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ABSTRACT
Background: Epstein-Barr Virus (EBV), a potent viral carcinogen, plays a crucial 

role in the development of various malignancies. Among its proteins, EBV nuclear 
antigen-1 (EBNA1) stands out for its ability to modulate gene expression. In this 
study, we explored the impact of EBNA1 on the expression patterns of four cellular 
genes—Derlin1, ZEB1, CNN3, and PSMD10—in HeLa cells.

Materials and Methods: Three distinct categories of HeLa cells were established:
1. EBNA1-Transfected Cells: These cells were transfected with the EBNA1 gene.
2. Control Plasmid-Transfected Cells: These cells received transfection with a 

control plasmid.
3. Non-Transfected Cells (Control Group): These cells were not subjected to any 

transfection.
After RNA extraction, we employed real-time PCR to evaluate the transcriptional 

levels of four specific genes—Derlin 1, ZEB1, CNN3, and PSMD10—in each of the three 
cell groups. The Mann-Whitney U-test was subsequently utilized to compare means, 
and statistical significance was determined based on p-values below 0.05. Data were 
meticulously recorded in an Excel 2016 spreadsheet.

Results: The results demonstrated that HeLa cells transfected with the EBNA1 
plasmid exhibited significantly increased expression levels of Derlin1 (p = 0.028) and 
PSMD10 (p = 0.028) genes compared to cells transfected with the control plasmid. 
However, the expression changes observed in CNN3 and ZEB1 were not statistically 
significant (p = 0.99 and p = 0.2, respectively).

Conclusions: Our findings suggest that increase expression levels of Derlin1 
and PSMD10 genes in HeLa cells by the EBV-EBNA1 might induce cancer cell survival 
and accelerates the development of cervical cancer (CC). However, to establish a 
conclusive link between EBV-EBNA1 and CC progression, further investigations are 
warranted.
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INTRODUCTION

Cancer remains a global health challenge, and 
viruses are established contributors to many human 
malignancies [1]. Cervical carcinoma (CC) is one of 
the most prevalent cancers among women worldwide, 
accounting for approximately 1.6% of all female cancer-
related deaths [2]. Human papillomaviruses (HPVs), 
particularly high-risk strains, are the primary etiological 
agents of CC, and their role in cervical tumorigenesis 
is well-documented [3]. However, HPV infection 
alone is insufficient for malignant transformation, 
and accumulating evidence suggests that additional 
cofactors and molecular events are required for cancer 
development and progression [4]. One such potential 
cofactor is Epstein–Barr virus (EBV), a double-stranded 
DNA virus with oncogenic potential in multiple epithelial 
and lymphoid malignancies, including nasopharyngeal 
carcinoma and gastric cancer [5]. Recent clinical and 
epidemiological studies have reported a significant 
presence of EBV in CC tissues, particularly in co-
infection with high-risk HPV [6, 7]. EBV can infect 
cervical epithelial cells through C3d receptors on the 
uterine epithelium [8–10] and coinfection with HPV may 
synergistically enhance oncogenic transformation. Despite 
these findings, the molecular mechanisms underlying 
EBV’s contribution to CC pathogenesis remain largely 
unexplored. As a double-stranded DNA virus, EBV spans 
approximately 170 kb and is known to be carcinogenic 
[10]. Among EBV’s latent proteins, Epstein–Barr Virus 
Nuclear Antigen 1 (EBNA1) is of particular interest, as 
it is the only EBV protein consistently expressed in all 
latency types [11]. EBNA1 not only maintains the viral 
genome but also acts as a transcriptional regulator, 
capable of altering the expression of both viral and 
cellular genes [12–14]. Prior studies have implicated 
EBNA1 in promoting oncogenic pathways in other 
EBV-associated cancers [15], but its specific role in CC, 
particularly in the context of HPV-positive cells, has 
not been well characterized. To address this knowledge 
gap, we investigated whether EBNA1 expression affects 
the transcription of four cancer-related host genes in a 
CC model. These genes—Derlin1, ZEB1, CNN3, and 
PSMD10 (gankyrin)—were selected based on previous 
reports of their overexpression in CC and their established 
roles in cancer progression, metastasis, and immune 
regulation.

Derlin 1, a 22 kDa membrane protein located in 
the endoplasmic reticulum (ER), contains either four 
or six transmembrane domains. Its primary function is 
facilitating the translocation of unfolded or misfolded 
proteins from the ER lumen to the cytoplasm [16]. 
Notably, Derlin 1 is overexpressed in various cancer types, 
including cervical carcinoma, and its presence is closely 
associated with tumor development and progression  
[16, 17].

ZEB1, a transcription factor, is pivotal in regulating 
epithelial-mesenchymal transition (EMT) [18]. It 
selectively expresses in certain cancer cells, profoundly 
impacting their invasiveness and interactions within 
the tumor microenvironment [18]. Additionally, ZEB1 
influences immune cell behavior during surveillance 
[19]. Notably, elevated ZEB1 expression correlates with 
unfavorable outcomes, including chemotherapy resistance 
[20].

The third gene assessed in our study was Calponin 3 
(CNN3). CNN3, belonging to the calponin family of actin 
filament-associated proteins, is responsible for controlling 
actin cytoskeleton reorganization and dynamics [21, 22]. 
Furthermore, the overexpression of CNN3 in CC cells 
plays a role in stimulating the growth and metastasis of 
the cancer [23].

An enzyme called gankyrin, also referred to as 
26S proteasome non-ATPase regulatory subunit 10, is 
generated in humans by the PSMD10 gene [24]. Gankyrin 
is an oncoprotein that is a part of the proteasome’s 19S 
regulatory cap [24, 25]. Gankyrin also regulates the cell 
cycle by interacting with the cyclin-dependent kinases 4 
(CDK4) and MDM2 which are both involved in tumor 
suppression and have been found mutated in many cancers 
[26]. Gankyrin has been demonstrated to be frequently 
overexpressed in cervical high-grade lesions and to be 
related to cervical carcinogenesis and metastasis [27]. In 
this regards, Hashemi et al. recently reported the increased 
expression of PSMD10 in the MKN-45 cells following 
EBNA1 transfection [28].

This study is among the first to directly assess the 
impact of EBV-EBNA1 expression on the transcriptional 
regulation of these genes in HPV-positive CC cells. Our 
findings may provide new insight into the cooperative 
oncogenic effects of EBV and HPV in CC and suggest 
potential molecular targets for further investigation.

RESULTS

Real-time PCR results of Derlin1 gene expression 
following EBNA1 transfection

Derlin 1 cellular gene expression level was 
compared between EBNA1-transfected cells and controls 
(Figure 1). Real-time PCR results showed that the 
expression level of this gene was increased significantly 
about three-fold (p = 0.028) in the presence of EBNA1.

Real-time PCR results of the ZEB1 gene 
expression following EBNA1 transfection

In Figure 1, the expression of ZEB1 gene was 
compared between EBNA1 transfected cells and control 
cells. Although EBNA1-transfected HeLa cells revealed 
an increase in the expression of this gene, this change was 
not significant (p = 0.2).
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Real-time PCR results of the CNN3 gene 
expression following EBNA1 transfection

The CNN3 gene expression was analyzed in 
EBNA1 transfected cells and control cells. While there 
was an observed increase in the expression of this gene 
in EBNA1-transfected HeLa cells, the difference was not 
statistically significant (p = 0.99).

Real-time PCR results of PSMD10 gene 
expression following EBNA1 transfection

Figure 1 shows the expression levels of the PSMD10 
gene in EBNA1-transfected cells and the cells transfected 
with mock plasmid. PSMD10 gene was significantly more 
expressed in HeLa cells containing EBNA1 (p = 0.02) 
than in cells transfected with a mock plasmid; however, 
PSMD10 gene expression was increased two-fold in cells 
harboring EBNA1.

DISCUSSION

Scientists are actively investigating the connection 
between viruses and cancer. While it is well-established 
that EBV infection is linked to epithelial cancers such as 
gastric adenocarcinoma and nasopharyngeal carcinoma 
[5, 29, 30], its impact on other cancers like CC remains 
less understood. Recent clinical studies have detected 
EBV-DNA in cervical tissues from CC patients, raising 
questions about the virus’s potential role in disease 
progression [7, 31, 32]. Among EBV’s various proteins, 
EBNA1 stands out—it is present in all viral latency types 

and can influence gene expression by binding to their 
promoters [11, 12].

Our results from Real-time PCR demonstrated a 
significant three-fold rise in the expression level of Derlin1 
gene in the presence of EBNA1. In this regards, Li et al. 
conducted a study in which they observed a significant 
increase in the levels of Derlin1 in CC tissues [33]. They 
also found a positive association between the expression 
of Derlin1 and various clinical parameters such as tumor 
size, pathological grade, and lymph node metastasis in CC 
patients [33]. Furthermore, the researchers demonstrated 
that suppressing the expression of Derlin1 in CC cell lines 
resulted in the inhibition of cell proliferation and migration 
[33]. Additionally, the knockdown of Derlin1 induced 
apoptosis and influenced the expression of apoptosis-
related proteins, including Bcl-2, Bax, Bim, caspase3, and 
caspase9 [33]. Fan et al. also discovered evidence indicating 
that DERL1 enhances tumor advancement through the AKT 
pathway, offering a novel potential target for the clinical 
management and diagnosis of hepatocellular carcinoma 
(HCC) [34]. Our findings suggest a potential association 
between EBNA1-induced Derlin1 expression and CC 
progression, which requires further validation.

According to our findings, the HeLa cell line 
expressing EBNA1 exhibits significantly higher PSMD10 
gene expression than the mock plasmid-transfected cells. 
PSMD10, commonly referred to as gankyrin, is a 26S 
proteasome regulatory member. Numerous investigations 
have revealed that gankyrin is overexpressed in a number 
of malignancies, which contributes to the growth of 
tumors and a poor prognosis [35, 36]. Consistent with 
our findings, Hashemi et al. conducted a study using 

Figure 1: �Real-time PCR analysis of Derlin 1, ZEB1, CNN3 and PSMD10 genes expression: Derlin 1, ZEB1, CNN3 and PSMD10 genes 
expression alterations in EBNA1 transfected HeLa cells versus mock plasmid-transfected cells.
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MKN-45 cells transfected with the EBNA1 plasmid. They 
observed a substantial increase in PSMD10 expression due 
to the presence of the EBNA1 protein [28]. Additionally, 
in a separate study, Hashemi and colleagues reported 
significant PSMD10 overexpression in Burkitt lymphoma 
(BL) [37]. The 26S proteasome complex is required 
for ubiquitin-dependent protein degradation. Gankyrin 
regulates the tumor suppressors p53 and RB1 negatively. 
So the incorrect expression of this gene may contribute to 
cancer [38]. Gankyrin decreases apoptosis by destroying 
p53 and reducing the transcription of p53-dependent genes 
[35]. According to studies, gankyrin interacts with MDM2, 
enhancing the interaction between p53 and MDM2 which 
causes p53 to be ubiquitylated and subsequently destroyed 
through the proteasomal pathway [39]. These observations 
raise the possibility that EBNA1-induced Gankyrin 
expression could contribute to CC progression, though 
additional studies are needed to confirm this relationship 
and its therapeutic relevance [40].

According to the findings of the present study, 
the ZEB1 gene exhibited higher expression in HeLa 
cells transfected with EBNA1; however, this change did 
not prove to be statistically significant. Farzanehpour 
and colleagues conducted a comparative analysis of the 
expression levels of some genes including ZEB1 in HPV-
induced CC [41]. They reported levels of ZEB1 expression 
was increased in both cancerous and precancerous samples 
[41]. Ma et al., reported the increased expression of 
ZEB1 has been associated with the irregular expression 
of E-cadherin, β-catenin, and N-cadherin, potentially 
contributing to the progression and metastasis of cervical 
squamous cell carcinoma [42]. Inhibiting the expression 
of ZEB1 has the potential to hinder the transformation of 
invasive tumors into a mesenchymal phenotype in CC by 
decreasing the proliferation and mobility of CC cells. This 
indicates that targeting ZEB1 could serve as a promising 
therapeutic strategy for this type of cancer [43].

In the present study, the expression of the CNN3 
gene exhibited an increase in HeLa cells transfected 
with EBNA1. However, this difference in expression did 
not reach statistical significance. The presence of CNN3 
overexpression in CC tissues was reported, along with its 
involvement in enhancing proliferation, migration, and 
invasion in CC cells, and in speeding up the growth and 
metastasis of xenografted tumors in immunodeficient mice 
[23]. Additionally, the P1 subunit of the ribosomal protein 
lateral stalk, also referred to as RPLP1, is transcriptionally 
regulated by CNN3 [23]. This regulation plays a crucial 
role in the modulation of viability and motility of CC 
cells mediated by CNN3 [23]. In their study, Nair et al., 
have highlighted the involvement of CNN3 in lymph node 
metastasis and resistance to chemotherapy in colon cancer 
[44]. They propose that these CNN3-related actions are 
driven by significant oncogenic pathways [44]. Despite 
the fact that our findings indicated an overexpression of 
the CNN3 gene in the CC cell line containing EBNA1, 

the observed changes were not deemed statistically 
significant. 

This study presents several limitations that should 
be acknowledged. First, experiments were performed 
using a single CC cell line (HeLa), which may not fully 
capture the biological diversity of HPV-positive and 
HPV-negative cervical cancers. Additionally, the absence 
of normal cervical epithelial cells as a control restricts 
our ability to evaluate gene expression changes against a 
physiological baseline. The analysis was limited to mRNA 
expression levels, without accompanying validation at the 
protein level using techniques such as Western blotting or 
immunohistochemistry. Moreover, no functional assays 
were conducted to explore the downstream biological 
effects of EBNA1-induced gene regulation—such as 
impacts on cell proliferation, migration, or apoptosis. 
Finally, as an in vitro study, these findings warrant further 
investigation through in vivo models to better understand 
the role of EBNA1 in CC progression.

Our findings suggest that EBNA1 may enhance 
Derlin1 expression in CC cells, potentially contributing to 
increased survival; however, further research is needed to 
confirm this hypothesis and assess its functional impact. The 
observed upregulation of PSMD10 in response to EBNA1 
may play a role in CC biology, though additional functional 
and protein-level analyses are essential before clinical 
implications can be drawn. The results also indicated that 
ZEB1, and CNN3 might not involved in the pathogenesis of 
CC infected with EBV. Further studies are recommended to 
clarify these results.

MATERIALS AND METHODS

Plasmids, bacterial transformation, and plasmid 
extraction

The pCEP4 plasmid (an EBV-based plasmid 
containing EBNA1 and hygromycin B resistance genes) 
as well as a control plasmid that lacked EBNA1 gene were 
used. The plasmids were transformed into Escherichia 
coli (Top10 strain) and multiplied. To confirm the 
presence of the EBNA1 gene in the plasmid, enzyme 
digestion and colony PCR methods were used. Then, 
these plasmids were extracted, and their quality and 
concentrations were determined using gel electrophoresis 
and spectrophotometry.

Cell culture, transfection, and clonal selection by 
hygromycin B

HeLa cells (cervical adenocarcinoma cell line 
containing HPV-18) were cultured in RPMI-1640 
containing 10% fetal bovine serum (FBS) at 37°C and 
5% CO2 in a 6-well plate. After reaching a cell confluency 
of about 70%, a group of cells was transfected with 
EBNA1 containing plasmid and the other group with 
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the  mock plasmid using an optimized concentration 
of DNA-fectamine (Bio Basic Inc., Canada). After 24 
hours of transfection, cells were treated with 50 mg/
ml hygromycin B to select cells with stable EBNA1 
expression. These cells were cultured for 20 days in the 
presence of hygromycin B during several passages.

Total RNA extraction, cDNA synthesis and 
validation of EBNA1 gene expression

RNA Isolation Kit (Dena Zist, Mashhad, Iran) 
was used to extract the total RNA from HeLa cells. 
Electrophoresis and spectrophotometry were then applied 
to determine the quality and quantity of the isolated RNA, 
respectively. RNase-free DNase (Sinaclon, Tehran, Iran) 
was used to remove plasmid contamination from extracted 
RNA. An EasycDNA Synthesis Kit (AddScript RT-PCR 
SYBR Master, AddBio, Sweden) was used to reverse-
transcribe 1000 ng/μl of extracted RNA from each sample 
into cDNA. Then, real-time PCR was applied to confirm 
EBNA1 expression.

Quantitative reverse transcription PCR (qRT-
PCR) assay

The primer sequences used for relative quantitative 
reverse transcription PCR (qRT-PCR) analysis of the target 
genes are detailed in Table 1. Gene expression levels of 
Derlin1, ZEB1, CNN3, and PSMD10 were quantified using 
qRT-PCR on an ABI QuantStudio 3™ system (Applied 
Biosystems, Grand Island, NY, USA). The thermal cycling 
conditions included an initial denaturation at 95°C for 15 
minutes, followed by 40 cycles of 15 seconds at 95°C and 
annealing/extension at 62°C. The β-actin gene served as 
the internal reference control for normalization [45].

Statistical analysis

The biological experiments were performed in 
duplicate to ensure accuracy. To equalize the Ct values 
of the qRT-PCR runs, the CtNorm algorithm was utilized 
[46]. After Ct normalization, statistical analysis was 

conducted using the Mann-Whitney U-test in GraphPad 
Prism software, with statistical significance defined as a 
P-value < 0.05.

AUTHOR CONTRIBUTIONS

Study concept: Alipour AH, Hashemi SMA, Sarvari 
J, Farhadi A, Bench work: Alipour AH, Hashemi SMA, 
Data analysis: Hashemi SMA, Gharahkhani F, Katanchi 
A; Scientific advice: Hashemi SMA, Sarvari J, Farhadi A; 
Manuscript drafting: Alipour AH, Gharahkhani F, Katanchi 
A; Critical revision of the manuscript: Sarvari J, Hashemi 
SMA, Farhadi A. All authors contributed to the revision of 
the manuscript and approved the final manuscript.

ACKNOWLEDGMENTS

The present study was extracted from the MD thesis 
written by Fatemeh Gharahkhani and Alireza Katanchi.

CONFLICTS OF INTEREST

Authors have no conflicts of interest to declare.

FUNDING

The present study was extracted from the MD thesis 
written by Fatemeh Gharahkhani and Alireza Katanchi, 
which was financially supported by Shiraz University of 
Medical Sciences (Grant No. 26614 and 26615).

REFERENCES

1.	 Abstracts from “Chronic viral infection and cancer, openings 
for vaccines” virtual symposium of the TechVac network. 
Infect Agent Cancer. 2022 (Suppl 1); 17:36. https://doi.
org/10.1186/s13027-022-00435-1. PMID:35804458

2.	 Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta 
ZA, Brenner H, Dicker DJ, Chimed-Orchir O, Dandona 
R, Dandona L, Fleming T, Forouzanfar MH, Hancock J, 
et al, and Global Burden of Disease Cancer Collaboration. 

Table 1: Primers used for evaluation of gene expression by relative quantitative real-time PCR
Gene name Sequence Product size Primer position References

PSMD10 5′-CTACTAGAACTGACCAGGACA-3′
5′-GCCGCAATATGAAGAGGAG-3′ 145 bp F: 120–140

R: 246–264 [28]

EBNA1 5ʹ-GGGTGGTTTGGAAAGCATCG-3ʹ
5ʹ-CTTACTACCTCCATATACGAACACA-3ʹ 156 bp F: 1257–1276

R: 1413–1387 [28]

Derlin1 5ʹ-GAGAAGACAAGCAGCGGATG-3′
5ʹ-AAACACCCAGCAACAACCC-3′ 171 bp F:1488–1507

R:1640–1658

ZEB1 5ʹ-GCAGTCCAAGAACCACCCT-3′
5ʹ-ACACAAATCACAAGCATACATTCCA-3′ 174 bp F: 2831–2849

R: 2980–3004

CNN3 5ʹ-GAATGAGTGTGTATGGGCTTGG-3′
5ʹ-GTTCCTGTTCCTTGGCTTCC-3′ 100 bp F: 986–1007

R: 1066–1085

https://doi.org/10.1186/s13027-022-00435-1
https://doi.org/10.1186/s13027-022-00435-1
https://pubmed.ncbi.nlm.nih.gov/35804458/


31 Genes & Cancerwww.genesandcancer.com

Global, Regional, and National Cancer Incidence, Mortality, 
Years of Life Lost, Years Lived With Disability, and 
Disability-Adjusted Life-years for 32 Cancer Groups, 1990 
to 2015: A Systematic Analysis for the Global Burden of 
Disease Study. JAMA Oncol. 2017; 3:524–48. https://doi.
org/10.1001/jamaoncol.2016.5688. PMID:27918777

  3.	 Shrestha AD, Neupane D, Vedsted P, Kallestrup P. Cervical 
Cancer Prevalence, Incidence and Mortality in Low and 
Middle Income Countries: A Systematic Review. Asian Pac 
J Cancer Prev. 2018; 19:319–24. https://doi.org/10.22034/
APJCP.2018.19.2.319. PMID:29479954

  4.	 Burd EM. Human papillomavirus and cervical cancer. Clin 
Microbiol Rev. 2003; 16:1–17. https://doi.org/10.1128/
CMR.16.1.1-17.2003. PMID:12525422

  5.	 Shechter O, Sausen DG, Gallo ES, Dahari H, Borenstein 
R. Epstein-Barr Virus (EBV) Epithelial Associated 
Malignancies: Exploring Pathologies and Current 
Treatments. Int J Mol Sci. 2022; 23:14389. https://doi.
org/10.3390/ijms232214389. PMID:36430864

  6.	 Shi Y, Peng SL, Yang LF, Chen X, Tao YG, Cao Y. Co-
infection of Epstein-Barr virus and human papillomavirus in 
human tumorigenesis. Chin J Cancer. 2016; 35:16. https://
doi.org/10.1186/s40880-016-0079-1. PMID:26801987

  7.	 de Lima MAP, Neto PJN, Lima LPM, Gonçalves Júnior 
J, Teixeira Junior AG, Teodoro IPP, Facundo HT, da Silva 
CGL, Lima MVA. Association between Epstein-Barr virus 
(EBV) and cervical carcinoma: A meta-analysis. Gynecol 
Oncol. 2018; 148:317–28. https://doi.org/10.1016/j.
ygyno.2017.10.005. PMID:29021084

  8.	 Joharinia N, Faghihinejad S, Seyedi K, Farhadi A, Hosseini 
SY, Safaei A, Bahrampour H, Sarvari J. Co-existing of 
HSV1/2 or EBV Infection with the Presence of High-Risk 
HPV DNA in Cervical Lesions in the Southwest of Iran. 
Asian Pac J Cancer Prev. 2020; 21:1459–64. https://doi.
org/10.31557/APJCP.2020.21.5.1459. PMID:32458656

  9.	 Cui X, Cao Z, Ishikawa Y, Cui S, Imadome KI, Snapper 
CM. Immunization with Epstein-Barr Virus Core Fusion 
Machinery Envelope Proteins Elicit High Titers of 
Neutralizing Activities and Protect Humanized Mice from 
Lethal Dose EBV Challenge. Vaccines (Basel). 2021; 9:285. 
https://doi.org/10.3390/vaccines9030285. PMID:33808755

10.	 Blanco R, Carrillo-Beltrán D, Osorio JC, Calaf GM, Aguayo 
F. Role of Epstein-Barr Virus and Human Papillomavirus 
Coinfection in Cervical Cancer: Epidemiology, Mechanisms 
and Perspectives. Pathogens. 2020; 9:685. https://doi.
org/10.3390/pathogens9090685. PMID:32839399

11.	 Jiang L, Xie C, Lung HL, Lo KW, Law GL, Mak NK, 
Wong KL. EBNA1-targeted inhibitors: Novel approaches 
for the treatment of Epstein-Barr virus-associated cancers. 
Theranostics. 2018; 8:5307–19. https://doi.org/10.7150/
thno.26823. PMID:30555548

12.	 Canaan A, Haviv I, Urban AE, Schulz VP, Hartman S, 
Zhang Z, Palejev D, Deisseroth AB, Lacy J, Snyder M, 
Gerstein M, Weissman SM. EBNA1 regulates cellular gene 
expression by binding cellular promoters. Proc Natl Acad 

Sci U S A. 2009; 106:22421–26. https://doi.org/10.1073/
pnas.0911676106. PMID:20080792

13.	 Alipour AH, Hashemi SMA, Moattari A, Farhadi A, 
Sarvari J. Epstein-Barr Virus Nuclear Antigen 1 Increases 
the Expression of Viral Oncogenes and Cellular Genes in 
the HeLa Cell Line. Int J Mol Cell Med. 2022; 11:346–
56. https://doi.org/10.22088/IJMCM.BUMS.11.4.346. 
PMID:37727642

14.	 Hashemi SMA, Alipour AH, Emamifar S, Farhadi A, 
Sarvari J. Epstein-Barr virus nuclear antigen 1 (EBNA1) 
increases the expression levels of MDM2 and MDM4 
genes in HeLa cells: a review on MDM2 and MDM4 
roles in cancer. BMC Res Notes. 2025; 18:221. https://doi.
org/10.1186/s13104-025-07275-3. PMID:40382619

15.	 Wilson JB, Manet E, Gruffat H, Busson P, Blondel M, 
Fahraeus R. EBNA1: Oncogenic Activity, Immune 
Evasion and Biochemical Functions Provide Targets for 
Novel Therapeutic Strategies against Epstein-Barr Virus-
Associated Cancers. Cancers (Basel). 2018; 10:109. https://
doi.org/10.3390/cancers10040109. PMID:29642420

16.	 Liang CJ, Chang YC, Chang HC, Wang CK, Hung 
YC, Lin YE, Chan CC, Chen CH, Chang HY, Sang TK. 
Derlin-1 regulates mutant VCP-linked pathogenesis and 
endoplasmic reticulum stress-induced apoptosis. PLoS 
Genet. 2014; 10:e1004675. https://doi.org/10.1371/journal.
pgen.1004675. PMID:25255315

17.	 Yang F, Wei K, Qin Z, Liu W, Shao C, Wang C, Ma L, 
Xie M, Shu Y, Shen H. MiR-598 Suppresses Invasion 
and Migration by Negative Regulation of Derlin-1 and 
Epithelial-Mesenchymal Transition in Non-Small Cell Lung 
Cancer. Cell Physiol Biochem. 2018; 47:245–56. https://doi.
org/10.1159/000489803. PMID:29768262

18.	 Perez-Oquendo M, Gibbons DL. Regulation of ZEB1 
Function and Molecular Associations in Tumor Progression 
and Metastasis. Cancers (Basel). 2022; 14:1864. https://doi.
org/10.3390/cancers14081864. PMID:35454770

19.	 Chen L, Gibbons DL, Goswami S, Cortez MA, Ahn 
YH, Byers LA, Zhang X, Yi X, Dwyer D, Lin W, Diao 
L, Wang J, Roybal J, et al. Metastasis is regulated via 
microRNA-200/ZEB1 axis control of tumour cell PD-
L1 expression and intratumoral immunosuppression. 
Nat Commun. 2014; 5:5241. https://doi.org/10.1038/
ncomms6241. PMID:25348003

20.	 Wang Z, Chen Y, Lin Y, Wang X, Cui X, Zhang Z, Xian 
G, Qin C. Novel crosstalk between KLF4 and ZEB1 
regulates gemcitabine resistance in pancreatic ductal 
adenocarcinoma. Int J Oncol. 2017; 51:1239–48. https://
doi.org/10.3892/ijo.2017.4099. PMID:28849150

21.	 Takahashi K, Nadal-Ginard B. Molecular cloning and 
sequence analysis of smooth muscle calponin. J Biol Chem. 
1991; 266:13284–88. PMID:2071603

22.	 Rami G, Caillard O, Medina I, Pellegrino C, Fattoum A, 
Ben-Ari Y, Ferhat L. Change in the shape and density 
of dendritic spines caused by overexpression of acidic 
calponin in cultured hippocampal neurons. Hippocampus. 

https://doi.org/10.1001/jamaoncol.2016.5688
https://doi.org/10.1001/jamaoncol.2016.5688
https://pubmed.ncbi.nlm.nih.gov/27918777/
https://doi.org/10.22034/APJCP.2018.19.2.319
https://doi.org/10.22034/APJCP.2018.19.2.319
https://pubmed.ncbi.nlm.nih.gov/29479954/
https://doi.org/10.1128/CMR.16.1.1-17.2003
https://doi.org/10.1128/CMR.16.1.1-17.2003
https://pubmed.ncbi.nlm.nih.gov/12525422/
https://doi.org/10.3390/ijms232214389
https://doi.org/10.3390/ijms232214389
https://pubmed.ncbi.nlm.nih.gov/36430864/
https://doi.org/10.1186/s40880-016-0079-1
https://doi.org/10.1186/s40880-016-0079-1
https://pubmed.ncbi.nlm.nih.gov/26801987/
https://doi.org/10.1016/j.ygyno.2017.10.005
https://doi.org/10.1016/j.ygyno.2017.10.005
https://pubmed.ncbi.nlm.nih.gov/29021084/
https://doi.org/10.31557/APJCP.2020.21.5.1459
https://doi.org/10.31557/APJCP.2020.21.5.1459
https://pubmed.ncbi.nlm.nih.gov/32458656/
https://doi.org/10.3390/vaccines9030285
https://pubmed.ncbi.nlm.nih.gov/33808755/
https://doi.org/10.3390/pathogens9090685
https://doi.org/10.3390/pathogens9090685
https://pubmed.ncbi.nlm.nih.gov/32839399/
https://doi.org/10.7150/thno.26823
https://doi.org/10.7150/thno.26823
https://pubmed.ncbi.nlm.nih.gov/30555548/
https://doi.org/10.1073/pnas.0911676106
https://doi.org/10.1073/pnas.0911676106
https://pubmed.ncbi.nlm.nih.gov/20080792/
https://doi.org/10.22088/IJMCM.BUMS.11.4.346
https://pubmed.ncbi.nlm.nih.gov/37727642/
https://doi.org/10.1186/s13104-025-07275-3
https://doi.org/10.1186/s13104-025-07275-3
https://pubmed.ncbi.nlm.nih.gov/40382619/
https://doi.org/10.3390/cancers10040109
https://doi.org/10.3390/cancers10040109
https://pubmed.ncbi.nlm.nih.gov/29642420/
https://doi.org/10.1371/journal.pgen.1004675
https://doi.org/10.1371/journal.pgen.1004675
https://pubmed.ncbi.nlm.nih.gov/25255315/
https://doi.org/10.1159/000489803
https://doi.org/10.1159/000489803
https://pubmed.ncbi.nlm.nih.gov/29768262/
https://doi.org/10.3390/cancers14081864
https://doi.org/10.3390/cancers14081864
https://pubmed.ncbi.nlm.nih.gov/35454770/
https://doi.org/10.1038/ncomms6241
https://doi.org/10.1038/ncomms6241
https://pubmed.ncbi.nlm.nih.gov/25348003/
https://doi.org/10.3892/ijo.2017.4099
https://doi.org/10.3892/ijo.2017.4099
https://pubmed.ncbi.nlm.nih.gov/28849150/
https://pubmed.ncbi.nlm.nih.gov/2071603/


32 Genes & Cancerwww.genesandcancer.com

2006; 16:183–97. https://doi.org/10.1002/hipo.20145. 
PMID:16358313

23.	 Xia L, Yue Y, Li M, Zhang YN, Zhao L, Lu W, Wang X, Xie 
X. CNN3 acts as a potential oncogene in cervical cancer 
by affecting RPLP1 mRNA expression. Sci Rep. 2020; 
10:2427. https://doi.org/10.1038/s41598-020-58947-y. 
PMID:32051425

24.	 Hori T, Kato S, Saeki M, DeMartino GN, Slaughter 
CA, Takeuchi J, Toh-e A, Tanaka K. cDNA cloning and 
functional analysis of p28 (Nas6p) and p40.5 (Nas7p), 
two novel regulatory subunits of the 26S proteasome. 
Gene. 1998; 216:113–22. https://doi.org/10.1016/s0378-
1119(98)00309-6. PMID:9714768

25.	 Lozano G, Zambetti GP. Gankyrin: an intriguing name for 
a novel regulator of p53 and RB. Cancer Cell. 2005; 8:3–4. 
https://doi.org/10.1016/j.ccr.2005.06.014. PMID:16023592

26.	 Krzywda S, Brzozowski AM, Al-Safty R, Welchman R, 
Mee M, Dawson S, Fujita J, Higashitsuji H, Mayer RJ, 
Wilkinson AJ. Crystallization of gankyrin, an oncoprotein 
that interacts with CDK4 and the S6b (rpt3) ATPase of the 
19S regulator of the 26S proteasome. Acta Crystallogr D 
Biol Crystallogr. 2003; 59:1294–95. https://doi.org/10.1107/
s0907444903009892. PMID:12832791

27.	 Liu Y, Zhang J, Qian W, Dong Y, Yang Y, Liu Z, Feng Y, Ma 
D, Zhang Z, Wu S. Gankyrin is frequently overexpressed 
in cervical high grade disease and is associated with 
cervical carcinogenesis and metastasis. PLoS One. 2014; 
9:e95043. https://doi.org/10.1371/journal.pone.0095043. 
PMID:24751719

28.	 Hashemi SMA, Moradi A, Hosseini SY, Razavi Nikoo H, 
Bamdad T, Faghih Z, Sarvari J, Tabarraei A. A New Insight 
Into p53-Inhibiting Genes in Epstein–Barr Virus-Associated 
Gastric Adenocarcinoma. Iran Biomed J. 2023; 27:34–45. 
https://doi.org/10.52547/ibj.3784. PMID:36624687

29.	 Re V, Brisotto G, Repetto O, De Zorzi M, Caggiari L, 
Zanussi S, Alessandrini L, Canzonieri V, Miolo G, Puglisi 
F, Belluco C, Steffan A, Cannizzaro R. Overview of 
Epstein-Barr-Virus-Associated Gastric Cancer Correlated 
with Prognostic Classification and Development of 
Therapeutic Options. Int J Mol Sci. 2020; 21:9400. https://
doi.org/10.3390/ijms21249400. PMID:33321820

30.	 Su ZY, Siak PY, Leong CO, Cheah SC. The role of 
Epstein-Barr virus in nasopharyngeal carcinoma. Front 
Microbiol. 2023; 14:1116143. https://doi.org/10.3389/
fmicb.2023.1116143. PMID:36846758

31.	 Al-Thawadi H, Ghabreau L, Aboulkassim T, Yasmeen A, 
Vranic S, Batist G, Al Moustafa AE. Co-Incidence of Epstein-
Barr Virus and High-Risk Human Papillomaviruses in 
Cervical Cancer of Syrian Women. Front Oncol. 2018; 8:250. 
https://doi.org/10.3389/fonc.2018.00250. PMID:30035100

32.	 Khenchouche A, Sadouki N, Boudriche A, Houali K, Graba 
A, Ooka T, Bouguermouh A. Human papillomavirus and 
Epstein-Barr virus co-infection in cervical carcinoma 
in Algerian women. Virol J. 2013; 10:340. https://doi.
org/10.1186/1743-422X-10-340. PMID:24252325

33.	 Li L, Liu M, Zhang Z, Zhang W, Liu N, Sheng X, Wei P. 
Derlin1 functions as an oncogene in cervical cancer via AKT/
mTOR signaling pathway. Biol Res. 2019; 52:8. https://doi.
org/10.1186/s40659-019-0215-x. PMID:30808417

34.	 Fan J, Tian L, Huang S, Zhang J, Zhao B. Derlin-1 Promotes 
the Progression of Human Hepatocellular Carcinoma 
via the Activation of AKT Pathway. Onco Targets Ther. 
2020; 13:5407–17. https://doi.org/10.2147/OTT.S222895. 
PMID:32606758

35.	 Kashyap D, Varshney N, Baral B, Kandpal M, Indari O, 
Jain AK, Chatterji D, Kumar S, Parmar HS, Sonawane 
A, Jha HC. Helicobacter pylori infected gastric epithelial 
cells bypass cell death pathway through the oncoprotein 
Gankyrin. Adv Cancer Biol Metastasis. 2023; 7:100087.

36.	 Wang C, Li Y, Chu CM, Zhang XM, Ma J, Huang H, Wang 
YN, Hong TY, Zhang J, Pan XW, Zheng JC, Jiang N, 
Hu CY, et al. Gankyrin is a novel biomarker for disease 
progression and prognosis of patients with renal cell 
carcinoma. EBioMedicine. 2019; 39:255–64. https://doi.
org/10.1016/j.ebiom.2018.12.011. PMID:30558998

37.	 Hashemi SMA, Moradi A, Hosseini SY, Razavi Nikoo H, 
Bamdad T, Razmkhah M, Sarvari J, Tabarraei A. EBNA1 
Upregulates P53-Inhibiting Genes in Burkitt’s Lymphoma 
Cell Line. Rep Biochem Mol Biol. 2023; 11:672–83. https://
doi.org/10.52547/rbmb.11.4.672. PMID:37131894

38.	 Dawson S, Higashitsuji H, Wilkinson AJ, Fujita J, Mayer 
RJ. Gankyrin: a new oncoprotein and regulator of pRb 
and p53. Trends Cell Biol. 2006; 16:229–33. https://doi.
org/10.1016/j.tcb.2006.03.001. PMID:16581249

39.	 Higashitsuji H, Higashitsuji H, Itoh K, Sakurai T, Nagao 
T, Sumitomo Y, Masuda T, Dawson S, Shimada Y, Mayer 
RJ, Fujita J. The oncoprotein gankyrin binds to MDM2/
HDM2, enhancing ubiquitylation and degradation of p53. 
Cancer Cell. 2005; 8:75–87. https://doi.org/10.1016/j.
ccr.2005.06.006. PMID:16023600

40.	 Li H, Zhang J, Zhen C, Yang B, Feng L. Gankyrin as a 
potential target for tumor therapy: evidence and perspectives. 
Am J Transl Res. 2018; 10:1949–60. PMID:30093934

41.	 Farzanehpour M, Faghihloo E, Salimi V, Jalilvand 
S, Akhavan S, Muhammadnejad A, Emami Razavi 
AN, Kakavandi E, Mokhtari Azad T. Comparison of 
Snail1, ZEB1, E-Cadherin Expression Levels in HPV-
Induced Cervical Cancer. Iran J Public Health. 2020; 
49:2179–88. https://doi.org/10.18502/ijph.v49i11.4736. 
PMID:33708739

42.	 Ma Y, Zheng X, Zhou J, Zhang Y, Chen K. ZEB1 promotes 
the progression and metastasis of cervical squamous cell 
carcinoma via the promotion of epithelial-mesenchymal 
transition. Int J Clin Exp Pathol. 2015; 8:11258–67. 
PMID:26617850

43.	 Ran J, Lin DL, Wu RF, Chen QH, Huang HP, Qiu NX, 
Quan S. ZEB1 promotes epithelial-mesenchymal transition 
in cervical cancer metastasis. Fertil Steril. 2015; 103:1606–
14.e1-2. https://doi.org/10.1016/j.fertnstert.2015.03.016. 
PMID:25963537

https://doi.org/10.1002/hipo.20145
https://pubmed.ncbi.nlm.nih.gov/16358313/
https://doi.org/10.1038/s41598-020-58947-y
https://pubmed.ncbi.nlm.nih.gov/32051425/
https://doi.org/10.1016/s0378-1119(98)00309-6
https://doi.org/10.1016/s0378-1119(98)00309-6
https://pubmed.ncbi.nlm.nih.gov/9714768/
https://doi.org/10.1016/j.ccr.2005.06.014
https://pubmed.ncbi.nlm.nih.gov/16023592/
https://doi.org/10.1107/s0907444903009892
https://doi.org/10.1107/s0907444903009892
https://pubmed.ncbi.nlm.nih.gov/12832791/
https://doi.org/10.1371/journal.pone.0095043
https://pubmed.ncbi.nlm.nih.gov/24751719/
https://doi.org/10.52547/ibj.3784
https://pubmed.ncbi.nlm.nih.gov/36624687/
https://doi.org/10.3390/ijms21249400
https://doi.org/10.3390/ijms21249400
https://pubmed.ncbi.nlm.nih.gov/33321820/
https://doi.org/10.3389/fmicb.2023.1116143
https://doi.org/10.3389/fmicb.2023.1116143
https://pubmed.ncbi.nlm.nih.gov/36846758/
https://doi.org/10.3389/fonc.2018.00250
https://pubmed.ncbi.nlm.nih.gov/30035100/
https://doi.org/10.1186/1743-422X-10-340
https://doi.org/10.1186/1743-422X-10-340
https://pubmed.ncbi.nlm.nih.gov/24252325/
https://doi.org/10.1186/s40659-019-0215-x
https://doi.org/10.1186/s40659-019-0215-x
https://pubmed.ncbi.nlm.nih.gov/30808417/
https://doi.org/10.2147/OTT.S222895
https://pubmed.ncbi.nlm.nih.gov/32606758/
https://doi.org/10.1016/j.ebiom.2018.12.011
https://doi.org/10.1016/j.ebiom.2018.12.011
https://pubmed.ncbi.nlm.nih.gov/30558998/
https://doi.org/10.52547/rbmb.11.4.672
https://doi.org/10.52547/rbmb.11.4.672
https://pubmed.ncbi.nlm.nih.gov/37131894/
https://doi.org/10.1016/j.tcb.2006.03.001
https://doi.org/10.1016/j.tcb.2006.03.001
https://pubmed.ncbi.nlm.nih.gov/16581249/
https://doi.org/10.1016/j.ccr.2005.06.006
https://doi.org/10.1016/j.ccr.2005.06.006
https://pubmed.ncbi.nlm.nih.gov/16023600/
https://pubmed.ncbi.nlm.nih.gov/30093934/
https://doi.org/10.18502/ijph.v49i11.4736
https://pubmed.ncbi.nlm.nih.gov/33708739/
https://pubmed.ncbi.nlm.nih.gov/26617850/
https://doi.org/10.1016/j.fertnstert.2015.03.016
https://pubmed.ncbi.nlm.nih.gov/25963537/


33 Genes & Cancerwww.genesandcancer.com

44.	 Nair VA, Al-Khayyal NA, Sivaperumal S, Abdel-Rahman 
WM. Calponin 3 promotes invasion and drug resistance 
of colon cancer cells. World J Gastrointest Oncol. 2019; 
11:971–82. https://doi.org/10.4251/wjgo.v11.i11.971. 
PMID:31798778

45.	 Dowran R, Sarvari J, Moattari A, Fattahi MR, Ramezani 
A, Hosseini SY. Analysis of TLR7, SOCS1 and ISG15 
immune genes expression in the peripheral blood of 

responder and non-responder patients with chronic Hepatitis 
C. Gastroenterol Hepatol Bed Bench. 2017; 10:272–77. 
PMID:29379591

46.	 Ramezani A. CtNorm: Real time PCR cycle of threshold 
(Ct) normalization algorithm. J Microbiol Methods. 2021; 
187:106267. https://doi.org/10.1016/j.mimet.2021.106267. 
PMID:34116107

https://doi.org/10.4251/wjgo.v11.i11.971
https://pubmed.ncbi.nlm.nih.gov/31798778/
https://pubmed.ncbi.nlm.nih.gov/29379591/
https://doi.org/10.1016/j.mimet.2021.106267
https://pubmed.ncbi.nlm.nih.gov/34116107/

