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Introduction

A malignant epithelial tumor that damages the lining 
of the lymphocyte-rich nasopharyngeal mucosa is known 
as nasopharyngeal carcinoma (NPC) [1]. This particular 
type of head and neck cancer has a distinct etiology that 
is influenced by a variety of factors, such as nutrition, 
genetic susceptibility, and Epstein-Barr virus (EBV) 
infection. NPC is distributed in a certain geographic 
area. Nasopharyngeal cancer (NPC) is a common kind 
of head and neck cancer in the southern provinces of 
China and Southeast Asia. This syndrome was initially 
observed in 1901 and was clinically recognized in 1922 
[2]. In 2018, the number of NPC patients worldwide 
exceeded 130,000, with the highest incidence occurring 
in Southeast Asia. With a ratio of 2-3:1, men are more 
likely than women to acquire NPC [3]. Approximately 
80% of NPC cases worldwide are reported to be in Asia, 
with China leading the way. Guangdong Province is home 
to the majority of NPCs in China, where there are 20–40 
cases for every 100,000 people [2]. NPC is the fourth 
most prevalent type of cancer in the entire body and the 
most common type of head and neck tumor in Indonesia. 
Through recent decades more than 60% of head and neck 
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malignancy data in Indonesia is NPC and the incidence 
keeps increasing [4]. Radiotherapy is the mainstay of 
NPC treatment, with chemotherapy added in the more 
severe cases [5]. Surgery is done only to treat very small 
initial lesions or minor recurrences because performing a 
large-scale resection generally results in much worse side 
effects than administering radiation to the affected area, 
but the obstacle is radioresistance [6]. It might be caused 
by a variety of factors, including the presence of cancer 
stem cells (CSCs), gene mutation or aberrant expression, 
epigenetic modification of genes, inappropriate activation 
of particular signaling pathways, alteration of the tumor 
microenvironment, production of stress granules (SGs), 
and more [7]. A protein called cyclin D1 is involved in the 
passage of the cell cycle from the G1 phase to the S phase. 
The CCNd1 gene, which can be found on chromosome 
11q13, produces this protein. Cyclin D1 is well recognized 
for its function as a regulator of cell cycle progression in the 
nucleus. Through its function as an allosteric regulator of 
cyclin-dependent kinase 4 (CDK4) and CDK6, cyclin D1 
influences the transition from G1 to S phase [8]. Numerous 
factors, including gene mutation or aberrant expression 
of genes, epigenetic modification of genes, abnormal 
activation of certain signaling pathways, transformation 
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of the tumor microenvironment, creation of stress 
granules, etc., can lead to resistance to radiation. Cyclin 
D1 is relatively quickly triggered by growth factors in a 
variety of cells, and it then blocks a number of intracellular 
pathways that regulate cell proliferation. Uncontrolled 
cell proliferation is caused by dysregulation of Cyclin D1 
transcription, accumulation, and ubiquitination, as well 
as assembly and hyperactivation of its associated CDK 
[8, 9]. Several journals have described the relationship 
between NPC-resistant radiotherapy and cyclin D1 
protein, including nasopharyngeal cancer, breast cancer, 
lung cancer, and melanoma [10, 8, 11]. In this systematic 
review, we investigated the recent decades’ studies of 
the proportion of cyclin D1 protein in NPC patients and 
its relationship with radiotherapy response. The findings 
suggest cyclin D1 roles in radioresistance, with most 
mentioned pathways overexpressing SHP-1 and β-catenin.

Materials and Methods

The PRISMA (Preferred Reporting Items for 
Systematic Review and Meta-analysis) standards from 
2021 were followed in doing the current systematic review 
[12]. The PICO (participants, interventions, comparisons, 
and outcomes) of the research that are included in this 
systematic review include cyclin D1 levels, radiotherapy, 
radiosensitive or radioresistant patients, and carcinoma 
pharynx patients. The PROSPERO database has this study 
listed (CRD42023397285). 

Searching Strategy
The studies of the recent decade in the field of the 

Radioresistant related to cyclin D1 in nasopharyngeal 
carcinoma were identified through PubMed, Sciencedirect, 
Scopus, and Cochrane library databases using the search 
terms “Nasopharyngeal carcinoma”, “cyclin D1” and 
“radioresistant” along with the related MeSH terms, 
synonyms, and elaborations (Supp1). Manual searches 
for additional articles were also performed. The literature 
search was restricted to papers in the English language 
and published articles between 2012 and 2023. The last 
data collection was carried out in February 2023. The 
authors reviewed the abstract and full text. The authors 
were contacted for supplementary information if there 
were incomplete data from the full texts. Disagreements 
were resolved through debate. Duplicates were removed 
using Zotero. 

Selection Criteria
Inclusion criteria (the guidelines to select the eligible 

studies that could be included in the process of the 
analysis) and exclusion criteria were chosen as follows: 
the inclusion criteria in this study were: (1) human and 
animal subjects; (2) the expression of Cyclin D1; (3) 
availability of data for both clinical samples and in vitro 
cell lines; (4) cyclin D1 involvement in Radioresistant or 
radiosensitivity in NPC; and (5) articles published in the 
last 10 years (2012 - 2022). The exclusion criteria in this 
study were: (1) non-English language published studies; 
(2) nonrelated studies to radiotherapy and NPC; (3) review, 
editorial, case reports, conference abstracts, meta-analysis, 

and systematic articles; and (4) inadequate/unavailable 
data and repeated studies.

Data extraction and quality assessment
After a careful review of the included studies, details 

were obtained from the articles that qualified for final 
inclusion. The following important headings were 
extracted from these studies: journal author, publication 
year, country, population study, information about cyclin 
D1 expression, sample size, immunohistochemistry 
analysis, western blot analysis, sample type, Radioresistant 
pathway, and outcome. The eligible articles were further 
reviewed and examined for data extraction. 

The quality of the studies was assessed using 
Newcastle Ottawa Scale (NOS) (Table 1). Selection, 
comparability, and result assessment biases were among 
the assessment domains. Sensitivity analysis was used to 
determine the impact of bias on the effect estimates after 
the risk of bias assessment.

Results

The initial search strategy identified 861 studies 
from Pubmed (n = 88), ScienceDirect (n = 444), Scopus 
(n=329), and Cochrane Library (n=0), as presented in 
Figure 1. After removing duplicated studies, 354 studies 
were considered relevant. After full-text screening and 
applying inclusion criteria, a total of 15 studies with cyclin 
D1 expression related to radioresistance or radiosensitivity 
in nasopharyngeal carcinoma were obtained for the present 
study (Table 2).

Of these studies, the expression of cyclin D1 showed 
that it could be a biomarker for radiotherapy resistance 
in nasopharyngeal carcinoma patients. In total, eight 
studies were upregulated, and seven studies were 
downregulated. Moreover, 14 studies were found to be 
related to Radioresistant, and one study stated there was 
no relationship. 13 studies were from China, and 2 studies 
were from Indonesia. China and Hong Kong are the 
countries with the highest NPC cases. All existing studies 
explain their respective radioresistant pathways. Studies 
conducted by Gang Peng et al. [13] and Sun et al. [14] both 
state Radioresistant pathways through SHP-1. At the same 
time, other studies mention different pathways, namely 
B-catenin, ZNF488, c-MYB, PVT1, INSM1, siFGFR2, 
CCND1 Gene, DNMT3B, Notch2, and Rapamycin. An 
increase in these components will trigger radioresistance 
(Table 3).

Discussion

Our study result found that Cyclin D1 is an essential 
part of oncogenic transformation by involving various 
components in its radioresistant pathway. Cyclin D1 
overexpression is associated with the induction of genomic 
instability in irradiated cells. Cyclin D1 is frequently 
overexpressed in human cancers and has been reported 
to be a carcinogenic driver in most of these cancers; 263 
and CDK inhibitors targeting cyclin D1 are considered 
a feasible method for cancer treatment. Studies have 
shown that cyclin D1 survival signalling pathway and 
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Figure 1. Data Collection Flowchart Following PRISMA Guideline. The search initially found 861 studies from various 
databases. After removing duplicates, 2174 studies remained. Following full-text screening and applying inclusion 
criteria, 15 relevant studies on cyclin D1 expression in nasopharyngeal carcinoma and its relation to radioresistance 
or radiosensitivity were included.

Figure 2. Radioresistant Pathway Related to Cyclin d1 Protein. The plus mark represents the increase process, the 
minus mark represents the reduction process. The expression of SHP-1, B-Catenin, ZNF488, DNMT3B, PVT1, 
siFGR2, and cMYB proteins that were inhibited by cMYBi led to an increase in cyclin d1 expression

autophagy are associated with radiological resistance in 
cancer [9, 15, 16].

Mechanisms of Radioresistance
Radioresistance in cancer is often caused by the repair 

response to radiation-induced DNA damage, cell cycle 
dysregulation, cancer stem cells (CSCs) resilience, and 
epithelial-mesenchymal transition (EMT). Radiation 
ionizes molecules and atoms to destroy DNA in cells in 
human tissue directly. Enhanced DNA repair, cell cycle 
redistribution, CSC resilience, EMT, and activation of 
prosurvival pathways are the main mechanisms by which 
radioresistance is induced in cancer. Many factors, such as 
ATM, p53, PARP, XRCC1, and Bim-1, greatly influence 
cancer radioresistance through these different mechanisms 
[17, 18]. 

Cyclin D1 and possible radioresistance pathways
Cyclin D1 is a protein involved in the cell cycle 

progression from the G1 phase to the S phase. This protein 
is encoded by the CCND1 gene located on chromosome 
11q13 [19]. Cyclin D1 is mostly known for its role in the 
nucleus as a regulator of cell cycle progression. Cyclin 
D1 modulates the transition from G1 to S phase through 
its action as an allosteric regulator of the cyclin-dependent 
kinase 4 (CDK) and CDK6. Thus, Cyclin D1 is regarded as 
an oncogenic driver in different types of cancers, including 
breast cancer, lung cancer, and melanoma [20]. The 
radiation-induced apoptosis of tumor cells is one of the 
main mechanisms of radiotherapy, and the degree of tumor 
cell apoptosis is proportional to its radiosensitivity. Many 
studies have shown that targeting interference therapy in 
the apoptotic pathway could significantly improve the 
radiosensitivity of tumor cells.
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Cyclin D1 expression was increased by 6-fold in the 
breast cancer cell line MCF7 in the absence of tetracycline 
culture, and cyclin D1 overexpressed cells could induce 
apoptosis more efficiently and were more sensitive 
to radiation than control cells [10]. Ding and cyclin 
D1 expression levels were positively correlated with 
nasopharyngeal carcinoma cell radiosensitivity. However, 
after the depletion of the human tumor cyclin D1 levels 
in mice missing pRb, the cells became more sensitive 
to radiation and DNA damage factors. The expression 
levels of cyclin D1 were negatively correlated with tumor 
radiosensitivity [9].

In the diagram above, it is explained that the expression 
of SHP-1, B-Catenin, ZNF488, DNMT3B, and cMYB 
proteins that were inhibited by cMYBi caused an increase 
in cyclin D1 expression (Figure 2). Decreased expression 
of the Notch2 protein also led to an increase in cyclin D1. 
An increase in cyclin D1 will cause a shortening of the 
cell cycle phase from G1 to the S phase. This increases 
the number of cells in the S phase and increases cell 
proliferation. In addition, the increase in cyclin D1 also 
makes the DNA repair process increase. This causes 
Radioresistance to NPC therapy.

Several mechanisms can be used to explain cyclin 
D1’s function as a radiation resistance marker. SHP-1 
is the pathway that is frequently addressed in various 
publications. SHP-1 may regulate the cell cycle and 
contribute to NPC cells’ radioresistance. Radioresistance 
was caused by an increase in cyclin D1, a larger percentage 
of cells in S-phase, and overexpression of SHP-1 [3]. 
SHP-1 has recently emerged as a useful diagnostic marker 
and potential therapeutic target in a number of malignancies 
due to its function in controlling cell proliferation and the 
dispersion of the tumor cell cycle [21]. SHP-1 has been 
identified as being aberrantly expressed in a number of 
malignancies, including NPC, although no functional 
studies on NPC have been reported to yet [22-25]. SHP-
1 is expressed in hematopoietic cells, various cell types, 
and malignant cells, most notably in malignant epithelial 
cells [26]. SHP-1 regulates cell proliferation by catalyzing 
tyrosine dephosphorylation, which decreases or eliminates 
kinase activity, and by regulating essential cell cycle 
proteins, including cyclin D1. Acquired radioresistance 
was discovered to be correlated with the overexpression 
of cyclin D1 [27]. Cells are typically radioresistant during 
the S phase, radiosensitive during the G0/1 phase, and 
most radiosensitive during the G2-M phase [28]. The 
results showed that the parental cells and the CNE 2S1 
group had the same proportion of G2/M cells but that the 
parental cells had a much higher proportion of S-phase 
cells and a significantly lower proportion of G1-phase 
cells. Notably, there was little change in the ratios of cells 
at different stages of the cell cycle in the CNE 2S2 cells. 
These results gave rise to the theory that Radioresistance 
in NPC cells may be significantly influenced by cell cycle 
disruption [13].

β-catenin overexpression may lessen the sensitivity of 
NPC CNE-2 cells to radiation through the activation of 
transcriptional factors that are downstream from -catenin 
and the reduction of G2/M arrest and cell death. The 
Wnt/-catenin signaling pathway emerged and propagated 
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DNA instability, DNA will become toxic. An increase 
in RAD51 expression would lead to abnormalities in 
chromosomal structure and genome instability caused 
by the formation of aneuploid chromosomes [49]. An 
increase in cyclin D1a and D1b isoforms caused various 
responses of colorectal patients to 5-fluorouracil, which 
is more favourable towards the expression of cyclin D1a. 
This can be due to an imbalance between DNA production 
and repair ability [50].

NPC is a type of cancer that is highly dependent 
on radiotherapy in its management. It is important for 
the clinician to understand that a patient is already 
radioresistant. Preventive efforts are needed so that the 
patient remains in a radiosensitive condition. The potential 
limitation of our systematic review is the restriction to 
studies published in English, which may imply a loss of 
information published in other languages, which would 
have been missed.

The optimal treatment of NPC involves a 
multidisciplinary approach involving ENT specialists, 
radiation oncologists, and medical oncologists. 
Radiotherapy is the main therapy in the treatment of this 
disease, so it is important for clinicians to know when 
radioresistance occurs. Understanding the molecular 
alterations that lead to radioresistance may provide new 
diagnostic markers and therapeutic targets to improve 
radiotherapy efficacy. Cyclin d1 may be useful for 
determining prognostic indicators and targets for the 
molecular treatment of nasopharyngeal cancer.

Author Contribution Statement

A.C.R., M.R.M.Y. arranged study design, data 
interpretation, and supervision. A.S.R., C.F.A., L.A.W., 
I.N.W., arranged study design, data interpretation, 
data collection, data analysis, literature analysis, and 
preparation of manuscript. All authors read and approved 
the final manuscript.

Acknowledgements

The authors would like to thank them for the invaluable 
assistance provided to them by Mentors, Seniors Dr. 
Soetomo General Hospital, and the Medical Faculty of 
Universitas Airlangga Indonesia in the preparation of this 
paper for publication.

Additional Information
This review is not being undertaken as a part of 

planning for other research.

Data Availability Statement 
The datasets generated during and/or analyzed during 

the current study are available from the corresponding 
author on reasonable request. 

Conflict of Interest Statement for all authors 
Nothing to declare.

References
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expression increased the capacity of DSB repair in 
cancer cells, it is thought that the role of β-catenin in 
DNA damage repair may be a factor affecting cellular 
radiation sensitivity [38, 39]. Inhibition of β-catenin 
expression resulted in a considerable rise in the proportion 
of hepatocellular cancer stem cells in the G2/M phase 
[40]. When treated with polyphyllin I (PPI), a crucial 
active component derived from Paris polyphyllin, caused 
cell cycle arrest at the G2/M phase and down-regulation 
of β-catenin expression in multiple myeloma cells [41]. 
Cyclin D1, a critical cell cycle-related protein, controls 
cell cycle checkpoints [42]. Radiation sensitivity was 
found to rise with inhibition of β-catenin and Cyclin D1 
expression. Cancer radiosensitivity has been observed to 
significantly correlate with Cyclin D1 expression [43, 44]. 
Cyclin D1 expression is increased in CNE-2 cells that are 
overexpressing β-catenin [45].

Contradictory findings
There is one study that says the reverse of the majority 

of studies, which claim that higher expression of cyclin 
D1 is a sign of radiation resistance. The study found 
that patients with NPC who expressed more cyclin D1 
responded better to therapy. The group of participants who 
responded to treatment had a higher proportion of cyclin 
D1 expression compared to the group of participants who 
did not [46]. This is in contrast to earlier research by Noel 
et al. [47] and Biliran et al. [48], which discovered higher 
levels of cyclin D1 expression in NPC patients who do 
not respond to treatment than in those who do. Numerous 
studies explain the cyclin D1 effect’s ambiguous/
paradoxical nature under the reaction to cytostatic drugs 
in various cancer types [14].

According to certain studies, the cyclin D1 reaction 
may differ depending on the degree of DNA damage. 
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