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Background: Targeted programmed cell death protein 1 (PD-1) therapy could effectively improve the 
long-term prognosis of patients with non-small cell lung cancer (NSCLC). The role of PD-1 targets in the 
progression of NSCLC has not been fully revealed.
Methods: The differentially expressed genes (DEGs) in patients’ blood after NSCLC treatment with 
PD-1 blocker nivolumab in the GSE141479 dataset were analyzed by GEO2R and identified in the TCGA 
database. The mechanism of action involved in the PD-1 target molecules via the Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG). The protein-protein interaction (PPI) network shows 
the relationship between PD-1 target molecules. The factors affecting the prognosis of NSCLC patients 
were identified via the COX regression analysis and survival analysis to build the risk model and nomogram.
Results: There were 64 DEGs in patients’ blood after nivolumab treatment and 48 DEGs in NSCLC 
tissues. The PD-1 target molecules involved cell proliferation, DNA replication, cell cycle, lung cancer, 
and other cellular processes. The prognostic factors CCNA2, CHEK1, DLGAP5, E2F8, FOXM1, 
HIST1H2BH, HJURP, MKI67, PLK1, TPX2, and TYMS, and the independent factors HIST1H2BH and 
PLK1, influenced the prognosis of NSCLC patients. HIST1H2BH and PLK1 were overexpressed in LUAD 
and LUSC tissues. The elevated expression levels of HIST1H2BH and PLK1 were related to the overall 
survival (OS) and the progression-free survival of NSCLC patients. High-risk NSCLC patients had a poor 
prognosis and were an independent factor influencing the poor prognosis of NSCLC patients. The high-risk 
model group was enriched with signaling mechanisms such as cell cycle, DNA replication, and homologous 
recombination.
Conclusions: The risk model based on PD-1 target molecules was helpful to assess the prognosis of 
NSCLC patients. HIST1H2BH and PLK1 might become prognostic biomarkers of NSCLC patients.
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Introduction

In recent years, programmed cell death protein 1 (PD-1)  
has been one of the inhibitory immune checkpoints that 
activate T cells, NK cells, and B cells. PD-1 interacts 
with programmed death ligand 1 (PD-L1) to produce 
inhibitory signaling transduction, resulting in anti-tumor 
effects during cancer treatment (1). For example, in MKN-
45 and MGC-803 cells of gastric cancer (GC), anti-
cytotoxic T lymphocyte antigen-4 (anti-CTLA-4) and 
anti-PD-1 combined therapy could significantly inhibit 
cell proliferation, migration, invasion, and epithelial-
mesenchymal transition (EMT), as well as induce cell 
apoptosis in vitro, and inhibit tumor formation in vivo. 
Mechanism studies have shown that the anti-CTLA-4 and 
anti-PD-1 combined therapy could inhibit the activation 
of β-catenin, MAPK, and PI3K/AKT signaling pathways. 
Interference with PD-1 expression inhibited GC cell 
proliferation, migration, invasion, and EMT and induced 
cell apoptosis (2). Inhibition of BET protein expression 
inhibited the expression level of PD-1/PD-L1 in triple-
negative breast cancer. BET protein regulated the PD-1 
expression level, reduced the production and signaling 
transduction of interferon-γ in the T cells, and inhibited 
the expression of PD-L1 in breast cancer cells. Inhibition of 
BET protein improved tumor cell-specific T cell toxicity (3).  
In non-small cell lung cancer (NSCLC) tissues, PD-L1 
expressionwas positive in 32.6% of patients. In patients 
with high-grade malignancy and lymph node metastasis, 
the expression level of PD-L1 increased significantly (4). 
In lung adenocarcinoma (LUAD), patients with low PD-
L1 expression levels had a longer overall survival (OS) (4). 
Cyclin-dependent kinase 7 (CDK7) mRNA and protein 
expression levels were related to the poor prognosis of 
NSCLC patients. The decrease of CDK7 expression level 
could cause NSCLC cell apoptosis and inhibit tumor 
growth. The CDK7 inhibitor THZ1 could down-regulate 
PD-L1 expression level by inhibiting MYC activity. THZ1 
enhanced anti-tumor immunity by recruiting CD8 T cell 
infiltration and synergistically with anti-PD-1 therapy (5).  
This indicated that the anti-PD-1 treatment of cancer 
patients had importantvalue.

Nivolumab is the PD-1 inhibitor that binds to PD-L1 
to the surface of T cells to block the immunosuppressive 
signaling pathway triggered by PDL-1/2 and restore the 
anti-tumor function of T cells. Currently, nivolumab is used 
to treatment the patients with unresectable or metastatic 
melanoma and advanced lung squamous cell carcinoma 

(LUSC) and show the safe and effective therapeutic effect 
(6-9). For example, compared with the cytotoxic T-cell 
antigen-4 (CTLA-4) blocker ipilimumab, nivolumab has 
sustained recurrence-free survival benefits in patients with 
stage IIIB-C or IV melanoma after surgery. Nivolumab 
is also an effective adjuvant treatment for patients with 
high-risk melanoma after surgery (6). At present, many 
studies had shown that the PD-1 inhibitor nivolumab could 
improve the prognosis of cancer patients (8,10,11). For 
example, Fujimoto et al. reported that the 6-month PFS rate 
of nivolumab in patients with advanced NSCLC was 56%, 
the remission rate was 39%, and the disease control rate was 
72%. There were no treatment-related deaths (8). Sugawara 
et al. reported that the median PFS of the nivolumab group 
was higher than that of the placebo group. Nivolumab 
treatment improved the PFS and objective remission rate 
of patients with advanced non-squamous NSCLC (10). 
Hoffner et al. reported that the combination of anti-PD-L1 
immunotherapy and platinum-based chemotherapy can 
improve the prognosis of NSCLC and SCLC patients (11). 
Nivolumab has been effective therapeutic value in NSCLC 
treatment, and the mechanisms in anti-NSCLC treatment 
have not been fully revealed. Therefore, differentially 
expressed genes (DEGs) in the blood of patients from 
the GSE141479 dataset were analyzed after nivolumab 
treatment (12), the mechanisms of PD-1 target molecules in 
the progression of NSCLC were explored, and hub target 
molecules were screened in order to construct a risk model 
and nomogram to assess the prognosis of NSCLC patients. 
This could provide a theoretical reference point and new 
approach for cancer treatment.

We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2963). 

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

GSE141479 dataset

The GSE141479 dataset of the Gene Expression Omnibus 
[GEO (http://www.ncbi.nlm.nih.gov/geo/)] database 
contained gene expression data from the blood samples of 
74 NSCLC patients. Among them, 33 NSCLC patients 
were the blood samples treated with PD-1 inhibitor 
nivolumab. The platform information was GPL23126 

https://dx.doi.org/10.21037/atm-21-2963
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[Clariom_D_Human] Affymetrix Human Clariom D Assay 
[transcript (gene) version]. The gene expression levels were 
explored in blood samples of patients with NSCLC after 
nivolumab treatment via the GEO2R. Screening criteria: 
logFC >0.585 or logFC <−0.585 and P<0.05.

The Cancer Genome Atlas (TCGA) database

The gene expression data of 108 normal lung tissue samples 
and 1,037 NSCLC tissue samples, the prognosis and 
clinicopathological characteristics data of NSCLC patients 
were downloaded from the TCGA (https://portal.gdc.
cancer.gov/projects/) website. The limma package was used 
to analyze the expression levels of PD-1 target molecules 
in normal lung tissue and cancer tissue (logFC >1 or logFC 
<−1 and P<0.05).

DAVID database

The DAVID database could analyze biological processes 
(BP), molecular functions (MF), cellular components 
(CC), signaling mechanisms, and the transcription factor 
regulation involved in multiple genes. In the DAVID 
database, the gene ontology (GO), Kyoto encyclopedia 
of genes and genomes (KEGG), and transcription factor 
analysis were used to analyze the MF, BP, CC, and signaling 
mechanisms involved in the abnormally expressed PD-1 
target molecules of the TCGA database.

Protein-protein interaction (PPI) network

The abnormally expressed PD-1 target molecules in the 
TCGA database were entered into the Search Tool for 
the Retrieval of Interacting Genes (STRING) database 
to explore the PPI. The combination score >0.4 was the 
screening criterion. Cytoscape 3.6.1 software was used 
to visualize the relationship between proteins in the PPI 
network, and the MCODE method was used for enrichment 
analysis.

The risk model and nomogram

The prognostic datas of NSCLC in the TCGA database 
were sorted out, and missing values were deleted. PD-1 
target gene expression and prognosis of NSCLC patients 
was spliced. Univariate Cox regression analysis evaluated 
the impact of PD-1 target molecules on the prognosis of 
NSCLC patients. Multivariate Cox regression analysis 

and the AIC method were used to screen independent 
factors affecting the prognosis of NSCLC patients, and a 
risk model was constructed. Kaplan-Meier (K-M) survival 
analysis and nomogram showed the adverse prognosis of 
NSCLC patients in the high- and low-risk groups.

UALCAN database

The expression levels of HIST1H2BH and PLK1 were 
explored in NSCLC subtypes LUAD and LUSC tissues by 
using the UALCAN database. The relationship between 
the expression levels of HIST1H2BH and PLK1 and the 
clinicopathological characteristics of LUAD and LUSC 
patients were explored via correlation analysis. Screening 
criteria: P<0.05.

K-M Plotter database

K-M Plotter database was a commonly used prognostic 
analysis database. This database contained prognostic 
information for patients with lung cancer, breast cancer, and 
stomach cancer. In the K-M Plotter database, the median 
value of HIST1H2BH and PLK1 expression levels were 
grouped to evaluate their potential role in the prognosis of 
NSCLC patients.

CbioPortal database

The CbioPortal database provided large-scale cancer 
genomics datasets and visual analysis functions. In the 
CbioPortal database, the TCGA NSCLC data was used to 
show the mutations of HIST1H2BH and PLK1 in NSCLC 
and its subtypes LUAD and LUSC.

Lung cancer explore (LCE) database

The LCE database covered lung cancer gene expression 
data and prognostic information, and meta-analysis could 
be used to visualize gene expression in cancer patient 
tissues and its prognostic value. In the LCE database, the 
expression and prognostic value of HIST1H2BH and PLK1 
were explored in lung cancer and its subtypes LUAD and 
LUSC via the meta-analysis.

GEPIA database

The data in the GEPIA database came from the TCGA and 
GTEx databases. Correlation analysis was used to explore 
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the relationship between the expression level of PD-1 and 
the expression levels of risk model factors in normal lung 
tissues, LUAD, and LUSC tissues.

The signaling mechanisms of the risk model

Gene Set Enrichment Analysis (GSEA) was commonly used 
to evaluate the signaling mechanisms involved in influencing 
factors. In this study, we divided the TCGA NSCLC gene 
expression data into high- and low-risk groups based on the 
median value of risk scores, and the signaling mechanisms 
involved in the high- and low-risk groups were explored via 
the GSEA (13). The program was run for 1,000 cycles, and 
nominal P value (NOM P) <0.05 was used as the screening 
criterion.

Statistics analysis

Blood of patients with NSCLC after nivolumab treatment 
was analyzed for DEGs using the GEO2R. The expression 
levels of PD-1 target molecules in NSCLC tissues were 
analyzed by the R limma package. Grouping criteria: 
median value of gene expression and risk score. Univariate 
and multivariate Cox regression analysis explored potential 
factors affecting the prognosis of NSCLC patients, including 
age, gender, clinical stage, T stage, lymph node metastasis, 
distant metastasis, high- and low-risk. K-M survival analysis 
showed the survival curve of NSCLC patients with high and 
low risk. P<0.05 was considered statistically significant.

Results

The expression levels of PD-1 target molecules in NSCLC

Compared with 41 NSCLC patients, there were 64 DEGs 
in the blood of 33 NSCLC patients who received PD-1 
inhibitor treatment (P<0.05). There are 11 highly expressed 
genes and 53 lowly expressed genes (Figure 1 and Table 1).  
In the TCGA database, compared with normal lung 
tissues, the expression levels of 48 PD-1 target molecules in 
NSCLC tissues were significantly increased (Figure 2 and 
Table 2).

The biological functions and signaling mechanisms of 
PD-1 target molecules

GO analysis showed that the PD-1 target molecules were 
involved in the mitotic nuclear division, chromosome 

segregation, cell division, cell proliferation, DNA 
binding, protein kinase binding, DNA replication, mitotic 
cytokinesis, DNA repair, and other cellular functions (Figure 
3A,B,C and Table S1). KEGG signaling mechanism analysis 
showed that the PD-1 target molecules were involved 
in viral carcinogenesis, systemic lupus erythematosus, 
alcoholism, cell cycle, and progesterone-mediated oocyte 
maturation (Figure 3D). In addition, PD-1 target molecules 
were also involved in breast cancer, ovarian cancer, 
leukemia, bladder cancer, chronic obstructive pulmonary 
disease, esophageal adenocarcinoma, lung cancer, head and 
neck cancer, and other diseases (Figure S1 and Table 3).

The network of PD-1 target molecules

In the DAVID database, there were 3 transcription factors 
(NFY, E2F, and MEF2) enriched by 48 PD-1 target 
molecules (P<0.05). Figure S2 showed the relationship 
between transcription factors NFY, E2F, MEF2, and PD-1 
target molecules, and the PPI network was used to visualize 
the relationship between the proteins of 48 PD-1 target 
molecules (Figure 4).

Construction of PD-1 target molecular risk model

Univariate Cox regression analysis showed that CCNA2, 
CHEK1, DLGAP5, E2F8, FOXM1, HIST1H2BH, 
HJURP, MKI67, PLK1, TPX2, and TYMS were the 
prognostic factors of NSCLC patients (Figure 5A and 
Table 4). On this basis, multivariate Cox regression analysis 
and AIC screening were performed, and it was found 
that HIST1H2BH and PLK1 were independent factors 
influencing the prognosis of NSCLC patients (Figure 5B 
and Table 5). Figure 5C and 5D showed the high and low 
scores and survival status of NSCLC patients.

The value of risk model factors was verified in NSCLC

In the UALCAN database, HIST1H2BH was overexpressed 
in NSCLC subtype LUAD tissues. The expression level of 
HIST1H2BH was correlated with the age, gender, smoking 
history, and histological subtype of LUAD patients (Figure 
6A and Table 6). PLK1 was overexpressed in LUAD tissues. 
The expression level of PLK1 was correlated with the 
age, gender, clinical stage, smoking history, histological 
subtype, and TP53 mutation status of LUAD patients 
(Figure 6B and Table 6). HIST1H2BH was overexpressed 
in NSCLC subtype LUSC tissues. The expression level 

https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
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of HIST1H2BH was correlated with smoking history and 
histological subtypes in LUSC patients (Table 7). PLK1 was 
overexpressed in LUSC tissues. The expression level of 
PLK1 was related to the age, gender, clinical stage, smoking 
history, lymph node metastasis, and TP53 mutation status 
of LUSC patients (Table 7). In the K-M Plotter database, 
K-M survival analysis showed that elevated expression levels 
of HIST1H2BH and PLK1 were related to the OS and PFS 
of NSCLC patients (Figure 7).

In addition, the meta-analysis results showed that 
HIST1H2B and PLK1 were overexpressed in lung cancer 
tissues, and the hazard ratio (HR) were 1.18 and 1.71, 
respectively, and they were statistically significant (Figure 
8A,B). The overexpression of HIST1H2BH and PLK1 
indicated that the prognosis of lung cancer patients was not 

better. The HR was 1.05 and 1.16. There was no statistical 
significance between the overexpression of HIST1H2BH 
and the prognosis of lung cancer patients (Figure 8C,D). 
The results of subgroup analysis showed that HIST1H2BH 
was overexpressed in LUAD and LUSC tissues, with 
HR of 1.27 and 2.1, respectively, which were statistically 
significant (Figure S3A). PLK1 was overexpressed in 
LUAD and LUSC tissues, and the HR was 1.79 and 3.15, 
respectively, which were statistically significant (Figure 
S3B). The overexpression of HIST1H2BH suggested that 
the prognosis of LUAD patients was poor, and the HR was 
1.08, which is statistically significant (Figure S4A). The low 
expression of HIST1H2BH indicated a poor prognosis for 
LUSC patients, and the HR was 0.89, which was statistically 
significant (Figure S4A). The overexpression of PLK1 

Figure 1 The expression level of the PD-1 target molecules in GSE141479 NSCLC blood samples. (A) Box plot showing that the 
samples have good consistency; (B) the expression density of sample genes; (C) highly expressed genes; (D) lowly expressed genes. PD-1, 
programmed cell death protein 1; NSCLC, non-small cell lung cancer.
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Table 1 The expression level of PD-1 target molecules in 
GSE141479 NSCLC blood samples 

Gene P logFC

SNORD111 0.00493817 0.72559394

RNU6-948P 0.03444443 0.69960397

KCNQ1OT1_5 0.00166819 0.68030422

LEF1-AS1 0.03273117 0.65527865

SNORD63 0.00920666 0.64174079

GPRASP1 0.00110561 0.63013588

HMGB3P4 0.00121729 0.61194145

MTCO1P31 0.02050908 0.60380088

ARHGAP17 0.0023222 0.603064

CUBN 0.01017528 0.59152504

TRAJ14 0.002776 0.58637359

CDCA2 0.01072148 −0.59144421

FAM83D 0.00157576 −0.59256397

FOXM1 0.01552184 −0.59382417

H2BFS 0.00312788 −0.6007239

KIF11 0.01282965 −0.60308543

CENPU 0.00655007 −0.6075029

MLC1 0.03826616 −0.60756707

NUSAP1 0.00545245 −0.61177406

SGOL1 0.00965143 −0.61373539

MCM2 0.00100469 −0.61971768

CDC6 0.02287365 −0.62300489

KIF20A 0.01558623 −0.62524289

GMNN 0.00932813 −0.6271711

CENPM 0.00565937 −0.6351112

RFC2 0.00022004 −0.63632544

CENPN 0.00127519 −0.63697021

BRCA2 0.00532567 −0.64152522

E2F8 0.03568498 −0.64326644

EXO1 0.00176873 −0.65220136

HIST1H2BI 0.00253962 −0.65270249

HIST1H2BJ 0.00212488 −0.65351784

PLK1 0.02763867 −0.65474106

DTL 0.03959844 −0.65616881

Table 1 (continued)

Table 1 (continued)

Gene P logFC

HIST1H2BK 0.00185741 −0.65692162

CENPF 0.01276753 −0.67133204

CDKN3 0.03077191 −0.6757393

HIST1H2BH 0.0023265 −0.67885224

CKS2 0.00375082 −0.69673774

PRRG4 0.00719681 −0.70325329

HJURP 0.00669842 −0.70537786

STMN1 0.00217296 −0.70766827

PRC1 0.00168319 −0.7179418

CCNB2 0.03641449 −0.71887783

NDC80 0.00073926 −0.72614622

TPX2 0.01299743 −0.74730387

KIF15 0.00218344 −0.74827382

HIST1H2BL 0.00364301 −0.7494745

RAD51AP1 0.00063054 −0.7701625

HIST1H3B 0.00397439 −0.78280432

CCNA2 0.02322892 −0.79709647

CD38 0.01137765 −0.79908712

HIST1H2BB 0.00085693 −0.80144284

HIST1H1B 0.00378843 −0.80473676

CENPW 0.00594784 −0.80853294

TYMS 0.01973621 −0.81167961

TOP2A 0.00627913 −0.84272863

HIST1H2BM 0.01649506 −0.88164367

DLGAP5 0.03435208 −0.90377947

CHEK1 0.00301191 −0.92741563

MELK 0.0003221 −0.93779218

FAM111B 0.00026547 −0.97286209

MKI67 0.00484638 −0.99910995

KIAA0101 0.00937747 −1.04596747

PD-1, programmed cell death protein 1; NSCLC, non-small cell 
lung cancer.
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Figure 2 The expression level of PD-1 target molecules in the TCGA NSCLC tissues. (A) Heat map representing the DEGs; (B) violin 
chart demonstrating the top 10 DEGs via the fold-change. ***, P<0.001. PD-1, programmed cell death protein 1; TCGA, the cancer 
genome atlas; NSCLC, non-small cell lung cancer; DEGs, differentially expressed genes.

Table 2 The expression levels of PD-1 target molecules in NSCLC 
tissues 

Gene logFC P

HIST1H3B 6.971563358 5.22E-42

HIST1H1B 6.889830378 1.98E-34

HIST1H2BB 6.6176645 2.92E-16

HIST1H2BM 6.546656387 1.70E-27

HIST1H2BI 6.144328211 3.81E-19

HIST1H2BH 5.25752465 1.97E-39

HJURP 4.423193962 9.76E-63

TPX2 4.356893524 1.49E-61

MELK 4.28293495 2.60E-61

TOP2A 4.239513136 6.71E-63

FOXM1 4.206146682 1.40E-60

EXO1 4.176032779 4.79E-62

DLGAP5 4.123032333 1.54E-61

CENPF 4.004101702 2.23E-61

CDC6 3.962775113 8.09E-62

PLK1 3.804871556 1.14E-62

CCNB2 3.791913823 1.42E-61

HIST1H2BL 3.771763049 4.85E-33

NDC80 3.66052765 1.20E-60

CDCA2 3.618670951 2.97E-60

KIF20A 3.560206265 2.46E-61

CCNA2 3.560063035 9.08E-61

MKI67 3.512151918 2.23E-58

CDKN3 3.434927857 1.04E-57

Table 2 (continued)
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Table 2 (continued)

Gene logFC P

FAM83D 3.412001161 2.99E-50

E2F8 3.334165686 2.05E-61

PRC1 3.322365587 1.58E-61

KIF11 3.262694147 7.05E-62

NUSAP1 3.233047006 1.10E-60

KIF15 3.110763871 7.51E-59

FAM111B 3.110199706 4.99E-57

MCM2 2.988886147 5.17E-58

CENPU 2.922017757 3.96E-59

RAD51AP1 2.910137622 4.25E-55

CHEK1 2.741114388 2.08E-61

HIST1H2BJ 2.624552264 7.72E-28

CENPM 2.594186936 9.10E-51

CENPW 2.583310716 1.63E-42

DTL 2.466385804 3.72E-50

TYMS 2.401391345 4.02E-56

GMNN 1.900079663 1.15E-56

CENPN 1.899039582 1.93E-47

STMN1 1.625279048 2.36E-35

CKS2 1.53273206 6.79E-34

BRCA2 1.461967704 6.31E-37

HIST1H2BK 1.422823205 4.16E-26

RFC2 1.239427886 1.96E-48

H2BFS 1.214789768 0.02134121

PD-1, programmed cell death protein 1; NSCLC, non-small cell 
lung cancer.
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Figure 3 The biological functions and signaling mechanisms of PD-1 target molecules via the GO and KEGG. (A) BP; (B) CC; (C) MF; 
(D) KEGG. GO, gene ontology; BP, biological processes; CC, cellular component; MF, molecular function; KEGG, Kyoto encyclopedia of 
genes and genomes; PD-1, programmed cell death protein 1.

Table 3 Disease related to PD-1 target molecules 

Category Term Count P

GAD_DISEASE Breast Cancer 10 2.72E-05

GAD_DISEASE Longevity 9 1.68E-05

GAD_DISEASE Chronic renal failure|Kidney Failure, Chronic 8 0.011029875

GAD_DISEASE Ovarian cancer 7 4.88E-04

GAD_DISEASE Breast cancer 7 0.002764474

GAD_DISEASE Bladder Cancer 7 0.003069375

GAD_DISEASE Chronic obstructive pulmonary disease 6 0.005391657

GAD_DISEASE Lung cancer 6 0.013295264

GAD_DISEASE Lung Cancer 6 0.022918521

GAD_DISEASE Leukemia, Lymphocytic, Chronic, B-Cell 5 0.002712277

GAD_DISEASE Esophageal adenocarcinoma 5 0.015692824

GAD_DISEASE Pharmacogenetic studies 4 0.003197262

GAD_DISEASE Adenocarcinoma|Pancreatic Neoplasms 3 0.009443208

GAD_DISEASE Head and neck cancer 3 0.026277742

GAD_DISEASE Abortion, Spontaneous 3 0.036618707

PD-1, programmed cell death protein 1.
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Figure 4 The PPI network of 48 PD-1 target molecules. (A) PPI network; (B,C,D) the enrichment analysis by MCODE. PPI, protein-
protein interaction; PD-1, programmed cell death protein 1.

Figure 5 The risk model of PD-1 target molecules. (A) Univariate Cox regression analysis of the prognostic factors; (B) heat map showing 
the relationship between risk and prognostic factors; (C,D) the risk scores and survival status of NSCLC patients. PD-1, programmed cell 
death protein 1; NSCLC, non-small cell lung cancer.

A

D

B

C

Low-risk

0                      200                   400                   600                    800                 1000

0                      200                   400                   600                    800                 1000

Patients (increasing risk score)

Patients (increasing risk score)

High-risk

R
is

k 
sc

or
e

S
ur

vi
va

l t
im

e 
(y

ea
rs

)

2.0

1.5

1.0

0.5

15

10

5

0

High risk
Low risk

Dead
Alive

Type

HIST1H2BH

PLK1

3
2.5
2
1.5
1
0.5
0

A B

C

D



Zhang et al. PD-1 target molecules in NSCLC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(14):1168 | https://dx.doi.org/10.21037/atm-21-2963

Page 10 of 20

Table 4 Univariate Cox regression analysis showed the prognostic factors of NSCLC patients 

Gene HR HR.95L HR.95H P

CCNA2 1.119030214 1.015250316 1.233418597 0.023527732

CHEK1 1.161268534 1.003467151 1.343885155 0.044812367

DLGAP5 1.120187116 1.007468832 1.24551662 0.035951079

E2F8 1.188481809 1.015445446 1.391004328 0.031485368

FOXM1 1.105655354 1.017333811 1.20164468 0.018052236

HIST1H2BH 0.896796742 0.827448404 0.971957155 0.007986484

HJURP 1.113339724 1.001826182 1.237265867 0.046168795

MKI67 1.118363726 1.008411159 1.24030502 0.034124878

PLK1 1.184761851 1.061018977 1.322936416 0.002592543

TPX2 1.102047152 1.014411384 1.19725384 0.021538305

TYMS 1.146977658 1.026076189 1.282124819 0.015825538

NSCLC, non-small cell lung cancer. 

Table 5 The independent prognostic factors of NSCLC patients

Gene coef HR HR.95L HR.95H P

HIST1H2BH −0.220239949 0.802326258 0.729774307 0.882091103 5.25E-06

PLK1 0.303398284 1.354453815 1.199191723 1.529818043 1.04E-06

NSCLC, non-small cell lung cancer. 

Figure 6 The overexpression levels of HIST1H2BH and PLK1 were correlated with the gender and smoking history of LUAD patients in 
the UALCAN database. (A) HIST1H2BH; (B) PLK1. *, P<0.05 **, P<0.01; ***, P<0.001. LUAD, lung adenocarcinoma.
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Table 6 The value of risk model factors in LUAD 

Clinical features Type HIST1H2BH PLK1

Gender Male vs. female 4.84E-03 1.47E-02

Age Age (21–40 years) vs. age (81–100 years) 1.59E-02 NS

Age (41–60 years) vs. age (61–80 years) NS 1.91E-02

Age (41–60 years) vs. age (81–100 years) 1.04E-04 NS

Age (61–80 years) vs. age (81–100 years) 4.98E-03 NS

Smoking Non smoker vs. smoker 4.77E-04 1.89E-05

Non smoker vs. reformed smoker2 4.60E-03 1.86E-03

Smoker vs. reformed smoker1 3.08E-03 2.84E-08

Reformed smoker1 vs. reformed smoker2 2.58E-02 1.50E-06

Clinical stage Stage1 vs. Stage3 NS 4.15E-02

Stage1 vs. Stage4 NS 9.74E-03

Tissue type NOS vs. mixed 7.16E-03 2.22E-03

NOS vs. LBC-NonMucinous 3.45E-07 1.10E-07

NOS vs. LBC-Mucinous NS 5.93E-10

NOS vs. mucinous carcinoma 2.41E-04 2.18E-02

NOS vs. papillary 9.73E-07 NS

NOS vs. micropapillary 7.48E-12 NS

Mixed vs. LBC-NonMucinous 4.96E-03 2.56E-03

Mixed vs. SolidPatternPredominant 1.84E-03 4.67E-02

Mixed vs. LBC-Mucinous NS 2.09E-07

Mixed vs. papillary 1.25E-02 NS

Mixed vs. micropapillary 4.82E-07 NS

LBC-NonMucinous vs. SolidPatternPredominant NS 9.71E-05

LBC-NonMucinous vs. acinar NS 2.24E-02

LBC-NonMucinous vs. LBC-Mucinous NS 4.67E-02

SolidPatternPredominant vs. LBC-Mucinous NS 1.51E-02

SolidPatternPredominant vs. mucinous carcinoma NS 1.48E-02

SolidPatternPredominant vs. micropapillary 4.57E-02 NS

Acinar vs. LBC-Mucinous NS 8.57E-04

LBC-Mucinous vs. mucinous carcinoma NS 2.79E-02

LBC-Mucinous vs. papillary NS 1.09E-02

TP53 Mutant TP53-Mutant vs. TP53-NonMutant NS 9.91E-12

LUAD, lung adenocarcinoma.
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suggested a poor prognosis for LUAD and LUSC patients, 
and the HR was 1.21 and 1.05, respectively. However, there 
was no statistical significance between the overexpression of 
PLK1 and the prognosis of LUSC patients (Figure S4B). In 
addition, we also found that HIST1H2BH and PLK1 had 
significant mutations in NSCLC (Figure S5).

Evaluation of the risk model in the prognosis of NSCLC 
patients

K-M survival analysis showed that high-risk NSCLC 
patients in the risk model had poor prognoses (Figure 9A). 
Univariate Cox regression analysis showed that the clinical 
stage, T stage, lymph node metastasis, and risk score were 
the influencing factors for the poor prognosis of NSCLC 
patients (Figure 9B). Multivariate Cox regression analysis 
showed that the clinical stage, T stage, and risk score were 
independent factors influencing the poor prognosis of 
NSCLC patients (Figure 9C). The nomogram showed that 
the clinical stage was the biggest influence on the survival 
of NSCLC patients, and the prognosis of NSCLC patients 
became worse as the stage increased. The second biggest 
influence was the risk score. As the risk score increased, the 
prognosis of NSCLC patients became worse (Figure 10).

The signaling mechanisms involved in the risk model

The high-risk group had significant roles in the cell 
cycle, mismatch repair, progesterone mediated oocyte 
maturation, oocyte meiosis, DNA replication, homologous 
recombination, ubiquitin-mediated proteolysis, proteasome, 
base excision repair, basal transcription factors, RNA 
degradation, p53 signaling pathway, glyoxylate and 
dicarboxylate metabolism, citrate cycle TCA cycle, lysine 
degradation, purine metabolism, NSCLC, and other cell 
types and functions (Figure 11 and Table 8).

The expression levels of HIST1H2BH and PLK1 were 
correlated with the expression level of PD-1

In lung t issue,  the expression level  of  PLK1 was 
significantly correlated with the expression level of PD-1 
(Figure S6A). Subgroup analysis showed that the expression 
level of PLK1 in normal tissues derived from LUAD and 
LUSC was significantly correlated with the expression level 
of PD-1 (Figure S6B,C). In LUAD and LUSC tissues, the 
expression level of PLK1 was significantly correlated with 
the expression level of PD-1 (Figure S6D,E). In lung tissue, 
the expression level of HIST1H2BH was significantly 

Table 7 The value of risk model factors in LUSC 

Clinical features Type HIST1H2BH PLK1

LUSC Normal vs. primary <1E-12 <1E-12

Gender Male vs. female NS 4.31E-02

Age Age (41–60 years) vs. age (61–80 years) NS 1.41E-02

Age (41–60 years) vs. age (81–100 years) NS 2.34E-03

Smoking Non smoker vs. smoker 1.84E-05 NS

Non smoker vs. reformed smoker1 1.04E-03 NS

Non smoker vs. reformed smoker2 3.15E-06 NS

Smoker vs. reformed smoker1 NS 1.02E-02

Reformed smoker1 vs. reformed smoker2 NS 3.68E-02

Clinical stage Stage1 vs. Stage3 NS 2.90E-02

Stage3 vs. Stage4 NS 2.70E-02

NOS vs. papillary 1.68E-03 NS

Lymph node metastasis N0 vs. N1 NS 6.36E-03

N0 vs. N2 NS 1.32E-02

TP53 Mutant TP53-Mutant vs. TP53-NonMutant NS 2.68E-03

LUSC, lung squamous cell carcinoma.

https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2963-supplementary.pdf
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Figure 7 Elevated expression levels of HIST1H2BH and PLK1 were related to the prognosis of NSCLC patients. (A,B,C) The OS, FP, 
and PPS of HIST1H2BH overexpression level in NSCLC patients; (D,E,F) the OS, FP, and PPS of PLK1 overexpression level in NSCLC 
patients. NSCLC, non-small cell lung cancer; OS, overall survival; PF, progression-free survival; PPS, post-progression survival.

correlated with the expression level of PD-1 (Figure 
S6F). Subgroup analysis showed that the expression level 
of HIST1H2BH in normal tissues derived from LUSC 
was significantly correlated with the expression level of 
PD-1 (Figure S6G). In LUSC tissue, the expression level 
of HIST1H2BH was significantly correlated with the 
expression level of PD-1 (Figure S6H).

Discussion

Recent years, NSCLC was one of the top tumors in the 
world in terms of morbidity and mortality (14). There were 
a variety of treatments for NSCLC patients that could 
improve the prognosis of NSCLC patients. However, the 
treatment effect was still not satisfactory. In recent years, 
immunotherapy was considered to be one of the effective 

ways to improve advanced cancer. PD-1 inhibitor nivolumab 
could block the binding of PD-1 and PD-L1, promote T 
cells to participate in the recognition and killing of tumor 
cells, and prolong the survival of NSCLC patients (15). 
Therefore, this study explored the signaling mechanisms 
of PD-1 in the treatment of NSCLC and screen potential 
new target molecules for NSCLC progression to improve 
the long-term prognosis of NSCLC patients. In our current 
research, 48 PD-1 target molecules were involved in the 
cell division, cell proliferation, DNA replication, cell cycle, 
Lung Cancer, etc. studies indicated that cell proliferation, 
DNA replication, cell cycle played an important role 
in the development of NSCLC (16-18). For example, 
compared with paired normal lung tissues and bronchial 
epithelial cell, the expression level of TRIM13 in NSCLC 
tissues and cells was decreased. TRIM13 overexpression 
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Figure 8 HIST1H2B and PLK1 overexpression levels were related to the prognosis of lung cancer via the meta-analysis. (A,B) HIST1H2B 
and PLK1 expression levels; (C,D) the prognosis values of HIST1H2B and PLK1.
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Figure 9 The risk model was related to the prognosis of NSCLC patients. (A) K-M survival analysis; (B) univariate Cox regression analysis; 
(C) multivariate Cox regression analysis. NSCLC, non-small cell lung cancer; K-M, Kaplan-Meier.

Figure 10 Construction of the risk model nomogram.
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Figure 11 The signaling mechanisms involved in the risk model. (A) Cell cycle; (B) oocyte meiosis; (C) DNA replication; (D) homologous 
recombination; (E) ubiquitin mediated proteolysis; (F) basal transcription factors; (G) RNA degradation; (H) p53 signaling pathway; (I) 
pathway in cancer.
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Table 8 The signaling mechanisms involved in the high-risk group 

Name Size NES NOM P

CELL_CYCLE 124 2.3562934 0

MISMATCH_REPAIR 23 2.2620559 0

PROGESTERONE_MEDIATED_OOCYTE_MATURATION 85 2.2228281 0

OOCYTE_MEIOSIS 112 2.2174144 0

DNA_REPLICATION 36 2.209795 0

ONE_CARBON_POOL_BY_FOLATE 17 2.2025287 0

NUCLEOTIDE_EXCISION_REPAIR 44 2.1026423 0

HOMOLOGOUS_RECOMBINATION 28 2.09409 0

PATHOGENIC_ESCHERICHIA_COLI_INFECTION 55 2.0320096 0

PYRIMIDINE_METABOLISM 97 1.9931018 0

UBIQUITIN_MEDIATED_PROTEOLYSIS 133 1.9535059 0

CHRONIC_MYELOID_LEUKEMIA 73 1.909263 0.001972387

AMINOACYL_TRNA_BIOSYNTHESIS 22 1.9242635 0.001992032

PANCREATIC_CANCER 70 1.8818412 0.002008032

BASAL_TRANSCRIPTION_FACTORS 35 1.8217084 0.004008016

PROTEASOME 44 1.9331573 0.004040404

BASE_EXCISION_REPAIR 33 1.8571749 0.004166667

PENTOSE_PHOSPHATE_PATHWAY 27 1.8049825 0.007722008

P53_SIGNALING_PATHWAY 68 1.7388005 0.007843138

RNA_DEGRADATION 57 1.7536411 0.008

SPLICEOSOME 126 1.7790519 0.008064516

GLYOXYLATE_AND_DICARBOXYLATE_METABOLISM 16 1.7177893 0.011904762

BLADDER_CANCER 42 1.5846695 0.016194332

PATHWAYS_IN_CANCER 325 1.5147824 0.016666668

GLIOMA 65 1.6071352 0.018108651

CITRATE_CYCLE_TCA_CYCLE 30 1.7157203 0.025590552

DEGRADATION 44 1.6497922 0.026859503

PURINE_METABOLISM 156 1.5934625 0.027139874

GAP_JUNCTION 89 1.5358167 0.027600849

PROSTATE_CANCER 89 1.5185701 0.030120483

DRUG_METABOLISM_OTHER_ENZYMES 51 1.5393608 0.031067962

THYROID_CANCER 29 1.5549417 0.032467533

SMALL_CELL_LUNG_CANCER 84 1.5911384 0.034836065

FRUCTOSE_AND_MANNOSE_METABOLISM 32 1.5649511 0.035363458

NON_SMALL_CELL_LUNG_CANCER 54 1.5211327 0.036885247

CYSTEINE_AND_METHIONINE_METABOLISM 34 1.4945567 0.03807615

AMYOTROPHIC_LATERAL_SCLEROSIS_ALS 52 1.4684905 0.038306452

N_GLYCAN_BIOSYNTHESIS 46 1.5310353 0.04761905

FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS 95 1.5192246 0.04897959

NES, Normalized Enrichment Score; NOM P, nominal P value.
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level in NCI-H1975 and SPC-A-1 cells could hinder cell 
proliferation, induce cell apoptosis, and inhibit tumor 
growth in nude mice (16). MSI1 could promote the 
proliferation and glucose metabolism of NSCLC cells and 
mediate the sensitivity to chemotherapy drugs in NSCLC 
cells. MSI1 could regulate protein kinase B (Akt) signaling 
activity (17).

Studies have shown that CCNA2 was the downstream 
target of miR-219-5p, and those were negatively correlated 
in esophageal squamous cell carcinoma (ESCC) tissues. 
Interference with CCNA2 expression could enhance the 
inhibitory effect of miR-219-5p on cell proliferation and 
the cell cycle (19). PLK1 inhibitor BI-6727 could induce 
mitotic mutations and DSB repair after radiation, thereby 
increasing the radiosensitivity of NSCLC cells. PLK1 
silenced NSCLC cells showed that the gene expression 
related to DNA damage, replication, and repair were 
changed, including DNA-dependent protein kinase 
(DNAPK) and topoisomerase IIα (TOPO2A) (18). The 
expression level of miR-223-5p in NSCLC tissues and 
cells was significantly down-regulated. The expression 
level of miR-223-5p was negatively correlated with the 
malignant degree of NSCLC. Overexpression of miR-223-
5p could inhibit the proliferation, migration, and invasion 
of NSCLC cells in vitro and in vivo. This was related to the 
targeted regulation of E2F8 expression by miR-223-5p (19).  
Our study used Univariate Cox regression analysis to 
show that CCNA2, CHEK1, DLGAP5, E2F8, FOXM1, 
HIST1H2BH, HJURP, MKI67, PLK1, TPX2, and 
TYMS were the prognostic factors for NSCLC patients. 
Multivariate Cox regression analysis and AIC screening 
showed that HIST1H2BH and PLK1 were independent 
factors influencing the prognosis of NSCLC patients. It 
has been confirmed that some influencing factors played 
an important role in suppressing or promoting cancer in 
the progression of NSCLC (19-21), but there was still a 
further step to subdivide the influencing factors that need 
our follow-up confirmation. In addition, the risk model 
factors HIST1H2BH and PLK1 were overexpressed in 
LUAD and LUSC tissues and were related to the poor 
prognosis of patients. Survival analysis showed that high-
risk NSCLC patients had a poor prognosis. Cox regression 
analysis showed that the clinical stage, T stage, and risk 
score were independent factors affecting the poor prognosis 
of NSCLC patients. The nomogram showed that as the 
risk score increases, the prognosis of NSCLC patients 
becomes worse. These results suggest that our risk model 
and nomogram have some value in predicting the prognosis 

of NSCLC patients.
PD-1 has been used to treat advanced cancer patients 

in recent years and had certain therapeutic effects (1-3). In 
normal lung and cancer tissues, we found that there was 
a correlation between the factors of the constructed risk 
model and the expression level of PD-1. In lung tissue, the 
expression level of PLK1 was significantly correlated with 
the expression level of PD-1. The expression level of PLK1 
in normal tissues derived from LUAD and LUSC was 
significantly correlated with the expression level of PD-1. In 
LUAD and LUSC tissues, the expression level of PLK1 was 
significantly correlated with the expression level of PD-1.  
In lung tissue, the expression level of HIST1H2BH was 
significantly correlated with the expression level of PD-1.  
The expression level of HIST1H2BH in normal tissues 
derived from LUSC was significantly correlated with the 
expression level of PD-1. In LUSC tissues, the expression 
level of HIST1H2BH was significantly correlated with 
the expression level of PD-1. It further showed that 
HIST1H2BH and PLK1 played an important role in the 
progression of NSCLC.

This study analyzed the gene expression levels in the 
blood of PD-1 inhibitor in the treatment of NSCLC, 
and verified it in the TCGA database to construct the 
risk model and nomogram for assessing the prognosis 
of NSCLC. PD-1 inhibitor expression could become a 
potential biomarker for cancer treatment, emplying the risk 
model and nomogram as a guide to the patient’s prognosis. 
The risk model factors we constructed have been verified by 
the multiple databases used in this study to have important 
clinical value, and multiple literature reported that PLK1 
played an important role in the progression of NSCLC 
(22-24). However, this still needs further verification and 
will be part of our ongoing work. In general, PD-1 target 
molecules HIST1H2BH and PLK1 were overexpressed 
in LUAD and LUSC tissues. The increased expression 
levels of HIST1H2BH and PLK1 were related to the 
OS and PFS of NSCLC patients and were independent 
factors influencing the prognosis of NSCLC patients. 
In the risk model, high-risk NSCLC patients had a poor 
prognosis and were an independent factor influencing the 
poor prognosis of NSCLC patients. The high-risk group 
was enriched in signaling mechanisms such as cell cycle, 
DNA replication, homologous recombination, etc. The risk 
model based on PD-1 target molecules was helpful to assess 
the prognosis of NSCLC patients, and independent factors 
such as HIST1H2BH and PLK1 might become important 
prognostic biomarkers of NSCLC patients.
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Supplementary

Figure S1 Disease-related to PD-1 target molecules. PD-1, programmed cell death protein 1. 

Figure S2 The relationship between transcription factors and PD-1 target molecules. PD-1, programmed cell death protein 1.
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Figure S3 HIST1H2B and PLK1 were unusual expression in LUAD and LUSC via the meta-analysis. (A) HIST1H2B; (B) PLK1. LUAD, 
lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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Figure S4 HIST1H2B and PLK1 expression level were related to the OS in LUAD and LUSC tissues via the metaanalysis. (A) HIST1H2B; 
(B) PLK1. OS, overall survival; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.

Figure S5 HIST1H2BH and PLK1 had significant mutations in NSCLC. NSCLC, non-small cell lung cancer.
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Figure S6 The expression levels of HIST1H2BH and PLK1 were correlated with PD-1 expression level. PD-1, programmed cell death 
protein 1.
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Table S1 The biological functions of PD-1 target molecules via the GO 

Category Term Count P

BP GO:0006334~nucleosome assembly 11 7.15E-13

BP GO:0007067~mitotic nuclear division 13 2.06E-12

BP GO:0007059~chromosome segregation 8 6.14E-10

BP GO:0051301~cell division 11 2.85E-08

BP GO:0008283~cell proliferation 11 4.34E-08

BP GO:0034080~CENP-A containing nucleosome assembly 5 5.62E-06

BP GO:0007062~sister chromatid cohesion 6 8.84E-06

BP GO:0000086~G2/M transition of mitotic cell cycle 6 3.52E-05

BP GO:0002227~innate immune response in mucosa 4 4.24E-05

BP GO:0006260~DNA replication 6 6.35E-05

BP GO:0000281~mitotic cytokinesis 4 6.69E-05

BP GO:0019731~antibacterial humoral response 4 2.36E-04

BP GO:0000910~cytokinesis 4 3.05E-04

BP GO:0051726~regulation of cell cycle 5 3.64E-04

BP GO:0051310~metaphase plate congression 3 4.76E-04

BP GO:0031572~G2 DNA damage checkpoint 3 0.001351749

BP GO:0050830~defense response to Gram-positive bacterium 4 0.001623959

BP GO:0000070~mitotic sister chromatid segregation 3 0.002115826

BP GO:0001578~microtubule bundle formation 3 0.002115826

BP GO:0000732~strand displacement 3 0.002288156

BP GO:0000082~G1/S transition of mitotic cell cycle 4 0.002732956

BP GO:0007049~cell cycle 5 0.002894716

BP GO:0007052~mitotic spindle organization 3 0.003041358

BP GO:0000731~DNA synthesis involved in DNA repair 3 0.004123996

BP GO:1901796~regulation of signal transduction by p53 class mediator 4 0.004733673

BP GO:0000079~regulation of cyclin-dependent protein serine/threonine kinase activity 3 0.005100354

BP GO:0046602~regulation of mitotic centrosome separation 2 0.010913626

BP GO:0007018~microtubule-based movement 3 0.020737582

BP GO:0030071~regulation of mitotic metaphase/anaphase transition 2 0.024391909

BP GO:0006281~DNA repair 4 0.026418072

BP GO:0006268~DNA unwinding involved in DNA replication 2 0.027065923

BP GO:0001833~inner cell mass cell proliferation 2 0.032392459

BP GO:0051382~kinetochore assembly 2 0.032392459

BP GO:0010569~regulation of double-strand break repair via homologous recombination 2 0.042960087

Table S1 (continued)
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Table S1 (continued)

Category Term Count P

BP GO:0006978~DNA damage response, signal transduction by p53 class mediator resulting in 
transcription of p21 class mediator

2 0.042960087

CC GO:0005654~nucleoplasm 34 1.21E-17

CC GO:0000788~nuclear nucleosome 9 1.44E-13

CC GO:0000786~nucleosome 9 8.22E-11

CC GO:0005634~nucleus 35 7.53E-10

CC GO:0005819~spindle 8 2.06E-08

CC GO:0000775~chromosome, centromeric region 6 3.11E-07

CC GO:0005737~cytoplasm 30 1.27E-06

CC GO:0000777~condensed chromosome kinetochore 6 2.59E-06

CC GO:0000922~spindle pole 6 7.87E-06

CC GO:0005876~spindle microtubule 4 1.85E-04

CC GO:0015630~microtubule cytoskeleton 5 3.90E-04

CC GO:0005813~centrosome 7 6.69E-04

CC GO:0005874~microtubule 6 0.00108309

CC GO:0000776~kinetochore 4 0.001118872

CC GO:0000785~chromatin 4 0.001468433

CC GO:0030496~midbody 4 0.004212549

CC GO:0000784~nuclear chromosome, telomeric region 4 0.004304501

CC GO:0005730~nucleolus 8 0.005348436

CC GO:0000942~condensed nuclear chromosome outer kinetochore 2 0.010059237

CC GO:0005829~cytosol 16 0.013417391

CC GO:0005694~chromosome 3 0.02886921

CC GO:0051233~spindle midzone 2 0.046907317

MF GO:0046982~protein heterodimerization activity 11 2.45E-07

MF GO:0003677~DNA binding 18 4.03E-07

MF GO:0019901~protein kinase binding 9 4.94E-06

MF GO:0008017~microtubule binding 7 1.56E-05

MF GO:0005515~protein binding 36 1.49E-04

MF GO:0005524~ATP binding 12 0.001252552

MF GO:0042393~histone binding 4 0.003930198

MF GO:0008022~protein C-terminus binding 4 0.011807477

MF GO:0003777~microtubule motor activity 3 0.018448317

MF GO:0042826~histone deacetylase binding 3 0.029009124

PD-1, programmed cell death protein 1; GO, gene ontology; BP, biological processes; CC, cellular component; MF, molecular function. 
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