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Background: Centromere protein I (CENPI) has been shown to affect the tumorigenesis of breast and colorectal cancers. However, 
its biological role and prognostic value in other kinds of cancer, especially adrenocortical carcinoma (ACC), remained to be further 
investigated.
Methods: Various bioinformatics tools were adopted for exploring the significance of differential expression of CENPI in several 
malignant tumors from databases such as Depmap portal, GTEx, and TCGA. ACC was selected for further analyzed, and information 
such as clinicopathological features, the prognostic outcome of diverse subgroups, differentially expressed genes (DEGs), co- 
expression genes, as well as levels of tumor-infiltrating immune cells (TIIC), was extracted from multiple databases. To verify the 
possibility of CENPI as a therapeutic target in ACC, drug sensitivity assay and si-RNA mediate knockdown of CENPI were carried 
out.
Results: The pan-cancer analyses showed that the CENPI mRNA expression levels differed significantly among most cancer types. 
Additionally, a high precision in cancer prediction and close relation with cancer survival indicated that CENPI could be a potential 
candidate biomarker to diagnose and predict cancer prognosis. In ACC, CENPI was closely related to multiple clinical characteristics, 
such as pathological stage and primary therapy outcome. High CENPI levels predicted poor overall survival (OS), progression-free 
interval (PFI), and disease-specific survival (DSS) of ACC patients, particularly for different clinical subgroups. Moreover, the 
expression of CENPI showed positive relationship to Th2 cells but negatively related to most of the TIICs. Furthermore, drug 
sensitivity assay showed that vorinostat inhibit CENPI expression and ACC cell growth. Additionally, si-RNA mediated knockdown of 
CENPI inhibited ACC cell growth and invasion and showed synergistic anti-proliferation effect with AURKB inhibitor barasertib.
Conclusion: Pan-cancer analysis demonstrated that CENPI is a potential diagnostic and prognostic biomarker in various cancers as 
well as an anti-ACC therapeutic target.
Keywords: CENPI, pan-cancer analysis, diagnosis, prognostic biomarker, adrenocortical carcinoma

Introduction
Centromere protein I (CENPI) belongs to the constitutive centromere-associated network (CCAN), which regulates 
chromosomal segregation and alignment as well as guarantees a suitable mitosis process.1–4 Besides its function at 
centromeres and kinetochores, CENPI is also associated with autoimmune diseases, including scleroderma, celiac 
disease, vitiligo, and amyotrophic lateral sclerosis. Nevertheless, the underlying mechanism needs to be explained.5,6

Genetic mutations in CENPI can lead to centromere instability, as evidence-based studies show dynamic centromere 
break/deletion/isochromosome/translocation formation. Changes in centromere structure are associated with the occur-
rence of human disorders such as malignant tumors.7,8 CENPI mutations can be detected in some human cancers, such as 
breast cancer (BC), lymphoid neoplasms, adenocarcinomas of the colon, squamous cell carcinomas (SCC), and 
melanomas.9 Recently, CENPI is proposed to be the oncogenic gene within estrogen receptor-positive (ER+) BC,10 
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colorectal cancer (CRC), as well as gastric cancer (GC).11 While promoting chromosome instability and tumorigenesis of 
ER+ BC, overexpression of CENPI can cause CRC and GC cell invasion, migration, and epithelial–mesenchymal 
transition (EMT).12 These findings have suggested that CENPI acts through distinct mechanisms in different tumor types.

We further focus on ACC model, as CENPI shows comparable diagnostic accuracy and the highest correlation with 
OS, DSS, and PFI in ACC patients. ACC is a rare endocrine cancer with incompletely understood pathogenetic 
mechanisms, heterogeneous clinical behavior, and lack of effective treatment for advanced stages.13 The identification 
and targeted analysis of molecular markers that associated with a clinical outcome might help to improve patient 
stratification and improve treatment decisions in ACC.14–16 To analyze CENPI comprehensively and systemically, we 
investigated CENPI levels and its biological activity in pan-cancer, especially its significance in diagnosis and prognosis 
prediction. The co-expression genes, differentially expressed genes (DEGs), tumor-infiltrating immune cells (TIICs) 
associate with CENPI expression were also investigated. Further, drug sensitivity assay and si-RNA mediate knockdown 
experiments were carried out to test the possibility of CENPI as a therapeutic target. Altogether, CENPI is a prospective 
biomarker for diagnosis and prognosis of pan-cancer, as well as a potentially effective molecular target for ACC.

Materials and Methods
Cell Lines
ACC cell line SW-13 and NCI-H295R were purchased from American Type Culture Collection (ATCC). Cells were 
cultured at 37°C and 5% CO2 in humidified incubator. Culture medium for SW-13 consisted of L15 medium with 10% v/ 
v fetal bovine serum and 10,000 units/mL penicillin/streptomycin, while medium for NCI-H295R was DMEM/F12 with 
10% v/v fetal bovine serum, 0.1% v/v insulin–transferrin–selenium and 10,000 units/mL penicillin/streptomycin.

Gene Expression Profile
Clinical and RNA-seq data from 15,776 samples of 33 different cancer types, along with corresponding wild-type 
samples, were obtained using UCSC XENA, based on Genotype-Tissue Expression (GTEx) and The Cancer Genome 
Atlas (TCGA) databases. Thereafter, the CENPI expression profile within various cancer cells was collected from the 
Depmap portal (https://depmap.org/portal/). Statistical analyses were performed with R software (version 4.2.1), and 
results were visualized with the use of the ggplot2 package. TCGA and GTEx datasets were investigated using 
Wilcoxon’s rank sum test, and p < 0.05 stood for statistical significance (ns, p ≥0.05; *p < 0.05; **p < 0.01; ***p < 
0.001).

Protein–Protein Interaction (PPI) Network Construction
In total, top 50 proteins interacting with CENPI were obtained from STRING web (https://string-db.org/) by setting the 
following parameters: active interaction sources: experiments, text mining, databases, co-expression, neighborhood, gene 
fusion, co-occurrence, minimum required interaction score =0.4, max number of interactors to show: no more than 50 
interactors. The PPI network was visualized using Cytoscape (version 3.9.1). Correlations between CENPI and the top 5 
predicted interacting proteins within pan-cancer were further validated using the TIMER tool.17

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
Analysis
GO and KEGG analyses were conducted on 50 CENPI-interacting proteins, and ggplot2 and cluster profiler packages 
were applied individually for visual and statistical analyses of all proteins.18,19

Diagnostic Significance Analysis
CENPI’s significance in pan-cancer diagnosis was assessed on the basis of the receiver operating characteristic (ROC) 
curve, with the area under curve (AUC) value of 0.5–1. An AUC value closer to 1 indicates superior diagnosis 
performance. Typically, the AUC values of 0.5–0.7, 0.7–0.9, and >0.9 mean low, certain, and high accuracy, separately.
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Prognostic Outcome Analysis
The relation of CENPI levels with cancer survival (OS, DSS, PFI), especially ACC survival among diverse clinical 
subgroups, was assessed using the Kaplan–Meier (KM) plot. Results were visualized with survminer package, whereas 
statistical analyses were carried out with survival package. Theoretically, the relationship between the patient number of 
OS, PFI and DSS should be OS≥PFI≥DSS. The hypothesis test adopted Cox regression, with p < 0.05 indicating 
statistical significance.

Relations of CENPI Levels with Diverse ACC Clinical Features
Clinical and RNA-seq data for CENPI expression in ACC cases with distinct clinical features were presented in level-3 
HTSeq-fragments per kilobase per million (FPKM) format that was obtained using the TCGA database. This was later 
transformed into transcripts per million reads (TPM) format and converted into log2 values for analysis, thereby being 
presented as tables and violin plots. Data of both groups were analyzed using Wilcoxon’s rank sum test, with p <0.05 
indicating statistical significance (ns, p ≥ 0.05; *p < 0.05; **p < 0.01; ***p < 0.001).

CENPI Co-Expression Genes Within ACC
The top 50 most significant co-expression genes with positive and negative dependency on CENPI levels in ACC were 
identified, and gene co-expression heatmaps were generated with the use of a stats package. Besides, a heatmap showing 
the relation of CENPI levels with the top 10 genes was plotted based on Pearson’s correlation coefficients.

DEGs of High- versus Low-CENPI Expression Groups Within ACC
DEGs in high- (50–100%) and low-CENPI (0–50%) expression groups were identified with the deseq2 package. Later, 
ggplot2 package was employed for creating a volcano map based on thresholds of adjusted p-value <0.05 and |log2 fold- 
change (FC)| >1.0. In addition to that, the GO and KEGG analyses were made on DEGs. The statistical analyses were 
then completed with the cluster Profiler package. Additionally, the PPI network was constructed on the basis of DEGs 
identified by the |log2 FC| >2.0 threshold through STRING web, whereas the MCC algorithm of CytoHubba from 
Cytoscape (version 3.9.1) was adopted for hub gene analysis.

Association of CENPI Levels with TIICs Levels in ACC
Associations of CENPI levels with TIIC levels were analyzed with the ssGESA package.

Drug Sensitivity Analysis of CENPI
The potential relationship between FDA-approved drugs and CENPI expression was investigated with the use of 
CellMiner Cross Database (CDB) (https://discover.nci.nih.gov/rsconnect/cellminercdb/), an online tool allowing analysis 
among main tumor cell pharmacogenomic data sources.

Molecular Docking Analysis
The molecular structures of vorinostat was obtained from PubChem Compound (https://pubchem.ncbi.nlm.nih.gov/).20 

The 3D structure of CENPI (resolution, 2.5 Å) was predicted by using Protein Data Bank (PDB) (http://www.rcsb.org/ 
pdb/home/home.do). For docking analysis, molecular files of CENPI and vorinostat were converted into PDBQT format 
with all water molecules excluded and polar hydrogen atoms were added. The binding affinity and mode of interaction 
between vorinostat and CENPI were analyzed with a silico protein–ligand docking software, AutodockVina 1.2.2 (http:// 
autodock.scripps.edu/).21

Real-Time Reverse Transcription PCR (qRT-PCR)
qRT-PCR was carried out on the basis of SYBR Premix Ex TaqII (Takara) with PrimeScriptTM RT reagent Kit (Takara) in 
line with the manufacturer’s protocols. Primers used were (5’-3’): CENPI forward (F): ACACGGATATTGAAGTGC 
ATGAT; CENPI reverse (R): TACCTTGGTGCTACCAGAACA; GAPDH (F): GGAGCGAGATCCCTCCAAAAT; 
GAPDH (R): GGCTGTTGTCATACTTCTCATGG.
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Cell Viability Assay and Treatment Combination Analysis
Cell counting kit-8 (CCK-8) assay (Beyotime Technology, China) was adopted for determining cell viability. For siRNA 
mediated proliferation assay, 8000 cell/well were seeded in a 96-well plate, following 24, 48, 72, 96, and 120 h of 
culture, CCK-8 (20 µL) solution was supplemented to each well, followed by absorbance measurement (OD value) at 
450 nm. Data from six wells were averaged to calculate the cell viability.

The combination effect of siRNA and barasertib at indicated concentration, combination index (CI), fraction affected 
(FA) levels were calculated by CompuSyn software using Chou–Talalay method with constant-ratio combinations. CI 
values <1, =1, >1 indicate synergistic, additive, or antagonistic effects, respectively.

Transwell Assay
The 2 × 104 cells were seeded to the top Transwell chamber (Corning, USA) in a 24-well plate and incubated at 37 °C for 
24-h. Then, cells migrating to the top chamber were eliminated, while those in the bottom chamber surface were 
immersed in methanol for a 15-min period, followed by 30-min staining using 0.1% crystal violet. Later, migrating cell 
number was counted and photographed using a microscope.

Colony Formation Experiment
After 24 hours of siRNA transfection, cells were digested and resuspended in a complete medium, seeded to the six-well 
plate with 3000/well, and cultured in an incubator. After 14 days, cells were fixed for 15-min using methanol, stained for 
30-mins using 0.1% crystal violet, and rinsed with running water.

Statistical Analyses
Three biological replicates were carried out in every assay as technical triplicates. GraphPad Prism was adopted for data 
analysis, and results were represented as ±standard deviation. Student’s t-test was implemented for analyzing pairwise 
differences between the two groups. P < 0.05 stood for statistical significance.

Results
CENPI Levels in Normal Tissue, Cancer Cell Lines as Well as Pan-Cancer
This work examined CENPI mRNA levels in non-cancer samples in the GTEx database. The result was that CENPI 
showed broad expression at relatively low levels in various samples (Figure 1A). In contrast to normal tissues, all cancer 
cell lines in the Depmap portal dataset showed higher expression (Figure 1B). Compared with the GTEx non-cancer 
samples, CENPI levels were significantly increased in 28 cancer types, containing ACC, BRCA, bladder urothelial 
carcinoma (BLCA), endocervical adenocarcinoma (CESC), cervical squamous cell carcinoma and cholangiocarcinoma 
(CHOL), COAD, esophageal carcinoma (ESCA), lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), kidney 
chromophobe (KICH), HNSC, glioblastoma multiforme (GBM), kidney renal clear cell carcinoma (KIRC), KIRP, LGG, 
LIHC, LUAD, LUSC, OV, PAAD, rectum adenocarcinoma (READ), prostate adenocarcinoma (PRAD), SKCM, STAD, 
thyroid carcinoma (THCA), testicular germ cell tumors (TGCT), Thymoma (THYM), UCS and UCEC (Figure 1C).

PPI Network Construction, GO, and KEGG Analyses
Via the STRING database, the top 50 CENPI interacting proteins were predicted, whereas Cytoscape was employed for 
network visualization (Figure 2A). CENPI was found to be positively correlated with the top 5 interacting proteins, 
including APITD1, BUB1, BUB1B, CASC5, and CENPA, using TIMER.2.0 database, which was further validated in 
pan-cancers (Figure 2B). GO annotation of the top 50 interacting proteins was then conducted (Figure 2C), and the 
biological process (BP) terms mainly included organelle fission, nuclear division, mitotic sister chromatid segregation, 
and mitotic nuclear division (Figure 2D). In addition, the terms for cellular component (CC) terms mainly included 
spindle, condensed chromosome, centromeric region, mitotic spindle, and spindle microtubule (Figure 2D). Molecular 
functions (MF) were microtubule binding, tubulin binding, chemokine activity, as well as histone kinase activity 
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(Figure 2D). The KEGG analysis demonstrated that these interacting proteins were mostly related to the cell cycle 
(Figure 2E).

CENPI’s Significance in Pan-Cancer Diagnosis
In order to assess CENPI’s significance in pan-cancer diagnosis, the ROC curve was plotted, and AUC, along with diagnostic 
parameters, was determined under the optimum threshold. The results showed that CENPI demonstrated a certain accuracy 
(0.7≤AUC≤0.9) to high accuracy (AUC > 0.9) in predicting 16 cancers, including ACC (AUC = 0.815), BRCA (AUC = 0.935), 

Figure 1 Gene expression level of CENPI in tumors and normal tissues. (A) CENPI expression in normal tissues; (B) CENPI expression in tumor cell lines; (C) CENPI 
expression in TCGA tumors and normal tissues. (ns, p≥0.05, *p<0.05, ***p<0.001).
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Figure 2 Protein–protein interaction network, GO analysis, and KEGG analysis of top 50 target interacting proteins of CENPI. (A) Protein–protein interaction network; (B) 
Correlation between CENPI and its top 5 predicted interacting protein across TCGA tumors; (C) Visual network of GO and KEGG analyses; (D) GO analysis; (E) KEGG 
analysis.
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COAD (AUC = 0.981), HNSC (AUC = 0.937), KIRP (AUC = 0.852), LAML (AUC = 0.986), LGG (AUC = 0.954), LIHC 
(AUC = 0.910), LUAD (AUC = 0.942), LUSC (AUC = 0.984), OV (AUC = 0.817), PAAD (AUC = 0.975), SKCM 
(AUC = 0.858), STAD (AUC = 0.960), UCEC (AUC = 0.936) and UCS (AUC = 0.946) (Figure 3A–3P).

CENPI’s Prognostic Significance Within Pan-Cancer
The levels of CENPI were markedly related to OS, DSS, as well as PFI in ACC, MESO, PAAD, SARC, and UCEC. In 
ACC, the Cox regression analysis indicated CENPI up-regulation predicted dismal survival, such as OS [hazard ratio 

Figure 3 Receiver operating characteristic (ROC) curve of CENPI expression in pan-cancer. (A) ACC; (B) BRCA; (C) COAD; (D) HNSC; (E) KIRP; (F) LAML; (G) LGG; 
(H) LIHC; (I) LUAD; (J) LUSC; (K) OV; (L) PAAD; (M) SKCM; (N) STAD; (O) UCEC; (P) UCS.
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(HR) = 4.72, 95% confidence interval (CI): 1.99–11.18, p < 0.001], DSS (HR = 5.12, 95% CI: 2.04–12.83, p = 0.001), 
and PFI (HR = 3.52, 95% CI: 1.80–6.91, p < 0.001) (Figure 4A–C). In MESO, as seen in the Cox regression analysis, 
CENPI up-regulation was a predictive factor in the dismal prognostic outcome, such as OS [HR = 3.51, 95% CI: 3.10– 
5.82, p < 0.001], DSS (HR = 4.08, 95% CI: 2.13–7.82, p < 0.001), and PFI (HR = 2.22, 95% CI: 1.29–3.82, p = 0.004) 
(Figure 4D–F). In PAAD, Cox regression indicated that CENPI up-regulation predicted poor prognostic outcomes, 
such as OS [HR = 1.77, 95% CI: 1.16–2.70, p = 0.008], DSS (HR = 1.88, 95% CI: 1.16–3.04, p = 0.01), and PFI (HR = 
1.59, 95% CI: 1.07–3.25, p = 0.021) (Figure 4G–I). In SARC, as observed by Cox regression, CENPI up-regulation 
was related to poor prognostic outcomes, like OS [HR = 2.28, 95% CI: 1.5–3.45, p < 0.001], DSS (HR = 2.33, 95% CI: 
1.47–3.68, p < 0.001), and PFI (HR = 1.70, 95% CI: 1.21–2.37, p = 0.002) (Figure 4J–L). In UCEC, based on Cox 
regression, CENPI up-regulation was seen to predict poor prognostic outcomes, like OS [HR = 1.87, 95% CI: 1.23– 
2.85, p = 0.003], DSS (HR = 1.83, 95% CI: 1.10–3.04, p = 0.02), and PFI (HR = 1.61, 95% CI: 1.13–2.29, p = 0.008) 
(Figure 4M–O).

Different Clinicopathological Features of ACC Were Dependent on CENPI 
Expression
As shown, the OS, DSS, and PFI in ACC, MESO, PAAD, SARC, and UCEC were highly dependent on CENPI levels. 
Based on the diagnosis and prognostic significance of CENPI in pan-cancer, ACC was selected for further analysis, and 
relevant clinical data of TCGA-ACC patients was downloaded to analyze the relation of CENPI with clinical staging 
data. The analysis showed that CENPI levels were strongly related to the tumor (T) stage (p = 0.031), metastasis (M) 
stage (p = 0.005), pathologic stage (p = 0.008), tumor status (p < 0.001), new event (p = 0.006), residual (R) tumor 
(p = 0.002), and primary therapy outcome (p < 0.001) (Table 1).

Moreover, the expression of CENPI and its association with prognostic outcomes (OS, DSS, and PFI) of different 
ACC subgroups were surveyed. While the primary therapy outcome (CR) subgroup (Figure 5B) had a lower expression, 
the pathologic stage (stage IV) (Figure 5A), N stage (N1) (Figure 5C), M stage (M1) (Figure 5D), residual tumor 
(R1&R2) (Figure 5E), a new event (Yes) (Figure 5F), Weiss–atypical mitotic figures (present) (Figure 5G), Weiss- 
necrosis (present) (Figure 5H) and Weiss-invasion of tumor capsule (present) (Figure 5I) subgroups had a higher CENPI 
expression. Additionally, CENPI up-regulation predicted poor OS, DSS, and PFI of M stage (M0) (Figure 6A–C), 
N stage (N0) (Figure 6D–F), mitotane therapy (yes) (Figure 6G–I), residual tumor (R0) (Figure 7A–C), tumor status 
(with tumor) (Figure 7D–F) and new event (yes) (Figure 7G–I) subgroups.

CENPI’s Co-Expression Genes Within ACC
The association of the top 50 co-expression genes with CENPI levels in ACC was investigated, and it was displayed in 
a heatmap. Based on the positive association heatmap (Figure 8A), the top 10 co-expression genes were further validated, 
namely, KIF14 (r = 0.931), CENPF (r = 0.920), EXO1 (r = 0.924), CKAP2L (r = 0.915), ANLN (r = 0.932), DIAPH3 (r 
= 0.913), KIF23 (r = 0.916), KIF4A (r = 0.941), MCM10 (r = 0.909), and BUB1B (r = 0.918) (Figure 8B–K). The top 10 
associated genes based on the negative association heatmap (Figure 9A), were MT-CO1 (r = –0.656), MT-ND3 (r = – 
0.585), MT-ATP6 (r = –0.64), MT-CO3 (r = –0.574), MT-ND4 (r = –0.596), MT-CYB (r = –0.512), MTRNR2L8 (r = – 
0.524), MT-CO2 (r = –0.538), MT-ATP8 (r = –0.591), and MT-ND5 (r = –0.544) (Figure 9B–K).

DEGs in High- and Low-CENPI Expression Groups Within ACC
By adjusting p-value <0.05 and |log2 FC| >1.0 thresholds, 1084 DEGS were acquired. These included 647 with up- 
regulation and 437 with down-regulation (Figure 10A). Based on GO and KEGG analysis (Figure 10B and C), BP terms 
contained organelle fission, nuclear division, and chromosome segregation. CC terms mainly included chromosomal 
region, condensed chromosome, and centromeric region. MF terms were primarily engaged in extracellular matrix 
structural constituents, cytokine activity, and DNA helicase activity. KEGG pathways were mostly associated with the 
cell cycle, protein digestion and absorption, and chemical carcinogenesis.
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Figure 4 Correlation between CENPI expression and the prognosis outcomes (OS, DSS, and PFI) of different cancers. (A–C) ACC; (D–F) MESO; (G–I) PAAD; (J–L) 
SARC; (M–O) UCEC.
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Furthermore, PPI networks of DEGs and top 10 hub proteins were generated (Figure 10D). Among them, the top five 
hub proteins were BUB1B, CENPE, CCNB1, KIF11, and KIF20A (Figure 10E), and the top 3 hub proteins were 
BUB1B, CCNB1, and KIF11 (Figure 10F).

Association of CENPI Level with Immune Cell Infiltration Within ACC
Additionally, to investigate how CENPI affected TIIC levels within ACC, 23 subpopulations of tumor-infiltrated leukocytes 
(TILs) were evaluated (Figure 11A). While CENPI levels indicated a positive relationship to Th2 cells (r = 0.750) 
(Figure 11B), they showed a negative association with most TIICs, including cytotoxic cells (r =−0.507), mast cells (r = 
−0.413), CD8T cells (r =−0.389), B cells (r =−0.378), plasmacytoid dendritic cells (r =−0.324), T cells (−0.323), macrophages 
(r =−0.298), Th17 cells (r =−0.291), Th1 cells (r =−0.283), as well as T cell follicular helper (r =−0.280) (Figure 11C–L).

Drug Sensitivity Analysis of CENPI in Cancer Cell Lines
Several FDA-approved drugs that negatively correlated with CENPI levels within diverse cancer cells were screened by 
CellMiner Cross Database. The results showed that top 6 hits included Vorinostat (r =−0.47, p = 0.00015), Palbociclib (r = 
−0.35, p = 0.0061), Nilotinib (r =−0.34, p = 0.0076), Panobinostat (r =−0.32, p = 0.015), Imatinib (r =−0.3, p = 0.023) and 
Dromostanolone (r =−0.29, p = 0.026) (Figure 12A–F). Next, the most profound hit vorinostat was selected for further analysis. 
Molecular docking analysis show that vorinostat directly bind to CENPI at a low binding energy and formed hydrogen bonds 
(Figure 12G). Moreover, vorinostat also inhibited CENPI expression (Figure 12H) and cell proliferation of ACC cell lines 
(Figure 12I and J).

Table 1 Correlation Analysis Between Different Expressions of CENPI and Clinical Information of ACC 
Patients

Characteristic Levels Low Expression  
of CENPI

High Expression  
of CENPI

p

n 39 40

T stage, n (%) T1 6 (7.8%) 3 (3.9%) 0.031
T2 25 (32.5%) 17 (22.1%)

T3 3 (3.9%) 5 (6.5%)

T4 4 (5.2%) 14 (18.2%)
M stage, n (%) M0 36 (46.8%) 26 (33.8%) 0.005

M1 2 (2.6%) 13 (16.9%)
Pathologic stage, n (%) Stage I 6 (7.8%) 3 (3.9%) 0.008

Stage II 23 (29.9%) 14 (18.2%)

Stage III 7 (9.1%) 9 (11.7%)
Stage IV 2 (2.6%) 13 (16.9%)

Tumor status, n (%) Tumor free 27 (35.1%) 12 (15.6%) < 0.001

With tumor 11 (14.3%) 27 (35.1%)
New event, n (%) No 26 (34.2%) 13 (17.1%) 0.006

Yes 12 (15.8%) 25 (32.9%)

Primary therapy outcome, n (%) PD 4 (6%) 14 (20.9%) < 0.001
SD 0 (0%) 2 (3%)

PR 1 (1.5%) 0 (0%)

CR 31 (46.3%) 15 (22.4%)
Residual tumor, n (%) R0 34 (48.6%) 21 (30%) 0.002

R1 0 (0%) 6 (8.6%)

R2 2 (2.9%) 7 (10%)

Abbreviations: T1, ≤5-cm tumor; T2, >5-cm tumor; T3, Tumor infiltration into surrounding tissue; T4, Tumor invasion into adjacent 
organs; M0, No distant metastases; M1, Presence of distant metastases; R0, Complete resection; R1, Microscopic residual tumor; R2, 
Macroscopic residual tumor; PD, Progressive disease; SD, Stable disease; PR, Partial response; CR, Complete response.
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CENPI Silencing Suppressed ACC Cell Malignant Behaviors
To explore CENPI’s biological role in ACC cell growth, CENPI was successfully silenced in SW-13 and NCI-H295R 
cells using two CENPI shRNA (Figure 13A). Thereafter, a CCK8 assay was carried out to evaluate the cell growth, and 
SW-13 and NCI-H295R showed a significant decline in cell growth after CENPI silencing (Figure 13B). Then, colony- 
formation assay was performed to verify CENPI’s adverse impact on ACC cell growth (Figure 13C). Also, the Transwell 
assay revealed that CENPI knockdown markedly reduced ACC cell migration (Figure 13D). AURKB was predicted as 
a interacting protein of CENPI, we hypothesized that AURKB inhibiton and CENPI depletion may have synergistic anti- 
cancer effect. To this end, the combination effectiveness of CENPI silencing and barasertib (a specific AURKB inhibitor) 
was calculated by using CompuSyn software. Results show that barasertib inhibited ACC cell growth (Figure 13E and F) 

Figure 5 Correlation between CENPI expression and different clinical characteristics of ACC. (A) Pathologic stage; (B) Primary therapy outcome; (C) N stage; (D) M stage; 
(E) Residual tumor; (F) New event; (G) Weiss-Atypical mitotic figures; (H) Weiss-Necrosis; (I) Weiss-Invasion of tumor capsule. Data were shown as mean ±SD. (ns, 
p≥0.05, *p < 0.05, **p < 0.01, ***p < 0.001).
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and all combination indexes at indicated concentrations of siCENPI and barasertib were less than 1 in both SW-13 and 
NCI-H295R cells (Figure 13G and H), suggesting that CENPI silencing synergize with barasertib.

Discussion
CENPI belongs to the centromere protein family, which makes a vital effect on the formation of a tetrameric structure 
that contains CENPH, CENPI, CENPK, and CENPM proteins. Furthermore, it is important to generate microtubule 
attachments with high efficiency and correction.22 Some centromere protein family members have been shown to affect 
cancer occurrence and development. For example, CENPH is overexpressed in cancer cells and tissues related to 
malignancy grade and predicts the dismal prognostic outcome of different human cancers, containing hepatocellular 
carcinoma (HCC),23 renal cell carcinoma (RCC),24 GC,25 BC,26 lung cancer,27 esophageal carcinomas,28 nasopharyngeal 

Figure 6 Association between CENPI expression and OS, DSS, and PFI in different clinical subgroups of ACC. (A–C) M stage (M0); (D–F) N stage (N0); (G–I) Mitotane 
therapy (Yes).
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carcinomas,29 oral squamous cell carcinoma,30 and CRC.31 CENPK is up-regulated in diverse cancer types, which 
predicts the dismal prognostic outcome of ovarian cancer,32 gastric cancer33 and cervical cancer.34 CENPM was also 
discovered to be significantly up-regulated and related to a poor prognosis in several cancers, containing hepatocellular 
carcinoma,35 pancreatic cancer,36 and lung adenocarcinoma.37

Recently, numerous studies have been conducted to determine CENPI’s function in cancer. As found by Kumar, 
CENPI mutations were detected in certain human cancers, like BC, lymphoid neoplasm, large intestine adenocarcinoma, 
SCC, and melanoma.9 Thangavelu et al reported that CENPI mRNA levels were markedly elevated, which predicted the 
dismal prognostic outcome of estrogen receptor-positive BC.10 According to Na Ding et al, CENPI expression 
significantly increased in CRC samples and was related to its different clinical stages. Moreover, CENPI inhibition 

Figure 7 Association between CENPI expression and OS, DSS, and PFI in different clinical subgroups of ACC. (A–C) Residual tumor (R0); (D–F) Tumor status: with tumor; 
(G–I) New event (Yes).
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Figure 8 Top 50 genes positively correlated with CENPI expression in ACC. (A) Gene co-expression heatmap of top 50 genes positively correlated with CENPI in ACC: 
(B–K) Heatmap showing correlation analysis of top 10 genes and CENPI. (***p < 0.001).
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Figure 9 Top 50 genes negatively correlated with CENPI expression in ACC. (A) Gene co-expression heatmap of top 50 genes negatively correlated with CENPI in ACC. 
(B–K) Heatmap showing correlation analysis of top 10 genes and CENPI. (*p < 0.05,**p < 0.01, ***p < 0.001).
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Figure 10 Protein–protein interaction (PPI) network building and GO and KEGG analyses of DEGs between CENPI high expression and low expression groups in ACC. (A) 
Volcano map of DEGs (red: upregulation; blue: downregulation); (B and C) GO and KEGG analyses of DEGs; (D–F) Hub genes of PPI network and MCODE2 components 
identified in the gene lists.
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Figure 11 Association between CENPI expression and the immune cell infiltration in ACC. (A) Spearman correlation analysis of the CENPI expression and 24 tumor 
infiltration immune cells. Correlation analysis between CENPI expression and (B) Th2 cells, (C) cytotoxic cells, (D) mast cells, (E) CD8 T cells, (F) B cells, (G) plasmacytoid 
dendritic cells, (H) T cells, (I) macrophages, (J) Th17 cells, (K) Th1 cells, (L) and TFH cells.
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Figure 12 Vorinostat inhibits CENPI expression and cell growth of ACC cell lines. (A–F) Correlation between CENPI expression and FDA-approved drugs in various 
cancer cell lines; (G) Molecular docking analysis of CENPI and vorinostat; (H) Vorinostat inhibits CENPI expression of ACC cell lines; (I and J) Vorinostat inhibits cell growth 
of ACC cell lines. Data were shown as mean ±SD. (***p<0.001).
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demonstrated suppression of CRC cell invasion and migration together with EMT.12 Nonetheless, CENPI’s role in pan- 
cancer has not been analyzed yet.

This study assessed CENPI’s expression in pan-cancer, and data collected from the Depmap portal, GTEx, and TCGA 
databases disclosed that CENPI expression was remarkably increased in 28 cancer types, namely, ACC, BLCA, BRCA, 
CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, LUSC, OV, PAAD, 
PRAD, READ, SKCM, STAD, TGCT, THCA, THYM, UCEC, and UCS. Hence, CENPI is possibly related to 
carcinogenesis in most cancer types as an oncogene.

Figure 13 Knockdown of CENPI inhibited the proliferation and migration of ACC cells. (A) SW-13 and NCI-H295R cells were transfected with si-CENPI, and the level of 
CENPI was evaluated by qRT-PCR. (B and C) The proliferation of ACC cells was examined by (B) CCK-8 assay and (C) colony-formation assay. (D) The migration of ACC 
cells was examined by Transwell assay. (E and F) Cell viability in SW-13 and NCI-H295R cells treated with siRNA and/or barasertib at indicated concentrations. (G and H) 
The Chou-Talalay plot showing the combination effect of indicated treatments in SW-13 and NCI-H295R cells. CI values <1, =1, >1 indicate synergistic, additive, or 
antagonistic effects, respectively. Data were shown as mean ±SD. Images in D were taken at 10x objective, scale bar represent 50μm. (***p < 0.001).
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Thereafter, to examine CENPI’s function in diagnosis and prognosis prediction, ROC and KM survival curves were 
plotted against pan-cancer. According to the results, the CENPI was partially accurate (AUC > 0.7) in the prediction of 
16 cancers, in particular (AUC > 0.9) for BRCA, COAD, HNSC, LGG, LAML, LIHC, LUSC, LUAD, STAD, PAAD, 
UCEC, and UCS. Moreover, CENPI showed a significant relation to OS, DSS, as well as PFI of ACC, MESO, PAAD, 
SARC, and UCEC. Therefore, CENPI makes a vital impact on cancer diagnosis and prognosis prediction and could be 
a potential biomarker or antitumor therapeutic target in precision medicine. In order to further explore the bioactivity of 
CENPI, GO and KEGG analyses of the 50 major interacting proteins were performed. The BP terms mainly included 
nuclear division, organelle fission, mitotic sister chromatid segregation, mitotic nuclear division. The MF terms included 
tubulin binding, regulatory RNA binding, microtubule binding, histone kinase activity, and chemokine activity, while the 
cell cycle was the significantly enriched pathway.

In addition, the function of CENPI was preliminarily investigated in ACC. The result was that CENPI expression was 
significantly related to pathological stage, primary therapy outcome, N stage, M stage, residual tumor, new event, Weiss 
atypical mitotic figures, Weiss necrosis, and Weiss invasion of tumor capsule. In addition, upregulation of CENPI 
predicted poor OS, DSS, and PFI of clinical subsets of M stage (M0), N stage (N0), mitotane therapy (Yes), residual 
tumor (R0), tumor status (with tumor), and new event (Yes). Importantly, our results helped to complement and 
strengthen the function of CENPI in ACC. The relationships between CENPI level and various prognostic outcomes 
(OS, DSS, PFI) of different ACC subgroups were investigated. In this study, the CENPI co-expression genes were also 
recorded, of which the top 10 showing a positive relationship with CENPI were KIF14, CENPF, EXO1, CKAP2L, 
ANLN, DIAPH3, KIF23, KIF4A, MCM10, and BUB1B, whereas the 10 that showed a negative relationship with CENPI 
were MT-CO1, MT-ND3, MT-ATP6, MTCO3, MT-ND4, MT-CYB, MTRNR2L8, MT-CO2, MT-ATP8, and MT-ND5. In 
addition, DEGs were identified in groups with high and low CENPI expression in both GO and KEGG analysis. Our 
findings demonstrate that BP is enriched with terms such as chromosome segregation, nuclear division, and organelle 
fission. MF is enriched with terms such as cytokine activity, extracellular matrix component, and DNA helicase activity. 
We also selected hub genes from DEGs, such as BUB1B, KIF11, CCNB2, CENPE, KIF20A, CDC20, BUB1, CCNB1, 
KIF2C, and AURKB.

Immune cells have been shown to be involved in cancer development within the tumor microenvironment (TME).38 

The tumor-infiltrated immune cells analyzed in ACC indicated that CENPI levels had a negative relation to cytotoxic 
cells, mast cells, CD8T cells, B cells, plasmacytoid dendritic cells, T cells, macrophages, Th17 cells, Th1 cells, and 
T follicular helper cells. This data indicated that CENPI is associated with the immune-suppressed tumor microenviron-
ment in ACC.

To find potential drugs that can be repurposed in ACC treatment, CellMiner Cross Database was used to screen 
several FDA-approved drugs that were negatively associated with CENPI expression in various cancer cell lines. The 
most profound hit, vorinostat, a histone deacetylase (HDAC) inhibitor, inhibited CENPI expression and proliferation of 
the ACC cell lines. Moreover, as indicated by molecular docking analysis, vorinostat may also exert its activity on ACC 
cell by binding to CENPI. And hence, it deserves further investigation for ACC treatment.

On the basis of interacting protein and enrichment analysis, the biological activities of CENPI in ACC cells were 
investigated. In consistent with CENPI was predicted to be tightly related to the cell cycle and extracellular matrix 
structural constituent, CENPI silencing suppressed the growth, migration, and invasion in SW-13 and NCI-H295R ACC 
cells. Combinations of anti-cancer drugs is an effective strategy to overcome resistance and provide new treatments.39 

We further select the predicted CENPI interacting protein AURKB for synergistic anti-cancer assay, as it is over-
expressed in several types of cancers and inhibition of this kinase leads to mitotic catastrophe cell death.40 Consistent 
with previous studies, barasertib (a AURKB specific inhibitor) suppressed ACC cells growth. Our data also indicates the 
synergistic anti-cancer effect between CENPI depletion and AURKB inhibiton. Since AURKB showed synergistic 
interactions with CENPI in maintaining spindle checkpoint signal,41 their synergistic anti-proliferation effect may 
achieve by exaggerating the mitotic catastrophe of ACC cells.

Overall, identifying CENPI’s role in disease diagnosis and prognosis prediction in pan-cancer helps to comprehen-
sively understand CENPI’s role in cancer progression. Moreover, the present study also evaluated CENPI’s biological 
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activities and anti-cancer synergism in ACC cells, which provide potential therapeutic strategies for the application of 
CENPI inhibition/depletion in ACC treatment.
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