation of keratin-forming cells 
derived from the epidermis and its appendages, including 
hair follicles, sebaceous glands and small sweat glands [1, 2]. 
Ranking as the second most prevalent skin malignancy in 
humans, CSCC constitutes ~33% of all non-melanoma skin 
cancers [2, 3]. The notable rates of occurrence and mortality 
place substantial physical, psychological, and economic 
burdens on affected individuals. At present, surgery is the 
primary treatment option for CSCC, with radiation therapy, 
chemotherapy, and laser treatment used as secondary or 
adjuvant treatments [4, 5]. However, CSCC primarily affects 
individuals between 50 and 70 years of age, who are often at 
an increased risk of surgical complications, and may present 
with a lower tolerance to potential side effects associated with 
radiation and chemotherapy [6]. Therefore, further investi-
gations are necessary to develop novel treatment options that 
demonstrate high levels of efficacy and safety.

Osthole (OST) is a traditional Chinese medicine that 
exhibits antipruritic properties and exerts potential effects on 
dermatitis. Thus, the present study aimed to determine the 
potential impact of OST on CSCC. Notably, natural medicines 
may play an important role in the treatment of cancer [7]. 
OST is a coumarin compound extracted from the fruit of the 
traditional Chinese medicinal herb, Cnidium monnieri [8]. 
The chemical structure of OST is 7-methoxy-8-isopentenyl-
coumarin with a molecular weight of 244.29 [9]. Results of 
previous studies demonstrated that OST is associated with 
minimal toxic side effects, a broad safety profile, affordability, 
and high levels of tolerability in humans. In addition, OST 
exhibits a wide range of pharmacological activities, including 
anti-cancer, anti-inflammatory, antioxidant, and antipru-
ritic properties [9, 10]. Previous studies have demonstrated 
the inhibitory effects of OST on the growth of malignant 
tumors, including breast cancer, ovarian cancer, colorectal 
cancer, lung cancer, and hepatocellular carcinoma [11–18]. 
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In this study, we found that OST inhibited the proliferation of 
CSCC cells (A431 and SLC-1 cell lines). Moreover, it exerted 
minimal inhibitory effects on the healthy skin HaCaT cell 
line, indicating the potential for this drug in the treatment 
of CSCC. Small-molecule drugs, including bioactive natural 
drugs, exert their desired pharmacological functions through 
interactions with specific targets. However, the potential 
targets and mechanisms of OST in CSCC remain to be fully 
elucidated.

Given that small-molecule drugs exert their pharmacolog-
ical effects through interactions with specific targets, identi-
fying these targets is essential for validating the mechanism 
of OST action [19]. In this study, we aimed to determine the 
potential targets and mechanisms of OST in the treatment of 
CSCC, through phenotype-based screening combined with 
integrated transcriptomic and proteomic analyses [20, 21].

Materials and methods

Cell lines. Human epidermal cancer cell lines, namely, 
A-431 cells, were purchased from Pricella Company, SCL-1 
cells were obtained from Otwo Biotech Company (Catalog 
No. HTX2657), and HaCaT cells from Ubigene Company. 
We validated the origin of HaCaT cells using STR analysis.

Reagents and antibodies. OST was purchased from Push 
Biotechnology Co., Ltd. (purity ≥ 99%, Chengdu, China). 
Dulbecco’s Modified Eagle’s Medium (DMEM) and FBS were 
obtained from Gibco; Thermo Fisher Scientific, Inc. MTT 
and penicillin-streptomycin were purchased from Beijing 
Solarbio Science & Technology Co., Ltd. The BCA assay kit, 
phenylmethylsulphonyl fluoride (PMSF), and radioimmu-
noprecipitation assay (RIPA) were purchased from Beyotime 
Institute of Biotechnology. Anti-CENPJ (#TA811852S) was 
purchased from OriGene Technologies, Inc., and anti-ATR 
(#P11588) and anti-RAD54B (#P33254) were obtained from 
Promab Biotechnologies, Inc. 

Cell culture. A431, HaCaT, and SCL-1 cells were cultured 
in DMEM supplemented with 10% FBS and 1% penicillin-
streptomycin to support their growth and proliferation. All 
cell lines were kept in a humidified incubator at 37°C with 
5% CO₂.

Cell viability assay. OST was dissolved in DMSO at a 
concentration of 640 mmol/l, and SCL-1 and A431 cells were 
seeded into 96-well plates. On day 2, OST was diluted with 
cell culture medium to reach final concentrations of 40, 80, 
160, and 320 μmol/l. Seeded cells were treated with differing 
concentrations of diluted OST for 24, 48, and 72 h. Subse-
quently, MTT was added, and cells were incubated for 4 h at 
37°C. Following the addition of 150 μl of DMSO, cell viability 
was determined at a wavelength of 490 nm using a micro-
plate reader (Tecan Group, Ltd.).

Colony formation assay. Following trypsin digestion, 
A431 cells were harvested via centrifugation and seeded 
uniformly at a density of 100 cells/well in a 6-well plate. On 
day 2, OST was added to wells at varying concentrations 

(0, 160, and 320 µmol/l), and culture medium was replaced 
every 3 days. Following 12 days of treatment with OST, cells 
were fixed using 4% paraformaldehyde and stained with 
0.1% crystal violet. Subsequently, cells were washed 3 times 
with PBS, and plates were air-dried and scanned using a 
chemiluminescence imaging system. The inhibition rate of 
clone formation was calculated using the following formula: 
Inhibition rate (%) = [(Number of colonies in the control 
group – Number of colonies in the treatment group)/Number 
of colonies in the control group] × 100.

Flow cytometry. Following treatment with OST (320 
µmol/l) for 48 h, A431 cells were digested with 0.25% trypsin, 
harvested by centrifugation, and finally washed twice with 
ice-cold PBS. Subsequently, cells were immobilized using 
70% ice-cold ethanol and incubated overnight at –20°C. 
Following incubation, cells were collected via centrifugation 
and washed twice with ice-cold PBS. Cells were subsequently 
incubated with RNase for 30 min and stained with propidium 
iodide (50 μg/ml) in the dark. After 30 min, cell cycle analysis 
was performed using flow cytometry (Accuri™C6 Plus Flow 
Cytometer, Becton Dickinson, San Jose, CA, USA) and 
Flowjo software (FlowjoTM10, Becton Dickinson, San Jose, 
CA, USA).

RNA sequencing (RNA-seq) analysis. A431 cells were 
treated with 160 µmol/l OST for 48 h and harvested for 
RNA-seq analysis, as described previously [22]. The RNA-seq 
data for this study have been submitted to the NCBI Sequence 
Read Archive (SRA) under BioProject accession number 
PRJNA1218291 (Temporary Submission ID: SUB15056061). 
SRA records will be accessible with the following link after 
the indicated release date: https://www.ncbi.nlm.nih.gov/sra/
PRJNA1218291

Proteomics analysis. A431 cells were treated with 160 
µmol/l OST for 48 h and harvested for proteomics analysis, 
as described previously [22]. The proteomics data have been 
submitted to the ProteomeXchange Consortium with the 
accession number PXD060279.

Western blot analysis. A431 cells were treated with OST 
for 48 h. Total protein was extracted from cells using RIPA 
buffer supplemented with PMSF at a volume ratio of 100:1. 
The mixture was kept on ice to ensure protein stability 
during lysis. Proteins were isolated from cell lysates using 
centrifugation and separated via SDS-PAGE. Separated 
proteins were transferred onto a nitrocellulose membrane 
and blocked with 5% skimmed milk for 2 h. Following 
blocking, membranes were washed with PBS+0.05% Tween 
20 and incubated with primary and secondary antibodies. 
Protein bands were visualized using an ECL kit, and 
protein expression was quantified using Image Lab software 
(Bio-Rad Laboratories, Inc.).

Statistical analysis. Data are presented as the mean ± 
standard deviation (SD), and GraphPad Prism 8 (GraphPad; 
Dotmatics) was used for statistical analysis. Differences 
between two groups were analyzed using a two-tailed 
Student’s t-test, and differences between multiple groups 
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were analyzed using one-way ANOVA. A p-value <0.05 was 
considered to indicate a statistically significant difference.

Results

OST inhibits CSCC cell proliferation. MTT analysis 
demonstrated that treatment with OST inhibited the prolif-
eration of CSCC cells in a time- and dose-dependent manner. 

Notably, A431 cells exhibited a higher sensitivity to OST. 
Compared with the control group, cells appeared brighter 
with an abnormal morphology following treatment with OST 
(Figure 1A). As displayed in Figures 1B and 1C, OST signifi-
cantly inhibited the proliferation of A431 and SLC-1 CSCC 
cell lines. Compared with the control group, ~90% of cell 
proliferation was inhibited by 320 µmol/l OST. In addition, to 
detect the cell toxicity of OST on normal human healthy skin 

Figure 1. OST inhibited cutaneous squamous cell carcinoma cells’ proliferation. A) Microscopic morphological changes in skin squamous cell carci-
noma cells induced by OST. B–D) The proliferation inhibition effect of OST on A431, SCL-1, and HaCaT cell lines. E) Colony formation assays were 
used to analyze A431 cells with and without OST treatment (0, 160, and 320 µmol/l). Data are expressed as the mean ± SD from three independent 
experiments. **p<0.05 compared with the control group
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As displayed in Figures 2A and 2B, the cell cycle of A431 cells 
treated with OST was arrested at the S phase. Furthermore, 
we measured DNA synthesis using EdU staining assays and 
found that OST significantly inhibited DNA synthesis in 
SCL-1 cells (Supplementary Figure S1). The absence of a 
sub-G1 population in the data is due to the gating strategy 
employed during flow cytometry analysis. Specifically, the 
gating excluded dead cells, which were not included in the 
analysis. As a result, the sub-G1 population, which typically 
represents apoptotic cells, was not detected. This explains the 
discrepancy and aligns with the description of OST-induced 
cell death.

RNA-seq analysis of differentially expressed genes 
following treatment with OST. In the present study, 
RNA-seq analysis was used to determine potential transcrip-

cells, we analyzed the cell growth of HaCaT cells after treat-
ment with OST, and the results showed that there was a slight 
growth-promoting effect of OST (Figure 1D). The colony 
formation assay showed that OST exerted inhibitory effects 
on the proliferation of CSCC cells (Figure 1E). Collectively, 
these results indicated that OST may exert antiproliferative 
effects on CSCC cells, with low levels of cytotoxicity in the 
healthy skin HaCaT cell line.

OST induces cell cycle arrest in CSCC cells. Uncon-
trolled and rapid cell division is a hallmark of cancer cells. 
Notably, numerous natural drugs exert inhibitory effects 
on cancer cells by inhibiting cell cycle progression. Thus, 
the present study aimed to determine the effects of OST on 
cell cycle arrest in CSCC cells. A431 cells treated with or 
without 320 µmol/l OST were analyzed via flow cytometry. 

Figure 2. OST induced cutaneous squamous cell carcinoma cell cycle arrest. A) Representative flow cytometry images of the A431 cells treated or 
untreated with OST are shown. B) The percentage of cells in different phases of the cell cycle is represented as a bar diagram. *p<0.05, ***p<0.001 
compared with the control group. Three independent experiments were performed to validate the findings.
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tomic alterations in A431 cells following treatment with OST. 
Principal component analysis (PCA) revealed significant 
variations in RNA abundance between OST-treated cells and 
those in the control group (Figure 3A). Heatmap and volcano 

plots were used to illustrate the transcripts exhibiting differ-
ential expression (Figures 3B, 3C). In the present study, 
a total of 20,036 RNAs were quantified, with 1,720 RNAs 
exhibiting statistically significant alterations following OST 

Figure 3. Differential analysis of gene expression levels between control and OST-treated A431 cells. A) Principal component analysis was applied to 
the RNA-seq data, with each point on the plot representing a biological replicate. B) Heatmap illustrating gene expression differences among various 
groups. C) Volcano plots depicting the transcript abundance variations, with gray dots indicating no statistically significant differences. Significantly 
upregulated proteins are represented by red dots, while significantly downregulated proteins are denoted by blue dots. D) Histogram depicting the 
variation in gene expression across different groups; E, F) Both of them annotations for GO and KEGG terms were performed for genes.
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treatment. Among these, the expression levels of 1,048 genes 
were reduced, while the expression levels of 672 genes were 
increased (Figure 3D). Differentially expressed gene functions 
were annotated using the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) and Gene Ontology (GO) databases. 
Results of the GO enrichment analysis demonstrated that 
the differentially expressed genes altered following treatment 
with OST were enriched in pathways closely associated with 
the cell cycle, such as cell cycle progression, DNA replica-
tion, negative regulation of the cell cycle, and the mitotic 
cell cycle process (Figure 3E). Notably, these pathways 
accounted for nine of the top 20 pathways. KEGG enrich-
ment analysis revealed that the pathways altered following 
treatment with OST were enriched in biological regulatory 
processes, including DNA replication, cell cycle, PI3K-AKT 
signaling pathways, and cytokine-cytokine receptor interac-
tion (Figure 3F). Collectively, these results highlighted that 
OST may exert effects in CSCC through inhibition of cell 
cycle progression.

Proteomics analysis of differentially expressed proteins 
following treatment with OST. Subsequently, data-indepen-
dent acquisition (DIA) protein-quantification proteomics 
analysis was used to identify specific proteins that were 
impacted following treatment with OST. In the present study, 
a total of 7,628 proteins were identified through DIA quanti-
tative proteomics analysis. PCA analysis revealed significant 
variations in protein abundance between OST-treated cells 
and those in the control group (Figure 4A). Heat maps and 
volcano plots were used to illustrate the proteins exhibiting 
differential expression (Figures 4B, 4C). Differential protein 
expression levels in OST-treated and control groups are 
displayed in Figure 3C. Out of 7,628 identified proteins, 282 
proteins were significantly altered following OST treatment, 
with downregulation of 55 proteins and upregulation of 227 
proteins (Figure 4D). Results of the GO enrichment analysis 
revealed that the differentially expressed proteins altered 
following treatment with OST were enriched in biological 
processes associated with the regulation of mitochondria, 
ribosomes, oxidative phosphorylation, DNA replication, 
and the cell cycle. Among the top 20 enrichment pathways, 
two pathways were associated with the cell cycle (Figure 4E). 
Moreover, results of the KEGG enrichment analysis revealed 
that the differentially expressed proteins altered by OST were 
involved in oxidative phosphorylation, DNA replication, and 
the cell cycle (Figure 4F).

Potential association between the transcriptome and 
proteome. To determine the potential association between the 
gene and protein expression alterations observed following 
treatment with OST, an integrated analysis of transcrip-
tomics and proteomics was carried out. Venn analysis 
revealed 69 overlapping molecules that exhibited signifi-
cant differential expression at both gene and protein levels 
(Figure 5A). Among them, 60 molecules exhibited consistent 
expression trends, with 26 molecules demonstrating upreg-
ulation and 34 molecules demonstrating downregulation. 

However, mRNA and protein expression of the remaining 
nine molecules appeared to be inconsistent. Subsequently, 
overlapping molecules were displayed in a nine-quadrant 
graph. Red points were indicative of significant upregula-
tion at both mRNA and protein levels, while green points 
represented overlapping downregulated genes (Figure 5B). 
To screen for commonly regulated pathways at both mRNA 
and protein levels, GO enrichment analysis was performed. 
Results of the present study revealed that the commonly 
regulated molecules were mainly enriched in the cell cycle 
process, and 5 of the top 20 biological processes were associ-
ated with the cell cycle (Figure 5C). Collectively, these results 
highlighted that pathways associated with the cell cycle may 
play a crucial role in mediating the anti-cancer effects of OST 
on CSCC cells. Subsequently, screening was carried out to 
identify specific molecules involved in the aforementioned 
cell cycle pathways that were altered following treatment with 
OST. The screening analysis highlighted several molecules 
associated with cell cycle pathways, including ATR, CENPJ, 
and RAD54B (Figure 5D).

In vitro verification of OST targets. RNA-seq analysis 
results revealed that three genes exhibited a 2.55- to 3.00-fold 
reduced expression in OST-treated cells (Figure 6A). In 
addition, DIA analysis results demonstrated that the afore-
mentioned proteins, namely, ATR, CENPJ, and RAD54B, 
exhibited a 2.23- to 14.03-fold reduced expression in 
OST-treated cells (Figure 6B). Our qPCR results (Supple-
mentary Figure S2) and western blot analysis revealed that 
ATR, CENPJ, and RAD54B expression levels were reduced 
in A431 cells following treatment with OST (Figure 6C). 
Notably, these results were comparable with those obtained 
using proteomics analysis. Collectively, the present study 
revealed that these proteins may act as targets of OST for the 
promotion of cell cycle arrest of A431 cells.

Discussion

In recent years, research has focused on the use of tradi-
tional Chinese medicines in the treatment of cancer [7, 
23]. OST is an active compound extracted from the herbal 
medicine, Cnidium monnieri. Numerous studies reported 
that OST may exhibit potential in inhibiting inflamma-
tion and may exhibit antitumor properties [8, 24]. Previous 
studies revealed that OST may exert anti-cancer activity in 
nasopharyngeal, gastric, ovarian, and colon cancer [13, 14, 
25, 26]. Moreover, our previous studies demonstrated that 
OST induced necroptosis in glioma cells [27] and caused 
apoptosis and pyroptosis in cervical cancer cells [28]. 
However, further investigations are required to determine 
the specific anti-cancer properties of OST.

Multi-omics analysis serves as a valuable tool in the target 
identification stage of drug development, playing a crucial 
role in drug screening and the treatment of various diseases 
[29]. Multi-omics may provide key information about genes 
and proteins, revealing specific regulatory relationships and 
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interactions; thus, leading to a more comprehensive under-
standing of biological processes. Moreover, multi-omics 
aids researchers in gaining a more comprehensive under-
standing of the molecular mechanisms underlying diseases, 
uncovering potential biological processes and key signaling 

pathways [30, 31]. Transcriptomic and proteomic analyses 
utilize high-throughput sequencing technologies to study all 
transcribed RNA molecules and proteins in an organism [32, 
33]. Transcriptomic analyses revealed that the OST-mediated 
inhibition of CSCC cells was associated with the cell cycle. The 

Figure 4. Differential analysis of protein expression levels between control and OST-treated A431 cells. A) Principal Component Analysis of proteomic 
data comparing the control and OST-treated groups. Each point on the plot represents a biological replicate. B) Heatmap illustrating the differential 
expression of proteins across various groups. C) The protein volcano plot depicts the abundance distribution, with gray dots indicating no statistically 
significant differences. Significantly upregulated proteins are represented by red dots, while significantly downregulated proteins are denoted by blue 
dots. D) Histogram depicting the variation in protein expression across different groups. E, F) Both of them annotations for GO and KEGG terms were 
performed for proteins.
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Figure 5. The relationship between the transcriptome and proteome. A) The comprehensive approach to pinpointing the pivotal targets of OST-treated 
A431. B) Control vs OST nine-quadrant graph. The abscissa is the fold change of the protein, the ordinate is the fold change of the transcriptome, the 
top of the figure is the Pearson correlation and p-value associated with the transcriptome and the proteome. Each dot represents a gene/protein. C) 
Annotations for GO terms were performed for overlapped downregulated molecules by OST in A431 cells. D) This heatmap illustrates the differential 
expression of genes across various samples categorized into different omics groups (proteomics and transcriptomics) and subgroups (A431, OST). The 
color scale represents relative expression levels, with red indicating upregulation and blue indicating downregulation.
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proteomics analysis identified 288 differentially expressed 
proteins, and GO enrichment analysis demonstrated that 2 
key pathways associated with the cell cycle were altered in 
A431 cells following treatment with OST. Additional prolif-
eration assays are required to determine the effects of OST 
on healthy skin cells and to further understand the broader 
therapeutic potential of OST.

Transcriptomic and proteomic integration methods aid 
in identifying novel therapeutic targets for the treatment 
of various diseases, and highlight molecules that exhibit 
alterations at both gene and protein levels. This integration 
may lead to the development of novel drugs and treatment 
strategies [34]. Results of the present study revealed that 
overlapping genes and proteins were mainly concentrated 
in pathways associated with response to stimuli, apoptosis, 
and the cell cycle. In addition, results of the cell cycle analysis 
revealed that treatment with OST led to CSCC cell cycle 
arrest at the S phase, and these results are comparable with 
those obtained in previous studies [15, 35, 36]. In the present 
study, the proteins of ATR, CENPJ, and RAD54B associ-
ated with cell cycle progression, which were identified as key 
targets of OST.

ATR, a cell cycle checkpoint protein, prevents damaged 
or incompletely replicated DNA from entering mitosis, and 
inhibition of this protein may induce cell cycle arrest at the 
S phase [37, 38]. CENPJ, also known as CPAP, is essential 
for centriole duplication, and inhibition of this protein 

may induce multiple mitotic abnormalities [39]. RAD54B, 
a member of the SNF2/SWI2 superfamily, is a novel DNA 
damage-responsive protein that protects cells from DNA 
damage [40]. RAD54B regulates cell cycle progression after 
DNA damage and participates in homologous recombina-
tional repair [41]. A previous study revealed that RAD54B 
knockout caused cells to arrest at the S phase and increased 
apoptosis [42]. Notably, results of the present study revealed 
that the protein expression levels of ATR, CENPJ, and 
RAD54B were reduced following treatment with OST in 
CSCC cells. However, further investigations are required to 
determine the specific molecular mechanisms associated 
with OST-mediated protein inhibition.

The present study focused on identifying the transcrip-
tional regulatory mechanisms of OST. Thus, further investiga-
tions into the potential post-transcriptional modifications of 
OST are required, including phosphorylation, SUMOylation, 
and ubiquitination. In future studies, we plan to explore how 
overexpressing ATR, CENPJ, and RAD54B affects OST resis-
tance. By overexpressing one of these proteins in cells, we can 
see if it helps cells resist OST and how it impacts the other two 
proteins. This will help us understand if there are compen-
satory or synergistic interactions between these molecules. 
Ultimately, our findings could provide insights into new 
strategies to overcome OST resistance. Moreover, further 
investigations are required to determine the impact of OST 
on cell proliferation and migration in vitro, and additional 

Figure 6. Differential expression of RNAs and proteins identified in A431 cells treated with OST. A) Bar charts show the enriched transcripts identified 
by RNA-seq for the cell cycle pathway. B) Bar charts show the enriched proteins identified by DIA for the cell cycle pathway. C) Protein expression of 
the indicated targets determined by western blotting assay (left) and its quantitative analysis (right). The above values are expressed as mean ± SD, n=3. 
*p<0.05, **p<0.01 compared with the control group.
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in vivo experiments are required to determine the impact of 
OST on tumor formation.

In conclusion, the present study utilized transcriptomics 
and proteomics to comprehensively elucidate the mecha-
nisms underlying OST treatment in CSCC cells. Results of 
the present study revealed that OST effectively inhibited the 
proliferation of CSCC cells and induced cell cycle arrest. In 
addition, the present study identified and validated 3 poten-
tial targets of OST, namely, ATR, CENPJ, and RAD54B, and 
these proteins were associated with cell cycle progression. 
Thus, the present study highlighted that ATR, CENPJ, and 
RAD54B may exhibit potential as therapeutic targets for the 
treatment of CSCC. 

Supplementary information is available in the online version 
of the paper.
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Supplementary Information

Supplementary Figure S1. OST inhibited DNA synthesis and caused S phase arrest in SCL-1 cells. SCL-1 cells were untreated or were treated with 
320 µM OST for 24 h or 48 h, and then subjected to EdU staining to assess DNA synthesis (representative images shown).

Supplementary Figure S2. OST downregulated the expression of RAD54B, CENPJ and ATR in A431 cells. The mRNA expression levels of RAD54B, 
CENPJ and ATR were evaluated by qPCR in A431 cells following treatment with OST (0, 160 and 320 μM). Data are expressed as the mean±SD from 
three independent experiments. *p<0.05, **p<0.01 compared with the control group
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