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Background: Because of the high incidence and poor prognoses of lung

adenocarcinoma (LUAD), it is essential to identify cost-effective treatment

options and accurate and reliable prognostic biomarkers. CDCA4

upregulation has been identified in many cancers. However, the prognostic

importance of CDCA4 and its role in LUAD remain unknown.

Methods: CDCA4 expression was assessed through IHC, Western blotting (WB)

and RT-PCR. The Cancer Genome Atlas (TCGA) provided data from 513

patients to study the expression and prognostic relevance of CDCA4 in

LUAD. This study used gene set enrichment analyses (GSEA), gene ontology

and KEGG pathway analyses for elucidating potential mechanisms

underpinning the function of CDCA4 in LUAD. We also investigated

correlations between immune infiltration and CDCA4 expression with single

specimen GSEA (ssGSEA).

Results: According to database analysis and identification of patient tissue

samples, CDCA4 expression in tumour tissues surpassed that in normal tissues

(P< 0.001). Increased CDCA4 expression was positively correlated with a higher

T, N, pathologic stage and poor primary therapy outcome. In addition, the

Kaplan–Meier plotter exhibited that an elevated CDCA4 expression was related

to worse disease-specific survival(DSS) and overall survival (OS) (DSS HR=

5.145, 95% CI=3.413-7.758, P<0.001; OS HR=3.570, 95% CI=2.472-5.155,

P<0.001). Then multivariate COX regression analyses indicated that the

CDCA4 gene was an independent risk consideration for prognoses. GO and

KEGG results showed that CDCA4 and its neighbouring genes were enriched in

the cell cycle and DNA replication. As determined by GSEA, CDCA4 was related

to various immune-related signalling pathways (SPs), Homologous

recombination, DNA replication and the cell cycle. SsGSEA analysis showed a

significant association between CDCA4 expression and Th2 cells, mast cells,

eosinophils and Th17 cells.
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Conclusions: CDCA4 expression is increased in LUAD and is a potential

predictive biomarker and therapeutic target.
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Introduction

Lung cancer is the most common type of cancer and the

primary reason for cancer deaths globally (1). Unfortunately,

most lung cancer patients are not detected until the metastatic

stage (2). Despite continued advances in treatment strategies

(like immunotherapy, targeted therapy, chemotherapy,

radiotherapy and surgery), the prognoses remain bleak, with a

five-year relative survival rate of only 19.7% in China (3). The

five-year relapse-free survival (RFS) after surgical resection is

only 70% (4). Based on histological type, non-small cell lung

cancer (NSCLC) made up approximately 85% of lung cancer,

while lung adenocarcinomas (LUAD) made up nearly 40% (5).

LUAD possesses a high burden of tumour mutations such as

EGFR, HER2, BRAF, ROS1, ALK, and KRAS (6–9). The

discovery of these biomarkers has revolutionized the

therapeutic landscape of advanced LUAD. However, the

prognosis of LUAD remains unsatisfactory because of its

remarkable heterogeneity and aggressiveness. Therefore,

developing novel tumour biomarkers with high specificity and

sensitivity is crucial for the early detection, treatment and

prognosis of LUAD.

The cell division cycle-associated (CDCA) protein family

(CDCA1-8) is involved in the cell cycle, which is closely related

to carcinogenesis (10, 11). Efforts have been made to identify

CDCA genes as biomarkers for the development and prognosis

of different malignancies (12, 13). The up-regulation of CDCA

gene expression may play a vital role in ovarian cancer

oncogenesis through the PLK1 pathway (13). CDCA4, known

as HEPP/TRIP-Br3/SEI-3 as well, is associated with the G1/S

transition transcription factor. It encodes a protein member of

the E2F family of transcription factors involved cell cycle

regulation and DNA synthesis (14). According to earlier

studies, through the E2F/retinoblastoma protein pathway,

CDCA4 controls cell proliferation and E2F-dependent

transcriptional activation (15). Various studies have

extensively confirmed the close relationship between CDCA4

upregulation and tumorigenesis (12, 13, 16). There is evidence

that overexpression of CDCA4 stimulates proliferation and

inhibits apoptosis in MCF-7/ADM human breast cancer cells

(16). CDCA4 regulates the mRNA expression of the JUN

oncogene and acts as a critical determinant of cell fate (17).
02
Notably, overexpression of CDCA4 is directly associated with

reduced post-progression survival (PPS) in ovarian cancer (13).

CDCA4 has been validated as a prognostic biomarker for various

malignancies (12, 18). Wu et al. and colleagues found that

increased CDCA4 mRNA expression was strongly related to

survival in patients featuring squamous cell carcinoma of the

head and neck (12). However, the link between CDCA4

expression and LUAD remains to be fully explored.

The objectives of this study were 1) to understand whether

CDCA4 expression correlates with clinical and pathological

aspects in patients with LUAD; 2) to investigate the predictive

value of CDCA4 in LUAD; 3) to evaluate the expression model

of CDCA4 in tumour and peritumor lung tissues, and 4) to

understand the underlying mechanisms using bioinformatics

analysis. In addition, an online tumour infiltration immune cell

tool was employed to assess the association between CDCA4

expression and the clinical characteristics of LUAD.
Materials and methods

Clinical samples

From January to December 2020, 39 patients with LUAD

underwent surgery in the Department of Thoracic Surgery at

Hunan Provincial People’s Hospital and paired tumour and

normal tissue (>5 cm proximity) specimens adjacent to the

tumour were collected for real-time quantitative PCR (RT-qPCR),

WB, and immunohistochemical (IHC) experiments. The clinical

characteristics of the 39 individuals can be obtained in

Supplementary Tables 1, 2. All selected patients received surgery

without neoadjuvant therapy, autoimmune diseases or other

malignant tumors. The ethics committee of Hunan Provincial

People’s Hospital authorized this study (No.202049). All patients

completed written informed consent, and no additional special

treatments were administered preoperatively.

Immunohistochemistry

LUAD tissues which contained 39 tumours and paired normal

tissues were used for immunohistochemical staining of CDCA4.

Hematoxylin and eosin staining of the tumour and normal tissues
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close to the tumour followed by immunohistochemical staining.

The main staining procedure was as follows. Four-millimetre-

thick paraffin sections were dewaxed with xylene and washed in

an ethanol gradient. After antigen retrieval featuring EDTA buffer

(pH=9.0), endogenous peroxidase activity was eliminated by

adopting 3% H2O2 for 10 minutes and incubated with CDCA4

polyclonal antibody (1:300; No. YT0820; ImmunoWay

Biotechnology, USA) at 4°C overnight. After rinsing three times

with PBS, add the primary antibody and incubate them with the

secondary antibody (Goat Anti-Rabbit IgG Antibody-HRP;

No.201105S407q; Maixin Biotech Co., Ltd, Fuzhou, China) for

50 min at room temperature(RT). After rising in PBS for three

minutes, incubate the sections and stain them with a DAB colour

development kit (Fuzhou Maixin Biotech Co., Ltd., China),

followed by hematoxylin staining, drying and mounting.

CDCA4 expression was quantified in at least five locations

under 200x magnification based on staining intensity (0–3) and

the proportion of positively stained tumour cells (0-100%). The

following are the scoring guidelines. 0 denotes no staining; 1

denotes weak yellow-brown staining; 2 denotes modest yellow-

brown staining; and 3 denotes severe yellow-brown staining

(strong staining, brown). The latter were classified as follows: 0

(negative); 1 (approximately 25% positive cells); 2 (approximately

25% to 50% positive cells); 3 (approximately 51 to 75% positive

cells); and 4 (approximately >75% positive cells). Immunostaining

was reviewed separately by two professional pathologists who kept

the clinical results of the patients confidential.
Quantitative real-time PCR analysis

Quantify CDCA4 expression by employing real-time reverse

transcription-polymerase chain reaction (RTPCR). Isolate total RNA

from tumours, and adjacent normal tissues of 10 patients by applying

Trizol reagent (TianGen, Beijing, China) and reverse transcribe them

into cDNA using RevertAid reverse transcriptase (Thermo, USA)

according to the producer’s instructions. Perform qRT-PCR by

employing PerfectStart Green qPCR 2x SuperMix (TransGen

Biotech, China) and the Q1 Real-Time System (ABI), with GAPDH

as an internal reference. Use the primers below in the qRT-PCR.

CDCA4: 5’-CACGAGGACTGAAGAGGAAATGT-3’ (forward); 5’-

TTGGGCTCCACAAGCATGTG-3’ (reverse); GAPDH: 5’-

CCAGGTGGTCCTGA-3’ (forward); 5’- CCAGGTGCTCCTGA-3’

(reverse). Calculate all mRNA levels by utilizing the 2Ct approach, and

test all samples in triplicate using this method.
Western blotting

Based on the producer’s instructions, isolate total proteins from

tissues of 10 patients using the RIPA protein extraction reagent

(Beyotime, China). Afterwards, measure protein contents by

adopting a BCA kit (Beyotime, China). Proteins were separated
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(Merck Millipore, Germany). Block the films by employing 5%

skimmed dry milk in PBST (1 PBS + 0.1% Tween-20) buffer for 2 h

at RT. After rinsing the membranes by utilizing PBST, incubate

them by employing anti-CDCA4 (1:5,000, Proteintech, USA)

primary antibody at 4°C overnight before incubating them by

utilizing horseradish peroxidase-conjugated secondary antibody

(1:5,000) for one hour at RT. Wash blots three times with PBST,

and quantify protein levels with a ClinxChemiScope 6000 (Clinx

Scientific Instruments, China) before visualization using enhanced

chemiluminescence. Internal controls were identified as GAPDH,

and relative expression was normalized to GAPDH. Perform the

experiment in triplicate.
Data collection

In May 2020, the RNA-seq gene data and associated

clinicopathological characteristics were downloaded from the

TCGA database (https://portal.gdc.cancer.gov ) as Level 3 gene

expression data. The following analysis stage was to convert the

level 3 HTSeq-FPKM data into transcripts per million reads (TPM).

LUAD patients lacking sufficient survival and/or expression data

were excluded. R software (version 3.6.2) was applied for analyzing

the data of each RNA-Seq gene expression level 3 and the clinical

information of LUAD patients (19). Finally, data from 513 patients,

including 57 paired LUAD tissue and para-cancerous tissue samples,

were downloaded. Among the enrolled patients, according to the

American Joint Committee on Cancer (AJCC) 8th edition staging

manual for lung cancer, this study included 274 patients (53.41%) at

stage I, 121 patients (23.59%) at stage II, 84 patients (16.37%) at stage

III, and 10 patients (1.95%) at stage IV (Table 1).
CDCA4 correlation genes analysis

After removing the repeated sequences of patients’ tumours,

we used the Pearson method of cor. test function in R (version:

4.0.2) to detect the TPM expression and CDCA4-related genes in

513 tumours. P < 0.05 and |R| > 0.2 were statistically, and finally

we got 6952 significant correlation genes of CDCA4.
Gene-set enrichment analyses

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and

Genomes (KEGG) pathway enrichment analyses were conducted

by employing the R package clusterProfiler (version: v3.18.1) for

correlation genes with CDCA4. For identifying over-represented

GO terms in three categories (cellular component, molecular

function and biological courses), and the KEGG pathway, the R

package enrichplot(version: v1.10.2) was adopted to visualize. For

these analyses, p <0.05 and q < 0.2 were regarded to denote

statistical significance.
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Gene set enrichment analysis

To further determine the function of genes related to

CDCA4, we sequenced these genes in LUAD tumours in the

TCGA data set according to the relationship between these genes

and CDCA4. Then “gseGO” and “gseKEGG” function of the R

package clusterProfiler (version: v3.18.1) was used to analyze
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GO_ BP and KEGG. We set a statistically significant p-value of

0.05 for GO_BP and KEGG enrichment analyses.
Immune infiltration analysis by single
sample gene set enrichment analysis

We assessed the infiltration of 24 immune cell types (ICTs)

in tumour tissues by employing the ssGSEA approach of the

Gene Set Variation Analysis (GSVA) package (http://www.

bioconductor.org/packages/relaease/bioc/html/GSVA.html) of

R software (version 3.6.2). The ssGSEA scored the absolute

expression of genes in each tumour sample and calculated an

enrichment score according to the marker genes of the 24 ICTs

found in the literature (20). The Spearman correlation and

Wilcoxon rank-sum tests were adopted for assessing the

association between the immune cells and CDCA4 and the

relationship between CDCA4 low and high expression groups

and immune cell infiltration.
Statistical analysis

R and IBM SPSS 26.0 were applied for evaluating and

performing a statistical study of the data. To investigate the

association between CDCA4 and clinicopathological

characteristics, Pearson c2 tests and univariate logistic

regression were utilized. The cor.test package in R was used to

calculate Pearson correlations, and the ggpubr and corrplot

packages in R were used to create correlation graphs. The

association between clinical variables and DSS or OS time in

patients with TCGA-LUAD was investigated by employing the

Kaplan-Meier (KM) technique and COX regression analysis.

Multivariate Cox analyses were utilized to determine the effect of

CDCA4 expression combined with other clinicopathological

variables in survival. The median expression level was used to

define the cut-off point of CDCA4 expression. Each hypothesis

test was two-sided, and statistical significance was defined as a P

of 0.05. In addition, a prognostic nomogram model was created

based on multivariate regression results to provide an accurate

multivariate clinical prognostic evaluation method for patients.

A nomogram was created by applying the rms R package (http://

cran.r-project.org/web/packages/rms/index.html). Afterwards, a

calibration plot was created to test its predictive power.
Results

Elevated expression of CDCA4 in LUAD

First, qRT-PCR and WB analyses were employed for evaluating

CDCA4 expression in clinical LUAD samples. In comparison to

normal human lung tissue, CDCA4 expression in LUAD was
TABLE 1 The clinicopathological characteristics of LUAD in patients
with TCGA.

Characteristics N% or median (range)

Age

>65 262 (51.07%)

≤65 241 (46.98%)

Data missing 10 (1.95%)

Gender (%)

Female 276 (53.80%)

Male 237 (46.20%)

path T-stage (%)

T1 168 (32.75%)

T2 276 (53.80%)

T3 47 (9.16%)

T4 19 (3.70%)

Data missing 3 (0.59%)

path N-stage (%)

N0 330 (64.33%)

N1 95 (18.52%)

N2 74 (14.42%)

N3 2 (0.39%)

Data missing 12 (2.34%)

path M-stage (%)

M0 344 (67.06%)

M1 25 (4.87%)

Data missing 144 (28.07%)

Pathologic stage (%)

Stage I 274 (53.41%)

Stage II 121 (23.59%)

Stage III 84 (16.37%)

Stage IV 10 (1.95%)

Data missing 24 (4.68%)

Primary therapy outcome (%)

CR 315 (61.40%)

PD 68 (13.26%)

PR 6 (1.17%)

SD 37 (7.21%)

Data missing 87 (16.96%)

TP53 status (%)

Mut 241 (46.98%)

WT 267 (52.05%)

Data missing 5 (0.97%)
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elevated (Figures 1A, B). Next, immunohistochemical analysis

revealed that CDCA4 was mainly located in the cytoplasm and

film of tumour cells and exhibited little expression in the normal

lung cells. In LUAD, the average scores were 8.85 ± 2.89, whereas the

para tumour samples score was 3.28 ± 1.32 (p<0.001; Figures 1C, D).

This conclusion was further verified using the TCGA datasets. It was

identified that CDCA4 expression levels in 513 tumour tissues

substantially surpassed those in normal tissues based on TCGA

data (P<0.001; Figure 1E). CDCA4 expression was then analyzed

using matched plots between LUAD adjacent and tumour samples

from the same individuals. CDCA4 expression in 57 tumour tissues

surpassed that in 57 matched adjacent tissues (P<0.001; Figure 1F).

Collectively, the results prove that CDCA4 mRNA and protein

contents were significantly upregulated in LUAD tissues.
CDCA4 upregulation was associated with
unfavourable clinicopathological features

We also investigated whether there was an association

between CDCA4 expression and clinical and pathological
Frontiers in Oncology 05
features. According to the Kruskal-Wallis rank-sum test

and Wilcoxon rank-sum test, higher CDCA4 levels were

associated with younger age (P=0.003), more years of

smoking (P=0.011), T stage, N stage, advanced pathologic

stage, poor primary therapy outcome and more P53 mutation

(Figures 2A–G, P<0.05). As exhibited in Table 2, univariate

logistic regression analyses of CDCA4 expression exhibited

that high CDCA4 was obviously related to unfavorable

characteristics such as younger age [OR=0.61 (0.43-0.87)

for >65 vs. <=65, P=0.007], more years of smoking

[OR=1.53 (1.00-2.33) for >=40 vs. 40<, P=0.049], larger

primary tumour extent in LUAD [OR=2.21 (1.52-3.25) for

T2-4 vs. T1, P <0.001], more severe regional lymph node

invasion [OR=1.98 (1.36-2.90) for N1-3 vs N0, P<0.001],

poor primary therapy result [OR=1.89 (1.12-3.25) for PD

v s . SD -CR , P=0 . 0 4 5 ] , h i g h e r i n c i d en c e o f P 5 3

mutations [OR=0.31 (0.21-0.44), P< 0. 001], and higher

pathologic stage [OR=1.80 (1.26-2.57) for stage II-IV

v s . s t a g e I , P=0 . 0 0 1 ] . T o g e t h e r , t h e s e r e s u l t s

suggest CDCA4 upregulation was related to unfavourable

clinicopathological features in LUAD patients.
B

C

D E F

A

FIGURE 1

Validate the expression of CDCA4 in LUAD. (A) qRT-PCR was used to identify the expression of CDCA4 mRNA in tumors and adjacent tissues of
10 LUAD patients. (B) Western blotting was used to determine the expression of CDCA4 protein in tumors and adjacent tissues of 10 LUAD
patients. (C) CDCA4 expression in LUAD tissues and adjacent normal tissues assayed by IHC (×200) and (×400). (D) H score of IHC staining of
LUAD tissues and adjacent tissues. (E) CDCA4 mRNA levels in LUAD tissues from the TCGA database. (F) CDCA4 mRNA expression levels in the
tumors and adjacent tissues of 57 LUAD patients from the TCGA database. Data are expressed as mean standard deviation (SD). Normal, lung
tissue; tumor, lung adenocarcinoma tissue; TCGA, The Cancer Genome Atlas.
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Survival outcomes and
multivariate examination

The disease-specific survival (DSS) and OS of the two

CDCA4 expression value groups were assessed to determine

their predictive relevance. According to Figures 3A, B, KM

survival analyses exhibited that patients with high CDCA4

levels had worse prognoses of DSS and OS (DSS HR=1.82,95%

CI=1.24-2.67, P=0.002; OS HR=1.52; 95% CI=1.13-2.04,

P=0.006). In addition, univariate and multivariate analyses

were conducted by employing the Cox proportional hazards

model (CPHM). According to univariate analyses (Table 3A;

Supplementary Table 3A), high CDCA4 levels and T stage, N

stage, M stage, pathologic stage and primary therapy outcome

were related to low DSS and OS. Finally, multivariate analysis

showed that high CDCA4 levels (DSS HR=1.674; 95%

CI=1.112-2.521, P=0.014; OS HR=1.427, 95% CI=1.017-

2.003, P=0.04), advanced pathologic stage (DSS HR=2.885,

95% CI=1.868-4.456, P<0.001; OS HR=2.462, 95% CI=1.731-

3.501, P<0.001) and poor primary therapy outcome (DSS HR=

5.145, 95% CI=3.413-7.758, P<0.001; OS HR=3.570, 95%

CI=2.472-5.155, P<0.001) were independently related to poor

prognosis (Table 3B; Supplementary Table 3B). This data

implies that CDCA4 may be a useful biomarker for

predicting LUAD.
Frontiers in Oncology 06
Risk score model for nomogram

A nomogram consisting of independent prognostic variables

was then constructed to quantify the risk assessment and

probability of survival for individual LUAD patients. A score

was assigned to each variable based on a multivariate Cox

proportional hazards model. The multivariate Cox

proportional hazards model was adopted for scoring each

variable. The weighted scores calculated using all variables

were used to estimate the predicted DSS and OS at 1-, 3-, and

5- years. The calculated c-index for predicted DSS and OS was

0.782(95% CI=0.757-0.806), 0.717 (95% CI=0.692-0.742),

respectively, indicating that the nomogram was a good

predictor for DSS and OS (Figure 3C; Supplementary

Figure 1A). In the calibration survey, the 1-, 3-, and 5-year

prediction lines for the estimated likelihood of survival showed

high agreement with the ideal performance (45-degree dashed

line) (Figure 3D; Supplementary Figure 1B).
Identification of CDCA4 co-expressed
differential genes

For further elucidating the biological function of CDCA4 in

LUAD, we downloaded the co-DEGs profile of CDCA4 from the
B C D

E F G

A

FIGURE 2

Higher CDCA4 expression was associated with unfavourable clinicopathological characteristics in LUAD. (A–G) CDCA4 expression was strongly
correlated with younger age, more years of smoking, patients’ T-stage, N-stage, pathological stage, poor primary therapy outcome and more
P53 mutation (P<0.05).
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TABLE 2 Relationship between CDCA4 expression and clinicopathological characteristics of TCGA database by logistic regression analysis.

Characteristics Total number (N) Odds Ratio (OR) P value

Age (>65 vs. <=65) 494 0.61 (0.43-0.87) 0.007

Smoker (Yes vs. No) 499 1.46 (0.89-2.42) 0.137

number pack years smoked (>=40 vs. <40) 351 1.53 (1.00-2.33) 0.049

T stage (T2-4 vs. T1) 510 2.21 (1.52-3.25) <0.001

N stage (N1-3 vs. N0) 501 1.98 (1.36-2.90) <0.001

M stage (M1 vs. M0) 369 2.00 (0.87-5.03) 0.116

Primary therapy outcome (PD vs. SD-CR) 426 1.89 (1.12-3.25) 0.019

TP53 status (Mut vs. WT) 508 3.28 (2.28-4.73) <0.001

Pathologic stage (Stage II- IV vs. Stage I) 505 1.80 (1.26-2.57) 0.001
Frontiers in Oncology
 07
 front
B

C D

A

FIGURE 3

Higher CDCA4 expression was associated with poorer prognosis in LUAD. (A, B) KM survival analyses exhibited that patients with high CDCA4
levels had worse prognoses of DSS and OS (DSS HR=1.82,95% CI=1.24-2.67, P=0.002; OS HR=1.52; 95% CI=1.13-2.04, P=0.006).
(C) Nomogram constructed using DSS related clinical factors and CDCA4. (D) Calibration plots showing good agreement with the best
performance for DSS. DSS, disease-specific survival.
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TCGA public database. 256 DEGs, comprising 179 upregulated

genes and 77 downregulated ones, were significantly associated

with CDCA4 expression according to the criteria of P<0.05 and |

logFC|>2. The overall closely co-expressed genes of CDCA4 in

LUAD were shown as a volcano plot map (Figure 4A).

Subsequently, these aberrant genes were shown as a heat map

(Figure 4B). The PPI network of these 256 common genes was

then constructed by STRING based on the correlation

coefficients to understand the underlying mechanisms better.

The top 20 genes were selected and visualized for

analysis (Figure 4C).
GO and KEGG enrichment analysis
identified pathways modulated by
CDCA4 in LUAD

To elucidate the potential function of CDCA4 in LUAD

progression, we performed GO annotation and KEGG pathway

analyses. Various BPs, CCs and MFs. CDCA4 and its adjacent

genes were significantly enriched in the biogenesis of

ribonucleoprotein complex, the regulation of G2/M phase

transition of the cell cycle, G2/M phase transition of mitotic

cell cycle, G2/M phase transition of the cell cycle, DNA

replication, ncRNA metabolic process and RNA splicing

(Figure 4D). The molecular functions of these genes include

single-stranded DNA binding, acting on DNA, ATPase activity,

acting on RNA and catalytic activity (Figure 4E). The cellular

components of these genes comprise kinetochore, condensed

chromosome, centromeric region, chromosome, chromosomal

region and spliceosomal complex. (Figure 4F). KEGG path
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analyses exhibited that CDCA4 was related to genes involved

in the Base excision repair, Homologous recombination, DNA

replication, Proteasome, RNA transport, Cell cycle and

Spliceosome. (Figure 4G). Furthermore, GSEA indicated that

in the high or low CDCA4 expression group, PD-L1 expression

and PD-L1 checkpoint pathway in cancer, Fc gamma R-

mediated phagocytosis, intestinal immune network for IgA

generation, homologous recombination, proteasome, DNA

replication, RNA transport, cell cycle and Spliceosome were

enriched (Figures 5A–I). The outcomes imply that CDCA4

upregulation may influence LUAD progression via Cell cycle,

homologous recombination and DNA replication.
The relationship between immune
cell infiltration and CDCA4 expression in
lung adenocarcinoma

For determining the association between CDCA4 expression

and immune cell infiltration (ICI) in the LUADmicroenvironment,

we first used ssGSEA with theWilcoxon rank-sum test for assessing

the difference among 24 different immune cell types of LUAD

patients based on CDCA4 expression. It presented an apparent rise

in immunological infiltration and heterogeneity. The proportion of

follicular helper T cells (Tfh cells), T central memory (TCM), T

cells, NK CD56 (bright) NK cells, plasmacytoids (pDCs), NK cells,

Mast cells, immature DCs (iDCs), Eosinophils, CD8 T cells and B

cells was significantly high in the CDCA4 low-expression group,

and the proportion of activated DCs (aDCs), Th2, T gamma delta

(Tgd) and CD56 (dim) NK cells was significantly high in the

CDCA4 high-expression group (Supplementary Figure 2).
TABLE 3 Univariate and multivariate analysis of the relationship between disease specific survival and clinicopathologic characteristics in patients
with TCGA.

Characteristics Total number (N) HR (95% CI) P value

A

Age (>65 vs. <=65) 459 1.039 (0.713-1.513) 0.842

Gender (Female vs. Male) 469 1.046 (0.720-1.519) 0.815

Smoker (Yes vs. No) 455 1.013 (0.585-1.755) 0.962

number pack years smoked (>=40 vs. <40) 318 0.904 (0.569-1.437) 0.67

T stage (T2-4 vs. T1) 466 1.747 (1.125-2.714) 0.013

N stage (N1-3 vs. N0) 457 2.795 (1.919-4.071) <0.001

M stage (M1 vs. M0) 327 2.480 (1.278-4.811) 0.007

Pathologic stage (Stage II-IV vs. Stage I) 461 3.519 (2.350-5.271) <0.001

Primary therapy outcome (PD vs. SD-CR) 408 5.929 (3.981-8.830) <0.001

TP53 status (Mut vs. WT) 465 1.335 (0.920-1.937) 0.128

CDCA4 (High vs. Low) 469 1.823 (1.243-2.675) 0.002

B

Pathologic stage (Stage II-IV vs. Stage I) 461 2.885(1.868-4.456) <0.001

Primary therapy outcome (PD vs. SD-CR) 408 5.145(3.413-7.758) <0.001

CDCA4 (High vs. Low) 469 1.674(1.112-2.521) 0.014
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FIGURE 4

Genes co-expressed by CDCA4 and biological functions of CDCA4 associated with LUAD. (A) A volcano plot of differential gene profiles
between high and low CDCA4 groups shows that 179 genes were up-regulated and 77 were down-regulated (adjusted P-value of 0.01 and |
log2-fold change [FC]| > 2). (B) A heat map illustrating the positive co-expression of ten representative CDCA4 genes in LUAD. Data was
normalized using the Z-score normalization method. (C) PPI network created and displayed using CDCA4 co-expressed genes from http://
string-db.org. (D) BP outcomes; (E) CC outcomes; (F) MF outcomes from Metascape analysis of functionally enriched GO. (G). KEGG results
based on the expression levels of CDCA4 in the LUAD and TCGA datasets. PPI, protein-protein interaction; KEGG, Kyoto Encyclopedia of Genes
and Genomes; BP, biological process; CC, cellular component; MF, molecular function.
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Then we used Spearman correlation analysis for determining

the association between CDCA4 expression and ICI in the

LUAD microenvironment. Figures 6A–N exhibited that

CDCA4 expression had a negatively correlation with the

infiltration of Mast cells, Eosinophils, Th17, B cells, T cells,

CD8 T cells, T central memory, follicular helper T cells, DCs,

immature DCs, pDCs, NK cells, NK CD56 (bright) cells, and

Macrophages. Also, a significantly positive correlation was

found with T gamma delta, Th2, activated DCs, NK CD56

(dim) cells, T helper cells (Figures 6O–S). As indicated by

these findings, CDCA4 could be key to regulating ICI in the

tumour microenvironment (TME).
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Discussion

Lung cancer is the most typical fatal disease in China and

a severe global public health problem (21). Despite

significant advances in recent years, the incidence and

mortality of lung cancer continue to rise. Investigation of

prognostic factors is a critical component of precision

medicine and will value treatment allocation (22). CDCA4,

encoding 241 amino acids, is on chromosome 14. In vitro

studies on breast, cervical and malignant melanoma have

investigated the expression and function of CDCA4 in

tumorigenesis (16, 17, 23). Multiple signalling pathways,
B C
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A

FIGURE 5

Results of gene set enrichment analysis of CDCA4. (A) Spliceosome. (B) Cell cycle. (C) RNA transport. (D) DNA replication. (E) Proteasome.
(F) Homologous recombination. (G) Intestinal immune network for IgA generation. (H) Fc gamma R-mediated phagocytosis. (I) PD-L1
expression and PD-L1 checkpoint pathway in cancer. NES, normalized enrichment score; FDR, false discovery rate.
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especial ly classical signall ing pathways involved in

carcinogenesis, are closely associated with CDCA4, and

several investigations have shown that CDCA4 over-

expression is also related to poor prognoses in various

malignancies (17, 23, 24). However, the effect of CDCA4

on LUAD remains a mystery to us. Therefore, it is necessary

to further understand the role of CDCA4 in LUAD and its
Frontiers in Oncology 11
prognostic significance, as well as the regulatory mechanism

supporting its role.

CDCA4 is aberrantly regulated in various cancers,

comprising triple-negative breast cancer (BC), Wilm’s tumour,

melanoma, and osteosarcoma, and is associated with poor

patient outcomes (13, 25–28). Shaul et al. found that CDCA4

is highly expressed in BC tissue in comparison to normal tissues
B C D

E F G H

I J K L
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FIGURE 6

Investigation of the correlation between CDCA4 expression and immune cell infiltration in LUAD(P<0.05). (A-N) CDCA4 expression was
negatively correlated with the infiltration of Mast cells, Eosinophils, Th17, B cells, T cells, CD8 T cells, T central memory, follicular helper T cells,
DCs, immature DCs, pDCs, NK cells, NK CD56 (bright) cells, and Macrophages. (O-S) CDCA4 expression was positively correlated with T gamma
delta, Th2, activated DCs, NK CD56 (dim) cells, T helper cells.Data were assessed by Spearman correlation analysis.
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using the MERAV database (29). Using the ONCOMINE

database, Chen et al. compared CDCA4 gene transcriptional

data between standard samples and tumour tissues, resulting in a

2.213-fold change in CDCA4 (13). However, there is a little

study to explore CDCA4 expression in lung adenocarcinoma. In

this investigation, we used qRT-PCR, Western blotting and IHC

on paired LUAD and standard lung tissue samples and found

increased expression of CDCA4 in LUAD tissues (Figures 1A–D,

P<0.001). This result was consistent with datasets from TCGA

(Figures 1E, F).

Furthermore, ovarian cancer patients with elevated CDCA4

expression levels were related to the lower post-progression survival

(13). CDCA4 was also upregulated in neck and head squamous cell

carcinoma tissues; nonetheless, the higher expression of CDCA4

was associated with more prolonged relapse-free survival (12). In

addition, Ran et al. reported elevated CDCA4 expression in patients

with squamous cell carcinoma or lung adenocarcinoma; however,

no further studies were performed (30). In the current investigation,

increased CDCA4 expression was associated with unfavorable

clinicopathological characteristics and worse prognoses (Figures 2,

3). In univariate and multivariate analysis, increased CDCA4

expression was confirmed as an independent adverse prognostic

factor (Table 3, Supplementary Table 3). In addition, nomograms

combining CDCA4 expression and other independent prognostic

variables showed a better prediction of DSS and OS in patients with

LUAD (Figure 3, Supplementary Figure 3). These results may help

in the development of an effective biomarker.

Aberrancy in cell cycle progression is an essential

mechanism underpinning tumorigenesis (31, 32). It is reported

that CDCA4 can be transferred to the centrosome during mitosis

and then to the intermediate region. Interference with CDCA4

RNA may damage spindle function during chromosome

segregation, or lead to abnormal cell division, resulting in

multinucleate and multipolar spindles (33). In addition,

CDCA4 may act as a “traffic cop”, affecting mRNA expression

of Jun proto-oncogenes and directing upstream signals to the

protective elements to determine cell fate (17). In this study, GO

analysis exhibits that CDCA4 is involved in courses highly

related to tumorigeneses, like DNA replication, modulation of

G2/M transition of mitotic cell cycle, modulation of cell cycle

phase transition, modulation of G2/M transition of the cell cycle,

modulation of mitotic cell cycle phase transition and DNA-

dependent DNA replication (Figures 4D–F). Then, KEGG

analyses exhibited genes co-expressed with CDCA4 in the

spliceosome, DNA replication, cell cycle, proteasome and RNA

transport (Figure 4G). We further validated these results by

using GSEA, which indicated that CDCA4 overexpression was

collected with Spliceosome, Fc gamma R-mediated phagocytosis,

IgA production by the intestinal immune network, homologous

recombination, proteasome, DNA replication, RNA transport,

cell cycle, PD-L1 expression and PD-1 checkpoint pathway

(Figure 5). CDCA4 is associated with the destiny of BC cells,

and downregulation of CDCA4 in human BC cells in vitro may
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inhibit proliferation while promoting apoptosis (16). Down-

regulation of CDCA4, a miR-15a target, leads to cell cycle

arrest in malignant melanoma cells in the G0/G1 phase (23).

CDCA4 silencing impeded the transition from S to G2, leading

to a reduction in cell growth and proliferation of triple-negative

BC cells in vivo and in vitro (26).

Moreover, interference of CDCA4 significantly increased the

fraction of the G0/G1 phase of MCF−7/ADM human BC cells

and reduced its proliferation by inducing apoptosis (16). Ran

et al. reported that over-expression of miR-15a-5p of A549 cells

raised the ratio of the G1 phase, and inhibited cell proliferation,

clonal formation, and invasion in vitro. Furthermore, they

reported that CDCA4 constituted a candidate target for miR-

15a-5p. The outcomes indicate that CDCA4 is closely related to

tumour progression in LUAD by influencing the cell cycle (30).

In lung squamous cell carcinoma (LUSC), CDCA4

overexpression significantly inhibited apoptosis, and enhanced

the invasion and migration in vitro, leading to a deterioration of

LUSC progression (34). However, Xu et al. reported that

inhibit ing CDCA4 induced Epithelial-Mesenchymal

Transition, invasion and migration of NSCLC cells while

suppressing autophagy of NSCLC cells (35). The inconsistent

results of numerous studies suggest that CDCA4 can be involved

in a more complicated regulatory network, and its specific

regulatory mechanisms remain unknown.

In addition, CDCA4 is related to immune infiltrates in lung

adenocarcinoma. The outcome of the connection between

CDCA4 and TIICs indicated CDCA4 might play a role in

modulating ICI (Figure 6). CDCA4 showed the closest

relationship with Th2 cells (Figure 6P, Supplementary

Figure 2C). The group with high CDCA4 expression had more

Th2 cells but lower mast cells, eosinophils and Th17 cells

(Supplementary Figure 2). Moreover, the GSEA analyses

exhibited CDCA4 affects various immune-associated signalling

pathways (Figures 5G–I). The quantity, type, and location of

immune cells in the tumour microenvironment (TME) influence

disease development and progression (36). There are a wide

variety of immune cells like macrophages, B and T lymphocytes,

and mast cells that can infiltrate tumours, and their composition

and organization within the TME are closely linked to cancer

patients’ clinical outcomes (37, 38). T cells constitute adequate

immune cells. Miller et al. first discovered elevated Th2-type

responses in basal cell carcinomas, whereas benign tumours

showed a predominance of Th1-type responses, implying

dominant expression of Th2-type factors in malignant

tumours (39). Thereafter, in a range of malignancies, including

lung and cervical cancers, a significant predominance of Th2-

type cytokines and Th1/Th2 imbalance was found in cancer

tissues and immune cells from patients’ peripheral blood (40–

42). The interaction between T lymphocytes and NSCLC cells

within the TME is essential to NSCLC development (43). As the

tissue-resident, innate immune cell, Mast cells contribute to the

cancer microenvironment by modulating various tumour
frontiersin.org

https://doi.org/10.3389/fonc.2022.865756
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Tan et al. 10.3389/fonc.2022.865756
biology events. Salamon et al. found that the internalization of

tumour-derived microvesicles from NSCLC cell lines can

enhance mast cell migratory capability and increase TNF-a
and MCP-1 release, thereby affecting tumorigenesis (44). Th17

cells feature complicated biological functions in cancer

development. Ye et al. reported that high counts of pleural

Th17 cells in malignant pleural effusion are related to

promoted survival of NSCLC (45). However, little study

focused on the relationship between CDCA4 and tumour-

infiltrating immune cells. Only one previous study determined

that CDCA4 regulates monocyte adhesion, leukocyte

infiltration, and cytotoxicity of tumour cells (46). Therefore,

plans for further understanding the CDCA4-medicated crosstalk

with TIICs in the TME are necessary, which may help

understand tumour progression and develop probable

therapeutic modalities.

However, there are certain limitations. Firstly, there are

inconsistent treatments and a lack of clinical information in

public databases as the experiments were conducted in various

laboratories. Secondly, potential molecular mechanisms of

CDCA4 in carcinogenesis have not been investigated. We have

formulated several plans for further wet lab work soon to explore

the relevant signalling pathways of CDCA4 in LUAD.
Conclusion

The present outcomes exhibit that CDCA4 levels are

significantly higher in LUAD samples and are linked with

unfavourable clinicopathological characteristics and poor

prognoses of LUAD patients. Furthermore, CDCA4 is related

to immune infiltrates in LUAD. In addition, CDCA4 may

promote the progression of LUAD by regulating spliceosome,

Fc gamma R-mediated phagocytosis, intestinal immune network

for IgA production, homologous recombination, proteasome,

DNA replication, RNA transport, Cell cycle, PD-L1 expression

and PD-1 checkpoint pathway, making it an attractive

prognostic biomarker for LUAD. Nonetheless, additional

experimental investigations are required to determine the

underlying processes and therapeutic effects in patients

with LUAD.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.
Frontiers in Oncology 13
Ethics statement

The studies involving human participants were reviewed and

approved by Hunan Provincial People’s Hospital. The patients/

participants provided their written informed consent to

participate in this study.
Author contributions

TJL and GXL designed and analyzed this study. TJL, CFY,

LXY, OYB and ZWD collected the data. TJL and GXL wrote and

revised the manuscript. All authors contributed to and approved

the final version of the manuscript.
Funding

This study was supported by Hunan Provincial Health

Commission (Grant Nos.202203023386), the RENSHU

funding of Hunan Provincial People’s Hospital (Grant

Nos.201911) and the Science and Technology Planning Project

of Guangdong Province (2017A070701014).
Acknowledgments

The authors gratefully acknowledge the contribution of the

TCGA database and the Molecular Signatures Database.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fonc.2022.865756
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Tan et al. 10.3389/fonc.2022.865756
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fonc.2022.865756/full#supplementary-material
References
1. Mattiuzzi C, Lippi G. Current cancer epidemiology. J Epidemiol Glob Health
(2019) 9(4):217–22. doi: 10.2991/jegh.k.191008.001

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin
(2020) 70(1):7–30. doi: 10.3322/caac.21590

3. Zeng H, Chen W, Zheng R, Zhang S, Ji JS, Zou X, et al. Changing cancer
survival in China during 2003-15: a pooled analysis of 17 population-based cancer
registries. Lancet Glob Health (2018) 6(5):e555–67. doi: 10.1016/S2214-109X(18)
30127-X

4. Guerrera F, Errico L, Evangelista A, Filosso PL, Ruffini E, Lisi E, et al.
Exploring stage I non-small-cell lung cancer: development of a prognostic model
predicting 5-year survival after surgical resection. Eur J Cardiothorac Surg (2015)
47(6):1037–43. doi: 10.1093/ejcts/ezu410

5. Barta JA, Powell CA, Wisnivesky JP. Global epidemiology of lung cancer.
Ann Glob Health (2019) 85(1):8. doi: 10.5334/aogh.2419

6. Dogan S, Shen R, Ang DC, Johnson ML, D'Angelo SP, Paik PK. Molecular
epidemiology of EGFR and KRAS mutations in 3,026 lung adenocarcinomas:
higher susceptibility of women to smoking-related KRAS-mutant cancers. Clin
Cancer Res (2012) 18(22):6169–77. doi: 10.1158/1078-0432.CCR-11-3265

7. Vigneswaran J, Tan YH, Murgu SD, Won BM, Patton KA, Villaflor VM, et al.
Comprehensive genetic testing identifies targetable genomic alterations in most
patients with non-small cell lung cancer, specifically adenocarcinoma, single
institute investigation. Oncotarget (2016) 7(14):18876–86. doi: 10.18632/
oncotarget.7739

8. Devarakonda S, Morgensztern D, Govindan R. Genomic alterations in lung
adenocarcinoma. Lancet Oncol (2015) 16(7):e342–51. doi: 10.1016/S1470-2045(15)
00077-7

9. Zhou J, Sanchez-Vega F, Caso R, Tan KS, Brandt WS, Jones GD, et al.
Analysis of tumor genomic pathway alterations using broad-panel next-generation
sequencing in surgically resected lung adenocarcinoma. Clin Cancer Res (2019) 25
(24):7475–84. doi: 10.1158/1078-0432.CCR-19-1651

10. Collins I, Garrett MD. Targeting the cell division cycle in cancer: CDK and
cell cycle checkpoint kinase inhibitors. Curr Opin Pharmacol (2005) 5:366–73.
doi: 10.1016/j.coph.2005.04.009

11. Tokuzen N, Nakashiro K, Tanaka H, Iwamoto K, Hamakawa H.
Therapeutic potential of targeting cell division cycle associated 5 for oral
squamous cell carcinoma. Oncotarget (2016) 7(3):2343–53. doi: 10.18632/
oncotarget.6148

12. Wu ZH, Fang M, Zhou Y. Comprehensive analysis of the expression and
prognosis for CDCAs in head and neck squamous cell carcinoma. PloS One (2020)
15(7):e0236678. doi: 10.1371/journal.pone.0236678

13. Chen C, Chen S, Luo M, Yan H, Pang L, Zhu C, et al. The role of the CDCA
gene family in ovarian cancer. Ann Transl Med (2020) 8(5):190. doi: 10.21037/
atm.2020.01.99

14. Abdullah JM, Jing X, Spassov DS, Nachtman RG, Jurecic R. Cloning and
characterization of hepp, a novel gene expressed preferentially in hematopoietic
progenitors and mature blood cells. Blood Cells Mol Dis (2001) 27(3):667–76.
doi: 10.1006/bcmd.2001.0434

15. Hayashi R, Goto Y, Ikeda R, Yokoyama KK, Yoshida K. CDCA4 is an E2F
transcription factor family-induced nuclear factor that regulates E2F-dependent
transcriptional activation and cell proliferation. J Biol Chem (2006) 281(47):35633–
48. doi: 10.1074/jbc.M603800200

16. Xu Y, Wu X, Li F, Huang D, Zhu W. CDCA4, a downstream gene of the
Nrf2 signaling pathway, regulates cell proliferation and apoptosis in the MCF‐7/
ADM human breast cancer cell line. Mol Med Rep (2018) 17(1):1507–12.
doi: 10.3892/mmr.2017.8095

17. Tategu M, Nakagawa H, Hayashi R, Yoshida K. Transcriptional co-factor
CDCA4 participates in the regulation of JUN oncogene expression. Biochimie.
(2008) 90(10):1515–22. doi: 10.1016/j.biochi.2008.05.014
Frontiers in Oncology 14
18. Liu ZL, Bi XW, Liu PP, Lei DX, Wang Y, Li ZM, et al. Expressions and
prognostic values of the E2F transcription factors in human breast carcinoma.
Cancer Manag Res (2018) 10:3521–32. doi: 10.2147/CMAR.S172332

19. Kruppa J, Jung K. Automated multigroup outlier identification in molecular
high-throughput data using bagplots and gemplots. BMC Bioinf (2017) 18(1):232.
doi: 10.1186/s12859-017-1645-5

20. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC,
et al. Spatiotemporal dynamics of intratumoral immune cells reveal the immune
landscape in human cancer. Immunity (2013) 39(4):782–95. doi: 10.1016/
j.immuni.2013.10.003

21. He H, Liang L, Han D, Xu F, Lyu J. Different trends in the incidence and
mortality rates of prostate cancer between China and the USA: A joinpoint and
age-Period-Cohort analysis. Front Med (Lausanne) (2022) 9:824464. doi: 10.3389/
fmed.2022.824464

22. Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung cancer. Lancet
(2021) 398(10299):535–54. doi: 10.1016/S0140-6736(21)00312-3

23. Alderman C, Sehlaoui A, Xiao Z, Yang Y. MicroRNA-15a inhibits the
growth and invasiveness of malignant melanoma and directly targets on CDCA4
gene. Tumour Biol (2016) 37(10):13941–50. doi: 10.1007/s13277-016-5271-z

24. Li C, Jung S, Lee S, Jeong D, Yang Y, Kim KI, et al. Nutrient/serum
starvation derived TRIP-Br3 down-regulation accelerates apoptosis by
destabilizing XIAP. Oncotarget (2015) 6(10):7522–35. doi: 10.18632/
oncotarget.3112

25. Li J, Zhang F, Li H, Peng F, Wang Z, Peng H, et al. Circ_0010220-mediated
miR-503-5p/CDCA4 axis contributes to osteosarcoma progression tumorigenesis.
Gene (2020) 763:145068. doi: 10.1016/j.gene.2020.145068

26. Pang S, Xu Y, Chen J, Li G, Huang J, Wu X. Knockdown of cell division
cycle-associated protein 4 expression inhibits proliferation of triple negative breast
cancer MDA-MB-231 cells in vitro and in vivo. Oncol Lett (2019) 17(5):4393–400.
doi: 10.3892/ol.2019.10077

27. Li S, Qin C, Chen Y, Wei D, Tan Z, Meng J. Implications of cell division
cycle associated 4 on the wilm's tumor cells viability via AKT/mTOR signaling
pathway. Ren Fail (2021) 43(1):1470–78. doi: 10.1080/0886022X.2021.1994994

28. Alderman C, Yang Y. The anti-melanoma activity and oncogenic targets of
hsa-miR-15a-5p. RNA Dis (2016) 3(4):e1450.

29. Shaul YD, Yuan B, Thiru P, Nutter-Upham A, McCallum S, Lanzkron C,
et al. MERAV: a tool for comparing gene expression across human tissues and cell
types. Nucleic Acids Res (2016) 44(D1):D560–6. doi: 10.1093/nar/gkv1337

30. Ran J, Li Y, Liu L, Zhu Y, Ni Y, Huang H, et al. Apelin enhances biological
functions in lung cancer A549 cells by downregulating exosomal miR-15a-5p.
Carcinogenesis (2021) 42(2):243–53. doi: 10.1093/carcin/bgaa089

31. Ning Y, Zheng H, Zhan Y, Liu S, Yang Y, Zang H, et al. Overexpression of
P4HA1 associates with poor prognosis and promotes cell proliferation and
metastasis of lung adenocarcinoma. J Cancer (2021) 12(22):6685–94.
doi: 10.7150/jca.63147

32. Zhang W, Zhang R, Zeng Y, Li Y, Chen Y, Zhou J, et al. ALCAP2 inhibits
lung adenocarcinoma cell proliferation, migration and invasion via the
ubiquitination of b-catenin by upregulating the E3 ligase NEDD4L. Cell Death
Dis (2021) 12(8):755. doi: 10.1038/s41419-021-04043-6

33. Wang L, Zhu G, Yang D, Li Q, Li Y, Xu X, et al. The spindle function of
CDCA4. Cell Motil Cytoskeleton (2008) 65(7):581–93. doi: 10.1002/cm.20286

34. Hu J, Xiang X, Guan W, Lou W, He J, Chen J, et al. MiR-497-5p down-
regulates CDCA4 to restrains lung squamous cell carcinoma progression. J
Cardiothorac Surg (2021) 16(1):330. doi: 10.1186/s13019-021-01698-2

35. Xu C, Cao H, Sui Y, Zhang H, Shi C, Wu J, et al. CDCA4 suppresses
epithelial-mesenchymal transtion (EMT) and metastasis in non-small cell lung
cancer through modulating autophagy. Cancer Cell Int (2021) 21(1):48.
doi: 10.1186/s12935-021-01754-w
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.865756/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.865756/full#supplementary-material
https://doi.org/10.2991/jegh.k.191008.001
https://doi.org/10.3322/caac.21590
https://doi.org/10.1016/S2214-109X(18)30127-X
https://doi.org/10.1016/S2214-109X(18)30127-X
https://doi.org/10.1093/ejcts/ezu410
https://doi.org/10.5334/aogh.2419
https://doi.org/10.1158/1078-0432.CCR-11-3265
https://doi.org/10.18632/oncotarget.7739
https://doi.org/10.18632/oncotarget.7739
https://doi.org/10.1016/S1470-2045(15)00077-7
https://doi.org/10.1016/S1470-2045(15)00077-7
https://doi.org/10.1158/1078-0432.CCR-19-1651
https://doi.org/10.1016/j.coph.2005.04.009
https://doi.org/10.18632/oncotarget.6148
https://doi.org/10.18632/oncotarget.6148
https://doi.org/10.1371/journal.pone.0236678
https://doi.org/10.21037/atm.2020.01.99
https://doi.org/10.21037/atm.2020.01.99
https://doi.org/10.1006/bcmd.2001.0434
https://doi.org/10.1074/jbc.M603800200
https://doi.org/10.3892/mmr.2017.8095
https://doi.org/10.1016/j.biochi.2008.05.014
https://doi.org/10.2147/CMAR.S172332
https://doi.org/10.1186/s12859-017-1645-5
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.3389/fmed.2022.824464
https://doi.org/10.3389/fmed.2022.824464
https://doi.org/10.1016/S0140-6736(21)00312-3
https://doi.org/10.1007/s13277-016-5271-z
https://doi.org/10.18632/oncotarget.3112
https://doi.org/10.18632/oncotarget.3112
https://doi.org/10.1016/j.gene.2020.145068
https://doi.org/10.3892/ol.2019.10077
https://doi.org/10.1080/0886022X.2021.1994994
https://doi.org/10.1093/nar/gkv1337
https://doi.org/10.1093/carcin/bgaa089
https://doi.org/10.7150/jca.63147
https://doi.org/10.1038/s41419-021-04043-6
https://doi.org/10.1002/cm.20286
https://doi.org/10.1186/s13019-021-01698-2
https://doi.org/10.1186/s12935-021-01754-w
https://doi.org/10.3389/fonc.2022.865756
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Tan et al. 10.3389/fonc.2022.865756
36. Horne ZD, Jack R, Gray ZT, Siegfried JM, Wilson DO, Yousem SA, et al.
Increased levels of tumor-infiltrating lymphocytes are associated with improved
recurrence-free survival in stage 1A non-small-cell lung cancer. J Surg Res (2011)
171(1):1–5. doi: 10.1016/j.jss.2011.03.068

37. Fridman WH, Pagès F, Sautès-Fridman C, Galon J. The immune contexture
in human tumours: impact on clinical outcome. Nat Rev Cancer (2012) 12(4):298–
306. doi: 10.1038/nrc3245

38. Becht E, Giraldo NA, Germain C, de Reyniès A, Laurent-Puig P, Zucman-
Rossi J, et al. Immune contexture, immunoscore, and malignant cell molecular
subgroups for prognostic and theranostic classifications of cancers. Adv Immunol
(2016) 130:95–190. doi: 10.1016/bs.ai.2015.12.002

39. Miller AR, McBride WH, Hunt K, Economou JS. Cytokine-mediated gene
therapy for cancer. Ann Surg Oncol (1994) 1(5):436–50. doi: 10.1007/BF02303818

40. OkamotoM,HasegawaY,HaraT,HashimotoN, ImaizumiK, ShimokataK, et al.
T-Helper type 1/T-helper type 2 balance in malignant pleural effusions compared to
tuberculous pleural effusions. Chest (2005) 128(6):4030–5. doi: 10.1378/chest.128.6.4030

41. Lin W, Zhang HL, Niu ZY, Wang Z, Kong Y, Yang XS, et al. The disease
stage-associated imbalance of Th1/Th2 and Th17/Treg in uterine cervical cancer
Frontiers in Oncology 15
patients and their recovery with the reduction of tumor burden. BMC Womens
Health (2020) 20(1):126. doi: 10.1186/s12905-020-00972-0

42. Zhu N, Yang Y, Wang H, Tang P, Zhang H, Sun H, et al. CSF2RB is a unique
biomarker and correlated with immune infiltrates in lung adenocarcinoma. Front
Oncol (2022) 12:822849. doi: 10.3389/fonc.2022.822849

43. Stankovic B, Bjørhovde HAK, Skarshaug R, Aamodt H, Frafjord A, Müller
E, et al. Immune cell composition in human non-small cell lung cancer. Front
Immunol (2019) 9:3101. doi: 10.3389/fimmu.2018.03101

44. Salamon P, Mekori YA, Shefler I. Lung cancer-derived extracellular
vesicles: a possible mediator of mast cell activation in the tumor
microenvironment. Cancer Immunol Immunother (2020) 69(3):373–81.
doi: 10.1007/s00262-019-02459-w

45. Ye ZJ, Zhou Q, Gu YY, Qin SM, Ma WL, Xin JB, et al. Generation and
differentiation of IL-17-producing CD4+ T cells in malignant pleural effusion. J
Immunol (2010) 185(10):6348–54. doi: 10.4049/jimmunol.1001728

46. Ren Z, Kang W, Wang L, Sun B, Ma J, Zheng C, et al. E2F1 renders prostate
cancer cell resistant to ICAM-1 mediated antitumor immunity by NF-kB
modulation. Mol Cancer (2014) 13:84. doi: 10.1186/1476-4598-13-84
frontiersin.org

https://doi.org/10.1016/j.jss.2011.03.068
https://doi.org/10.1038/nrc3245
https://doi.org/10.1016/bs.ai.2015.12.002
https://doi.org/10.1007/BF02303818
https://doi.org/10.1378/chest.128.6.4030
https://doi.org/10.1186/s12905-020-00972-0
https://doi.org/10.3389/fonc.2022.822849
https://doi.org/10.3389/fimmu.2018.03101
https://doi.org/10.1007/s00262-019-02459-w
https://doi.org/10.4049/jimmunol.1001728
https://doi.org/10.1186/1476-4598-13-84
https://doi.org/10.3389/fonc.2022.865756
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	CDCA4 as a novel molecular biomarker of poor prognosis in patients with lung adenocarcinoma
	Introduction
	Materials and methods
	Clinical samples
	Immunohistochemistry
	Quantitative real-time PCR analysis
	Western blotting
	Data collection
	CDCA4 correlation genes analysis
	Gene-set enrichment analyses
	Gene set enrichment analysis
	Immune infiltration analysis by single sample gene set enrichment analysis
	Statistical analysis

	Results
	Elevated expression of CDCA4 in LUAD
	CDCA4 upregulation was associated with unfavourable clinicopathological features
	Survival outcomes and multivariate examination
	Risk score model for nomogram
	Identification of CDCA4 co-expressed differential genes
	GO and KEGG enrichment analysis identified pathways modulated by CDCA4 in LUAD
	The relationship between immune cell infiltration and CDCA4 expression in lung adenocarcinoma

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


