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I Abstract
Introduction and Objective. Diabetes can lead to many complications and may also increase the risk of malignant
tumours. Numerous studies have shown that diabetes not only increases the incidence, but also affects the prognosis of
many cancers, including those of the head and neck. The aim of the study was to assess the possible impact of diabetes on
the clinical course of EBV-related oropharyngeal cancer. For this purpose, the frequency of G and TN features was analyzed
among diabetic EBV-related oropharyngeal cancer patients compared with those without diabetes. The study also took
into account the duration of diabetes (in years) and the level of anti-EBV antibodies.
Materials and Method. The study included a total of 115 patients diagnosed and histologically confirmed oropharyngeal
squamous cell carcinoma (OPSCC). The research used tumour tissue samples taken during surgery and sera. EBV DNA was
detected by PCR in the tissue and anti-EBV antibodies were detected in the serum (ELISA test).
Results. Poorly differentiated tumours (G3) and more advanced clinical stages (T3 — T4) as well as more involved lymph
nodes (N) were observed in diabetic patients. The frequency of the mentioned clinical parameters depended on the
duration of diabetes. The level of anti-EBNA and anti-EBVCA antibodies was significantly lower in the group of patients
with diabetes (both in IgA and IgG classes). Patients suffering from diabetes for over 6 years had significantly lower levels
of tested antibodies. The obtained results encourage further, in-depth research in this area.
Conclusions. More advanced stages of EBV-related OPSCC and lower levels of anti-EBV antibodies are observed in diabetic

patients.
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INTRODUCTION

Cancers, including head and neck cancers (HNCs), are
trending upwards in terms of morbidity and mortality,
constituting a significant problem for public health
worldwide. HNCs can be located in the mouth, pharynx
and laryn, with the majority classified as head and neck
squamous cell carcinoma (HNSCC) [1]. In the multifactorial
etiology of these cancers, the role of persistent infections with
oncogenic viruses, especially human papillomavirus (HPV)
and EBYV, is also emphasized [2, 3].

Cancer patients very often have other comorbidities. One
of the more common comorbidities is diabetes, a complex
and chronic disease in which the beta cells of the pancreas
do not produce enough insulin, or when the body’s cells
cannot respond effectively to the hormone insulin (insulin
resistance) [4]. High blood glucose levels (hyperglycaemia)
are a systemic undesirable condition that negatively affects
patient’s overall health. Therefore, diabetic patients require
constant medical care and regular glycaemic control.
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Type 2 diabetes (T2D) is a very important public health
problem of the 21st century, constituting the first non-
communicable epidemic in the world [5]. According to
the International Diabetes Federation (IDF), 537 million
people have type 2 diabetes, with an increasing tendency
to 783 million by 2045 [6]. In Poland, 8% of the population
have been diagnosed with diabetes, a percentage that is
expected to increase to 11% by 2040. A disturbing fact is
that approximately 25-30% of adults do not know that they
have diabetes [7].

Diabetic patients are at risk of infections because
hyperglycaemia increases the virulence of various
microorganisms [8, 9]. Moreover, diabetes can lead to many
complications and may also increase the risk of malignant
tumours.

Previous studies by the authors of the current article on
the prevalence of herpes viruses in diabetic patients, showed
that EBV DNA was detected much more frequently in these
patients than in healthy controls, and depended on the
duration of the disease [10]. Therefore, it was decided to check
whether diabetes has an impact on the course of EBV-related
oropharyngeal cancer. For this purpose, the prevalence
was investigated of G and TN features among EBV-related
oropharyngeal cancer diabetic patients, compared with
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patients without diabetes. The study also took into account
the duration of diabetes (in years) and the level of anti-EBV
antibodies.

MATERIALS AND METHOD

The study included a total of 115 patients diagnosed and
histologically confirmed with oropharyngeal squamous cell
carcinoma (OPSCC), hospitalized in the Department of
Otolaryngology, Head and Neck Cancer, of the Casemiro
Pulaski University in Radom, Poland.

The basic criterion for selecting patients for the study
was the presence of EBV DNA in tumour tissue. Exclusion
criterion was the presence of HPV DNA in the tumour
tissue. Only HPV-negative patients were included in the study
group. The 8th edition of the American Joint Committee
on Cancer TNM recommends stratification of all OPSCC
cases according to HPV status [11]. None of the patients had
previously received radiotherapy or chemotherapy.

Guided by the above-mentioned criteria, two groups of
EBV-related oropharyngeal cancer patients were selected who
were similar in terms of gender and age: Group 1 - diabetic
patients (58 people), Group 2 - non-diabetic patients (57
people). The socio-demographic characteristics of the study
patients are presented in Table 1.

Table 1. Baseline characteristics of EBV-related oropharyngeal cancer
patients

Patients
diabetic non-diabetic
N =58 N=57 P
N % N %

Female 8 13.8 7 13.5

Gender 0.9999
Male 50 86.2 50 86.5
50-59 27 46.6 28 46.2

Age 0.8527
60-79 31 534 29 53.8
Urban 41 70.7 39 69.2

Place of residence 0.8411
Rural 17 293 18 30.8
Yes 38 65.6 38 66.7

Smoking 0.7826
No 20 344 19 333
Yes 28 48.3 27 47.4

Alcohol abuse 0.9376
No 30 51.7 30 526

Duration of diabetes 1-5 18 311

(years) 6 and more 40 68.9

Chi-square test with Fischer’s exact test

Clinical materials. The research used tumour tissue samples
taken during surgery, and sera. EBV DNA was detected in
the tissue and anti-EBV antibodies were detected in the
serum. Tissue samples from all patients were frozen at —80°C
and stored until analysis. During primary diagnosis, the
classification of the tumour, node and metastases (TNM)
was determined according to the 8th edition of the TNM
classification of head and neck cancer [10]. Histological
grading was performed according World Health Organization
(WHO) criteria, which divide tumours into 3 types: well
differentiated (G1), moderately differentiated (G2), and poorly
differentiated (G3) [12].

Venous blood samples collected from all patients were
centrifuged at 1,500 rpm for 15 min at room temperature,
and the serum frozen at —80°C until analysis.

EBV DNA extraction and detection. Freshly frozen
oropharyngeal squamous cell carcinoma (OPSCC) tissue
(20 mg) was cut and then homogenized using an Omni
TH/Omni (International/Kennesewa, GA, USA) manual
homogenizer. DNA was extracted using the QI AampDNA
Mini Kit (Qiagen, Hilden, Germany), according to the
manufacturer’s instructions.

A commercially available diagnostic kit was used to
detect the EBV DNA Gene Proof EBV virus (Brno, Czech
Republic), in accordance with the manufacturer’s protocol.
All samples were analyzed in duplicate. A specific conserved
DNA sequence for the EBV nuclear antigen 1 gene (EBNA-
1) was amplified using Light Cycle 2.0 Software Version 4.1
(Roche Applied Science System, Penzberg, Germany).

Antibodies detection. Serum anti-EBNA and anti-EBVCA
antibodies both in IgA and IgG classes were determined by
the commercially available Microblot-Array test (TestLine
Clinical Diagnostics Ltd. Brno, Czech Republic), according
to the manufacturer’s reccommendations.

Ethics. The study was performed according to the guidelines
of the Declaration of Helsinki, and approved by the Ethics
Committee at the Medical University in Lublin, Poland
(Approval No. KE-0254/295/2019, dated 26 September 2019).

Statistical analysis. GraphPad Prism software version 10.4.0.
(San Diego, California, USA) was used to conduct data
analysis. The normal distribution of continuous variables
was checked using the Shapiro-Wilk test. The relationship
between clinical and demographic parameters was calculated
using the Pearson chi-square test. Pearson’s chi-square test
and Fisher’s exact test were used to compare the frequency
of the examined clinicopathological features in both groups.
The Mann-Whitney U test was used to compare differences
in antibody levels between the study groups. Results were
considered significant at p < 0.05.

RESULTS

The first stage of the study was to check whether diabetic
and non-diabetic patients differed in terms of the degree
of histological differentiation (grading) and TN features
(Tab. 2). None of the studied patients had distant metastases
(MO). The highest frequencies of moderately differentiated
(G2) and poorly differentiated tumours (G3) were observed in
diabetic patients. The difference was statistically significant
(p = 0.0192). Similarly, more advanced clinical stages (T3 -
T4), as well as more involved lymph nodes (N), were found
in diabetic patients. These differences were also statistically
significant.

It was then checked whether the frequency of the
mentioned clinical parameters depended on the duration
of diabetes (Tab. 3). As these data show, in the group of
patients suffering from diabetes for 6 years and more, less
differentiated tumours (G3) as well as T3/T4 and N2/N3
features were diagnosed more often compared to non-
diabetic patients.
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Table 2. Clinical parameters in EBV-related oropharyngeal cancer
in diabetic and non-diabetic patients, in relation to grade and TNM
classification.

Patients
p
Diabetic; N =58 Non-diabetic; N = 57
G1 9 15.5 21 327
G G2 33 56.9 28 519 0.0192*
G3 16 276 8 15.4
T 7 12.1 8 15.4
T2 16 27.6 27 423
T 0.0491*
T3 18 3.0 16 28.8
T4 17 29.3 6 121
NO 5 8.6 23 423
N1 16 276 11 19.2
N 0.0008*
N2 18 31.0 13 21.2
N3 19 3238 10 17.3
M MO 58 100.0 57 100.0

*statistically significant; Chi-square test with Fischer’s exact test

The last point of the analysis was assessment of the level
of anti-EBV antibodies, i.e. EBVCA and EBNA in the IgA
and IgG classes in the group of diabetic and non-diabetic
patients (Fig. 1). It was observed that the level of anti-EBNA

Table 3. Prevalence of G, T and N features in oropharyngeal cancer
patients, according to duration of diabetes

Parameter Duration of diabetes (years) p
1-5N=18 6 and more; N =40
G1 7 38.8 2 5.0
G G2 9 50.0 24 60.0 0.0032*
G3 2 1.1 14 35.0
T1/T2 12 66.7 11 27.5
T 0.0083*
T3/T4 6 333 29 725
NO/N1 12 66.7 9 225
N 0.0025*%
N2/N3 6 333 31 77.5

*statistically significant; Chi-square test with Fischer’s exact test

and anti-EBVCA antibodies was significantly lower in the
group of patients with diabetes. This applied to both classes
of antibodies.

The level of anti-EBNA and anti-EBVCA antibodies was
also analyzed depending on the duration of diabetes (Fig. 2).
Observations showed that patients suffering from diabetes
for over 6 years had significantly lower levels of the tested
antibodies.
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Figure 1. Level of anti-EBV antibodies: A) anti EBNA IgA (p = 0.0002), B) anti-EBNA
19G (p = 0.0041), C) anti-EBVCA IgA (p = 0.0084), D) anti-EBVCA IgG (p < 0.0001), in
diabetic (red colour) and non-diabetic (blue colour) patients; (Mann-Whitney Test)

Figure 2. Level of anti-EBV antibodies in diabetic patients according to duration
of diabetes (1 - 5 years - blue colour, 6 and more years - red colour); EBNA IgA
p <0.0001;

EBNA IgG p =0.0012; EBVCA IgA p = 0.0002; EBVCA IgG p = 0.0002 (Mann-Whitney Test)
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DISCUSSION

Numerous studies have shown that diabetes increases not
only the incidence but also affects the prognosis of many
cancers, such cancer of the breast, liver and lung [13,
14]. Hyperglycaemia promotes cancer development and
proliferation. In the available literature on the subject, some
authors emphasize the role of diabetes in the development of
NPC 15, 16]. Studies by Peng et al. [17] showed an association
of diabetes with a poor prognosis. Very interesting research
results were presented by Midorikava et al. [18] who analyzed
the impact of T2D on virus-related NPC. They observed
a high prevalence of EBV in NPC patients with diabetes.
Moreover, their results clearly demonstrated the negative
impact of T2D on the prognosis of nasopharyngeal cancer.
Many studies show that during malignant transformation
of nasopharyngeal epithelial cells, glucose metabolism
increases, which contributes to latent EBV infection and
the development of NPC [19].

Although the current study concerns a different location,
i.e. oropharynx, the results obtained are similar to those
of the above-cited authors. To the best knowledge of the
authors of the current study, it is the first study to examine
the possible impact of diabetes on the clinical course of EBV-
related oropharyngeal cancer.

Innate immunity, as well as acquired immunity (including
T cells and B cells), play an important role in the progression
of type 2 diabetes [20]. Many studies have shown that people
with diabetes have an impaired immune response against
various pathogens, including viruses [21, 22]. This concerns
mechanisms such as suppression of cytokine production,
phagocytosis defects, and immune cell dysfunction. For
example, lower levels of anti-SARS-CoV-2 antibodies were
found in diabetic patients than in those who were non-
diabetic [23].

EBV is widespread in the human population. In the
diagnosis of EBV infections, the assessment of the level of
anti-EBV antibodies is commonly used. Routine screening is
based on serological tests, including antibodies against EBV
capsid antigen (VCA), and EBV nuclear antigen (EBNA) in
both IgA and IgG classes. Hence, the current study assessed
the level of these antibodies in relation to clinico-pathological
features.

The results obtained show that the level of anti-EBNA and
anti-EBVCA antibodies (both in IgA and IgG classes) was
lower in patients with EBV-related oropharyngeal cancer
with co-existing diabetes, than in patients with the same
cancer, but without diabetes. The duration of the diabetes
was also important: in patients with diabetes for 6 years or
more, the level of antibodies tested was lower than in people
with diabetes for 5 years or less.

Limitations of the study. The authors are aware that the
research conducted has certain limitations. Firstly, the size of
the research group was not very large, due to the low incidence
of this type of cancer in Poland. Therefore, the number of
cases in each subgroup was also small, making it necessary
to combine them. Therefore, feature T was analyzed as T1-T2
and T3-T4, and feature N was analyzed as NO-N1 and N2-N3.
Secondly, the concentration of glycated haemoglobin was not
included in the study because the information about diabetes
was taken from the medical histories. When examining this
issue in the future, this will be taken into account to check

whether glycaemic instability has an impact on the clinical
course of EBV-related oropharyngeal cancer.

These limitations will be supplemented in future with
specially planned studies on a much larger group of patients,
which will certainly allow for the verification of the observed
trends. Nevertheless, despite these limitations, performance
of the presented study seems fully justified, and the obtained
results encourage further, in-depth research in this area.

CONCLUSIONS

More advanced stages of cancer have been observed in
diabetic patients. Moreover, the obtained results show that
thelevel of anti-EBV antibodies was significantly lower in the
group of EBV-positive OPSCC diabetic patients, compared
to non-diabetic patients.

Acknowledgement

The authors express their thanks to Prof. dr. Kamal Morhed,
director of the Head and Neck Cancer Otolaryngology Clinic
at the Casemiro Putaski University in Radom, Poland, for
sharing and assisting with the collection of clinical material.

REFERENCES

—

. Zapatka M, Borozan I, Brewer DS, et al. The landscape of viral
associations in human cancers. Nat Genet. 2020;52:320-330.

2. Carpén T, Syrjanen S, Jouhi L, et al. Epstein-Barr Virus (EBV) and
Polyomaviruses Are Detectable in Oropharyngeal Cancer and EBV May
Have Prognostic Impact. Cancer Immunol Immunother. 2020;69:1615-
1626.

. de Lima MAP, Silva ADL, do Nascimento Filho ACS, et al. Epstein-Barr
Virus-Associated Carcinoma of the Larynx: A Systematic Review with
Meta-Analysis. Pathogens. 2021;10(11):1429.

4. Holt RIG, Cockram CS, Ma RCW, Luk AOY. Diabetes and infection:
review of the epidemiology, mechanisms and principles of treatment.
Diabetologia. 2024;67(7):1168-1180.

. Ogurtsova K, da Rocha Fernandes JD, Huang Y, IDF Diabetes Atlas:
Global estimates for the prevalence of diabetes for 2015 and 2040.
Diabetes. Res Clin Pract. 2017;128:40-50.

6.IDF Diabetes Atlasl0™ edition 2021; Available online: https:/
diabetesatlas.org/data/en/, (accessed on 14 February 2025).

7. Zatonska K, Basiak-Rasata A, Rozanska D, et al. Changes in diabetes
prevalence and corresponding risk factors - findings from 3- and
6-year follow-up of PURE Poland cohort study. BMC Public Health.
2020;20:843.

8. Abu-Ashour W, Twells L, Valcour J, et al. The association between

diabetes mellitus and incident infections: a systematic review and

meta-analysis of observational studies. BMJ Open Diabetes Res Care.
2017;5:¢000336.

Rajsfus BF, Mohana-Borges R, Allonso D. Diabetogenic viruses: linking

viruses to diabetes mellitus. Heliyon. 2023;9(4):€15021.

10. Dworzanski J, Drop B, Kliszczewska E, Strycharz-Dudziak M, Polz-
Dacewicz M. Prevalence of Epstein-Barr virus, human papillomavirus,
cytomegalovirus and herpes simplex virus type 1 in patients with
diabetes mellitus type 2 in south-eastern Poland. PLoS ONE.
2019;14(9):€0222607.

11. AJCC Cancer Staging Manual, 8th ed; Amin MB, Edge SB, Greene FL,
et al, editors. New York, NY, USA: Springer; 2017.

12. WHO Classification of Tumours Editorial Board. WHO classification
of tumours series. In: Head and Neck Tumours, 5th ed. Inter Agency
Res Cancer: Lyon, France, 2022; 9.

13. Chen Y, Wu F, Saito E, et al. Association Between Type 2 Diabetes
and Risk of Cancer Mortality: A Pooled Analysis of Over 771,000
Individuals in the Asia Cohort Consortium. Diabetol. 2017; 60:1022-32.

14. Zhu B, Qu S, The Relationship Between Diabetes Mellitus and Cancers
and Its Underlying Mechanisms. Front Endocrinol. 2022;13:800995.

15. Viedma-Rodriguez R, Martinez-Hernandez MG, Martinez-Torres

DI, et al. Epithelial mesenchymal transition and progression of breast

w

v

°



334

Annals of Agricultural and Environmental Medicine 2025, Vol 32, No 3

Karol Paradowski, Marcin Kole$nik, Mirostaw Jerzy Jarosz, Matgorzata Polz-Dacewicz . The impact of type 2 diabetes on selected clinical parameters and serological...

16.

17.

18.

cancer promoted by diabetes mellitus in mice are associated with
increased expression of glycolytic and proteolytic enzymes. Horm
Cancer. 2020;1:170- 81.

Guo G, Fu M, Wei S, Chen R. Impact of diabetes mellitus on the risk
and survival of nasopharyngeal carcinoma: a meta-analysis. Onco
Targets Ther. 2018;11:1193-1201.

Peng X-S, Xie G-F, Qiu W-Z, et al. Type 2 Diabetic Mellitus Is a Risk
Factor for Nasopharyngeal Carcinoma: A 1:2 Matched Case-Control
Study. PLoS ONE. 2016;11(10):€0165131.

Midorikawa S, Mizukami H, Kudoh K, et al. Diabetes can increase
the prevalence of EBV infection and worsen the prognosis of
nasopharyngeal carcinoma. Pathology. 2024;56(1):65-74.

19.

20.

21.

22.

23.

Zhang J, Jia L, Lin W, Epstein-Barr virus encoded latent membrane
protein-1 upregulates glucose transporter-1 transcription via the
mTORCI/NF-kappa B signaling pathways. J Virol. 2017;9:¢02168.
Zhou T, Hu Z, Yang S, et al. Role of Adaptive and Innate Immunity in
Type 2 Diabetes Mellitus. ] Diabetes Res. 2018;7457269.

Berbudi A, Rahmadika N, Tjahjadi AL, Ruslami R. Type 2 Diabetes and
its Impact on the Immune System. Curr Diabetes Rev. 2020;16(5):442-
449.

Daryabor G, Atashzar MR, Kabelitz D. The effects of type 2 diabetes
mellitus on organ metabolism and the immune system. Front Immunol.
2020;11:1582.

Ali H, Alterki A, Sindhu S, et al. Robust Antibody Levels in Both
Diabetic and Non-Diabetic Individuals After BNT162b2 MRNA
COVID-19 Vaccination. Front Immunol. 2021;12:752233.



	pone.0222607.ref013
	pone.0222607.ref014
	pone.0222607.ref015

