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Abstract
Background  Although it has been shown that cyclin dependent kinase inhibitor 2A (CDKN2A) plays a significant role in a 
number of malignancies, its clinicopathological value and function in small cell lung cancer (SCLC) is unclear and warrants 
additional research.
Methods  The clinical significance of CDKN2A expression in SCLC was examined by multiple methods, including com-
prehensive integration of mRNA level by high throughput data, Kaplan–Meier survival analysis for prognostic value, and 
validation of its protein expression using in-house immunohistochemistry.
Results  The expression of CDKN2A mRNA in 357 cases of SCLC was evidently higher than that in the control group 
(n = 525) combing the data from 20 research centers worldwide. The standardized mean difference (SMD) was 3.07, and 
the area under the curve (AUC) of summary receiver operating characteristic curve (sROC) was 0.97 for the overexpres-
sion of CDKN2A. ACC, COAD, KICH, KIRC, PCPG, PRAD, UCEC, UVM patients with higher CDKN2A expression 
had considerably worse overall survival rates than those with lower CDKN2A expression with the hazard ratio (HR) > 1.
Conclusion  CDKN2A upregulation extensively enhances the carcinogenesis and progression of SCLC.

Keywords  Cyclin dependent kinase inhibitor 2A · Small cell lung cancer · Clinical significance · Immunohistochemistry · 
Kaplan–Meier survival analysis

Introduction

According to the Global Cancer Statistics 2020 report, with 
an expected 1.8 million fatalities, lung cancer continues to 
be the top cause of cancer mortality globally [1–3]. Despite 
the fact that small cell lung cancer (SCLC) accounts for 
15% of cases of lung cancer and non-small cell lung cancer 
(NSCLC) accounts for 85% [4], SCLCs is more aggressive, 
which have quicker metastasis and higher growth scores, 
and more than half of patients are diagnosed at an advanced 
stage [5]. With a five-year survival rate of < 7%, SCLC is a 
malignant form of lung cancer that differs from NSCLC in 
that it has an extremely dismal prognosis. In addition, SCLC 
is very responsive to chemotherapy, but when it relapses, it 
has a very high recurrence rate and is nearly always resist-
ant to therapy [6]. Therefore, further research is required to 
examine possible SCLC indicators and processes in order 
to develop a theoretical framework for the early detection, 
diagnosis, and treatment of SCLC.
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Oncogenes are often activated during the growth of 
tumors, whereas tumor suppressor genes are inactivated. It 
may be a feasible strategy to study the correlation between 
tumor suppressor genes and SCLC and search for mark-
ers. Cyclin dependent kinase inhibitor 2A (CDKN2A) is 
a cell cyclin dependent kinase inhibitor (CDKI) composed 
of three exons, which is a tumor suppressor gene [7]. By 
encoding CDKN2A protein and binding cyclin-dependent 
kinases (CDKs), CDKN2A inhibits the advancement of the 
cell cycle from the G1 phase to the S phase, which is essen-
tial for the control of cell cycle pathways [8]. CDKN2A 
mutation inactivation has been reported to be associated 
with melanoma, NSCLC, head and neck cancers, prostate, 
esophageal, ovarian, kidney, colon, breast, and bladder can-
cers. The types of CDKN2A alterations reported in tumors 
include point reversal, translocation, loss of homozygous or 
heterozygous, and abnormal promoter methylation [7, 9, 10]. 
Studies have reported that CDKN2A mutation can lead to 
the loss of p16 protein encoded by CDK4, resulting in over-
expression of CDK4, proliferation of islet B cells, increased 
insulin secretion, and pancreatic hyperplasia [11]. CDKN2A 
regulates the expression of cyclinD1 by encoding p16. 
CyclinD1/CDK4 plays a significant role in cell metabolism 
and cell cycle progression, indicating that CDKN2A does 
as well. Chen Y [12] suggests that blocking the cell cycle 
may be a useful treatment strategy for slowing the spread 
of pancreatic cancer. However, there has been currently no 
literature on the comprehensive clinical role of CDKN2A in 
SCLC, and the precise mechanism of CDKN2A in SCLC is 
either unclear, therefore further research is necessary.

By examining the expression, clinical implication, and 
putative molecular mechanism of CDKN2A, this research 
sought to better understand the mechanism and clinical rel-
evance of CDKN2A in SCLC. The clinical consequence and 
probable molecular processes of CDKN2A in various malig-
nancies were also explored in this work, revealing the sig-
nificant function of CDKN2A expression in pan-cancer and 
offering a fresh and potentially effective therapeutic target.

Materials and methods

SCLC public data

Public databases such as ArrayExpress, Gene Expres-
sion Omnibus, Oncomine, and The Cancer Genome 
Atlas (TCGA) were searched for selecting data sets. The 
search strategies were “lung and (small cell) and (mRNA 
or gene)”. Inclusion criteria are as follows: (1) The sub-
jects were Homo Sapiens; (2) Experiment group samples 
were SCLC-associated tissues or cells; (3) There were 
CDKN2A mRNA expression data. Exclusion criteria were 
as follows: (1) Duplicate or incomplete sample data; (2) 

The sample number of SCLC group and control group in 
the integrated data set was less than 3.

Data processing of SCLC public data

The mRNA expression data of CDKN2A were transformed 
by log2 (x + 1). To reduce batch effect effects between 
different datasets, datasets under the same platform (for 
example, GPL570) were merged. In this procedure, batch 
effects were reduced using the “SVA” package [13], and 
gene expression levels in the pooled data sets were stand-
ardized using the “limma” [14] or “edge” [15] packages.

As one of the included data sets, GSE30219 also con-
tained the overall survival status, disease-free survival 
status and follow-up time of SCLC patients, which were 
collected to perform survival analyses.

SCLC sample collection and immunohistochemical 
test from our institute

The First Affiliated Hospital of Guangxi Medical Univer-
sity’s Medical Ethics Review Committee gave its support 
to this work.

There were 62 tissue samples (26 SCLC tissues and 36 
lung tissue control samples).

Tissue sections were subjected to immunohistochemical 
experiments. Initially, they were dewaxed and repaired. 
Subsequently, the antigens were extracted by soaking the 
tissue sections were soaked with 0.01 M citrate buffer 
(pH = 6.0). The 3%H2O2 was used to inactivate endoge-
nous peroxidase of tissue sections. Afterward, monoclonal 
antibody against human CDKN2A was applied to tissue 
slides (1:100, ab108349, Abcam), and the slides were 
added with negative management phosphate buffer and 
were left to incubate at 4 °C overnight. Tissue slices from 
Shanghai Changdao Biotechnology Co., LTD. in China 
were stained with 3,3 '-diaminobenzidine and horserad-
ish peroxidase, which was secondary antibody-labeled. 
Finally, the tissue slices were stained after being dried and 
sealed before being examined under a microscope. Nega-
tive staining was indicated by blue coloration, whereas 
positive staining was indicated by brown. Two senior 
pathologists graded the number of positive cells and stain-
ing intensity in each sample. The staining intensity score 
range was 0–3 points, representing no staining, mild stain-
ing, moderate staining, and severe staining. The percent-
age of positive cell score ranged from 0 to 4, representing 
5%, 5–25%, 26–50%, 51–75%, and > 75% of positive cells. 
Staining intensity score and positive cell percentage score 
represent the protein expression level of CDKN2A.
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Potential function and mechanism of CDKN2A 
in SCLC

Transcription factors (TFs) play essential roles in regulating 
certain genes. Therefore, this study explores whether TFs 
regulate the expression of CDKN2A in SCLC. TFs might 
regulate CDKN2A expression were obtained from the Cis-
trome Data Browser, and those with a score greater than 
0.9 (indicating a higher likelihood of regulating CDKN2A) 
were selected. Standardized mean difference (SMD) values 
of these TFs were calculated to compare their expression 
between SCLC and non-SCLC groups. The correlation 
analysis was also performed between the these TFs expres-
sion and CDKNK2A expression. TFs were considered to be 
positively associated with CDKN2A only when expression 
correlation was detected in at least three (1/4) data sets.

To investigate the putative molecular mechanism of 
CDKN2A in SCLC, gene set enrichment analysis (GSEA) 
was carried out using the cluster Profiler program [16]. In 
this part, the KEGG (Kyoto Encyclopedia of Genes and 

Genomes) signaling pathways associated with CDKN2A 
were investigated.

Significance of CDKN2A in pan‑cancer

In order to comprehensively understand the expression pat-
terns and clinical significance of CDKN2A in tumors, a 
comprehensive pan-cancer analysis on CDKN2A was con-
ducted in this study. Data on TCGA's genome-wide RNA 
expression came from the Xena database. In this study, 
peripheral blood samples of primary tumors, normal solid 
tissues and primary blood-derived cancers were considered 
for analysis. From the examination of CDKN2A expression 
and predictive values, tumors with less than 6 samples (3 
cancer samples and 3 normal samples) were disqualified. 
From the Xena database, we extracted the prognostic data 
types from the TCGA, including overall survival (OS), dis-
ease-specific survival (DSS), disease-free interval (DFI), and 
progression-free interval (PFI).

Fig. 1   Violin plots of CDKN2A mRNA expression in SCLC. Wilcoxon rank test results are used to obtain the p-value. NSp ≥ 0.05; *p < 0.05; 
**p < 0.01; ***p < 0.001
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Fig. 2   CDKN2A expression and its clinical significance in SCLC. 
Panel A: Forest maps of CDKN2A mRNA expression in SCLC and 
control tissues. Panel B: Publication bias evaluation of SMD (Begg’s 
p = 0.170). Panel C: CDKN2A’s ability to identify SCLC samples 

from non-SCLC samples. Panels D, E: Association of CDKN2A 
with prognosis in SCLC patients. Panel F: CDKN2A protein levels in 
SCLC and control groups. TMA tissue microarray. P-value was deter-
mined using the Wilcoxon rank sum test, ***p < 0.001

Table 1   Cox regression 
for clinical paraments and 
CDKN2A expression of SCLC 
patients

Category Univariate Cox regression analysis Univariate Cox regression analysis

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age 1.213 (0.456–3.228) 0.700 50.179 (2.081–1209.784) 0.016
Tumor stage 2.184 (1.249–3.818) 0.006 4.075 (1.095–15.159) 0.036
Node stage 1.617 (1.011–2.588) 0.045 1.788 (0.318–10.051) 0.509
Metastasis stage 4.033 (1.181–13.769) 0.026 143.603 (0.627–32,878.268) 0.073
Clinical stage 3.058 (1.453–6.434) 0.003 0.299 (0.014–6.319) 0.438
CDKN2A 5.884 (1.787–19.374) 0.004 81.083 (4.271–1539.272) 0.003
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Methods of statistics

To find gene expression variations between SCLC and con-
trol groups, the Wilcoxon rank sum test and SMD were used. 
Using the subject’s operating characteristic curve’s area 
under the curve (AUC), CDKN2A's ability to distinguish 
SCLC from control samples was assessed. The relationship 
between CDKN2A expression level and SCLC patient prog-
nosis was investigated using the Kaplan–Meier curve.

All calculation and visualization steps were performed 
in R software (v4.1.0), except that the integrated subject 
operating characteristic curve was plotted in Stata 15.0. A p 

value less than 0.05 or 95%CI with SMD without 0 indicated 
that the analysis results were statistically significant.

Results

Overexpression of CDKN2A in SCLC tissues and its 
prognostic value

In this study, a total of 27 data sets, obtained from 20 
research centers and seven countries, were selected. These 

Fig. 3   CDKN2A expression 
in SCLC tissue and control 
samples under the microscope, 
the positive sites were located 
in the nucleus and cytoplasm. 
Figures A and B were protein 
expression level of CDKN2A 
in control group, figures C and 
D were protein level expression 
of CDKN2A in SCLC. The left 
figure was 200×, and the right 
figure was 400×

Fig. 4   The protein expression 
of FOXA1 was checked with 
immunohistochemistry. FOXA1 
protein located at nucleus and 
cytoplasm, was measured in 
non-cancerous lung tissues (Fig-
ure A and B) and small cell lung 
cancer (SCLC) (Figure C and 
D). The magnification factor 
of Figure A and C was 200 × ; 
Figure B and D was 400 × 
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data sets included 357 SCLC samples and 525 control sam-
ples. Further information on the selection of these data sets 
can be found in Supplementary Material 1.

When compared to the control group, CDKN2A mRNA 
was substantially elevated in SCLC throughout all 12 com-
bined data sets in our investigation (p value of Wilcoxon 
rank-sum test < 0.05; Fig. 1).

The CDKN2A mRNA expression in SCLC (n = 357) 
was elevated remarkably as compared to the control group 
[n = 525, SMD = 3.07 (95%CI: 2.13–4.02); Fig. 2A] with no 
discernible publication bias (p = 0.170; Fig. 2B).

Clinical and prognostic value of CDKN2A in SCLC

As shown in Fig. 2C, CDKN2A showed a significant abil-
ity to distinguish SCLC samples from control samples 
(AUC = 0.97), suggesting that it might be used as a marker 
to identify SCLC. In terms of prognosis, individuals with 
SCLC who had high CDKN2A expression had substan-
tially shorter overall survival times than those who had 
low CDKN2A expression (p < 0.05, Fig. 2D), indicating 
that CDKN2A might be an important prognostic indicator 

of SCLC patients. However, there was no significant cor-
relation with disease-free survival (p > 0.05, Fig. 2E). Fur-
thermore, both univariate and multivariate Cox regression 
analyses demonstrated that age, tumor stage, and CDKN2A 
expression were independent prognostic risk factors for 
patients with SCLC (p < 0.05, Table 1).

Validation of CDKN2A protein levels in SCLC

To confirm the protein level expression of CDKN2A in 
SCLC tissues, internal samples were analyzed in this study 
(Fig. 2F). The results demonstrated that the expression level 
of CDKN2A protein in the SCLC group was greater than 
that in the control group (p < 0.05), which was consistent 
with the mRNA level. Under the microscope, CDKN2A 
protein expression in SCLC was evidently higher than in 
the control group (Fig. 3A–D).

Fig. 5   FOXA1 mRNA expres-
sion in SCLC and potential 
molecular mechanism of 
CDKN2A in SCLC. (A) 
Expression of FOXA1 in SCLC. 
(B) Potential molecular mecha-
nism of CDKN2A in SCLC
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Potential mechanism of CDKN2A overexpression 
in SCLC

Moreover, this study delved into the potential mechanism 
of the elevated expression of CDKN2A in SCLC. Nine 
TFs that may regulate CDKN2A expression were obtained 
from Cistrome Data Browser, including MAX, KDM2B, 

CTCF, CREBBP, PAX5, FOXA1, SMC1A, H2AZ and 
CREB1. Differential expression analysis and correlation 
analysis of the nine TFS showed that FOXA1 was not 
only highly expressed in SCLC [SMD = 0.91 (0.39–0.44), 
Fig. 5A), yet at least three data sets indicated that FOXA1 
expression in SCLC was positively linked with CDKN2A 
expression (p ≥ 0.3, p < 0.05). Furthermore, aim to confirm 

Fig. 6   Expression of CDKN2A in a variety of tumors and the abil-
ity of CDKN2A to distinguish tumor tissue and control tissue. (A) 
Expression of CDKN2A in various tumor types and the correspond-

ing control populations. (B) The ability of CDKN2A to differentiate 
the tumor tissue from control tissue
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FOXA1 protein level expression in SCLC tissues, 62 tis-
sue samples (26 SCLC and 33 controls) were studied. The 
results showed that the expression level of FOXA1 pro-
tein in SCLC was significantly higher than that in control 
group. (Fig. 4). Therefore, increased FOXA1 expression 
is likely to up-regulate the expression of CDKN2A in the 
progression of SCLC.

Molecular mechanism of CDKN2A playing in SCLC

The molecular mechanism of CDKN2A in SCLC remain 
unknown, which was investigated in this part. The GSEA 
results demonstrated that CDKN2A may participate in 
the cell cycle signaling pathway during the emergence 
of SCLC (Fig. 5B). Additionally, a differential analysis 
of 39 genes in the cell cycle signaling pathway (exclud-
ing CDKN2A) revealed that most of these 39 genes had 
significantly higher expression levels in the group with 
high CDKN2A expression compared to the group with 
low CDKN2A expression, indicating a significant relation-
ship between CDKN2A and these genes (Supplementary 
material 2). These results suggested that the function of 
CDKN2A in SCLC might be associated with its typical 
role in regulating the cell cycle. In addition, CDKN2A 
might also participate in multiple signaling pathways, 
among which the first five most significant pathways 
can be seen in Fig. 5B, indicating that the mechanism of 
CDKN2A in SCLC may be complex.

Expression and clinical value of CDKN2A in multiple 
tumors

Considering that CDKN2A is differentially expressed 
in SCLC and may play an important role, this study fur-
ther analyzed the expression and clinical significance of 
CDKN2A in a number of tumor types. Results revealed 
that of the 20 tumors examined in this research, 15 tumors 
showed high levels of CDKN2A expression in cancer tissues 
compared to control tissues (p < 0.05, Fig. 6A).

As showed in Fig.  6B, the expression of CDKN2A 
can distinguish cancer group samples from control group 
(AUC > 0.75) in a variety of tumor types, figuring that 
CDKN2A could be a biomarker to locate cancer patients. In 
terms of prognosis, high expression of CDKN2A might also 
be used as a prognostic marker for specific tumors. Among 
them, high expression of CDKN2A was a predictive risk/

protective factor for the overall survival of ACC, COAD, 
KICH, KIRC, PCPG, PRAD, UCEC and UVM patients 
(p < 0.05, Fig. 7A, B), was also a prognostic protective 
factor for overall survival in HNSCC patients. In addi-
tion, CDKN2A expression levels were associated with the 
prognosis of patients with ACC, COAD, ESCA, HNSCC, 
KICH, KIRC, KIRP, LGG, LIHC, MESO, PRAD, UCEC, 
and UVM, at least in disease-specific survival, disease-free 
survival interval, and progression-free interval (p < 0.05,  
Fig. 7C, D and 8A–D).

Potential molecular mechanism of CDKN2A 
in multiple tumors

The exploration of the potential molecular mechanisms of 
CDKN2A in multiple tumors revealed that CDKN2A was 
involved in at least three KEGG signaling pathways in six 
tumors (Fig. 9). Among them, the olfactory transduction 
pathway and cytokine receptor interaction pathway were the 
most common (Fig. 9), demonstrating that CDKN2A was 
participation in olfactory transduction pathway and cytokine 
receptor interaction pathway might have significant effects 
on the formation and growth of several cancers.

Discussion

Although there are more and more studies on CDKN2A, 
the literature on CDKN2A in SCLC is rarely reported, and 
the exact mechanism of CDKN2A in SCLC has not yet 
been identified. Therefore, in this work, the high expres-
sion of CDKN2A in SCLC was identified by analyzing 
all 12 included combined data sets and internal samples, 
which required the utilization of big samples from a variety 
of sources. CDKN2A could be used as a marker for SCLC 
identification, revealing the significant prognostic and iden-
tification value of CDKN2A in SCLC. We also investigated 
the role of CDKN2A in SCLC and discovered that its over-
expression was linked to FOXA1. In addition, we studied 
the role of CDKN2A in pan-carcinoma, and the findings 
suggested that CDKN2A might be utilized as a marker for 
selecting potential cancer patients for further study, and high 
expression of CDKN2A might also be used as a prognostic 
marker for specific tumors, and CDKN2A had important 
clinical value in a variety of tumors.

Regulation of the cell cycle and growth control are two 
of primary functions of CDKN2A, and its encoded product 
is cyclin-dependent kinase 4(CDK4), which prevents cells 
from developing to S phase by inhibiting CDK4. Studies 
have shown that when CDKN2A is deficient or its expres-
sion is downregulated, the cell cycle will be out of control, 
cell proliferation will be accelerated, and the cells will be 
malignant [17]. Head and neck squamous cell carcinoma has 

Fig. 7   Relationship between CDKN2A expression and cancer 
patient’s overall and disease-specific survival. (A, B): Patients with 
high CDKN2A expression were at a higher risk of developing can-
cer (A) and had a worse chance of surviving their disease (B). (C, D) 
Patients whose tumors express CDKN2A were at increased risk (C), 
and this correlation was shown to be predictive of a shorter disease-
specific survival time (D)

◂
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a loss rate of CDKN2A that may exceed 80%, and esopha-
geal cancer, ovarian cancer, and pancreatic cancer all show 
evidence of homozygous loss of CDKN2A [18]. In addition, 
CNKN2A has been shown to be up-regulated in a number of 
tumor tissues, with this up-regulation correlating with clini-
cal features and patient prognosis [19]. This research utilized 
a large sample size from a variety of sources and pooled 12 
data sets because of the potential significance of variable 

CDKN2A expression in malignancy. In the meanwhile, 
the random effects model was built to compute SMD for a 
unified study of CDKN2A mRNA expression levels across 
12 datasets. A high level of CDKN2A mRNA expression 
was seen in SCLC. In addition, this study also verified the 
expression of CDKN2A in SCLC tissues from the protein 
level, and analyzed internal samples. Consistent with the 
findings at the mRNA level, the data demonstrated that the 

Fig. 8   Association between CDKN2A expression and cancer-specific 
survival and progression-free survival. (A, B) Shorter disease-free 
survival time was associated with higher CDKN2A expression (A), 

which was a risk factor for some cancer patients (B). (C, D) Patients 
with high CDKN2A expression were at a higher risk of developing 
cancer (C) and had a shorter progression-free survival time (D)
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protein expression level of CDKN2A was higher in SCLC. 
The data from the experiments suggested that CDKN2A 
played a role in the incidence and development of SCLC.

Multiple types of cancers have been linked to CDKN2A 
in scientific studies. Researchers have shown that aberrant 
expression of CDKN2A is linked to the onset of malignant 
tumors such lung cancer, breast cancer, bone tumors, and 
skin cancer when homozygous deletion of CDKN2A is pre-
sent [10, 20, 21]. In addition, studies have found that pan-
creatic cancer tumor growth and proliferation are related 
to CDK2/4/6 activation caused by CDKN2A deletion, and 
CDKN2A is closely related to the malignancy of esophageal 
squamous cell carcinoma [22]. The methylation of CDKN2A 

may be an early molecular event in the occurrence of esoph-
ageal squamous cell carcinoma [23]. CDKN2A inactivation 
is linked to the development of cancer via three primary 
mechanisms: suppression of RNA polymerase activity, 
alteration of chromatin structure, and prevention of tran-
scription factor binding to DNA [24]. These results further 
strengthen the link between CDKN2A expression and the 
onset and progression of malignancies. The diagnosis and 
treatment of SCLC are greatly aided by a thorough under-
standing of the molecular process behind the overexpression 
of CDKN2A in SCLC tissues. Through differential expres-
sion analysis and correlation analysis of 9 TFs that might 
regulate CDKN2A expression obtained from Cistrome Data 

Fig. 9   Underlying signaling pathways (Kyoto Encyclopedia of Genes and Genomes) of CDKN2A in a variety of tumors
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Browser in this study, it was found that FOXA1 was not only 
highly expressed in SCLC, but also positively correlated 
with CDKN2A expression in SCLC. Therefore, increased 
FOXA1 expression is likely to up-regulate the expression 
of CDKN2A in the progression of SCLC. GSEA was per-
formed by taking the median expression value of CDKN2A 
as the truncation value. The findings imply that CDKN2A 
could participate in the cell cycle signaling pathway during 
the development of SCLC. The expression of the majority 
of these 39 genes was significantly upregulated in the group 
with high CDKN2A expression compared to the group 
with low CDKN2A expression, demonstrating a significant 
association between CDKN2A and these genes, according 
to additional differential analysis of 39 genes in the cell 
cycle signaling pathway. These findings implied a potential 
involvement for CDKN2A in the control of the cell cycle. 
Further evidence that the mechanism of CDKN2A in SCLC 
may be complicated comes from the possibility that it par-
ticipates in a number of signaling pathways.

Previous research has shown a strong correlation between 
the clinical characteristics and prognosis of lung cancer 
patients and the degree of CDKN2A expression in lung 
cancer tissues [25]. It was discovered that the CDKN2A 
gene's mutation rate in lung cancer tissues was greater than 
that in nearby tissues, and that patients with CDKN2A 
mutations had higher recurrence rates than patients with 
wild-type CDKN2A. Lung cancer diagnosed as CDKN2A 
mutant is closely connected [26]. Those with CDKN2A 
mutations had a worse 3-year survival rate than patients 
with wild-type CDKN2A. Studies have demonstrated that 
the CDKN2A gene mutation in patients with lung cancer has 
diagnostic significance for lung cancer and is a separate risk 
factor impacting the patients' postoperative survival [27]. 
The clinical significance of elevated CDKN2A expression 
in SCLC patients is still unknown since there have been 
few research reporting CDKN2A expression in SCLC. In 
this study, CDKN2A was found to be significantly effec-
tive in distinguishing SCLC group samples from control 
group samples, suggesting that CDKN2A may be used as 
a marker for SCLC identification. While there was no sig-
nificant link between CDKN2A and disease-free survival, 
the overall survival of SCLC patients with high CDKN2A 
expression was considerably worse than that of patients with 
low CDKN2A expression, suggesting that CDKN2A may 
be a key prognostic indicator for SCLC patients. Addition-
ally, it has been shown that CDKN2A mutations that cause 
loss of function in somatic cells are linked to lung, head 
and neck, gastroesophageal, melanoma, stomach, colon, and 
non-small cell lung cancers, indicating that CDKN2A is 
involved in a number of tumor types [28]. There hasn’t been 
any research on CDKN2A in all types of cancer, however. 
Our findings in this research showed that CDKN2A might 
be utilized as a marker to identify cancer patients as it could 

be used to differentiate between cancer tissue samples and 
control groups in a variety of tumor forms. High expression 
of CDKN2A might also serve as a prognostic marker for 
specific tumors. One of them was the high expression of 
CDKN2A, which was highly connected with patient over-
all survival and was a predictive risk/protective factor for 
the overall survival of ACC, COAD, KICH, KIRC, PCPG, 
PRAD, UCEC, UVM patients, was also a prognostic protec-
tive factor for overall survival in HNSCC patients. In addi-
tion, CDKN2A expression levels were associated with the 
prognosis of patients with ACC, COAD, ESCA, HNSCC, 
KICH, KIRC, KIRP, LGG, LIHC, MESO, PRAD, UCEC in 
disease-specific survival, disease-free survival interval, and 
progression-free interval patients.

Considering that CDKN2A was differentially expressed 
in SCLC and might play an important role, this study 
further analyzed the expression and potential molecular 
mechanism of CDKN2A in a number of tumor types. 
The outcomes of this study’s investigation indicated that 
CDKN2A expression difference was observed between 
cancer tissues and control tissues of 15 kinds of tumors, 
and all showed high expression. The potential molecular 
mechanism of CDKN2A in various tumors was explored, 
and CDKN2A was found to be involved in at least 3 KEGG 
signaling pathways in 6 tumors. Among them, the olfac-
tory transduction pathway and cytokine receptor inter-
action pathway was the most common, suggesting that 
through its participation in in these two key signaling 
pathways, CDKN2A might have a significant impact on 
the incidence and progression of different cancers.

Conclusion

In summary, we discovered that CDKN2A had a high 
expression in SCLC and had significant therapeutic rel-
evance. Some malignancies, including SCLC, might ben-
efit from the use of CDKN2A as a biomarker for diagnosis 
and therapy.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12094-​023-​03376-2.

Acknowledgements  The authors thank to “Guangxi Key Laboratory of 
Medical Pathology” for providing technical support in computational 
pathology and clinical pathology.

Funding  Guangxi Zhuang Autonomous Region Medical Health 
Appropriate Technology Development and Application Promotion 
Project (S2020031), Guangxi Medical University Key Textbook Con-
struction Project (GXMUZDJC2223), Guangxi Zhuang Autonomous 
Region Health Committee Self-financed Scientific Research Project 
(Z20210132), Guangxi Zhuang Autonomous Region Health Commit-
tee Self-financed Scientific Research Project (Z-A20220459), Guangxi 

https://doi.org/10.1007/s12094-023-03376-2


Clinical and Translational Oncology	

Medical University Student Innovation and Entrepreneurship Training 
Program Project (S202310598176).

Data availability  Datasets from public databases can be obtained from 
SangerBox (http://​vip.​sange​rbox.​com/), ArrayExpress (https://​www.​
ebi.​ac.​uk/​array​expre​ss/), GEO (https://​www.​ncbi.​nlm.​nih.​gov/​gds/?​
term =), GTE-x (https://​www.​gtexp​ortal.​org/​home/​index.​html), and 
the TCGA Research Network (www.​cancer.​gov/​tcga) with dataset IDs 
(e.g., GSE32036). Data contained in in-house tissues can be obtained 
from the corresponding author.

Declarations 

Conflict of interest  The authors declare no conflict of interest.

Ethical approval  Ethical approval was obtained from the Ethics Com-
mittee of the First Affiliated Hospital of Guangxi Medical University, 
China.

Consent to participate  In addition, for investigations involving human 
subjects, informed consent has been obtained from the participants 
involved. All methods were carried out in accordance with relevant 
guidelines and regulations.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Oliver AL. Lung cancer: epidemiology and screening. Surg Clin 
North Am. 2022;102:335–44.

	 2.	 Chen P, Liu Y, Wen Y, Zhou C. Non-small cell lung cancer in 
China. Cancer Commun. 2022;42:937–70.

	 3.	 Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung 
cancer. Lancet. 2021;398:535–54.

	 4.	 Schabath MB, Cote ML. Cancer progress and priorities: lung can-
cer. Cancer Epidemiol Biomarkers Prev. 2019;28:1563–79.

	 5.	 Duma N, Santana-Davila R, Molina JR. Non-small cell lung can-
cer: epidemiology, screening, diagnosis, and treatment. Mayo Clin 
Proc. 2019;94:1623–40.

	 6.	 Herzog BH, Devarakonda S, Govindan R. Overcoming chemo-
therapy resistance in SCLC. J Thorac Oncol. 2021;16:2002–15.

	 7.	 Kimura H, Klein AP, Hruban RH, Roberts NJ. The role of inher-
ited pathogenic CDKN2A variants in susceptibility to pancreatic 
cancer. Pancreas. 2021;50:1123–30.

	 8.	 Knudsen ES, Kumarasamy V, Nambiar R, Pearson JD, Vail P, 
Rosenheck H, et al. CDK/cyclin dependencies define extreme 
cancer cell-cycle heterogeneity and collateral vulnerabilities. Cell 
Rep. 2022;38: 110448.

	 9.	 Chan SH, Chiang J, Ngeow J. CDKN2A germline alterations and 
the relevance of genotype-phenotype associations in cancer pre-
disposition. Hered Cancer Clin Pract. 2021;19:21.

	10.	 Aftab A, Shahzad S, Hussain HMJ, Khan R, Irum S, Tabassum 
S. CDKN2A/P16INK4A variants association with breast cancer 
and their in-silico analysis. Breast Cancer. 2019;26:11–28.

	11.	 Merkle J, Breunig M, Schmid M, Allgower C, Kruger J, Melzer 
MK, et al. CDKN2A-mutated pancreatic ductal organoids from 
induced pluripotent stem cells to model a cancer predisposition 
syndrome. Cancers. 2021;13:5139.

	12.	 Chen Y, Li Z, Fang Q, Wang H, Li C, Gao H, et al. CDKN2A 
(p16INK4A) affects the anti-tumor effect of CDK inhibitor in 
somatotroph adenomas. Int J Mol Med. 2021;47:500–10.

	13.	 Leek JT, Johnson WE, Parker HS, Jaffe AE, Storey JD. The sva 
package for removing batch effects and other unwanted variation 
in high-throughput experiments. Bioinformatics. 2012;28:882–3.

	14.	 Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. 
limma powers differential expression analyses for RNA-sequenc-
ing and microarray studies. Nucleic Acids Res. 2015;43: e47.

	15.	 Robinson MD, McCarthy DJ, Smyth GK. EdgeR: a bioconductor 
package for differential expression analysis of digital gene expres-
sion data. Bioinformatics. 2010;26:139–40.

	16.	 Yu G, Wang LG, Han Y, He QY. ClusterProfiler: an R package 
for comparing biological themes among gene clusters. OMICS. 
2012;16:284–7.

	17.	 Luan Y, Zhang W, Xie J, Mao J. CDKN2A inhibits cell prolif-
eration and invasion in cervical cancer through LDHA-mediated 
AKT/mTOR pathway. Clin Transl Oncol. 2021;23:222–8.

	18.	 Deneka AY, Baca Y, Serebriiskii IG, Nicolas E, Parker MI, 
Nguyen TT, et al. Association of TP53 and CDKN2A mutation 
profile with tumor mutation burden in head and neck cancer. Clin 
Cancer Res. 2022;28:1925–37.

	19.	 Jiao Y, Feng Y, Wang X. Regulation of tumor suppressor gene 
CDKN2A and encoded p16-INK4a protein by covalent modifica-
tions. Biochemistry. 2018;83:1289–98.

	20.	 Serra S, Chetty R. p16. J Clin Pathol. 2018;71:853–8.
	21.	 Gutiontov SI, Turchan WT, Spurr LF, Rouhani SJ, Chervin CS, 

Steinhardt G, et al. CDKN2A loss-of-function predicts immu-
notherapy resistance in non-small cell lung cancer. Sci Rep. 
2021;11:20059.

	22.	 Qiao J, Tian Y, Cheng X, Liu Z, Zhou J, Gu L, et al. CDKN2A 
deletion leading to hematogenous metastasis of human gastric 
carcinoma. Front Oncol. 2021;11: 801219.

	23.	 Zhou Y, Wang XB, Qiu XP, Shuai Z, Wang C, Zheng F. CDKN2A 
promoter methylation and hepatocellular carcinoma risk: a meta-
analysis. Clin Res Hepatol Gastroenterol. 2018;42:529–41.

	24.	 Muss HB, Smitherman A, Wood WA, Nyrop K, Tuchman S, 
Randhawa PK, et al. p16 a biomarker of aging and tolerance for 
cancer therapy. Transl Cancer Res. 2020;9:5732–42.

	25.	 Li Y, Zhang T, Zhang H, Wang X, Liu X, Huang Q, et al. Clinical 
significance of P16 gene methylation in lung cancer. Adv Exp 
Med Biol. 2020;1255:133–42.

	26.	 Liu W, Zhuang C, Huang T, Yang S, Zhang M, Lin B, et al. Loss 
of CDKN2A at chromosome 9 has a poor clinical prognosis and 
promotes lung cancer progression. Mol Genet Genomic Med. 
2020;8: e1521.

	27.	 Wang P, Wang F, He H, Chen Y, Lin H, Chen P, et al. TP53 and 
CDKN2A mutations in patients with early-stage lung squamous 
cell carcinoma: an analysis of the correlations and prognostic 
outcomes. Ann Transl Med. 2021;9:1330.

	28.	 Chen Z, Guo Y, Zhao D, Zou Q, Yu F, Zhang L, et al. Comprehen-
sive analysis revealed that CDKN2A is a biomarker for immune 
infiltrates in multiple cancers. Front Cell Dev Biol. 2021;9: 
808208.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://vip.sangerbox.com/
https://www.ebi.ac.uk/arrayexpress/
https://www.ebi.ac.uk/arrayexpress/
https://www.ncbi.nlm.nih.gov/gds/?term
https://www.ncbi.nlm.nih.gov/gds/?term
https://www.gtexportal.org/home/index.html
http://www.cancer.gov/tcga
http://creativecommons.org/licenses/by/4.0/

	Clinical significance and prospective mechanism of increased CDKN2A expression in small cell lung cancer
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	SCLC public data
	Data processing of SCLC public data
	SCLC sample collection and immunohistochemical test from our institute
	Potential function and mechanism of CDKN2A in SCLC
	Significance of CDKN2A in pan-cancer
	Methods of statistics

	Results
	Overexpression of CDKN2A in SCLC tissues and its prognostic value
	Clinical and prognostic value of CDKN2A in SCLC
	Validation of CDKN2A protein levels in SCLC
	Potential mechanism of CDKN2A overexpression in SCLC
	Molecular mechanism of CDKN2A playing in SCLC
	Expression and clinical value of CDKN2A in multiple tumors
	Potential molecular mechanism of CDKN2A in multiple tumors

	Discussion
	Conclusion
	Acknowledgements 
	References


