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Recent attention has been paid to the study of complex interactions of
genetic and environmental factors in the pathogenesis of esophageal
carcinomas since the development of esophageal carcinoma is complicated
by numerous loci. Research on this precise type of neoplasm is still in
progress, as it has involved multiple loci. The tumor suppressor gene p16 is
one of the major genes, which include absolute genetic alterations, like
mutations, deletions, and dysregulation occurring within this region at very
early stages of esophageal carcinogenesis. The pl6 alterations are morbid
homozygous events specific for histotype, this favoring p16 as a candidate
marker for diagnosis prognostics even therapeutics. Though extensive
studies are necessary with a view to leading to further tests on p16 in large
population-based studies, i.e., to develop feasible and valid sample
collection approaches. The esophageal carcinogenesis is multifactorial,
driven first and foremost by lifestyle risk factors including tobacco smoking,
alcohol abuse, and chronic inflammation, but also significant genetic factors.
At present, the best-known genetic factor in the development of esophageal
carcinoma is the mutation of the p53 gene. But other genes, like pl6, are
even more critical for defining the onset and progression of esophageal
squamous cell carcinoma. This review attempts to shed light on the function
of CDKN2A, which is tied to p16, and its important role in ruling out an
esophageal cancer diagnosis, development, and management.

*Corresponding author email: ali.alsudani@gqu.edu.iq

1. Introduction

A malignant tumor that greatly affects public health and is common in esophageal cancer. Esophageal

cancer is the fifth in incidence in men and ninth in women, while its fatality rate is ranked fourth in men
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and seventh in women [1]. Generally, East Asian countries are high-incidence areas of esophageal cancer.
Long-term heavy drinking and irritation from hot food residues are considered to be some of the reasons in
high-incidence areas. The main types of esophageal cancer are esophageal adenocarcinoma and esophageal

squamous cell carcinoma, with squamous cell carcinoma accounting for about 95% of cases [2,3].

Esophageal cancer is an invasive tumor that has accumulated gene mutations during continuous genetic
evolution from normal esophageal epithelium or precursor lesions. It is the result of "many genes and
many steps" in the long-standing pathogenic process of the disease [4,5]. Esophageal cancer is a complex
disease affected by multiple genetic factors and lifestyle. Lifestyle includes multiple dangerous factors
such as metal poisoning, extreme hot beverages and foods, alcoholism, obesity, and smoking. Among
them, smoking and alcohol consumption are considered to be causes of esophageal cancer. People who
often drink alcohol or smoke usually have a five to tenfold higher risk of esophageal cancer [6,7].
Nowadays, there are primarily six types of cancer genome molecular changes: activation of oncogenes,
inactivation of proto-oncogenes, inactivation of tumor suppressor genes, multi-clone carrying, epigenetic
changes, and gene mutations. Some risk factors, such as low intake of vegetables and fruits and low socio-
economic status, enhance cancer risk by influencing tumor promoter and suppressor genes [8,9]. Until
now, researchers have found that most changes are caused by the simultaneous occurrence of two or more
of the six types of molecular changes. Single molecular changes are relatively rare in esophageal cancer.
Management of esophageal cancer has changed completely in the past decade, and the molecular changes
in esophageal cancer also require complete research in the genomic era [10]. In this current review, an
attempt is made to throw some meaningful lights on the function of CDKN2A closely connected to p16 and

its crucial participation in obtaining diagnosis, its development and therapeutic approaches.

2. Definition and Epidemiology

Esophageal cancer, arising from the lining of the esophagus, is either due to cancer of the squamous cells
or esophageal adenocarcinomas of Barrett’s mucosa Esophageal cancer, like every other type, is far too
common and since the figure below shows the number of deaths about it, it has a high case fatality rate in
recent years making it the eighth most common cancer and the sixth cause of cancer deaths [11]. High-risk
regions like China and the Eastern Cape of South Africa report notably higher rates. The disease is more
prevalent in certain populations, particularly among males and the elderly (60 and older). Considering the
prevalence worldwide and the dearth of effective therapies, identifying risk factors is essential [12,13].
Esophageal SCC is more common in the UK than EAC, which is more widespread in the Americas,
Australia, and some parts of Europe. Since 1980, when it peaked historically, the death rate has decreased

[14]. Currently, the median diagnosis age is 68, and the median death age is 71. Esophageal cancer is 3.2
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times more prevalent in men and varies by race and ethnicity. It is most prevalent in South Africa's Eastern

Cape and certain Asian regions, exceeding 100 cases per 100,000 [15].

3. Types of Esophageal Cancer

Lower-third esophageal adenocarcinoma is becoming the most common type of cancer in Western nations,
while there is squamous cell carcinoma in developing low-income countries. In most cases, both are seen
as ill-defined lesions. Smoking, drinking alcohol, previous cancer of the head and neck, and neck radiation
are related mostly to squamous cell carcinoma, and adenocarcinoma risks relate mainly to obesity,
Barrett's oesophagus, and gastroesophageal reflux disease [16]. Significant biological differences exist in
the mechanisms of esophageal carcinogenesis between the two main types of esophageal cancer, each
having unique genetic profiles. Notably, unique genetic mutation profiles are suggested based on

populations in countries with high rates of squamous cell cancer and adenocarcinoma (Table 1).

Studies have demonstrated several molecular genetic differences between the types and it is expanding to
investigate disparities in esophageal mucosa versus cancer and associated dysplasia, all preoperative
chemoradiotherapy, surgery, definitive chemoradiotherapy, and palliative chemotherapy options are
available for both types [17,18]. For squamous cell carcinoma, the five-year survival rate is approximately
30%, and for adenocarcinoma, it is 15%. Treatment resistance is a result of allelic losses in these cancers.
Conducting targeted therapeutic studies and creating organized clinical trials for esophageal cancer

requires an understanding of these malignancies [19,20].

Table 1: Epidemiological and etiological comparison of esophageal cancer subtypes

incidence in East Asian
countries.

(Americas, Europe, Australia).

Feature Esophageal Squamous Cell | Esophageal Adenocarcinoma | References
Carcinoma (ESCC) (EACQ)
Global Prevalence ~95% of cases globally; high | Increasing in Western nations | [2,3]

Risk Factors

Tobacco smoking, alcohol abuse,
and irritation from hot food.

Obesity, Barrett’s esophagus, and
GERD.

[16]

5-Year Survival

Approximately 30%.

Approximately 15%.

[18]

4. Function and Mechanisms of CDKN2A

The proteins p16 and p14, which help to regulate the cell cycle, are both expressed by the CDKN2A gene.
pl6, also known as INK4A/ARF and p16 appears to be responsible for causing cellular quiescence through
inhibition of cyclin-dependent kinases targeting mainly the retinoblastoma pathway. On the other hand, by
attaching to MDM?2 and preventing TP53 degradation, p14 increases the tumor suppressor protein TP53.
The way that TP53, pl4, and pl6 interact shows a positive feedback loop. Through stimulating
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mechanisms, carcinogenic pathways may be promoted and CDKN2A inactivated [21,22]. Among other
factors, this universally acknowledged tumor suppressor, CDKN2A, was also reported in cancer of the
brain, lungs, colon, breast, pancreas, and skin. It is found that the gene, pl16INK4a, is the one responsible
for the control of nuclear division and maintenance of the cellular balance. It has three ARL/INK4
isoforms with one exon and is located on the 9p21 chromosome. To regulate the appropriate attachment of
retinoblastoma (pRb) protein to cyclin D-CDK4/6, the G1 phase progression of products pl6INK4a and
pl4ARF is requisitioned. While pl4arf acts as a positive regulator of p53 under DNA-damage
circumstances, pl 6INK4a, a cell cycle inhibitor, acts on cyclin-dependent kinases 4 and 6, hence arresting
cellular division. Cancer is the excessive activity caused by the substitution of the CDKN24 in the
enhancement of p21cipl-wafl and p53 synthesis. Despite changes made to p16INK4a, occasional risks of

colonization increases of colorectal cancer colonization are inevitable [23-25]

Two pathways are affected by CDKN24, one is the retinoblastoma pathway, inhibiting G1 arrest, and the
other p53 pathway, controlling G1 arrest due to genotoxicity. Understanding the CDKN2A4 gene is very
important when considering the progression of cancer, especially when it is esophageal cancer. However,
there is very little data provided, and the few that exist show a conflict of interest; that is, while CDKN2A
is recessive in this situation, its main responsibility is to act as a positive cancer suppressor. Future studies
might look at CDKN2A both in terms of biomarkers of disease presence and in the context of

pharmacological discovery [26-28].

CDKN24 is an indispensable tumor suppressor gene, and upon loss of function, it is further implicated in
numerous cancer pathways, including CDKN24 inhibition being a generally poor prognostic factor. The
targets in cyclin d-cc-kinase 4-6-pgl6-pRb, an important growth control pathway, are also a threat to
cellular integrity. Abnormalities with proteins with a similar function to oncogenes or tumor suppressors
may modify growth [29,30]. The mutation and deletion of CDKN24 have been noted as changing forms in
the clinical aspects of the disease. CDKN2A deletion gives rise to chimeric proteins that inhibit the cyclin-
CDK4/6- pRb pathway. Loss of p53 is often associated with pl6 loss or low levels, which involves
interactions with p14ARF. Early assessment of CDKN2A and p53 is useful at the onset of the disease since
the two markers help in the early detection of abnormal growth regulation and potentially poor prognosis,
such as missing pl16 or p53. Therapy aimed at restoring p53 activity has been a major focus of recent

clinical trials (Table 2) [31,32].
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Table 2: Interaction of CDKN2A with key signaling pathways in esophageal carcinogenesis

Signaling Pathway Interaction with CDKN2A Effect on Tumorigenesis References
Rb/E2F Pathway pl6 inhibits CDK4/6, preventing | Loss of pl6 indications to uncontrolled | [2]
Rb phosphorylation. S-phase entry.
p53 Pathway pl4ARF inhibits MDM?2, | CDKN2A deletion results in rapid p53 | [51]
stabilizing p53 protein. degradation.
Whnt/B-catenin Synergistic action in promoting | Enhances cell migration and invasive | [40]
EMT transitions. potential.

5. Esophageal Cancer Pathogenesis

Cancer of the esophagus is a heterogeneous cancer of the alimentary canal of genetic origin. Initiation is
also influenced by major environmental factors, which include high NO2 and low SO2. Smoking and
alcohol cause greater than 90% of all possible cases. Other risk factors include poor food choices
characterized by low intakes of fresh fruits and vegetables [17]. Esophageal cancer is a multifactorial
metabolic neoplasm originating from genetic and behavioral characteristics. Sources associated with the
development of this condition include many genetic and epigenetic modifications. Specifically, the
deletions at chromosome 9p21 also make patients lose genes that are so vital in the body, for instance,
CDKN2A and FHIT [33,34]. Other methods included methods applied for investigating functions and
signaling pathways associated with esophageal cancer and tumorigenesis. Results showed downregulation
of CDKN2A gene mutations and protein in patients with grade 2 squamous cell carcinoma, which may be
associated with tumor advancement. The patterns of developing esophageal and other cancers are a result

of complex molecular pathways from many factors [35].

6. Risk Factors and Etiology

Earlier, disease frequency had been region-specific, but, in the recent past, the low-risk groups have
exhibited rather sharp trends peaking towards esophageal adenocarcinoma, while others are experiencing
rising trends towards esophageal squamous cell carcinoma. This is partly attributed to risk factors
associated with the development of esophageal cancer [36]. Based on the preceding review of esophageal
cancer risk factors, they can be broadly classified into environmental or lifestyle risk factors and genetic
risk factors. Other known risk factors are smoking, alcohol, obesity, particularly central obesity, low
consumption of fruit and vegetables, and intake of nitrosamine-containing foods. Family history is well
established; about half of patients with first-degree relatives who have been diagnosed with esophageal

cancer end up also developing the disease [37].
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Other works also correlate facial characteristics and work with esophageal cancer. Barrett’s esophagus is
known to be connected with esophageal adenocarcinoma and gastroesophageal reflux disease (GERD),
though GERD is not thought to be a cause [38]. The progression of esophageal cancer is due to an
accumulation of genetic and epigenetic alterations that occur due to damage. Most classical concepts of
risk factors are known to be linked, expressing positive interaction, pointing straight to intertwined
mechanisms of harm. Molecular epidemiology helps to identify mechanisms of malignant transformation

and to improve the prevention and early diagnosis of esophageal cancer [39].

7. Molecular Pathways Involved

It is based on the role of the Wnt/B-catenin signaling pathway in using mutations in the APC gene to
deposit B-catenin in the nucleus and turn normal stem cells into tumor-initiating cells. While Notch
signaling is crucial to development and homeostasis, the decline in Notch signaling has been observed to
have tumor suppressor properties in esophageal carcinomas [40]. The PI3K/Akt pathway is frequently
activated in cancers; mutant PI3K can enhance cyclin D1 nuclear localization via mTOR, affecting cell
cycle control. However, categorizing cancer signaling pathways is overly simplistic, as they interconnect
and influence each other, forming a complex signaling network. Such an interaction has given rise to

multipronged drugs that do not focus on a single cell target in the cancer site [41,42].

Molecular changes in Wnt, Notch, and PI3K signaling pathways have been observed through Systems
Biology using esophageal cancer cell lines. It remains unknown in what way CDKNZ24 participates in these
pathways. Taken together, these observations emphasize the possibility that theory needs to shift its focus
towards identifying core signaling pathways to prevent and treat tumorigenesis and future drug targets

[10].

8. CDKN2A Alterations in Esophageal Cancer

These genetic changes occur in the tumor suppressor CDKN2A4 in esophageal cancer cases, which we
detail the functional aspects of cancer genetics. Let alone the mechanism, the text systematically studies
even the change in the frequency and correspondence to the clinical effects. Esophageal cancer is
histologically categorized into two primary subtypes that are characterized by different risk factors and
molecular changes [28]. The importance of CDKN2A alteration is apparent because research in EAC
showed deletions with a range of 14-97% and mutations with 0-35%. The most frequent alteration in cases
of squamous cell carcinoma was described as structural: CDKN2A was deleted or had a missense mutation
in 17.24% of affected patients. Analysis revealed that patients with CDKN2A4 mutation lived shorter than
patients with wild-type cases [43].
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In particular, twenty-five patients with deletions suffered shorter survival compared to those without
CDKN2A alterations, and these data support the role of tumor suppressor variation on cancer evolution and
prognosis advisement. In conclusion, the overall types of alteration in the genes CDKN2A4 across the
aggressive esophageal tumor differ, whereby EAC presented more alterations as compared to squamous
cell carcinoma. However, it is not linked to variations in the incidence of cancer progression out there. We
provided evidence that CDKN2A genetic changes are experimentally validated for early diagnosis of

esophageal cancer, which needs a more careful investigation (Table 3) [44,45].

Table 3: Frequency and nature of CDKN2A alterations in EC

Alteration Type Frequency/Rate Clinical Impact References
Homozygous Deletion 66% in untreated patients; | Related  with  higher  stages, | [51,52]
range, 14-97% in EAC. metastasis, and lower survival.
Point Mutations 8% in tumors, range 0-35% in | Generally —minimal impact on | [50]
EAC studies prognosis compared to deletions.
Hypermethylation ranges from 8 to 57% Correlates with tumor stage but not | [51]
necessarily relapse.

9. Frequency of Alterations

The CDKN2A gene is a powerful cell cyclin regulatory gene; 60 percent of the cell lines have deletions,
while 20 percent of them have a missense mutation in this gene. Such deletions are frequently
accompanied by deletions affecting protein interactions, mainly owing to non-co-broken chromosomes.
Most of the 12 deletions identified reside on chromosome segment 9p21, yet no major association peak is
observed on chromosome 9, which includes three notable cell lines. Among these was a line maintaining a

normal chromosome 9 alongside alterations in distinct chromosomal regions [46,47].

Additionally, altered gene expression levels without synaptic contacts were noted in 30% of the lines,
hinting at the potential advantages provided by these genetic changes. The high occurrence of homozygous
deletions and mutations at this locus in cancer cell lines aligns with findings showing that 12 patients
exhibit one or more alterations. Of 69 patients studied, five had missense mutations confirmed by a
restriction site assay, with two patients showing a mutation in one allele alongside lost heterozygosity and
a mutation in the intact allele. While three other patients had identical alterations, one showed no
association evidence, and subsequent size analysis of polymorphic markers in the other instances revealed

uninformative polymorphisms [48].
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10. Types of Alterations

Two CDKNZ2A changes, point mutations and deletions, along with promoter methylation, are seen in EC.
66% of individuals who have not received treatment had deletions, and 8% have mutations. 9% of
pretreated patients had mutations, 20% had hypermethylation, and 62% had homozygous loss. The main
mutation affects codon pl16/INK4A 169, altering the ARF transcript. Re-expressing ARF can cause Gl
arrest, which could stop the growth of tumors. The pl4ARF transcript is found in normal organs such as

the fetal liver and renal cortex, however, it lacks exon 2 [49,50].

Homozygous deletions and hypermethylation are the primary genetic aberrations of CDKN2 that are
identified with very few point mutations. Among 246 cancers analyzed, homozygous deletion was
observed in 66% of cases and point mutation in 8% of tumors. Patients with homozygous deletions are
generally considered to have poorer prognoses because they are associated with higher stages of the
disease, nondifferentiation, more frequent metastasis to the lymph nodes, higher incidence of recurrence,
and lower survival. These deletions could be targets for therapy in addition to chemotherapy or
radiotherapy. On the other hand, point mutations in esophageal cancer patients did not affect their
prognosis. Methylation in these patients ranged from 8% to 57%, correlating with tumor stage but not with
metastasis or relapse. Treatment approaches are affected by the disparity between the early loss of

homozygous deletions and the later methylation [51,52].

11. Clinical Implications of CDKN2A in Esophageal Cancer

Gene variants affecting CDKN2A are associated with worse outcomes in esophageal cancer and could
serve as a prognostic indicator. Clinical studies and treatment plans can be influenced by variations in
CDKN24 signaling pathways. Thirteen clinical trials are now investigating treatments that target aberrant
CDKN2A pathway activity, with six trials concentrating on esophageal cancer and thirteen on other
malignancies. Ongoing studies could reveal whether patients with CDKN2A alterations benefit from
personalized therapies and if these alterations contribute to resistance against immuno-oncology treatments

[43].

Biomarker analyses for early disease detection through non-invasive testing are gaining significant
interest. CDKN24 alteration-positive plasma fragments likely represent true genomic alterations. Various
plasma diagnostics for imaging CDKN2A show promise for early detection and response monitoring in
clinical trials. Landmark trials will provide evidence on using CDKN2A alterations in exons 1-2 as blood-
based biomarkers for treatment stratification. Currently, patients with suspicious Barrett’s or early-grade

dysplasia undergo endoscopy, with biopsies being sequenced using next-generation methods [53,54].



AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71 60

12. Prognostic Value

According to the given research, a bio-marker of a poor prognosis in esophageal cancer, CDKN24, is over-
expressed in gastrointestinal malignancies. Clinical research was designed to assess the effectiveness of
CDKN2A4 as a prognosis biomarker. The tumor sample loss was determined by calculating the differences
between the cohorts, it was found that the overall survival of patients with aberrant CDKN2A protein
expression was lower than in patients without aberrant expression. Patients with normal CDKN2A4
transcripts had a 60% greater one-year survival rate than those with reduced expression. Studies
demonstrate that downregulation of miR-335-5p enhances CDKN2A expression, indicating its usefulness
as a prognostic indicator. Conversely, high CDKN2A4 levels predict poor disease-free survival, with a
hazard ratio of 1.3 (Table 4). It is proven that overexpressed CDKN24 is closely correlated to poor
prognosis of patients with esophageal cancer [55,56]. In general, disturbances of CDKN2A emphasize its
role not only as a biomarker but also as a guideline in the identification of patients with high-intermediate
and high-risk malignancies and further management of patients with relevant genetic alterations. High-risk
patients can be distinguished, and probably this would allow the administration of prompt tumor
management therapy. However, there are limitations to what CDKN2A can reveal about a tumor’s behavior
and fate; the density and variability of a tumor and co-expression of other proteins such as p53 and E-

cadherin can limit the impact of CDKN24 [57,58].

Table 4: Prognostic and therapeutic implications of CDKN2A status

Clinical Parameter Finding/Data Point Scientific Significance References

One-Year Survival 60% higher in normal vs. | Reliable biomarker for overall survival. | [56]
reduced expression.

Disease-Free Survival High expression Hazard Ratio | Predictor of cancer recurrence risk. [55]
(HR: 1.3).

Therapeutic Target PDEI0A neutralization/ORF | Roadmap for personalized medicine. [61,62]
restoration.

Resistance Factor Link to PD-L1 and | Informs the need for immunotherapy. [68]

radiotherapy resistance.

13. Therapeutic Opportunities

It remains an important topic of concern to understand how to therapeutically address changes in the
CDKN24 gene in oesophageal malignancy that resulted in great improvement in the patient’s treatment
plan. The fact that CDKN2A4 balances the expression of many genes, some of which can be damaged by
downregulation, complicates this research. Combination therapies may be necessary to address such severe
dysregulation, as single-agent treatments are unlikely to be effective in doing so. However, the viability of

a multidrug strategy depends on our ability to comprehend how these changes affect the esophageal
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carcinogenesis process. Historically, targeting a driver gene has been the primary focus for therapy design,

yet evidence supporting CDKN2A alterations as a driver in esophageal cancer remains inadequate [59,60].

Further evidence from preclinical studies may bolster the development of this therapeutic class. This core
has also raised speculations about using small molecules that can neutralize CDKN2A activation through
the use of PDE10A. Although gene editing is the most feasible technique for clinical application, other
forms of gene therapy may be designed to attempt to restore the open reading frame of the CDKN2A gene.
Preclinical testing of CDKN2A-targeting techniques in vivo is essential to identify the best therapeutic
vectors for restoring gene expression. In the end, therapeutic decision-making about the treatment of
esophageal cancer patients may hinge on the stratification of patients according to their gene status

[61,62].

14. Experimental Models for Studying CDKN2A in Esophageal Cancer

Several models are also available for dissecting the role of CDKN2A4 in ESCC development as an
experimental model. Because of the foregoing, it is more effective to use in vitro cell lines, especially
those with molecular changes in the CDKN2A4 gene. Additional in vivo studies are performed using
genetically modified mice, like conditional knockout mice with CDKN2A deletion, and mice with silenced
or mutated alleles. An in vivo ESCC model can be generated by oncogene activation, carcinogenic drugs,
short interfering RNA, transplantation in immunodeficient mice, and changes in CDKN2A4. While these
models have advantages and limitations, they provide significant platforms to research CDKN2A roles in

human cancer, even if they do not entirely mirror the actual ESCC microenvironment [63].

Functional forms of CDKN2A are thought to be carcinogenic, which presents difficulties for preclinical
models in vivo or in cells used to assess potential treatments. The results show that to improve clinical
relevance and gain a deeper understanding of CDKN24 activity, a variety of experimental techniques are
required. Effective translation into translational research is made possible by the use of these models,

especially when it comes to validating treatment targets in ESCC [64,65].

15. Cell Lines and Animal Models

Several dedifferentiated esophageal squamous cancer cell lines have been examined for phenotypic or
molecular alterations. Some of these lines differ in the status of CDKN2A alterations and copy number
variations, which are the first, second, and third most frequent alterations in esophageal cancer, as well as
mutant TP53. Several generated orthotopic xenograft tumors in mice closely resembled the
immunobiology, lipid metabolism, epithelial-to-mesenchymal transition, and local tumourigenesis seen in

the patient population. These patient-derived lines also show clinical relevance in vitro when engraftment
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capacity, locoregional invasion, architectural asymmetry, immune evasion, and other viable cancer cell
elimination are tested with secondary 3D culture [66,67]. Animal models indicate that CDKN2A4
inactivation can lead to invasive esophageal tumors by enhancing TP53 function through lowered cellular
stress responses or increased immune suppression. Elevated PD-L1 levels in CDKN2A-aberrant cancers in
humans and mice contribute to resistance against radiotherapy. This emphasizes the necessity of
developing novel models to investigate survival signals in chemoradiotherapy cases of esophageal
malignancies lacking CDKN2A. Cancer cell lines from patients may be used to investigate immunotherapy

resistance linked to CDKN2A inactivation [68].

16. Challenges and Future Directions

While the present years have brought predawn knowledge in molecular aetiology of esophageal cancer
about CDKN24, some issues are still unresolved. Previous studies mainly encompass partial elements of
CDKN2A mechanistic processes, thus critically restricting the applicability of knowledge. We determine
potential integration errors of animal studies, precisely discussing the relation of the reads to the CDKN2A4
biology. Most research has concentrated on genetic models, while co-deletion occurs infrequently in
human esophageal cancer. Although CDKN2A4 backgrounds have expedited tumor onset in some deficient
mice, studies indicate that CDKN2A4 deletion does not significantly affect outcomes in the absence of
deficiencies [69,70]. CDKN2A is a gene with complex regulation, producing at least four distinct products
through alternative splicing. Its variants and proteins remain inadequately studied in esophageal cancer.
Key questions include identifying the cell of origin, studying splice variants and protein trafficking,
exploring genetic events downstream of defective CDKN2A4, and conducting preclinical biomarker-driven

studies [71].

17. Limitations of Current Research

Investigation of the implication of CDKN2A4 in the development of esophageal carcinoma is well
underway. However, the variation in the findings may be because of factors that make the comparison of
the studies difficult. Esophageal cancer shows intertumor heterogeneity in etiologic and clinical
characteristics, histopathology, and biomolecules. Therefore, a comprehensive evaluation is challenging to
achieve in one study. But, the pathway is made more complex with the different experimental models and
designs. Frequently, the absence of co-reference is not indicative of real differences between genetic and
histological findings. A good experimental design will follow a marker through defined genetic tissue

changes [72].

The use of multiple endpoints in the carcinogenic development pathway is crucial to assess the marker

gene inactivation, ranging from reversible alterations to malignant conversion. Research needs to take into
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account existing extensive case information. One of the major drawbacks is the lack of enough information
on CDKN2A4 in esophageal cancer; hence, conclusions are limited. Instead, they have high variability
between the studies, which complicates the recognition of CDKN2A’s characteristics and stability. On
balance, it can be concluded that the current data do not clarify well enough the steps of progression of
etiopathogenesis. Limitations include labor and time constraints, the shortfall in sample size, and selective
bias. For example, recruiting aggressive tumors may distort the inactivation rates. Reporting investigations
also requires the enhancement of methodologies to improve their reproducibility. It is therefore important

to note research limitations to have accurate evaluations done [73].

18. Potential Areas for Further Investigation

This section gives some new information about CDKN2A in connection with esophageal cancer and
explains why there is no information about its mutations. Future work may explore other signaling
pathways that are regulated by CDKN2A to understand what pathophysiologic agents give rise to
esophageal cancer and to solidify CDKN2A4 as a target for treatments related to the TGF-3 pathway. Recent
empirical studies present issues in categorizing diagnostics for CDKN2A4 [74]. The approach of work is to
examine the pathway and utilize CDKN24 as a prognosis biomarker for specified therapies. Therefore,
early detection of CDKN2A-related molecular patterns is crucial. Studying CDKN2A may help to
understand targeted therapies as their ability is challenged. It is therefore conclusive that CDKN24 plays
the role of a tumor suppressor in the development of esophageal cancer, mainly due to its role in cell cycle
regulation. Codifying CNV, somatic changes in CDKN2A are central to the condition’s genetics. However,

the disease is still a leading cause of cancer morbidity and mortality due to the high difficulty level [75].

19. Conclusion

Even in this more molecular setting, a single molecule CDKN2A4 by itself is insufficient; no single gene
underlies, or is causally primary to, the absolutely causal structure of any given esophageal carcinoma.
Additional skillful mechanistic investigation will be needed to begin to define the precise chart of each
available tumor type. This will be critical for such phenotypic variations as the profoundly more aggressive
biology, and chemoradiotherapy resistance, conferred by structural variants, namely homozygous
deletions, that far outweigh the prognostic factors conferred by the single nucleotide variants. Importantly,
because the biology of EAC is distinguishable from ESCC, these charts will have to be drawn for each
histological esophageal subtype. Finally, a shift of sufficient depth into the nuances of epigenetic
alterations and immune-checkpoint frequency (i.e. PD-L1 expression) can elucidate precisely how the axis
interact with and breach the DNA damage response, A lot contributing to the proffering of radio- and

immunotherapy resistance, and to the ultimate toll on survival.



AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71 64

20. Conflict of Interest

Authors declare no conflict of interest.

21. Funding

None.

22. References

1. Hassen HY, Teka MA, Addisse A. Survival status of esophageal cancer patients and its determinants in
Ethiopia: a facility based retrospective cohort study. Frontiers in Oncology. 2021 Feb 15;10:594342.
https://doi.org/10.3389/fonc.2020.594342

2. Grille VJ, Campbell S, Gibbs JF, Bauer TL. Esophageal cancer: the rise of adenocarcinoma over
squamous cell carcinoma in the Asian belt. Journal of Gastrointestinal Oncology. 2021 Jul;12(Suppl
2):S339. https://doi.org/10.21037/jgo-2019-gi-08

3. Zhu C, Soto-Feliciano YM, Morris JP, Huang CH, Koche RP, Ho YJ, Banito A, Chen CW, Shroff A,
Tian S, Livshits G. MLL3 regulates the CDKN2A tumor suppressor locus in liver cancer. Elife. 2023 Jun
1;12:e80854. https://doi.org/10.7554/elife.80854

4. Murai K, Dentro S, Ong SH, Sood R, Fernandez-Antoran D, Herms A, Kostiou V, Abnizova I, Hall BA,
Gerstung M, Jones PH. p53 mutation in normal esophagus promotes multiple stages of carcinogenesis but

is constrained by clonal competition. Nature Communications. 2022 Oct 20;13(1):6206.
https://doi.org/10.1038/s41467-022-33945-y

5. Abby E, Dentro SC, Hall MW, Fowler JC, Ong SH, Sood R, Herms A, Piedrafita G, Abnizova I, Siebel
CW, Gerstung M. Notchl mutations drive clonal expansion in normal esophageal epithelium but impair
tumor growth. Nature genetics. 2023 Feb;55(2):232-45. https://doi.org/10.1038/s41588-022-01280-z

6. LiJ, XulJ, Zheng Y, Gao Y, He S, Li H, Zou K, Li N, Tian J, Chen W, He J. Esophageal cancer:
Epidemiology, risk factors and screening. Chinese Journal of Cancer Research. 2021 Oct 31;33(5):535.
https://doi.org/10.21147/1.issn.1000-9604.2021.05.01

7. Lander S, Lander E, Gibson MK. Esophageal cancer: overview, risk factors, and reasons for the rise.
Current gastroenterology reports. 2023 Nov;25(11):275-9. https://doi.org/10.1007/s11894-023-00899-0

8. Masclef L, Ahmed O, Estavoyer B, Larrivée B, Labrecque N, Nijnik A, Affar EB. Roles and
mechanisms of BAPI1 deubiquitinase in tumor suppression. Cell Death & Differentiation. 2021
Feb;28(2):606-25. https://doi.org/10.1038/s41418-020-00709-4

9. Besedina E, Supek F. Copy number losses of oncogenes and gains of tumor suppressor genes generate
common driver mutations. Nature Communications. 2024 Jul 20;15(1):6139.
https://doi.org/10.1038/s41467-024-50552-1



65 AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71

10. Lohan-Codeco M, Barambo-Wagner ML, Nasciutti LE, Ribeiro Pinto LF, Meireles Da Costa N,
Palumbo Jr A. Molecular mechanisms associated with chemoresistance in esophageal cancer. Cellular and
Molecular Life Sciences. 2022 Feb;79(2):116. https://doi.org/10.1007/s00018-022-04131-6

11. DiSiena M, Perelman A, Birk J, Rezaizadeh H. Esophageal cancer: an updated review. Southern
Medical Journal. 2021 Mar;114(3):161-8. https://doi.org/10.14423/smj.0000000000001226

12. Huang J, Koulaouzidis A, Marlicz W, Lok V, Chu C, Ngai CH, Zhang L, Chen P, Wang S, Yuan J,
Lao XQ. Global burden, risk factors, and trends of esophageal cancer: an analysis of cancer registries from
48 countries. Cancers. 2021 Jan 5;13(1):141. https://doi.org/10.3390/cancers13010141

13. Liu CQ, Ma YL, Qin Q, Wang PH, Luo Y, Xu PF, Cui Y. Epidemiology of esophageal cancer in 2020
and projections to 2030 and 2040. Thoracic cancer. 2023 Jan;14(1):3-11. https://doi.org/10.1111/1759-
7714.14745

14. Uhlenhopp DJ, Then EO, Sunkara T, Gaduputi V. Epidemiology of esophageal cancer: update in
global trends, etiology and risk factors. Clinical journal of gastroenterology. 2020 Dec;13(6):1010-21.
https://doi.org/10.1007/s12328-020-01237-x

15. Li S, Chen H, Man J, Zhang T, Yin X, He Q, Yang X, Lu M. Changing trends in the disease burden of
esophageal cancer in China from 1990 to 2017 and its predicted level in 25 years. Cancer medicine. 2021
Mar;10(5):1889-99. https://doi.org/10.1002/cam4.3775

16. Zhang X, Yang X, Zhang T, Yin X, Man J, Lu M. Association of educational attainment with
esophageal cancer, Barrett's esophagus, and gastroesophageal reflux disease, and the mediating role of
modifiable risk factors: A Mendelian randomization study. Frontiers in public health. 2023 Mar
28;11:1022367. https://doi.org/10.3389/fpubh.2023.1022367

17. Sheikh M, Roshandel G, McCormack V, Malekzadeh R. Current status and future prospects for
esophageal cancer. Cancers. 2023 Jan 26;15(3):765. https://doi.org/10.3390/cancers15030765

18. Marabotto E, Pellegatta G, Sheijani AD, Ziola S, Zentilin P, De Marzo MG, Giannini EG, Ghisa M,
Barberio B, Scarpa M, Angriman I. Prevention Strategies for Esophageal Cancer—An Expert Review.
Cancers. 2021 May 1;13(9):2183. https://doi.org/10.3390/cancers13092183

19. Waters JK, Reznik SI. Update on management of squamous cell esophageal cancer. Current oncology
reports. 2022 Mar;24(3):375-85. https://doi.org/10.1007/s11912-021-01153-4

20. Dong L, Xue L, Cheng W, Tang J, Ran J, L1 Y. Comprehensive survival analysis of oral squamous cell
carcinoma patients undergoing initial radical surgery. BMC Oral Health. 2024 Aug 9;24(1):919.
https://doi.org/10.1186/s12903-024-04690-z

21. Chan SH, Chiang J, Ngeow J. CDKN2A germline alterations and the relevance of genotype-phenotype
associations in cancer predisposition. Hereditary cancer in clinical practice. 2021 Mar 25;19(1):21.
https://doi.org/10.1186/s13053-021-00178-x



https://doi.org/10.1186/s13053-021-00178-x

AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71 66

22. Chantre-Justino M, da Veiga Pires IG, Figueiredo MC, dos Santos Moreira A, Alves G, Ornellas MH.
Genetic and methylation status of CDKN2A (pl14ARF/p16INK4A) and TP53 genes in recurrent

respiratory papillomatosis. Human Pathology. 2022 Jan 1;119:94-104.
https://doi.org/10.1016/;.humpath.2021.11.008

23. Qiao J, Tian Y, Cheng X, Liu Z, Zhou J, Gu L, Zhang B, Zhang L, Ji J, Xing R, Deng D. CDKN2A
deletion leading to hematogenous metastasis of human gastric carcinoma. Frontiers in Oncology. 2021 Dec
23;11:801219. https://doi.org/10.3389/fonc.2021.801219

24. Shponka IS IS, Bondarenko OO, Kovtunenko OV, Rakhmanov VV. Deletion of cyclin dependent
kinase inhibitor 2a gene as a marker of oropharyngeal carcinomas nonassociated with human
papillomavirus and its prognostic value. Memuuni mnepcnexktuBu= Medicni perspektivi (Medical
perspectives). 2024(2):56-61. https://doi.org/10.26641/2307-0404.2024.2.307479

25. Yildirnm ME. Genetic and Epigenetic Changes of CDKN2A in Gastric Cancer. Cumhuriyet Medical
Journal. 2024 Jun 1;46(2). https://doi.org/10.7197/cmj.1443256

26. Pisano M, Arru C, Serra M, Galleri G, Sanna D, Garribba E, Palmieri G, Rozzo C. Antiproliferative
activity of vanadium compounds: Effects on the major malignant melanoma molecular pathways.
Metallomics. 2019 Oct;11(10):1687-99. https://doi.org/10.1039/COMT00174C

27. XuJ, Li N, Deng W, Luo S. Discovering the mechanism and involvement of the methylation of cyclin-
dependent kinase inhibitor 2A (CDKN2A) gene and its special locus region in gastric cancer.
Bioengineered. 2021 Jan 1;12(1):1286-98. https://doi.org/10.1080/21655979.2021.1887646

28. Fan Z, Zhou J, Tian Y, Qin Y, Liu Z, Gu L, Dawsey SM, Wei W, Deng D. Somatic CDKN2A copy
number variations are associated with the prognosis of esophageal squamous cell dysplasia. Chinese
Medical Journal. 2024 Apr 20;137(08):980-9. https://doi.org/10.1097/cm9.0000000000002982

29. Kimura H, Klein AP, Hruban RH, Roberts NJ. The role of inherited pathogenic CDKN2A variants in
susceptibility to pancreatic cancer. Pancreas. 2021 Sep 1;50(8):1123-
30.https://doi.org/10.1097/mpa.0000000000001888

30. Zhu H, Wang Z, Deng B, Mo M, Wang H, Chen K, Wu H, Ye T, Wang B, Ai D, Hao S.
Epidemiological landscape of esophageal cancer in Asia: Results from GLOBOCAN 2020. Thoracic
cancer. 2023 Apr;14(11):992-1003. https://doi.org/10.1111/1759-7714.14835

31. Huang LE. Impact of CDKN2A/B homozygous deletion on the prognosis and biology of IDH-mutant
glioma. Biomedicines. 2022 Jan 24;10(2):246. https://doi.org/10.3390/biomedicines 10020246

32. Kros JM, Rushing E, Uwimana AL, Herndndez-Lain A, Michotte A, Al-Hussaini M, Bielle F, Mawrin
C, Marucci G, Tesileanu CM, Stupp R. Mitotic count is prognostic in IDH mutant astrocytoma without
homozygous deletion of CDKN2A/B. Results of consensus panel review of EORTC trial 26053
(CATNON) and EORTC trial 22033-26033. Neuro-oncology. 2023 Aug 1;25(8):1443-9.
https://doi.org/10.1093/neuonc/noac282



https://doi.org/10.1093/neuonc/noac282

67 AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71

33. Fortin Ensign SP, Jenkins RB, Giannini C, Sarkaria JN, Galanis E, Kizilbash SH. Translational
significance of CDKN2A/B homozygous deletion in isocitrate dehydrogenase-mutant astrocytoma. Neuro-
oncology. 2023 Jan 1;25(1):28-36. https://doi.org/10.1093/neuonc/noac205

34. Jiang Y, Wu Y, Zhang L, Wang Y, Xu G, Deng Y, Han L, Li E, Ma Q, Xu M, Wu Z. Loss of
chromosome 9p21 is associated with a poor prognosis in adenosquamous carcinoma of the pancreas.
Precision Clinical Medicine. 2023 Dec;6(4):pbad030. https://doi.org/10.1093/pcmedi/pbad030

35. Deneka AY, Baca Y, Serebriiskii IG, Nicolas E, Parker MI, Nguyen TT, Xiu J, Korn WM, Demeure
MJ, Wise-Draper T, Sukari A. Association of T P53 and CDKN2A mutation profile with tumor mutation
burden in head and neck cancer. Clinical cancer research. 2022 May 2;28(9):1925-37.

https://doi.org/10.1158/1078-0432.CCR-21-4316

36. Ghosh NR, Jones LA. Dietary risk factors for esophageal cancer based on World Health Organization
regions. Nutrition. 2022 Mar 1;95:111552. https://doi.org/10.1016/j.nut.2021.111552

37. Singh A. Global burden of five major types of gastrointestinal cancer. Gastroenterology
Review/Przeglad Gastroenterologiczny. 2024 Jul 26;19(3):236-54. https://doi.org/10.5114/pg.2024.141834

38. Cook MB, Thrift AP. Epidemiology of Barrett's esophagus and esophageal adenocarcinoma:
implications for screening and surveillance. Gastrointestinal Endoscopy Clinics. 2021 Jan 1;31(1):1-26.
https://doi.org/10.1016/j.giec.2020.08.001

39. Hao Y, Karaoz U, Yang L, Yachimski PS, Tseng W, Nossa CW, Ye W, Tseng M, Poles M, Francois F,
Traube M. Progressive dysbiosis of human orodigestive microbiota along the sequence of
gastroesophageal reflux, Barrett's esophagus and esophageal adenocarcinoma. International Journal of
Cancer. 2022 Nov 15;151(10):1703-16.

https://doi.org/10.1002/ijc.34191

40. Zhao X, Ma L, Dai L, Zuo D, Li X, Zhu H, Xu F. TNF-a promotes the malignant transformation of
intestinal stem cells through the NF-kB and Wnt/B-catenin signaling pathways. Oncology Reports. 2020
Aug;44(2):577-88. https://doi.org/10.3892/0r.2020.763 1

41. Kadian LK, Arora M, Prasad CP, Pramanik R, Chauhan SS. Signaling pathways and their potential
therapeutic utility in esophageal squamous cell carcinoma. Clinical and Translational Oncology. 2022
Jun;24(6):1014-32. https://doi.org/10.1007/s12094-021-02763-x

42. Chen L, Lu H, Peng D, Cao LL, Ballout F, Srirmajayam K, Chen Z, Bhat A, Wang TC, Capobianco A,
Que J. Activation of NOTCH signaling via DLL1 is mediated by APE1-redox-dependent NF-kB activation
in oesophageal adenocarcinoma. Gut. 2023 Mar 1;72(3):421-32. https://doi.org/10.1136/gutjnl-2022-
327076

43. Zhang X, Wang Y, Meng L. Comparative genomic analysis of esophageal squamous cell carcinoma
and adenocarcinoma: new opportunities towards molecularly targeted therapy. Acta Pharmaceutica Sinica
B. 2022 Mar 1;12(3):1054-67. https://doi.org/10.1016/j.apsb.2021.09.028


https://doi.org/10.1093/pcmedi/pbad030
https://doi.org/10.1007/s12094-021-02763-x
https://doi.org/10.1136/gutjnl-2022-327076
https://doi.org/10.1136/gutjnl-2022-327076

AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71 68

44. Arita H, Ichimura K. Prognostic significance of TERT promoter mutations in adult-type diffuse
gliomas. Brain Tumor Pathology. 2022 Jul;39(3):121-9. https://doi.org/10.1007/s10014-021-00424-z

45. Preston WA, Drill E, Boerner T, Gelfer R, Harding JJ, O'Reilly EM, Cercek A, Abou-Alfa G, Park W,
Balachandran VP, Drebin J. Extrahepatic cholangiocarcinoma: Genomic variables associated with
anatomic  location and outcome. JCO precision oncology. 2024  Jul;8(1):e2400206.
https://doi.org/10.1200/P0O.24.00206

46. Gotabek K, Raczka G, Gazdzicka J, Miskiewicz-Orczyk K, Zigba N, Krakowczyk L., Misiotek M,
Strzelczyk JK. Expression profiles of CDKN2A, MDM2, E2F2 and LTF genes in oral squamous cell
carcinoma. Biomedicines. 2022 Nov 23;10(12):3011. https://doi.org/10.3390/biomedicines10123011

47. Kiatprungvech N, Sangkum P, Malinee R, Sommaluan S, Korkiatsakul V, Worawichawong S,
Rerkamnuaychoke B, Kongruang A, Aeesoa S, Lertsithichai P, Kijvikai K. Genetic study of the CDKN2A
and CDKN2B genes in renal cell carcinoma patients. Practical Laboratory Medicine. 2024 May
1;40:e00410. https://doi.org/10.1016/j.plabm.2024.e00410

48. Al Delbany D, Ghosh MS, Krivec N, Huyghebaert A, Regin M, Duong MC, Lei Y, Sermon K, Olsen
C, Spits C. De novo cancer mutations frequently associate with recurrent chromosomal abnormalities
during long-term human pluripotent stem cell culture. Cells. 2024 Aug 21;13(16):1395.

https://doi.org/10.3390/cells13161395

49. Tausch E, Beck P, Schlenk RF, Jebaraj BM, Dolnik A, Yosifov DY, Hillmen P, Offner F, Janssens A,
Babu KG, Grosicki S. Prognostic and predictive role of gene mutations in chronic lymphocytic leukemia:
results from the pivotal phase III study COMPLEMENTI. haematologica. 2020 Jan 9;105(10):2440.
https://doi.org/10.3324/haematol.2019.229161

50. Kitadai R, Okuma Y. Treatment strategies for non-small cell lung cancer harboring common and
uncommon EGFR mutations: drug sensitivity based on exon classification, and structure-function analysis.
Cancers. 2022 May 20;14(10):2519. https://doi.org/10.3390/cancers14102519

51. Sievers P, Hielscher T, Schrimpf D, Stichel D, Reuss DE, Berghoff AS, Neidert MC, Wirsching HG,
Mawrin C, Ketter R, Paulus W. CDKN2A/B homozygous deletion is associated with early recurrence in
meningiomas. Acta neuropathologica. 2020 Sep;140(3):409-13. https://doi.org/10.1007/s00401-020-
02188-w

52. Barresi V, Simbolo M, Fioravanzo A, Piredda ML, Caffo M, Ghimenton C, Pinna G, Longhi M,
Nicolato A, Scarpa A. Molecular profiling of 22 primary atypical meningiomas shows the prognostic
significance of 18q heterozygous loss and CDKN2A/B homozygous deletion on recurrence-free survival.
Cancers. 2021 Feb 21;13(4):903. https://doi.org/10.3390/cancers13040903

53. Guan S, Deng G, Sun J, Han Q, Lv Y, Xue T, Ding L, Yang T, Qian N, Dai G. Evaluation of
circulating tumor DNA as a prognostic biomarker for metastatic pancreatic adenocarcinoma. Frontiers in
oncology. 2022 Aug 23;12:926260. https://doi.org/10.3389/fonc.2022.926260


https://doi.org/10.3324/haematol.2019.229161
https://doi.org/10.3390/cancers14102519
https://doi.org/10.1007/s00401-020-02188-w
https://doi.org/10.1007/s00401-020-02188-w
https://doi.org/10.3390/cancers13040903

69 AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71

54. Sun Y, Qin S, Wang S, Pang J, Ou Q, Liang W, Zhong H. Comprehensive genomic profiling of
pulmonary spindle cell carcinoma using tissue and plasma samples: insights from a real-world cohort
analysis. ~ The Journal of  Pathology: Clinical Research. 2024  May;10(3):e12375.
https://doi.org/10.1002/2056-4538.12375

55. Sihag S, Nussenzweig SC, Walch HS, Hsu M, Tan KS, Sanchez-Vega F, Chatila WK, De La Torre
SA, Patel A, Janjigian YY, Maron S. Next-generation sequencing of 487 esophageal adenocarcinomas

reveals independently prognostic genomic driver alterations and pathways. Clinical Cancer Research. 2021
Jun 15;27(12):3491-8. https://doi.org/10.1158/1078-0432.ccr-20-4707

56. Orsini A, Mastracci L, Bozzarelli I, Ferrari A, Isidori F, Fiocca R, Lugaresi M, D’Errico A, Malvi D,
Cataldi-Stagetti E, Spaggiari P. Correlations between molecular alterations, histopathological
characteristics, and poor prognosis in esophageal adenocarcinoma. Cancers. 2023 Feb 23;15(5):1408.
https://doi.org/10.3390/cancers15051408

57. Xu W, Anwaier A, Liu W, Wei G, Su J, Tian X, Xia J, Qu Y, Zhao J, Zhang H, Ye D. Genomic
alteration of MTAP/CDKN2A predicts sarcomatoid differentiation and poor prognosis and modulates
response to immune checkpoint blockade in renal cell carcinoma. Frontiers in Immunology. 2022 Aug
1;13:953721. https://doi.org/10.3389/fimmu.2022.953721

58. Dogan S, Xu B, Rana S, Chen H, Ghossein RA, Berger MF, Ho AL, Katabi N. Loss of CDKN2A/B is
a molecular marker of high-grade histology and is associated with aggressive behavior in acinic cell
carcinoma. Modern Pathology. 2023 Jul 1;36(7):100150. https://doi.org/10.1016/j.modpat.2023.100150

59. Killcoyne S, Fitzgerald RC. Evolution and progression of Barrett’s oesophagus to oesophageal cancer.
Nature reviews cancer. 2021 Nov;21(11):731-41.https://doi.org/10.1038/s41568-021-00400-x

60. Shah MA, Altorki N, Patel P, Harrison S, Bass A, Abrams JA. Improving outcomes in patients with
oesophageal = cancer. = Nature  Reviews  Clinical  Oncology. 2023  Jun;20(6):390-407.
https://doi.org/10.1038/s41571-023-00757-y

61. Wang D, Huang C, Luo Q, Huang Z, Zhang C, Fan LC. Chromosome 4q deletion syndrome: 4q13. 3-
g21. 23 deletion syndrome with mental retardation, congenital heart disease: a case report and literature
review. https://doi.org/10.21203/rs.3.rs-2631921/v1

62. Decaudin D, Némati F, Masliah Planchon J, Seguin-Givelet A, Lefevre M, Etienne V, Ahnine H,
Peretti Q, Sourd L, El-Botty R, Huguet L. Evaluation of combined chemotherapy and genomic-driven
targeted therapy in patient-derived xenografts identifies new therapeutic approaches in squamous non-
small-cell lung cancer patients. Cancers. 2024 Aug 7;16(16):2785.
https://doi.org/10.3390/cancers16162785

63. Zhou M, Mao Y, Yu S, Li Y, Yin R, Zhang Q, Lu T, Sun R, Lin S, Qian Y, Xu Y. LINC00673
represses CDKN2C and promotes the proliferation of esophageal squamous cell carcinoma cells by EZH2-
mediated  H3K27  trimethylation.  Frontiers in  oncology. 2020  Aug 18;10:1546.
https://doi.org/10.3389/fonc.2020.01546


https://doi.org/10.3390/cancers15051408
https://doi.org/10.3389/fimmu.2022.953721
https://doi.org/10.21203/rs.3.rs-2631921/v1
https://doi.org/10.3390/cancers16162785

AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71 70

64. Cui Y, Chen H, Xi R, Cui H, Zhao Y, Xu E, Yan T, Lu X, Huang F, Kong P, Li Y. Whole-genome
sequencing of 508 patients identifies key molecular features associated with poor prognosis in esophageal
squamous cell carcinoma. Cell research. 2020 Oct;30(10):902-13. https://doi.org/10.1038/s41422-020-
0333-6

65. Forghanifard MM, Aarabi A, Nasiri Aghdam M, Memar B, Hasanzadeh Khayat M, Dadkhah E,
Abbaszadegan MR. GSTs polymorphisms are associated with epigenetic silencing of CDKN2A gene in

esophageal squamous cell carcinoma. Environmental Science and Pollution Research. 2020
Sep;27(25):31269-77. https://doi.org/10.1007/s11356-020-09408-6

66. Jacobsen F, Kohsar J, Gebauer F, Kluth M, Hube-Magg C, Simon R, Bockhorn M, Hinsch A, Burandt
E, Liibke AM, Steurer S. Loss of pl6 and high Ki67 labeling index is associated with poor outcome in
esophageal carcinoma. Oncotarget. 2020 Mar 24;11(12):1007. https://doi.org/10.18632/oncotarget.27507

67. Gupta S, Noona SW, Pambuccian SE, Robinson B, Martin LW, Williams E, Stelow EB, Raghavan SS.
Malignant undifferentiated and rhabdoid tumors of the gastroesophageal junction and esophagus with
SMARCA4 loss: a  case series. Human  Pathology. 2023 Apr 1;134:56-65.
https://doi.org/10.1016/j.humpath.2022.12.008

68. Poosari A, Nutravong T, Namwat W, Wasenang W, Sa-Ngiamwibool P, Ungareewittaya P. The
relationship between P16 INK4A and TP53 promoter methylation and the risk and prognosis in patients
with  oesophageal cancer in Thailand. Scientific reports. 2022 Jun 20;12(1):10337.
https://doi.org/10.1038/s41598-022-14658-0

69. Biiki G, Zsigmond A, Czak6é M, Szalai R, Antal G, Farkas V, Fekete G, Nagy D, Sz¢ll M, Tihanyi M,
Melegh B. Genotype-phenotype associations in patients with type-1, type-2, and atypical NFI
microdeletions. Frontiers in Genetics. 2021 Jun 8;12:673025. https://doi.org/10.3389/fgene.2021.673025

70. Wang JZ, Patil V, Liu J, Dogan H, Tabatabai G, Behling F, Hoffman E, Bunda S, Yakubov R, Kaloti
R, Brandner S. Comprehensive multiplatform analysis of CDKN2A alterations in meningiomas. Neuro-
Oncology Advances. 2023 Jul 1;5(Supplement 2):i2-. https://doi.org/10.1017/cjn.2023.102

71. Jang H, Won D, Shin S, Park SY, Kim DJ, Lee ST, Choi JR. Secondary Germline CDKN2A Mutation
Identified using Liquid Biopsy in a Patient with Esophageal Cancer. Laboratory Medicine Online. 2022
Jan;12(1):63-7. https://doi.org/10.47429/1mo0.2022.12.1.63

72. Nesa EU, Chen X, Wang C, Chen X, Wang Y, Qu Y, Mi S, Guan S, Xiao F, Cheng Y. Over-
expression of HDAC8 down-regulate CDKN2A is associated with worse prognosis of esophageal
squamous cell carcinoma. Translational Cancer Research. 2020 Mar;9(3):1406.
https://doi.org/10.21037/tcr.2020.01.32

73. Naseri A, Salehi-Pourmehr H, Majidazar R, Seraji P, Rezazadeh-Gavgani E, Zehtabi M, Kiani-Kezbin
H, Salehnia F, Hassannezhad S, Hajikamanj A, Raeisi M. Systematic review and meta-analysis of the most

common genetic mutations in esophageal squamous cell carcinoma. Journal of Gastrointestinal Cancer.
2022 Dec;53(4):1040-9. https://doi.org/10.1007/s12029-021-00721-y


https://doi.org/10.1007/s11356-020-09408-6
https://doi.org/10.1016/j.humpath.2022.12.008
https://doi.org/10.1038/s41598-022-14658-0
https://doi.org/10.3389/fgene.2021.673025
https://doi.org/10.1017/cjn.2023.102
https://doi.org/10.47429/lmo.2022.12.1.63
https://doi.org/10.21037/tcr.2020.01.32

71 AL-DALMAJ BULLETIN OF NATURAL SCIENCE Vol. 1, Issue 1 (2025), pp. 52-71

74. van der Wilk BJ, Noordman BJ, Atmodimedjo PN, Dinjens WN, Laheij RJ, Wagner A, Wijnhoven BP,
van Lanschot JJ. Development of esophageal squamous cell cancer in patients with FAMMM syndrome:
Two clinical reports. European journal of medical genetics. 2020 Mar 1;63(3):103840.
https://doi.org/10.1016/j.ejmg.2020.103840

75. Hassan MS, Cwidak N, Johnson C, Dister S, Eppenberger-Castori S, Awasthi N, Li J, Schwarz MA,
von Holzen U. Therapeutic potential of the cyclin-dependent kinase inhibitor flavopiridol on c-Myc
overexpressing esophageal cancer. Frontiers in Pharmacology. 2021 Sep 21;12:746385.
https://doi.org/10.3389/fphar.2021.746385



	1. Introduction
	2. Definition and Epidemiology
	3. Types of Esophageal Cancer
	4. Function and Mechanisms of CDKN2A
	5. Esophageal Cancer Pathogenesis
	6. Risk Factors and Etiology
	7. Molecular Pathways Involved
	8. CDKN2A Alterations in Esophageal Cancer
	9. Frequency of Alterations
	10. Types of Alterations
	11. Clinical Implications of CDKN2A in Esophageal Cancer
	12. Prognostic Value
	13. Therapeutic Opportunities
	14. Experimental Models for Studying CDKN2A in Esophageal Cancer
	15. Cell Lines and Animal Models
	16. Challenges and Future Directions
	17. Limitations of Current Research
	18. Potential Areas for Further Investigation
	19. Conclusion
	20. Conflict of Interest
	21. Funding

