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Introduction

Colon adenocarcinoma (COAD) is a malignant tumor 
that occurs in the colon or rectum (1,2), and ranks third 
in morbidity and second in mortality among all cancers 
worldwide. In Europe, approximately 250,000 new patients 

are diagnosed with COAD each year, accounting for about 
9% of all malignancies (3,4). The incidence of COAD 
has increased with industrialization and urbanization, 
and it is more common in more affluent countries (5,6). 
Unfortunately, the lack of targeted therapeutic agents for 
COAD has resulted in poor therapeutic outcomes with 
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the existing clinical treatment strategies (7,8). Therefore, 
exploring the pathogenesis of COAD and proposing new 
clinical treatment strategies is crucial.

Recently, microarray technology has attracted much 
attention in the scientific research community, because the use 
of microarray technology can simultaneously screen thousands 
of differentially expressed messenger RNAs (mRNAs), 
microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) 
(9-11). Undoubtedly, it plays a key role in the development 
and progression of diseases. In addition, the technology also 
facilitates further analysis of key genes to explore potential 
molecular targets and diagnostic biomarkers (12).

Numerous studies have shown that the pathogenesis 
and the prognosis of colon cancer are influenced by a 
combination of factors, including environmental and 
genetic factors (13,14). Recent studies have increasingly 
begun to focus on the role of genetic background variability 
in the development of colon cancer (6,7). For instance, the 
colorectal cancer risk of patients carrying copy number 
variations (CNVs) of human leukocyte antigen (HLA)-
DQA1 is significantly higher than that of patients without 
CNVs (7). CNVs are large structural mutations involving 
genomic duplication or deletion of more than 1 kb, and 
are a possible key explanation for missing heritability 
in colorectal cancer (15,16). Therefore, identifying the 
underlying CNVs in patients with COAD may potentially 
provide a clinical strategy for better treatment outcomes.

Our study aims to explore potential prognosis-
related biomarkers and their functions in COAD. Using 
bioinformatics analysis, nuclear cap binding protein subunit 
2 (NCBP2) was identified as a key gene associated with 
the development of COAD. According to our findings, 
increased NCBP2 copy numbers (CNs) cause overexpression 
and further tissue and brain architecture changes by 
influencing the cell cycle and apoptosis, which accelerates 
the pathogenesis of COAD. Based on this, we used 
Connectivity Map (Cmap) analysis to screen the potential 
small molecular drugs and provide a possible strategy for 
COAD treatment. We present the following article in 
accordance with the STARD and the MDAR reporting 
checklists (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-665/rc).

Methods

Data collection

The research design was showed in Figure S1. Both 
COAD-related and clinical data were acquired from 

The Cancer Genome Atlas (TCGA) data portal (https://
portal.gdc.cancer.gov/). We downloaded the data of 330 
colorectal cancer patients and 41 normal subjects. We 
also collected data on cell lines including gene expression, 
CN, and dependency score (DS) from depmap (https://
depmap.org/portal/download/). The DS is a measure used 
to assess gene dependency through essentiality screens by 
computationally adjusting for the copy-number impact, 
allowing for unbiased gene dependency interpretation at all 
CN levels. The Declaration of Helsinki (as revised in 2013) 
was followed when conducting the study.

Linear regression analysis of the DS, gene expression, and 
CN

We performed linear regression analysis on gene expression, 
DS, and CN data from depmap using the rsm package 
(https://CRAN.R-project.org/package=rsm) in R. In the 
first linear regression analysis, gene expression was the 
dependent variable used to evaluate the DS. The following 
formula was developed: Y = b1 × X1, where b1 represented 
gene expression and X1 denoted DS, and the cut-off criteria 
were R<−0.4 and P<0.05. 

CN was the dependent variable in the second linear 
regression study, which was utilized to assess the independent 
variable (gene expression). The following formula was 
developed: Y = b1 × X1, where b1 was CN and X1 was gene 
expression. The cut-off criteria were R>0.6 and P<0.05. 

Differentially-expressed genes analysis, receiver operating 
characteristic (ROC) curve analysis, and survival analysis

The differentially-expressed genes were identified using the 
“limma” package in R/Bioconductor, and those displaying 
an overlap region in the Venn diagram were screened and 
used in matrices construction. The cutoff criteria were log2 
fold change (FC) >0 and adjusted P<0.05. Furthermore, 
survival analysis was applied and the cutoff criteria were 
hazard ratio (HR) >1 and adjusted P<0.05. 

After identifying the key genes, we used the survival 
package in the R platform to analyze patient survival in the 
first, third, and fifth years. Finally, the accuracy of NCBP2 
expression in predicting COAD prognosis was evaluated 
using time-dependent ROC curves.

Five-fold cross-validation and logistic regression analysis

We used a logistic regression model to perform five-

https://jgo.amegroups.com/article/view/10.21037/jgo-22-665/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-665/rc
https://cdn.amegroups.cn/static/public/JGO-22-665-supplementary.pdf
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://depmap.org/portal/download/
https://depmap.org/portal/download/
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fold cross-validation in the TCGA database to further 
investigate the efficiency in identifying COAD (6,7). To 
prevent the size mismatch between the two groups, the 70 
percent tumor and control samples were picked randomly to 
produce a new dataset. Furthermore, we created the logistic 
regression model using the “scikit-learn” module in Python 
software (17) (version 3.6, https://www.python.org), and a 
confusion matrix with two categories (positive and negative) 
was displayed. 

To assess the effectiveness of this classification model, the 
precision, recall, accuracy, and F1 score were added. The 
accuracy of the classifier is calculated as the number of true 
positives divided by the number predicted to be positive. 
Recall is expressed as the ratio of true positives to actual 
positives. The fraction of accurately anticipated outcomes 
in all samples represents accuracy. Since precision and recall 
interact with each other and their values cannot be ideally 
large at the same time, we considered the calculation of the 
F1 score as a combined evaluation metric. The F1 score is 
the harmonic mean of precision and recall.

Biological function and pathway enrichment analysis

We performed a gene set enrichment analysis (GSEA) with 
the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
gene sets as the reference gene set to investigate the 
potential mechanism between different NCBP2 expression 
groups in cell lines.

Cell culture and transient transfection

Human COAD cell lines (SW620, HT-29, HCT116) and 
normal intestinal epithelial cell line HIEC-6 from American 
Technical Ceramics Corporation (ATCC, https://www.
atcc.org/) were respectively cultured in F12 and Dulbecco’s 
modified Eagle’s medium (DMEM, Gibco, Carlsbad, CA, 
USA) containing 10% fetal bovine serum (FBS). All cell 
lines were maintained in a humidified incubator at 37 ℃ 
and 5% carbon dioxide (CO2). We transfected the negative 
control (NC) and NCBP2 small interfering RNAs (siRNAs, 
Sigma-Aldrich, USA) into COAD cells using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s recommendations. The target sequences of 
the siRNAs were UUCUCCGAACGUGUCACGUdTdTA
CGUGACGUGGAGAAdTdT (NCsi), GGGUGACAAU
GAAGAACAAdTdTUUGUUCUUCAUUGUCACCCdT
dT (NCBP2-si1), and GCUGAAGAACAUCACCUAAdTd
TUUAGGUGAUGUUCUUCAGCdTdT (NCBP2 -si2).

Western blot

Total proteins were extracted using lysis buffer containing 
protease inhibitors, and the concentration was calculated. 
Polyvinylidene fluoride (PVDF) membranes (Millipore, 
Bedford, MA, USA) containing proteins separated 
on Sodium Dodecyl  Sul fate  Polyacry lamide Gel 
Electrophoresis (SDS-PAGE) gels were blocked with 5% 
non-fat dry milk and incubated with primary antibodies 
for overnight at 4 ℃. Enhanced chemiluminescence 
(ECL) detection reagent (Millipore) was used to identify 
immunoblots according to the manufacturer’s instructions. 
The antibodies used were as follows: β-ACTIN (A1978, 
Sigma-Aldrich, RRID: AB_476692), glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, Santa Cruz 
Biotechnology, USA, sc-47724), and NCBP2 (Abcam, UK, 
ab91556). 

Cell proliferation assay and cell cycle analysis

The Cell Counting Kit-8 (CCK-8) assay was used to 
determine the cell viability, and then the cells were 
collected and counted. In 96-well plates, we plated the 
specific number of tumor cells and treated with different 
concentrations of temozolomide (TMZ) or dimethyl 
sulfoxide control. After a while, the wells were filled with 
the CCK-8 solution. COAD cells were detected at 450 nm 
of absorbance in a microplate reader (Shenzhen Rongjin 
Technology Co., Ltd., Shenzhen, China). The cells were 
fixed in 70% ethanol overnight at 4 ℃ and stained with 
RNase A containing Propidium Iodide for cell cycle analysis 
(Sigma-Aldrich). Flow cytometry and the ModFit software 
(Verity Software House, Inc., USA) were used to determine 
the cell cycle distribution. The si-NC, si-NCBP2, and blank 
control groups were created.

Statistical analysis

Kaplan-Meier analysis for overall survival was carried out 
based on the gene expression level using GraphPad Prism 
8 software (GraphPad Corporation, USA) and the log-rank 
test, with the cut-off level set at the median value. The link 
between clinicopathological parameters of COAD patients 
was investigated using Chi-squared analysis in line with the 
varied expression levels of NCBP2. NCBP2 expression was 
significantly linked with age (median value). The ggplot2 
package on the R platform was used to produce volcano 
charts. Statistical significance was defined as P<0.05.

https://www.atcc.org/
https://www.atcc.org/
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Results

Identification of COAD-related genes after data integration

At present, many tumor treatment drugs kill tumor cells 
and at the same time greatly affect the survival of normal 
cells. Therefore, we sought to identify tumor cell-targeting 
drugs that are less lethal to normal cells. We also found that 
tumor patients have significantly increased gene expression 
due to increased CNs, which is not common in normal 
people. So, we aimed to identify genes that are CN driven 
in tumor patients and those in which tumor cells become 
more sensitive to knockdown when these genes are highly 
expressed.

We collected gene expression, CN, and DS data from 
the Cancer Cell Line Encyclopedia (CCLE), and linear 
regression analyses were performed. Through the linear 
regression analyses of DS and gene expression and CN and 
gene expression, we identified 340 and 855 related genes, 
respectively (Figure 1A,1B). We then conducted survival and 
differential expression analyses and found that NCBP2 met 
our criteria (Figure 1C-1E).

Identification of key genes for diagnosis of COAD

We conducted ROC curve analysis and compared the area 
under the curve (AUC) values to evaluate the sensitivity 
and specificity of NCBP2 for the diagnosis of COAD in 
TCGA database. From the ROC curve of NCBP2, a mean 
AUC value of (0.940±0.050) (Figure 2A) was obtained. The 
average values of accuracy, precision, recall, F measure, 
and AUC were 0.90, 0.92, 0.97, 0.95, and 0.89, respectively 
(Figure 2B). These findings demonstrated that NCBP2 
performed well in distinguishing COAD samples from 
normal controls.

Survival analysis of NCBP2 and ROC curve in COAD

Survival analysis was conducted in the distinct NCBP2 
expression groups. High NCBP2 expression was shown to 
be associated with a worse prognosis and a higher chance of 
cancer-related mortality. Compared to individuals with low 
NCBP2 expression, those with high NCBP2 expression had 
a lower median survival time (Figure 3A,3B). According to 
a time-dependent ROC curve, the NCBP2 gene expression 
level had predictive significance for the long-term survival 
of COAD patients. The AUC of the ROC curves of 1-, 
3-, and 5-year survival were 0.532, 0.608, and 0.660, 
respectively (Figure 3C). 

NCBP2 was highly expressed in COAD and increased 
COAD cell proliferation

We then detected the protein expression of NCBP2 by 
western blot and the results were similar to the messenger 
RNA (mRNA) expression in COAD tissues. According 
to the different NCBP2 expression levels, the correlation 
between several clinicopathological characteristics of oral 
squamous cell carcinoma (OSCC) patients was explored 
(Table 1). High expression of NCBP2 (median value) was 
statistically associated with aneuploidy score (P=1.22E-06), 
fraction genome altered (P=1.23E-09), tumor stage 
(P=0.01375), and T stage (P=0.01378). 

NCBP2 was highly expressed in the COAD cell lines 
(SW620, HT-29, and HCT116) compared to the normal 
intestinal epithelial cell line (HIEC-6) (Figure 4A). The 
CCK8 results in COAD cells were considerably decreased 
following NCBP2 elimination (Figure 4B,4C).

Genes that are positively associated with NCBP2 are 
enriched in the cell cycle

To further investigate the potential biological role of NCBP2 
in COAD, we used R/Bioconductor tools to perform a 
KEGG pathway analysis on the identified genes. The 
KEGG pathway analysis revealed a link between NCBP2 
and the cell cycle (Figure 5A). NCBP2 knockdown caused 
COAD cells to arrest in the G0/G1 phase, demonstrating 
the function of NCBP2 in cell cycle progression regulation 
(Figure 5B,5C).

Tridihexethyl inhibited COAD cell proliferation via NCBP2

To identify the targeted small-molecule drug for NCBP2, 
we also used Cmap for drug screening (18,19). Based on 
the Cmap results (Table S1), Tridihexethyl was identified 
as the most potent medicine for the treatment of COAD. 
Therefore, we focused the rest of our research on it.

We analyzed the cell proliferation rate using the CCK8 
assay and found that it was decreased in Tridihexethyl 
relative to the empty vector + sh-control SW620 cells, but 
this was abrogated by NCBP2 overexpression (Tridihexethyl 
+ pcDNA-NCBP2) (Figure 6), suggesting that Tridihexethyl 
inhibited COAD cell proliferation via NCBP2. 

Discussion

Clinically, COAD is an incurable tumor and is the third 

https://cdn.amegroups.cn/static/public/JGO-22-665-supplementary.pdf
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Figure 1 Identification of COAD-related genes after data integration. (A) Linear regression analysis of expression and dependency score; (B) 
linear regression analysis of expression and copy number; (C,D) volcano plots of gene expression. Red/blue symbols classify the upregulated/
downregulated genes according to the criteria above; (E) Venn diagram was used to screen NCBP2. COAD, colon adenocarcinoma; NCBP2, 
nuclear cap binding protein subunit 2. 
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Figure 2 Identification of key genes for COAD diagnosis. (A) ROC curve of NCBP2 in the five-fold cross-validation; (B) evaluation metrics 
of each fold. All data are represented by mean ± SD. AUC, area under the curve; COAD, colon adenocarcinoma; ROC, receiver operating 
characteristic; NCBP2, nuclear cap binding protein subunit 2; SD, standard deviation.

Figure 3 Survival analysis of NCBP2 and ROC curve in COAD. (A,B) Expression of NCBP2 and COAD patients’ survival time scatter gram; 
(C) time-dependent ROC curves of NCBP2 expression in predicting COAD OS. NCBP2, nuclear cap binding protein subunit 2; AUC, area 
under the curve; ROC, receiver operating characteristic; COAD, colon adenocarcinoma; OS, overall survival. 
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most common tumor in the world (20). The onset of 
COAD is insidious, and thus, patients will only have 
obvious clinical symptoms in the late stage of onset. 
Unfortunately, existing clinical measurement strategies are 
still unable to accurately detect the existence of or predict 
the development of COAD (21,22). At present, despite 
the noticeable development of gene targeting therapy, 
clinically effective strategies against COAD are still needed 
to improve the conditions of patients and delay tumor 
progression (23). 

Gene-targeted therapy is a commonly used method 
for the treatment of COAD patients. In current clinical 
research, the transfer of tumor factors is directly related 

to genetic changes (24). With the development of 
bioinformatics methods, researchers have been able to 
discover interesting biomarkers for COAD, and several 
relevant papers have been published. In our research, 
NCBP2 was found to affect the progress of COAD.

Our research aimed to identify potential oncogenes with 
diagnostic and prognostic significance. NCBP2 expression 
was confirmed in TCGA database and clinical samples, 
demonstrating that NCBP2 was overexpressed in tumorous 
tissues compared to normal tissues. Survival analysis was 
conducted to further investigate the role of NCBP2 in 
COAD. The biological roles of NCBP2 in COAD cells were 
investigated, and we found that higher NCBP2 expression 
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Table 1 Correlations between NCBP2 and clinicopathological 
characteristics

Characteristics
NCBP2 expression 

P value
High Low

Age, years 0.8604

>50 192 196

≤50 31 29

New neoplasm event post initial therapy indicator 0.2989

Yes 149 148

No 46 34

Aneuploidy score 1.22E-06

High 138 83

Low 86 135

Buffa hypoxia score 2.06E-02

High 68 74

Low 89 54

Fraction genome altered 1.23E-09

High 138 77

Low 74 141

MSI MANTIS score 0.002603

High 91 121

Low 123 89

MSI sensor score 0.05703

High 99 121

Low 121 101

Tumor stage 0.01375

I–II 111 141

III–IV 106 82

T stage 0.01378

T1–2 46 43

T3–4 177 181

M stage 0.01375

M0 149 177

M1 39 22

N stage 0.01378

N0 118 148

Not N0 105 77

NCBP2, nuclear cap binding protein subunit 2; MSI, microsatellite 
instability.

Figure 4 NCBP2 was highly expressed in COAD and increased 
COAD cell proliferation. (A) NCBP2 was highly expressed in 
COAD cell lines (SW620, HT-29, and HCT116) compared to the 
normal intestinal epithelial cell line (HIEC-6); (B) OD values of 
the SW620 cell line after NCBP2 knockdown; (C) OD values of 
the HT-29 cell line after NCBP2 knockdown. NCBP2, nuclear cap 
binding protein subunit 2; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase; OD, optical density; NC, negative control; 
COAD, colon adenocarcinoma.
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was significantly associated with a poor prognosis in COAD 
patients in independent cohorts. 

Based on previous  research,  uncontrol led cel l 
proliferation is a hallmark of cancer (25), which is caused by 
abnormal cell cycle regulatory genes (26). A cancer study 
has shown that several cell cycle inhibitors have anticancer 
properties (27). The oncogenic function of NCBP2 in 
COAD development was first discovered in our work. 
Depletion of NCBP2 expression resulted in G0/G1 phase 
arrest and suppression of COAD cell growth, and cell cycle 
blockage was a result of the interaction between NCBP2 and 
cell cycle-related molecules. 
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Figure 5 Genes that are positively associated with NCBP2 are enriched in the cell cycle. (A) KEGG pathway enrichment analysis of genes 
that are positively associated with NCBP2; (B) representative images of Blank, NC siRNA-, and NCBP2 siRNA-transfected HT-29 cells were 
analyzed in the cell cycle assay; (C) representative images of Blank, NC siRNA-, and NCBP2 siRNA-transfected SW620 cells were analyzed 
in the cell cycle assay. NES, normalized enrichment score; NC, negative control; NCBP2, nuclear cap binding protein subunit 2; KEGG, 
Kyoto Encyclopedia of Genes and Genomes.
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The tumor microenvironment (TME) plays a crucial 
role as both a positive and negative regulator of cancer 
hallmarks, and gaining a better understanding of the TME 
might lead to new insights into tumor development and 
prognosis. Immunohistochemical research, for example, 

demonstrates that tumors substantially infiltrated by 
tumor-infiltrating lymphocytes are linked to a better 
patient prognosis (28). Patients with a high level of NCBP2 
expression may have a poor response to immunotherapy, 
highlighting the potential prognostic utility of NCBP2 for 
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COAD prognosis. Furthermore, the link between the TME 
and NCBP2 may affect the curative efficacy of radiotherapy 
in COAD. Nevertheless, further research is required to fully 
understand the network of interactions between NCBP2 and 
invading stromal and immune cells.

Non-homologous end joining and homologous 
recombination are the two most common strategies to 
repair DNA double-strand breaks (29,30), which are the 
most harmful type of DNA damage. A multitude of factors 
determine the course that should be taken, and the cell 
cycle is one of them. Effective DNA end processing is 
confined to the S and G2 phases and is regulated by cyclin-
dependent kinases (CDK) activity (31,32). In addition, cells 
include checkpoints that stop cell cycle progression in the 
event of DNA damage, providing an opportunity for DNA 
repair (33). The activity of particular CDK complexes is 
influenced by several DNA damage checkpoints. Moreover, 
NCBP2 is thought to be a DNA damage sensor (34), and 
the positive association between NCBP2 and its function 
in DNA damage repair procedures might alter cell cycle 
progression in COAD. In this study, we identified G0/G1 
phase arrest following the reduction of NCBP2 expression. 
However, additional research is needed to validate NCBP2 
as a possible target for the treatment of COAD, since it may 
alter the impact of radiation and enhance cellular resistance 
to medicines via DNA damage repair pathways. 

Our research combined COAD microarray data with 
relatively large samples from TCGA database and used 
GSEA to explore NCBP2’s potential biological role and 
clinicopathological importance in COAD. In conclusion, 
NCBP2 displayed a definite increasing trend in COAD, and 

its elevated expression caused aberrant COAD cell cycle 
transition. As a result, inhibiting NCBP2 might be a viable 
method for COAD prevention and therapy. 

However, there are still some limitations in our research 
that need to be considered carefully. Firstly, the mechanisms 
of action of NCBP2 and its upstream and target genes were 
not thoroughly investigated. Secondly, we did not perform 
relevant mouse experiments to validate the results of our 
analysis. Therefore, more studies are needed to validate our 
conclusions. 
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Supplementary

Table S1 Cmap results

Cmap name Mean N Enrichment P Specificity

Tridihexethyl −0.567 4 −0.906 0.00014 0

Ascorbic acid 0.577 4 0.85 0.00072 0

Kaempferol 0.579 4 0.848 0.00076 0.0052

Zimeldine 0.367 5 0.797 0.00084 0

Trimethoprim −0.302 5 −0.768 0.00124 0

Debrisoquine 0.488 4 0.815 0.00219 0

Bupivacaine 0.321 4 0.782 0.0042 0

Ouabain 0.274 4 0.778 0.00464 0.0909

Stock1n-35874 0.651 2 0.947 0.00499 0.0435

Conessine −0.381 4 −0.77 0.00567 0

Fluvastatin 0.448 4 0.755 0.00688 0

Brinzolamide 0.403 4 0.754 0.00704 0.0394

Naltrexone −0.247 5 −0.683 0.00733 0.0393

Terguride 0.402 8 0.549 0.00836 0

Hycanthone 0.459 4 0.742 0.00849 0.0933

Mg-262 0.55 3 0.836 0.00881 0.1946

Parthenolide 0.447 4 0.738 0.00907 0.1916

Imidurea −0.448 3 −0.834 0.00915 0.0108

Amprolium −0.449 5 −0.666 0.00969 0.0385

Scopolamine N-oxide −0.441 5 −0.661 0.01061 0.0427

Dequalinium chloride 0.263 4 0.729 0.01076 0.0073

Tiapride −0.472 5 −0.661 0.01077 0.0057

Lactobionic acid −0.23 4 −0.723 0.01196 0.0056

Atracurium besilate 0.537 3 0.815 0.01244 0.0231

Ag-012559 −0.552 3 −0.812 0.01322 0.0163

Fludroxycortide −0.504 5 −0.645 0.01388 0.0376

Molsidomine −0.378 4 −0.703 0.01605 0.0129

Loxapine 0.479 4 0.7 0.01661 0.0106

Suxibuzone −0.425 4 −0.698 0.01765 0.0057

Levodopa 0.472 5 0.635 0.0184 0.0175

Cmap, connectivity map.
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Figure S1 Flow chart. DS, dependency score; DEGs, differentially expressed genes; NCBP2, nuclear cap binding protein subunit 2; ROC, 
receiver operating characteristic; GSEA, gene set enrichment analysis; CCK-8, Cell Counting Kit-8.


