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Background: There have been several studies evaluating the prognostic significance of cell division cycle associated 5 (CDCA5). However, 
few reports analyzed the correlation between CDCA5 and prognosis of diverse cancers based on large clinical data. We thus comprehensively 
analyzed CDCA5 expression and clinical significance using The Cancer Genome Atlas (TCGA) data from 31 types of solid tumors.
Methods: The expression profiles of CDCA5 were investigated across pan-cancer samples from the TCGA. Cox regression and 
Kaplan–Meier analysis was performed to determine CDCA5’s prognostic value. CDCA5 expression was further validated by 
quantitative real-time PCR (qRT-PCR) and immunohistochemistry (IHC) in lung adenocarcinoma (LUAD).
Results: We found that CDCA5 was significantly overexpressed in 22 types of tumors. Up-regulated CDCA5 was significantly related 
to poor survival in 13 types of tumors. Furthermore, CDCA5 expression was significantly associated with immune cell infiltration. 
Tumor mutation burden (TMB), microsatellite instability (MSI), and immune checkpoint expression were significantly correlated with 
CDCA5 expression. Additional analysis of IMvigor 210 cohort validated that patients with high level of CDCA5 had superior response 
to anti-PD-L1 therapy.
Conclusion: Our findings suggested that CDCA5 could provide prognostic information in most types of cancers and contributed to 
tumor immune microenvironment.
Keywords: cell division cycle associated 5, pan-cancer, prognosis, immune infiltration, tumor mutation burden, microsatellite 
instability

Introduction
CDCA5, also known as sororin, is a substrate of the anaphase-promoting complex that regulates sister chromatid cohesion.1,2 

CDCA5 is also essential for ensuring that cohesin binds to chromatids during the S and G2/M phases, and for DNA repair during 
G2 phases.3,4 Recently, CDCA5 overexpression has been found to be related to poor prognosis, such as lung cancer,5,6 urothelial 
cancer,7 colorectal cancer,8 hepatocellular carcinoma,9–11 and esophageal squamous cell carcinoma.12 A recent study demon-
strated the positive relationship between CDCA5 and PD-1/PD-L1 in non-small-cell lung cancer (NSCLC).13 However, there is 
still no systematic analysis on the relationship of CDCA5 in different human cancers based on large clinical data.

In tumorigenesis, many factors are involved, including enhanced proliferation, resistance to apoptosis, enhanced angio-
genesis, evading immunity. In particular, the tumor microenvironment (TME), which mainly consists of stromal fibroblasts, 
together with infiltrating immune cells and the extracellular matrix, indeed plays an essential role.14,15 Moreover, in many 
different types of tumors, tumor-infiltrating lymphocytes could provide prognostic and predictive information.16–18 In recent 
years, the development of immunotherapy has revolutionized the treatment of cancer. Treatments targeting immune 
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checkpoint inhibitors have shown significant survival benefits in patients with multiple types of advanced cancer. 
Unfortunately, immunotherapy is not effective for many patients.19 Therefore, it is necessary to identify targets for cancer 
immunotherapy by exploring the interaction between tumors and immunity.

Here, a bioinformatics approach was performed to explore CDCA5 expression profiles and the prognostic significance 
based on TCGA pan-cancer data. CDCA5 expression was validated by qRT-PCR and IHC in lung adenocarcinoma 
(LUAD) tissue. Furthermore, the correlation between CDCA5 expression and clinical features, tumor-infiltrating immune 
cells, tumor mutation burden (TMB), and microsatellite instability (MSI) was explored.

Methods
Data Acquisition
Gene expression profiles including raw counts and Fragments Per Kilobase of transcript per Million (FPKM)-normalized 
RNA-seq data, clinical data and survival data for 31 solid cancer types were obtained (https://portal.gdc.cancer.gov/) on 
March 20 2021 (ACC: adrenocortical carcinoma, BLCA: bladder urothelial carcinoma, BRCA: breast invasive carcinoma, 
CESC: cervical squamous cell carcinoma, CHOL: cholangiocarcinoma, COAD: colon adenocarcinoma, DLBC: lymphoid 
neoplasm diffuse large B-cell lymphoma, ESCA: esophageal carcinoma, GBM: glioblastoma multiforme, LGG: brain lower 
grade glioma, HNSC: head and neck squamous cell carcinoma, KICH: kidney chromophobe, KIRC: kidney renal clear cell 
carcinoma, KIRP: kidney renal papillary cell carcinoma, LIHC: liver hepatocellular carcinoma, LUAD: lung adenocarcinoma, 
LUSC: lung squamous cell carcinoma, MESO: mesothelioma, OV: ovarian serous cystadenocarcinoma, PAAD: pancreatic 
adenocarcinoma, PCPG: pheochromocytoma and paraganglioma, PRAD: prostate adenocarcinoma, READ: rectum adenocar-
cinoma, SARC: sarcoma, SKCM: skin cutaneous melanoma, STAD: stomach adenocarcinoma, TGCT: testicular germ cell 
tumors, THCA: thyroid carcinoma, THYM: thymoma, UCEC: uterine corpus endometrial carcinoma, UCS: uterine carcino-
sarcoma, UVM: uveal melanoma). Table 1 provided detailed information about pan-cancer. Patient transcriptomic and clinical 
data for BLCA treated with anti-PD-L1 antibody (atezolizumab) were collected from the IMvigor 210 trial data,20 where 
patients were cisplatin ineligible or developed tumor progression despite cisplatin-based chemotherapy before immunotherapy.

Differential Expression Analysis of CDCA5 in Pan-Cancer
The CDCA5 expression levels were analyzed in tumor tissues and in normal tissues using the Wilcoxon test. The 
“ggpubr” R package was used to design a box plot. CDCA5 protein expression data was obtained from the Human 
Protein Atlas (HPA) database (https://www.proteinatlas.org/).

RNA Isolation and qRT-PCR Analysis
LUAD tissues were acquired from the Affiliated Suzhou Hospital of Nanjing Medical University. Total RNA was extracted 
from LUAD tissues by TRIzol reagent (Invitrogen, USA) following the manufacturer’s protocol. cDNA was synthesized from 
2 μg total RNA using PrimeScript RT kit (Takara). Then, qRT-PCR was applied to detect CDCA5 mRNA levels (forward: 5’- 
CCAGCGGAAATCAGGCTCTGAA−3’ and reverse: 5’-CGATCCTCTTTAAGACGATGGGC−3’) based on an ABI 
StepOnePlus system (Applied Biosystems) and Sybrgreen-based qRT-PCR assays. GAPDH mRNA (forward: 5’- 
GTCTCCTCTGACTTCAACAGCG−3’ and reverse: 5’-ACCACCCTGTTGCTGTAGCCAA−3’) was used for normalizing 
samples. The PCR conditions were as follows: 95°C for 10 min, 1 cycle; 92°C for 15 seconds, 60°C for 1 min, 40 cycles. The 
relative expression levels of mRNA were calculated using 2−ΔΔCt method with each test performed in triplicate.

Immunohistochemistry
For CDCA5 protein expression analysis in tumor and para-tumor tissues, archival formalin fixed paraffin-embedded 
(FFPE) specimens of 3 matched LUAD tissues and normal tissues were obtained from the Affiliated Suzhou Hospital of 
Nanjing Medical University. Two independent pathologists confirmed each tumor sample. From FFPE biopsy specimens, 
thin sections (5 mm) of tumor and para-tumor tissues were cut. Sections were dewaxed with fresh xylene, followed by 
rehydration with gradient ethanol. Citrate buffer (pH 6.0) was used for antigen retrieval in a microwave oven. We used 
hydrogen peroxide (3%) to block endogenous peroxidase. Then, we incubated the sections overnight with primary 
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antibody for CDCA5 (catalog no., BS-7717R; dilution, 1:200; Bioss Inc., Woburn, MA, USA). The secondary antibody 
was incubated at 32°C for 30 min. Liquid DAB Substrate was used to stain. After counterstaining with hematoxylin, the 
sections were dehydrated, and permanent media were applied.

Survival Analysis
The Kaplan–Meier method and Cox regression were used to evaluate the correlation of CDCA5 mRNA expression with 
survival outcomes from TCGA by the “survival” and “survminer” R packages. The CDCA5 expression levels were 
classified as high or low based on their median levels.

Immune Correlation Analysis
Estimating Relative Subsets of RNA Transcripts (CIBERSORT) is a metagenomic tool for identifying 22 kinds of tumor 
infiltrating immune cells. The CIBERSORT algorithm was used to evaluate the association between CDCA5 levels and 
22 immune cells subtypes across 31 cancer types with a two tailed p< 0.0001 as criteria. The ESTIMATE method was 
applied to assess tumor purity.21 Stromal and immune cell scores were calculated by R packages “estimate” and “limma”. 
And a two tailed p< 0.001 was set as criteria for evaluation of relationships of stromal and immune cell scores with 
CDCA5. TMB, as well as MSI, is emerging as new biomarkers for predicting response to immunotherapy.22,23 The 
somatic mutation data in pan-cancer were obtained from UCSC Xena (https://tcga.xenahubs.net). TMB was defined as 

Table 1 Pan-Cancer Data Acquired from TCGA

Cancer Type Full Name Tumor Samples Normal Samples

ACC Adrenocortical carcinoma 79 0
BLCA Bladder urothelial carcinoma 408 19

BRCA Breast invasive carcinoma 1091 113

CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma 304 3
CHOL Cholangiocarcinoma 36 9

COAD Colon adenocarcinoma 456 41

ESCA Esophageal carcinoma 161 11
GBM Glioblastoma multiforme 161 5

HNSC Head and neck squamous cell carcinoma 500 44
KICH Kidney chromophobe 65 24

KIRC Kidney renal clear cell carcinoma 530 72

KIRP Kidney renal papillary cell carcinoma 288 32
LGG Brain lower grade glioma 511 0

LIHC Liver hepatocellular carcinoma 371 50

LUAD Lung adenocarcinoma 513 59
LUSC Lung squamous cell carcinoma 501 49

MESO Mesothelioma 86 0

OV Ovarian serous cystadenocarcinoma 376 0
PAAD Pancreatic adenocarcinoma 177 4

PCPG Pheochromocytoma and paraganglioma 179 3

PRAD Prostate adenocarcinoma 495 52
READ Rectum adenocarcinoma 166 10

SARC Sarcoma 259 2

SKCM Skin cutaneous melanoma 468 1
STAD Stomach adenocarcinoma 375 32

TGCT Testicular germ cell tumors 150 0

THCA Thyroid carcinoma 502 58
THYM Thymoma 119 2

UCEC Uterine corpus endometrial carcinoma 543 35

UCS Uterine carcinosarcoma 56 0
UVM Uveal melanoma 80 0
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mutations (Mut) per one million coding bases (Mb) and was calculated for each sample by Perl language.24–26 We used 
MANTIS to estimate MSI across 31 cancer types.23 The correlation between TMB/MSI and CDCA5 levels was 
evaluated by Spearman correlation analysis. Here, we also evaluated the relationship of CDCA5 expression with 
common checkpoint genes by pearson’s correlation analysis. “Reshape2” and “RColorBrewer” packages were used to 
provide the visualization results. “RColorBrewer” was used to configure colors and “Reshape2” was used to interact with 
wide-format and long-format data.

Gene Set Enrichment Analysis
Gene set enrichment analysis (GSEA) was performed by cluster Profiler R package to investigate the biological 
significance between CDCA5 high expression and low expression groups in Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG). Enrichment significance was determined by |NES|>1, NOM p<0.05, 
and FDR q<0.25.

Results
Expression Levels of CDCA5 in Pan-Cancer
CDCA5 mRNA expression was evaluated in 31 types of solid tumors from the TCGA database. The findings revealed that 
CDCA5 was significantly overexpressed in 22 tumors, including BLCA, BRCA, CESC, CHOL, COAD, ESCA, GBM, 
HNSC, KICH, KIRC, KIRP, LIHC, LUAD, LUSC, PAAD, PCPG, PRAD, READ, SARC, STAD, THCA and UCEC 
(Figure 1A). Subsequently, we explored CDCA5 protein expression from the HPA cohort. The protein expression of 
CDCA5 was detected in human normal tissues and most types of cancers (Figure 1B and C). Representative IHC staining of 
CDCA5 in BRCA, CECS, COAD, LUAD and THCA normal and tumor tissues was shown in Supplementary Figure 1.

However, 730 normal tissues and 10,006 solid tumor tissues were evaluated for CDCA5 expression. Solid tumors 
overall displayed significantly higher CDCA5 expression than normal tissues (Supplementary Figure 2).

Using qRT-PCR, we confirmed the results from TCGA by detecting CDCA5 mRNA expression in 7 matched LUAD 
tissues and normal tissues. There was a significant increase in CDCA5 expression in LUAD tissues compared to normal 
tissues (Figure 1D). We further assessed CDCA5 protein expression in LUAD tissues by IHC. Consistently, the level of 
CDCA5 protein was relatively higher in LUAD tumor tissue (Figure 1E).

Then, we analyzed CDCA5 expression according to tumor stage, gender and age using TCGA datasets. CDCA5 
expression was significantly varied among different tumor stages in ACC, BACA, ESCA, HNSC, KICH, KIRC, KIRP, 
LIHC, LUAD, LUSC, SKCM, and THCA (Figure 2). Young patients had a high expression of CDCA5 than elder 
patients in BRCA, ESCA, HNSC, KIRP, LIHC, LUAD, LUSC, and THYM, while inconsistent results were found in 
BLCA, PRAD and UCEC. Additionally, CDCA5 expression was closely related to gender. Females had a reduced 
expression of CDCA5 compared to males in HNSC, LUAD and SKCM. However, females had higher CDCA5 levels 
than males in KIRP, SARC and STAD (Supplementary Figure 3).

Prognostic Value of CDCA5 in Pan-Cancer
We investigate the correlation of CDCA5 expression with OS, DSS, DFI, and PFI in the TCGA cohort to determine if it 
can predict prognosis. Higher CDCA5 expression was related to worse OS in ACC, KIRC, KIRP, LGG, LIHC, LUAD, 
MESO, PCPG and UCEC. In order to eliminate the bias caused by non-cancer deaths, the relationship of CDCA5 
expression with DSS was further analyzed. As with the OS analysis, higher CDCA5 expression was significantly 
associated with poor DSS. Contrarily, higher CDCA5 expression was significantly related to longer DSS in STAD and 
UCS. There was a negative correlation between increased CDCA5 expression and poor DFI in BRCA, KIRP, LIHC, 
LUSC, MESO, PAAD, and THCA, but a positive correlation in STAD. For PFI, an increased CDCA5 expression was 
associated with poor PFI in ACC, KIRC, KIRP, LGG, LIHC, MESO, PAAD, PCPG, PRAD, THCA and UCEC, but 
reversely in STAD (Figure 3, Table 2, Supplementary Table 1).

Further, according to the forest plot, CDCA5 could significantly impact the OS of ACC, KICH, KIRC, KIRP, LGG, 
LIHC, LUAD, MESO, PAAD, PCPG, PRAD, THYM, UCEC. Regarding CDCA5 and DSS, similar results were found. 
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Figure 1 Expression levels of CDCA5 in pan-cancer. (A), Boxplot of the mRNA expression of CDCA5 in 31 solid cancer types from TCGA database. mRNA expression 
level of CDCA5 was presented as FPKM. Wilcoxon test was used for statistical analysis. (B), CDCA5 protein intensity in different human normal tissues from the HPA 
database. (C), The ratio of CDCA5 protein detection in different cancer types from the HPA database. (D), Expression levels of CDCA5 mRNA in LUAD group were higher 
than those in normal group. Y-axis data was presented as relative expression normalized to GAPDH; calculated using the 2−ΔΔCt method. (E), Representative IHC staining of 
CDCA5 in LUAD tissues. *p< 0.05; **p< 0.01; ***p< 0.001.
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In terms of DFI, CDCA5 expression affected patients’ DFI in KIRP, LIHC, PRAD, SARC and THCA. Moreover, there 
were significant hazard ratios for CDCA5 in 13 cancer types according to the PFI forest plot, including ACC, KICH, 
KIRC, KIRP, LGG, LIHC, MESO, PAAD, PCPG, PRAD, THCA, UCEC and UVM (Figure 4).

Relationship of CDCA5 Expression with Tumor Immune Microenvironment
A CIBERSORT algorithm was used to evaluate the correlation between CDCA5 expression and immune cell infiltration. 
By applying p< 0.0001 as criteria, we observed that CDCA5 expression was positively related to the infiltration levels of 
T cells CD4 memory activated in BRCA, COAD, KIRC, KIRP, LIHC, LUAD, STAD and THCA, while negatively 
related to T cells CD4 memory resting in BRCA, COAD, KIRC, LUAD and UCEC (Figure 5 and Table 3), B cells in 3 
cancer types, CD8+T cells in 3 cancer types, macrophages M1 in 9 cancer types, macrophages M2 in 5 cancer types, 
mast cells in 6 cancer types, dendritic cells in 6 cancer types, T cells follicular helper in 6 cancer types, NK cells in 5 
cancer types, and Tregs in 3 cancer types (Supplementary Figure 4 and Supplementary Table 2).

The ESTIMATE algorithm was then applied to explore if CDCA5 expression and immune score might be correlated. 
By applying p< 0.001 as criteria, it was found that CDCA5 positively related to immune score and stromal score in KIRC 
and THCA, but negatively related to GBM, LUSC, STAD, and UCEC. Besides, there was a significant positive 
correlation between CDCA5 expression and immune score in THYM. Significantly negative correlations were found 
between CDCA5 expression and stromal score in BRCA, CECS, COAD, HNSC, LIHC, LUAD, SARC, SKCM, TGCT, 
and THYM (Figure 6 and Table 4).

Figure 2 The association between CDCA5 mRNA expression and the pathological stages of cancers from TCGA database. mRNA expression level of CDCA5 was 
presented as FPKM.
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Figure 3 Kaplan-Meier survival curves comparing the expression of CDCA5 in pan-cancer from TCGA database. (A), Kaplan–Meier OS curves for CDCA5 in 9 cancer 
types; (B), Kaplan–Meier DSS curves for CDCA5 in 13 cancer types; (C), Kaplan–Meier DFI curves for CDCA5 in 8 cancer types; (D), Kaplan–Meier PFI curves for CDCA5 
in 12 cancer types.
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Correlation of CDCA5 Expression with TMB and MSI
Next, we examined the relationship between CDCA5 expression and TMB and MSI. The results indicated that CDCA5 
was positively related to TMB in ACC, BLCA, BACA, CESC, COAD, HNSC, KICH, KIRC, LGG, LIHC, LUAD, 
LUSC, MESO, OV, PAAD, PRAD, READ, SARC, SKCM, STAD, THCA, UCEC and UCS, while THYM showed 
a negative relationship (Figure 7A). In addition, CDCA5 was positively related to MSI in BLCA, BRCA, COAD, HNSC, 
LIHC, LUSC, SARC, SKCM, STAD and UCEC (Figure 7B).

Correlation of CDCA5 Expression with Immune Checkpoint Genes
The relationship between CDCA5 and immune checkpoint genes was explored. Forty-seven immune checkpoint genes 
were evaluated. Significant correlations were found between CDCA5 and most of the checkpoint genes in specific cancer 
types, including BRCA, KIRC, LIHC, PRAD and THYM. Positive relationship of CD274 (PD-L1) and CDCA5 was 
found in ACC, BLCA, BRCA, CHOL, KIRC, LUAD, LUSC, MESO, OV, PAAD, SARC, STAD and THCA, while 
negative association was shown in GBM and THYM. Interestingly, in THCA, CDCA5 expression was significantly 

Table 2 Univariate Cox Regression Results of CDCA5 According to Median Value in Each Type of Cancer

Cancer OS DSS

HR HR.95L HR.95H p HR HR.95L HR.95H p

ACC 9.09 3.39 24.40 1.15E-05 7.43 2.77 19.90 6.65E-05

BLCA 1.18 0.88 1.59 2.69E-01 1.28 0.89 1.83 1.83E-01
BRCA 1.28 0.93 1.77 1.32E-01 1.56 1.01 2.43 4.62E-02

CESC 0.63 0.39 1.01 5.55E-02 0.72 0.42 1.23 2.26E-01

CHOL 1.56 0.58 4.25 3.80E-01 1.27 0.45 3.59 6.51E-01
COAD 0.92 0.61 1.38 6.84E-01 0.71 0.43 1.16 1.74E-01

ESCA 0.93 0.57 1.54 7.84E-01 0.95 0.53 1.71 8.71E-01

GBM 0.98 0.69 1.39 9.16E-01 1.07 0.74 1.56 7.07E-01
HNSC 0.95 0.72 1.23 6.79E-01 1.07 0.76 1.51 7.13E-01

KICH 3.43 0.71 16.50 1.24E-01 5.85 0.70 48.70 1.02E-01

KIRC 1.85 1.36 2.54 1.10E-04 2.45 1.62 3.70 2.14E-05
KIRP 2.79 1.48 5.27 1.53E-03 34.40 4.67 253.00 5.16E-04

LGG 1.78 1.23 2.57 2.41E-03 1.93 1.30 2.85 1.02E-03

LIHC 1.93 1.36 2.75 2.45E-04 2.20 1.39 3.47 7.57E-04
LUAD 1.61 1.20 2.17 1.60E-03 1.75 1.20 2.56 3.68E-03

LUSC 0.96 0.73 1.25 7.49E-01 1.01 0.67 1.55 9.45E-01

MESO 4.43 2.65 7.42 1.47E-08 4.69 2.45 8.97 3.19E-06
OV 0.95 0.73 1.23 7.06E-01 0.93 0.70 1.22 5.84E-01

PAAD 1.49 0.98 2.25 5.98E-02 1.42 0.89 2.26 1.42E-01

PCPG 5.97E+08 0.00 Inf 9.98E-01 5.68E+08 0.00 Inf 9.99E-01
PRAD 2.64 0.71 9.77 1.47E-01 5.19E+08 0.00 Inf 9.99E-01

READ 0.69 0.32 1.51 3.55E-01 0.90 0.31 2.61 8.51E-01

SARC 1.19 0.80 1.77 3.84E-01 1.14 0.74 1.77 5.47E-01
SKCM 1.26 0.96 1.64 9.14E-02 1.34 1.00 1.79 4.62E-02

STAD 0.75 0.54 1.03 7.77E-02 0.61 0.40 0.94 2.43E-02
TGCT 0.77 0.10 5.75 7.98E-01 2.00 0.18 22.10 5.70E-01

THCA 0.94 0.35 2.51 9.07E-01 1.22 0.27 5.48 7.91E-01

THYM 0.41 0.10 1.64 2.05E-01 2.27 0.23 22.10 4.81E-01
UCEC 1.76 1.15 2.70 9.77E-03 2.07 1.21 3.53 8.10E-03

UCS 0.51 0.25 1.03 6.00E-02 0.48 0.23 1.00 5.11E-02

UVM 0.91 0.39 2.09 8.19E-01 1.03 0.43 2.43 9.54E-01
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related to 41 immune checkpoint markers. Furthermore, CDCA5 was not related to most immune checkpoint genes in 
USC and UVM (Figure 8).

Immunotherapeutic Response Prediction Value of CDCA5
As CDCA5 played a vital role in tumor immune, we sought to validate whether it could predict response to immu-
notherapy based on IMvigor 210 cohort. Patients with high levels of CDCA5 had longer OS (Figure 9A). Besides, 
responders expressed more CDCA5 than non-responders (Figure 9B). Patients with high CDCA5 expression responded 
better to anti-PD-L1 treatment (Figure 9C).

Figure 4 Forest plots of Cox regression analyses in pan-cancer from TCGA database. (A), Association between CDCA5 expression and OS; (B), Association between 
CDCA5 expression and DSS; (C), Association between CDCA5 expression and DFI; (D), Association between CDCA5 expression and PFI.
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We then explored the correlation between CDCA5 mRNA expression and the response to standard treatment for each 
tumor type using TCGA datasets. CDCA5 expression levels were significantly high in the SD+PD group compared with 
the CR+PR group in ACC, BLCA, KICH, KIRP, LGG, LUAD, PAAD, PCPG and PRAD (Supplementary Figure 5).

GSEA Analysis
GSEA was performed to analyze the enrichment of KEGG and GO pathways in CDCA5 expression in different cancers. 
Here were the first six most significant pathways (Supplementary Figures 6 and 7). Supplementary Table 3 presented 

Figure 5 Association of CDCA5 mRNA expression with T cells CD4 memory activated and resting from TCGA database. mRNA expression level of CDCA5 was 
presented as FPKM.
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KEGG pathways enriched in more than 5 types of cancers and GO pathways in more than 15 types of cancers. In KEGG 
analysis, “cell cycle”, and “DNA replication” were found in multiple tumors. In GO analysis, “immune response 
regulation cell surface receptor signaling” was found in CHOL, THCA, and UVM. These results indicated that 
CDCA5 widely participated in the signaling pathways involved in cell proliferation and immunity.

Discussion
In addition to its role in cell cycle regulation, CDCA5 is also involved in the development of cancers. CDCA5 is also 
over-expressed and affects prognosis in various cancer, acting as an oncogene.8,27–30 In GC, upregulation of CDCA5 
could promote tumor progression by influencing cyclin E1.27 HCC cells could be suppressed by silencing CDCA5 and 
induced to enter G2/M cell cycle arrest if CDCA5 was silenced.28 In bladder cancer, CDCA5 might promote tumor 
growth through dysregulation of mitochondria-mediated apoptosis and cell cycle regulation.29 It was found that in 
colorectal and prostate cancer, CDCA5 might activate ERK signaling to promote cancer progression.8,30 Recently, there 
have been many studies that focus on an analysis of pan-cancer to reveal similarities and differences and develop 
therapeutic targets that can help prevent and treat cancer.31 The role of CDCA5 in pan-cancer was rarely studied. Here, 

Table 3 Association of CDCA5 mRNA with T Cells CD4 Memory Resting and Activated in 
Pan-Cancers

Cancer T Cells CD4 Memory Resting T Cells CD4 Memory Activated

Cor p Cor p

ACC −0.30 5.47E-02 0 1
BLCA −0.17 1.45E-03 0.18 8.25E-04

BRCA −0.21 7.76E-12 0.31 7.77E-26
CESC −0.15 9.92E-03 0.12 4.79E-02
CHOL −0.36 4.13E-02 0.10 5.72E-01

COAD −0.22 2.36E-06 0.28 2.02E-09
ESCA −0.05 5.62E-01 0.13 1.03E-01
GBM −0.21 7.81E-03 −0.08 3.07E-01

HNSC −0.04 3.40E-01 0.13 3.23E-03

KICH −0.03 8.56E-01 0 1
KIRC −0.19 1.27E-05 0.22 3.01E-07
KIRP −0.17 4.77E-03 0.27 1.24E-05
LGG 0.15 3.51E-03 0 1
LIHC −0.12 3.34E-02 0.23 6.05E-05
LUAD −0.29 8.93E-12 0.42 1.12E-23
LUSC −0.13 3.66E-03 0.02 5.80E-01
MESO 0.09 3.95E-01 −0.02 8.44E-01

OV −0.09 1.11E-01 0.12 4.37E-02

PAAD 0.02 8.23E-01 0.04 6.13E-01
PCPG −0.09 4.28E-01 0.19 1.19E-01

PRAD −0.19 2.32E-04 0.04 4.89E-01

READ −0.02 8.38E-01 0.21 1.11E-02
SARC −0.14 2.55E-02 0.15 2.13E-02

SKCM 0.03 5.74E-01 0.04 4.20E-01
STAD −0.19 1.95E-04 0.30 4.81E-09
TGCT −0.01 8.89E-01 0.20 1.26E-02

THCA −0.15 3.02E-03 0.37 2.46E-14
THYM −0.02 8.06E-01 0.06 5.07E-01

UCEC −0.18 5.31E-05 0.16 3.69E-04

UCS −0.16 3.35E-01 0.02 9.02E-01
UVM −0.05 7.81E-01 0.24 1.56E-01

Note: Bold fonts p< 0.0001.
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a pan-cancer analysis was performed on CDCA5 expression profiles and its prognostic value. Then, using bioinformatics 
analysis, CDCA5’s role in tumor immunity was further demonstrated.

Here, we observed that CDCA5 was abnormally upregulated in most tumor tissues. Besides, CDCA5 expression was 
associated with clinical stage, age and gender. It may be important to consider the age and gender of patients when 
selecting treatment options. CDCA5 expression was different in patients with stage I and IV. These discoveries clearly 
demonstrated that CDCA5 could be used as a biomarker for prediction of cancer progression. Subsequently, to confirm 
the expression of CDCA5 in LUAD, RT-PCR and IHC were performed. Consistent with bioinformatic analysis, tumor 
tissues expressed significantly higher levels of CDCA5 mRNA and protein than normal tissues.

Figure 6 Association of CDCA5 mRNA expression with the immune score and stromal score from TCGA database. mRNA expression level of CDCA5 was presented as 
FPKM.
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Our study showed that increased CDCA5 expression was related to poor prognosis in most tumor types. 
Particularly, we indicated that CDCA5 was up-regulated and associated with poor prognosis in KIRP, PCPG, 
THCA and UCEC for the first time. Consistent with previous reports, CDCA5 was a negative prognostic biomarker 
in lung carcinoma,5,6 colorectal cancer,8 and esophageal squamous cell carcinoma.12 However, we also observed that 
CDCA5 overexpression was related to better DSS of UCS. STAD was another exception that high CDCA5 expression 
indicated a longer DSS, DFI and PFI. The study of Zhang et al demonstrated that gastric cancer patients with CDCA5 
overexpression exhibited a worse OS. Previous studies conducted mechanism researches on the role of CDCA5 in 
cancer almost demonstrated that CDCA5 could act as an oncogene in almost all types of cancers such as prostate 
cancer, ovarian cancer, nasopharyngeal carcinoma and gastric cancer.27,32–34 However, one single gene might not act 
as a driver factor to result in the prognosis. Diversity in populations, treatment methods and some other factors were 
also responsible for prognosis of patients with cancers. Our study found that patients with STAD and UCS with high 
CDCA5 expression had better prognoses. However, there were only a limited number of samples, so further research 
with larger sample size is needed. Whether there existed some other interactions between CDCA5 and other factors in 
prognosis of some specific types of cancers should also be paid attention and investigated in the future.

Table 4 Correlation of CDCA5 with Stromal Score and Immune Score in 
31 Solid Tumors

Cancer Stromal Score Immune Score

Cor p Cor p

ACC −0.27 1.66E-02 −0.27 1.74E-02
BLCA 0.05 3.61E-01 0.12 1.24E-02

BRCA −0.32 2.20E-16 0.06 3.64E-02

CESC −0.23 3.90E-05 −0.14 1.42E-02
CHOL −0.22 1.92E-01 −0.05 7.57E-01

COAD −0.20 1.76E-05 −0.07 1.21E-01

ESCA −0.19 1.58E-02 −0.22 5.51E-03
GBM −0.50 3.26E-12 −0.52 2.20E-16
HNSC −0.27 1.05E-09 −0.07 1.22E-01

KICH −0.17 1.81E-01 −0.19 1.24E-01
KIRC 0.19 1.59E-05 0.36 2.20E-16
KIRP 0.05 3.75E-01 0.02 7.89E-01

LGG −0.08 6.13E-02 −0.08 5.90E-02
LIHC −0.26 5.44E-07 0.01 8.81E-01

LUAD −0.17 9.55E-05 −0.12 7.65E-03

LUSC −0.38 2.20E-16 −0.28 1.64E-10
MESO 0.07 5.46E-01 −0.01 9.42E-01

OV −0.12 1.98E-02 −0.07 1.49E-01

PAAD −0.23 2.10E-03 −0.16 3.09E-02
PCPG −0.18 1.50E-02 −0.21 5.50E-03

PRAD −0.03 5.00E-01 0.03 4.67E-01

READ −0.17 2.44E-02 −0.19 1.65E-02
SARC −0.28 4.39E-06 −0.09 1.43E-01

SKCM −0.18 1.26E-04 −0.12 1.05E-02
STAD −0.38 2.12E-14 −0.19 1.59E-04
TGCT −0.55 2.20E-16 0.07 4.15E-01

THCA 0.34 3.86E-15 0.46 2.20E-16
THYM −0.31 6.64E-04 0.31 5.71E-04
UCEC −0.23 3.25E-08 −0.22 2.18E-07
UCS −0.01 9.33E-01 −0.13 3.27E-01
UVM −0.23 3.87E-02 −0.14 2.05E-01

Note: Bold fonts p< 0.001.
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Therapy targeting immune checkpoint genes has proved to be an effective treatment option for most advanced cancer. 
However, the majority of patients do not show durable responses to therapy.35 Therefore, reliable biomarkers are crucial 
for predicting response to immune checkpoint inhibitors.

TMB has been used as a biomarker predicting response to immunotherapy.22,36,37 Furthermore, checkpoint inhibitors are more 
likely to be beneficial in patients with high TMB.38,39 Increasing evidence has shown that MSI-H is caused by mismatch-repair 

Figure 7 Associations between CDCA5 mRNA expression and TMB and MSI in cancers from TCGA database. (A), Radar map of association between CDCA5 expression 
and TMB; (B), Radar map of association between CDCA5 expression and MSI. *p<0.05; **p<0.01; ***p<0.001.

Figure 8 Heatmap of the association between CDCA5 expression and 47 common immune checkpoints gene levels in 31 cancer types from TCGA database. P-values and 
correlation coefficients are represented by top left and bottom right triangles; respectively; for each pair. *p< 0.05; **p< 0.01; ***p< 0.001.
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deficiencies (dMMR), which are closely associated with tumorigenesis.23 Both MSI-H and dMMR suggested high mutation load, 
which was related to better efficacy of immunotherapy.40 MSI or dMMR is positively correlated with the efficacy of immu-
notherapy for multiple solid tumors.41–44 Tumor infiltrating lymphocytes play a critical role in inhibiting or promoting tumor 
progression in the immune microenvironment.45,46 The response to immune checkpoint inhibitors could be affected by tumor- 
infiltrating lymphocytes.47,48 Anti-PD-1/PD-L1 was found to be more effective when CD8+ T cells were more abundant in the 
tumor core and invasive margin.16,17 There were several subsets of CD4+ Th1 cells that were more abundant in melanoma tumors 
that responded to anti-CTLA-4.49 Numerous studies have demonstrated that B cells have a positive impact on ICB response.50,51 

In GBM, CDCA5 amplification was related to CD8+ T cell infiltration.52

Based on the analysis of immunotherapy cohort (IMvigor 210), patients with higher CDCA5 level might benefit from anti- 
PD-L1 therapy and had longer OS. However, up-regulated CDCA5 was significantly associated with worse clinical outcomes in 
most tumors from TCGA. The results from TCGA cohort and IMvigor 210 were not contradictory. On the contrary, we could 
assume that the patients who were not benefited from classic anticancer therapies might be response for the immunotherapy.

At present, CDCA5 has been rarely studied in the context of cancer immunotherapy. This study indicated that 
CDCA5 expression could impact TMB, MSI and immune cell infiltration and thus impacting response to immunotherapy 
for the first time. Besides, positive relationship of CD274 (PD-L1) and CDCA5 was found in most tumors, which was in 
line with the finding of Shen et al.13 Therefore, there is potential for CDCA5 to serve as a new immunotherapeutic target. 
However, the potential mechanisms should be identified through in vitro and in vivo experiments.

Our study suggested that CDCA5 played a crucial role in tumors. However, further mechanistic studies at the cellular 
and molecular levels are needed. The study as a pan-cancer analysis with bioinformatics approaches, might not show all 
interactions and involvement of CDCA5 in each type of cancers. However, our study accurately revealed the importance 
of CDCA5 in various tumors and its correlation with numerous clinical parameters. All these findings might provide 
important clues for mechanistic studies on CDCA5 in tumors in the future.

Conclusions
Overall, our study demonstrated that CDCA5 overexpression correlated with poor prognosis. Immune cells infiltration, 
immune checkpoint genes, TMB, and MSI were associated with aberrant CDCA5 expression. However, a majority of the 
data for the current study was obtained from bioinformatics and public databases. Molecular and cellular studies of 
CDCA5 are necessary to understand its role in tumorigenesis and progression. Therefore, there is potential for CDCA5 to 
be a prognostic biomarker and a therapeutic target for immunotherapy.

Abbreviations
ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, 
cervical squamous cell carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid 

Figure 9 Validation of the immunotherapeutic predictive value of CDCA5. (A), Kaplan–Meier OS curves for CDCA5 mRNA in IMvigor 210 cohort. (B), CDCA5 mRNA 
expression was higher in responders than that in non-responders. mRNA expression level of CDCA5 was presented as FPKM. (C), The proportion of patients with 
response to anti- PD-L1 therapy in CDCA5 mRNA high and low expression groups.
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lower grade glioma; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney 
renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LIHC, liver hepatocellular carcinoma; 
LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous 
cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, 
prostate adenocarcinoma; READ, rectum adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; 
STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, thymoma; 
UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.
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