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Abstract

:

Diabetes mellitus type 2 (DM2) has recently become one of the most important health problems in the world. Patients with DM2 with long-term glycaemia are more likely to become infected than the healthy population. Matrix metalloproteinases (MMPs) play a key role in tissue remodeling during various physiological processes. However, it has been reported that certain MMPs are overexpressed during the development of various human diseases. In this study, we analyzed the levels of MMP-3 and MMP-9 in the serum of DM2 patients with and without Epstein-Barr virus (EBV) infection. The study included 115 patients with DM2 hospitalized in the Internal Ward of the Masovian Specialist Hospital in Radom, Poland, who were divided into two groups: EBV-positive and EBV-negative. The levels of MMP-3 and MMP-9 were tested in the serum of patients using the ELISA method, while the presence of EBV in saliva was tested by polymerase chain reaction (PCR). The presented studies showed a significant difference in the concentration of both MMPs in diabetic patients additionally infected with EBV compared to the group of non-infected individuals. It seems that MMPs may be useful biomarkers in the diagnosis, prognosis, and monitoring of diabetes associated with EBV infection.






Keywords:


diabetes mellitus type 2; EBV; MMP-3; MMP-9












1. Introduction


Diabetes mellitus type 2 (DM2) has recently become one of the most important global health problems. It reached epidemic proportions in the year 2015, when there were nearly 415 million people with diagnosed DM2; by the year 2040 this number is expected to increase to 642 million [1,2]. According to the American Diabetes Association (ADA) definition, diabetes is a complex and chronic disease requiring constant medical care with the necessity of reducing multifactorial risks beyond glycemic control [3].



Epstein-Barr virus (EBV), belonging to Herpesviridae family, infects more than 90% of the world’s population, establishes a persistent infection and reactivates periodically into the lytic cycle [4,5,6].



Persistent infections involving various viruses affect the overall immunity of the patient. In our previous study, EBV DNA was the most prevalent in the group of diabetic patients (35.9%) and the prevalence of infections depended on the duration of the disease [7]. According to some research, patients with DM2 are more susceptible to infections due to increased virulence of various microbes under hyperglycemia [8].



Matrix metalloproteinases (MMPs) belong to a large family of zinc-dependent extracellular matrix (ECM) remodeling endopeptidases [9]. They show apparent differences in substrate specificity, cellular and tissue localization, membrane binding, and regulation. MMPs are divided into 7 groups: collagenases, gelatinases, metalloelastases, stromelysins, matrilysins, membrane-type MMPs (MT-MMPs), and other MMPs [10]. Some literature also suggests the division of MMPs into 8 groups, according to structural similarities and function: minimal domain MMPs (MMP-7 and MMP-26), simple hemopexin MMPs (e.g., MMP-3, MMP-10), gelatin binding MMPs (MMP-2 and MMP-9), furin-activated MMPs (MMP-11 and MMP-28), vitronectin-activated MMPs–MMP-21, transmembrane MMPs (e.g., MMP-14, MMP-15), GPI-anchored MMPs (MMP-17 and MMP-25), and type II transmembrane MMPs–MMP-22 [11,12]. These MMPs participate in different biological and physiological processes that are regulated by hormones, growth factors, and cytokines [13].



MMPs play a pivotal role in tissue remodeling during various physiological processes, such as embryogenesis, morphogenesis, angiogenesis, and wound repair [9]. The activity of MMPs is involved in processes that include adhesion, cell proliferation, and migration and/or apoptosis by causing the cutting of bioactive molecules that modulate these processes [10].



However, it has been described that during the development of different human diseases some MMPs are overexpressed in specific tissues [9]. Abnormal regulation of MMPs has a relevant role in pathological conditions, including inflammation, tissue destruction, infection, and host defense [9,14]. The activity of MMPs is influenced by the presence of tissue metalloproteinase inhibitors (TIMP) [15,16]. MMPs and their TIMP are essential for cell migration and tissue remodeling in both physiological and pathological states [10,17].



MMPs are among the factors that may contribute to diabetes and are involved in the pathogenesis of associated vascular changes and complications. In patients with DM2, MMPs also play an important role in the development and severity of vascular complications [18].



MMP-3—also called stromelysin-1—degrades, among others, collagen type III, IV, IX, X, fibronectin and laminin. It is involved in breaking down tight junctions via E-cadherin. It promotes a process related to changes in epithelial cells that allow them to migrate through the basal membrane [19,20,21]. MMP-3 expression increases during the activation of EBV viral infection. Researchers proved that the EBV transcription factor Zta plays the role of a transactivator necessary in the transition of EBV from latency to lytic cycle. Zta contributes to the induction of MMP-3 expression, migration, and invasion of cells infected with EBV. The EBV virus, by producing Zta and EBV latent membrane protein 1 (LMP-1), the principal EBV oncoprotein, increases the expression of MMPs. It leads to disruption of the basal membranes of cells, which promotes the development of infection [22].



MMP-9—also called gelatinase B—breaks down type I and V gelatin, type IV and V collagen, and fibronectin. MMP-9 is expressed by endothelial cells, osteoclasts, chondrocytes, osteoblasts, and tumor cells [19,20,21]. MMP-9 expression correlates with EBV infection and the form of EBV latency (type III) in which all EBV proteins needed for cell transformation, e.g., LMP-1, are expressed. LMP-1 enhances the expression of MMP-9 [23].



MMP-3 and MMP-9 are overexpressed in DM2 altering re-epithelization, tissue and extracellular matrix damage and micro- and macrovascular remodeling [9]. Metalloproteinases, e.g., MMP-9 may be useful diagnostic biomarkers for the assessment of diabetes and related disorders [9]. In diabetic patients, constant hyperglycemia induces expression and activity of MMP-9 [24]. Researchers assessed that MMP-3 and MMP-9 were co-regulated by Zta in a similar mechanism. Moreover, MMP-3 and MMP-9 induced by Zta differently influenced cell migration, but synergistically contributed to cell invasion [22].



Therefore, in this study, we analyzed the serum level of MMP-3 and MMP-9 in patients with DM2 with and without EBV infection. In addition, we were interested in the level of MMP-3 and MMP-9 in patients with DM2 with EBV infection with different durations of diabetes and body mass index (BMI).




2. Results


Epidemiological characteristics of EBV-positive and EBV-negative patients with DM2 are presented in Table 1. These groups were properly selected in terms of sex, age, place of residence, smoking, alcohol consumption, BMI, and duration of diabetes. In terms of sociodemographic features, smoking, alcohol consumption, BMI and duration of diabetes these groups did not differ (p > 0.05), so these features did not affect the values of the studied parameters. The duration of diabetes in our study is the time from the moment a patient is diagnosed with diabetes. Duration was also categorized as 1–5 years, 6–10 years, and >10 years (Table 1).



Statistical analysis showed that in the EBV-positive group the values of MMP-3 and MMP-9 were significantly higher. The level of MMP-3 was lower compared to the level of MMP-9 in both groups of EBV-positive and EBV-negative patients (Figure 1).



The level of both metalloproteinases was significantly higher in patients with DM2 history longer than 10 years (p = 10−6) and in diabetic patients with obesity (p = 10−4) (Table 2). The level of MMP-3 in patients with DM2 with a history of more than 10 years was 125.7 pg/mL, while the level of MMP-9 in these patients was 2160.9 pg/mL. In patients with high BMI (30.0–39.9), the levels of MMP-3 and MMP-9 were higher (128.6 pg/mL and 2307.5 pg/mL, respectively) than in those with normal BMI (18.5–24.9) (MMP-3—82.3 pg/mL; MMP-9—1303.0 pg/mL) (Table 2).




3. Discussion


It is suggested that inflammation is a crucial factor in the pathogenesis of type 2 diabetes [25,26]. EBV is also a proven risk factor for various malignancies [27], but no studies evaluating the relationships between viral infection and diabetes are available.



All over the world, the incidence of diabetes and cancer as diseases of modern civilization is steadily increasing. Modifiable risk factors such as physical activity, diet, alcohol consumption, smoking, and non-modifiable factors such as age, gender, race, and ethnicity are similar for both diseases. There are reports of more frequent development of malignant neoplasms in diabetic patients, especially in people with DM2 [28]. There is also a correlation between obesity and the development of DM2, cardiovascular disease, and liver cancer [29].



Despite the abundance of data on the possible relationship between MMPs and cardiovascular disease and the widespread knowledge of a significant increase in the incidence and prevalence of cardiovascular disease in people with DM2, the role of MMPs in the development of both micro- and macrovascular complications has only recently begun to be analyzed. Current literature data on this subject are contradictory, and some studies report elevated blood levels of MMPs in people with DM2 [30,31], while some studies have shown no difference in plasma levels of MMPs between people with type 2 DM and without DM [16] or lower concentrations of MMPs in patients with DM2 [32].



Many researchers suggest that MMPs may be associated with the development of obesity as they modulate the adipogenesis process. In obese people with concomitant hypertension, higher levels of MMP-9 were found compared to obese normotensive patients [33,34]. A positive correlation was found between MMP-9 and BMI [35]. The studies of Deros et al. [35] found significantly higher levels of MMP-9 in obese patients compared to those with a normal BMI.



In our research, we observed increased levels of MMPs. The levels of MMP-3 and MMP-9 increased along with higher BMI values in diabetic patients. Our present study also indicated a correlation between the level of MMP-3 and MMP-9 and the duration of diabetes. The level of both metalloproteinases was significantly higher in patients with a DM2 history longer than 10 years (MMP-3 = 125.7 pg/mL; MMP-9 = 2307.5 pg/mL) and in diabetic patients with obesity (MMP-3 = 128.6 pg/mL; MMP-9 = 2160.9 pg/mL).



Some studies indicate increases in the activity of MMPs in various pathological processes [36,37]. Studies by Lin et al. [38] on viral infections and MMPs show that, e.g., HIV infection and HIV/HCV coinfection were identified to increase TIMP1 expression and suppress MMP-3 expression in hepatoma and hepatic stellate cell lines. In addition, MMP-3 has been shown to promote cellular antiviral response against Dengue virus infection [39]. These studies suggest the connection between circulating MMP-3 levels and viral infection may be more complicated than we already know [22,40].



Some researchers, such as Li et al. [40], investigated the expression and activity of MMPs in EBV-positive cell lines. In their study, the EBV-positive C666 cell lines show higher expression and activity of MMP-3 than the EBV-negative cell lines. These findings suggested that infection of EBV may increase the expression of MMP-3 in cells. These results are consistent with the study by Lan et al. [22] that showed that MMP-3 was up-regulated by EBV Zta. The results of the research described above are similar to our results in terms of the increase in metalloproteinase levels due to viral infection. In our study, we compared the levels of MMP-3 and MMP-9 in diabetic patients with EBV infection and without EBV infection. Higher levels of MMP-3 and MMP-9 were observed in diabetic patients with EBV infection. There seems to be a possible association between EBV viral infection and increased levels of metalloproteinases. To our knowledge, there are few publications in the literature on the correlation between viral infection in diabetic patients and the level of metalloproteinases, so further research is needed.



The limitation of our research is a relatively small group of patients. However, the presented studies showed a significant difference in the concentration of both MMPs in diabetic patients additionally infected with EBV compared to the group of non-infected individuals. Therefore, they can modify various metabolic pathways. Further research is needed to evaluate the effects of EBV on various biomarkers that may be important in the diagnosis, prognosis, and monitoring of diabetes mellitus.




4. Materials and Methods


4.1. Patients


The present study involved 115 patients with DM2 hospitalized in the Internal Ward of the Masovian Specialist Hospital in Radom, Poland. The patients were divided into two groups: EBV-positive and EBV-negative, in which there were 55 and 60 patients, respectively.




4.2. Clinical Specimens


Blood and saliva were collected from all patients. EBV DNA was detected in the saliva.




4.3. Saliva Collection


About 5 mL of non-stimulated whole saliva was collected. The saliva samples were centrifuged at 1500 rpm at room temperature for 10 min, and then diluted (1:1) in PBS and frozen at −80 °C until their analysis.




4.4. Serum Collection


Venous blood samples from all the patients were centrifuged at 1500 rpm at room temperature for 15 min, followed by serum collection, and frozen at −80 °C until their analysis.




4.5. Molecular Methods


4.5.1. DNA Extraction from Saliva


DNA isolation was performed using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The efficiency and purity of the obtained eluate were checked using the Epoch (Biotek) spectrophotometer. The measurement was performed on a Take 3 plate (Biotek Instruments, Winooski, VT, USA) using Microplate Reader Software Gen 5.2.0 (Biotek Instruments, Winooski, VT, USA).




4.5.2. EBV DNA Detection


EBV DNA detection and the amplification of the Epstein–Barr nuclear antigen 2 (EBNA-2) gene (the nested PCR) were performed as previously described [41]. The nested PCR was carried out for amplification of Epstein–Barr nuclear antigen 2 (EBNA-2). The sequence of primers used for PCR was as follows: outer pair 5′–TTT CAC CAA TAC ATG ACC C–3′, 5′–TGG CAA AGT GCT GAG AGC AA–3′ and inner pair 5′–CAA TAC ATG AAC CRG AGT CC–3′, 5′–AAG TGC TGA GAG CAA GGC MC–3′.



All PCR reactions were carried out in the final volume of 25 μL using HotStartTaq DNA Polymerase (Qiagen, Germany). Concentrations of PCR reaction components were prepared as follows: 2.0 mM MgCl2, 0.2 mMdNTPs, 0.5 μM of each forward and reverse primers, and 0.5 U of HotStartTaq polymerase. During each run, the samples were tested together with one negative (nuclease-free water) and positive control (EBV-positive cell line, Namalwa, ATCC-CRL-1432) [42].




4.5.3. MMP-3 and MMP-9


The levels of MMPs in serum were determined by the ELISA method using kits from the CLOUD-CLONE CORP (MMP-3: SEA101Hu and MMP-9: SCA553Hu) according to the manufacturer’s instructions (centrifuge 1000× g, dilution of samples: MMP-3 1:100 and MMP-9 1:200). Calibration curves were drawn for each set of the attached standards. Absorbance was read at 450 nm with an Epoch (Biotek) spectrophotometer and converted to numerical values [43].





4.6. Statistical Analysis


Statistical analysis was performed using Pearson’s chi-square test, Mann–Whitney U Test and ANOVA Kruskal–Wallis test. The statistical significance was defined as p < 0.05.




4.7. Ethics


The study was approved by the Medical University of Lublin Ethics Committee, and conforms to GCP regulations (no. KE-0254/121/2021, 27 May 2021). Informed written consent was collected from all participants.





5. Conclusions


The presented research showed a significant difference in the concentration of MMP-3 and MMP-9 in diabetic patients additionally infected with EBV compared to the group of non-infected individuals. The level of both MMPs was significantly higher in diabetic patients with EBV-positive and in patients with a diabetic history of over 10 years, as well as in obese patients. Future studies are needed to carefully evaluate the effect of viral infection in diabetic patients on MMPs levels. It seems that MMPs may be useful biomarkers in the diagnosis, prognosis, and monitoring of diabetes associated with EBV infection.







Author Contributions


Conceptualization, E.S., J.D. and M.P.-D.; methodology, E.S. and B.D.; software, B.D.; validation, E.S., J.D. and B.D.; formal analysis, M.P.-D.; investigation, E.S. and J.D.; resources, J.D., A.D. and M.P.-D.; data curation, J.D. and A.D.; writing—original draft preparation, E.S., J.D., A.D. and B.D.; writing—review and editing, M.P.-D.; visualization, B.D.; supervision, M.P.-D.; project administration, M.P.-D.; funding acquisition, M.P.-D. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by a Research Grant from the Medical University of Lublin, Lublin, Poland (funding number: DS 233).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Medical University of Lublin Ethics Committee (no. KE-0254/121/2021, 27 May 2021).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. Written informed consent has been obtained from the persons to publish this paper.




Data Availability Statement


The data presented in this study are available in the article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ogurtsova, K.; da Rocha Fernandes, J.D.; Huang, Y.; Linnenkamp, U.; Guariguata, L.; Cho, N.H.; Cavan, D.; Shaw, J.E.; Makaroff, L.E. IDF Diabetes Atlas: Global estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res. Clin. Pract. 2017, 128, 40–50. [Google Scholar] [CrossRef]

	



Guariguata, L.; Whiting, D.R.; Hambleton, I.; Beagley, J.; Linnenkamp, U.; Shaw, J.E. Global estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes Res. Clin. Pract. 2014, 103, 137–149. [Google Scholar] [CrossRef] [PubMed]

	



Sonne, D.P.; Hemmingsen, B. Comment on American Diabetes Association. Standards of Medical Care in Diabetes—2017. Diabetes Care 2017; 40 (Suppl. 1): S1–S135. Diabetes Care 2017, 40, e92–e93. [Google Scholar] [CrossRef] [PubMed]

	



Handley, S.A. The virome: A missing component of biological interaction networks in health and disease. Genome Med. 2016, 8, 32. [Google Scholar] [CrossRef] [PubMed]

	



Houghton, D.; Hardy, T.; Stewart, C.; Errington, L.; Day, C.P.; Trenell, M.I.; Avery, L. Systematic review assessing the effectiveness of dietary intervention on gut microbiota in adults with type 2 diabetes. Diabetologia 2018, 61, 1700–1711. [Google Scholar] [CrossRef]

	



Nikolich-Zugich, J.; Goodrum, F.; Knox, K.; Smithey, M.J. Known unknowns: How might the persistent herpesvirome shape immunity and aging? Curr. Opin. Immunol. 2017, 48, 23–30. [Google Scholar] [CrossRef]

	



Dworzański, 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, e0222607. [Google Scholar] [CrossRef]

	



Casquiero, J.; Casquiero, J.; Alves, C. Infections in patients with diabete mellitus; A review of pathogenesis. Indian J. Endocrinol. Metab. 2012, 1, S27–S36. [Google Scholar]

	



Cabral-Pacheco, G.A.; Garza-Veloz, I.; Castruita-De la Rosa, C.; Ramirez-Acuña, J.; Perez-Romero, B.A.; Guerrero-Rodriguez, J.F.; Martinez-Avila, N.; Martinez-Fierro, M.L. The Roles of Matrix Metalloproteinases and Their Inhibitors in Human Diseases. Int. J. Mol. Sci. 2020, 21, 9739. [Google Scholar] [CrossRef]

	



Nagase, H.; Visse, R.; Murphy, G. Structure and function of matrix metalloproteinases and TIMPs. Cardiovasc. Res. 2006, 69, 562–573. [Google Scholar] [CrossRef]

	



Caley, M.P.; Martins, V.L.; O’Toole, E.A. Metalloproteinases and wound healing. Adv. Wound Care 2015, 4, 225–234. [Google Scholar] [CrossRef] [PubMed]

	



Piskór, B.M.; Przylipiak, A.; Dąbrowska, E.; Niczyporuk, M.; Ławicki, S. Matrilysins and Stromelysins in Pathogenesis and Diagnostics of Cancers. Cancer Manag. Res. 2020, 12, 10949–10964. [Google Scholar] [CrossRef] [PubMed]

	



Kapoor, C.; Vaidya, S.; Wadhwan, V.; Kaur, G.; Pathak, A. Seesaw of matrix metalloproteinases (MMPs). J. Cancer Res. Ther. 2016, 12, 28–35. [Google Scholar] [CrossRef] [PubMed]

	



Barrichello, T.; Generoso, J.S.; Michelin, C.M.; Simões, L.R.; Elias, S.G.; Vuolo, F.; Comim, C.M.; Dal-Pizzol, F.; Quevedo, J. Inhibition of matrix metalloproteinases-2 and -9 prevents cognitive impairment caused by pneumococcal meningitis in Wistar rats. Exp. Biol. Med. 2014, 239, 225–231. [Google Scholar] [CrossRef]

	



Overall, C.M. Regulation of tissue inhibitor of metalloproteinase expression. Ann. N. Y. Acad. Sci. 1994, 732, 51–64. [Google Scholar] [CrossRef]

	



Papazafiropoulou, A.; Perrea, D.; Moyssakis, I.; Kokkinos, A.; Katsilambros, N.; Tentolouris, N. Plasma levels of MMP-2, MMP-9 and TIMP-1 are not associated with arterial stiffness in subjects with type 2 diabetes mellitus. J. Diabetes Complicat. 2010, 24, 20–27. [Google Scholar] [CrossRef] [PubMed]

	



Nagase, H.; Woessner, J.F., Jr. Matrix metalloproteinases. J. Biol. Chem. 1999, 274, 21491–21494. [Google Scholar] [CrossRef] [PubMed]

	



Kupczyk, D.; Bilski, R.; Studzińska, R.; Woźniak, A. Assessment of the concentration of selected metalloproteinases (MMP-2, MMP-3, MMP-9 and MMP-13) in patients with ulcers as a complication of type 2 diabetes. Adv. Dermatol. Allergol. 2022, 39, 59–65. [Google Scholar] [CrossRef]

	



Quintero-Fabián, S.; Arreola, R.; Becerril-Villanueva, E.; Torres-Romero, J.C.; Arana-Argáez, V.; Lara-Riegos, J.; Ramírez-Camacho, M.A.; Alvarez-Sánchez, M.E. Role of Matrix Metalloproteinases in Angiogenesis and Cancer. Front. Oncol. 2019, 9, 1370. [Google Scholar] [CrossRef]

	



Gkouveris, I.; Nikitakis, N.G.; Aseervatham, J.; Rao, N.; Ogbureke, K.U.E. Matrix metalloproteinases in head and neck cancer: Current perspectives. Met. Med. 2017, 4, 47–61. [Google Scholar] [CrossRef]

	



Niland, S.; Riscanevo, A.X.; Eble, J.A. Matrix Metalloproteinases Shape the Tumor Microenvironment in Cancer Progression. Int. J. Mol. Sci. 2021, 23, 146. [Google Scholar] [CrossRef] [PubMed]

	



Lan, Y.Y.; Yeh, T.H.; Lin, W.H.; Wu, S.Y.; Lai, H.C.; Chang, F.H.; Takada, K.; Chang, Y. Epstein-Barr virus Zta upregulates matrix metalloproteinases 3 and 9 that synergistically promote cell invasion in vitro. PLoS ONE 2013, 8, e56121. [Google Scholar] [CrossRef] [PubMed]

	



Yoshizaki, T.; Sato, H.; Furukawa, M.; Pagano, J.S. The expression of matrix metalloproteinase 9 is enhanced by Epstein–Barr virus latent membrane protein 1. Biol. Sci. 1998, 95, 3621–3626. [Google Scholar] [CrossRef]

	



Uemura, S.; Matsushita, H.; Li, W.; Glassford, A.J.; Asagami, T.; Lee, K.H.; Harrison, D.G.; Tsao, P.S. Diabetes mellitus enhances vascular matrix metalloproteinase activity: Role of oxidative stress. Circ. Res. 2001, 88, 1291–1298. [Google Scholar] [CrossRef]

	



Ma, X.; Chen, Z.; Wang, L.; Wang, G.; Wang, Z.; Dong, X.B.; Wen, B.; Zhang, Z. The Pathogenesis of Diabetes Mellitus by Oxidative Stress and Inflammation: Its Inhibition by Berberine. Front. Pharmacol. 2018, 9, 782. [Google Scholar] [CrossRef] [PubMed]

	



Oguntibeju, O.O. Type 2 diabetes mellitus, oxidative stress and inflammation: Examining the links. Int. J. Physiol. Pathophysiol. Pharmacol. 2019, 11, 45–63. [Google Scholar]

	



Yang, Y.; Yin, L.; Liu, Q.; Sun, J.; Adami, H.O.; Ye, W.; Zhang, Z.; Fang, F. Hospital-Treated Infections and Increased Risk of Two EBV-Related Malignancies: A Nested Case-Control Study. Cancers 2022, 14, 3804. [Google Scholar] [CrossRef]

	



Giovanuci, E.; Harlen, D.M.; Archer, M.C.; Bergenstal, R.M.; Gapstur, S.M.; Habel, L.; Pollak, M.; Regensteiner, J.G.; Yee, D. Diabetes and cancer. A consensus report. Diabetes Care 2010, 33, 1674–1685. [Google Scholar] [CrossRef]

	



Yu, J. Introduction. In Obesity, Fatty Liver and Liver Cancer; Wong, C.C., Yu, J., Eds.; Advances in Experimental Medicine and Biology; Springer Nature: Singapore, 2018; pp. 1–2. [Google Scholar]

	



Signorelli, S.S.; Malaponte, G.; Libra, M.; Di Pino, L.; Celotta, G.; Bevelacqua, V.; Petrina, M.; Nicotra, G.S.; Indelicato, M.; Navolanic, P.M.; et al. Plasma levels and zymographic activities of matrix metalloproteinases 2 and 9 in type II diabetics with peripheral arterial disease. Vasc. Med. 2005, 10, 1–6. [Google Scholar] [CrossRef]

	



Derosa, G.; D’Angelo, A.; Tinelli, C.; Devangelio, E.; Consoli, A.; Miccoli, R.; Penno, G.; Del Prato, S.; Paniga, S.; Cicero, A.F.G. Evaluation of metalloproteinase 2 and 9 levels and their inhibitors in diabetic and healthy subjects. Diabetes Metab. 2007, 33, 129–134. [Google Scholar] [CrossRef]

	



Sampson, M.; Davies, I.; Gavrilovic, J.; Sussams, B.; Brown, J.; Astley, S.; Hughes, D.A. Plasma matrix metalloproteinases, low density lipoprotein oxidisability and soluble adhesion molecules after a glucose load in Type 2 diabetes. Cardiovasc. Diabetol. 2004, 3, 7. [Google Scholar] [CrossRef]

	



Ritter, A.M.V.; de Faria, A.P.; Barbaro, N.; Sabbatini, A.R.; Corrêa, N.B.; Brunelli, V.; Amorim, R.; Modolo, R.; Moreno, H. Crosstalk between obesity and MMP-9 in cardiac remodelling -a cross-sectional study in apparent treatment-resistant hypertension. Blood Press 2017, 26, 122–129. [Google Scholar] [CrossRef] [PubMed]

	



Chavey, C.; Mari, B.; Monthouel, M.-N.; Bonnafous, S.; Anglard, P.; Van Obberghen, E.; Tartare-Deckert, S. Matrix metalloproteinases are differentially expressed in adipose tissue during obesity and modulate adipocyte differentiation. J. Biol. Chem. 2003, 278, 11888–11896. [Google Scholar] [CrossRef] [PubMed]

	



Derosa, G.; Ferrari, I.; D’Angelo, A.; Tinelli, C.; Salvadeo, S.A.T.; Ciccarelli, L.; Piccinni, M.N.; Gravina, A.; Ramondetti, F.; Maffioli, P.; et al. Matrix metalloproteinase-2 and -9 levels in obese patients. Endothélium 2008, 15, 219–224. [Google Scholar] [CrossRef]

	



Śliwowska, I.; Kopczyński, Z. Matrix metalloproteinases—Biochemical characteristics and clinical value determination in breast cancer patients. Contemp. Oncol. 2005, 9, 327–335. [Google Scholar]

	



Galliera, E.; Tacchini, L.; Corsi Romanelli, M.M. Matrix metalloproteinases as biomarkers of disease: Updates and new insights. Clin. Chem. Lab. Med. 2015, 53, 349–355. [Google Scholar] [CrossRef] [PubMed]

	



Lin, W.; Wu, G.; Li, S.; Weinberg, E.M.; Kumthip, K.; Peng, L.F.; Méndez-Navarro, J.; Chen, W.-C.; Jilg, N.; Zhaoet, H.; et al. HIV and HCV cooperatively promote hepatic fibrogenesis via induction of reactive oxygen species and NFkappaB. J. Biol. Chem. 2011, 286, 2665–2674. [Google Scholar] [CrossRef]

	



Zuo, X.; Pan, W.; Feng, T.; Shi, X.; Dai, J. Matrix metalloproteinase 3 promotes cellular anti-dengue virus response via interaction with transcription factor NFkappaB in cell nucleus. PLoS ONE 2014, 9, e84748. [Google Scholar] [CrossRef]

	



Li, Y.; Feng, Z.; Xing, S.; Liu, W.; Zhang, G. Combination of serum matrix metalloproteinase-3 activity and EBV antibodies improves the diagnostic performance of nasopharyngeal carcinoma. J. Cancer 2020, 11, 6009–6018. [Google Scholar] [CrossRef]

	



Polz-Dacewicz, M.; Strycharz-Dudziak, M.; Dworzanski, J.; Stec, A.; Kocot, J. Salivary and serum IL-10, TNF-α, TGF-β, VEGF levels in oropharyngeal squamous cell carcinoma and correlation with HPV and EBV infection. Infect. Agent Cancer 2016, 11, 45. [Google Scholar] [CrossRef]

	



Foltyn, S.; Strycharz-Dudziak, M.; Drop, B.; Boguszewska, A.; Polz-Dacewicz, M. Serum EBV antibodies and LMP-1 in Polish patients with oropharyngeal and laryngeal cancer. Infect. Agents Cancer 2017, 12, 31. [Google Scholar] [CrossRef] [PubMed]

	



Polz-Dacewicz, M.; Macieląg, P.; Kliszczewska, E.; Rolniak, Ł. Serum and saliva levels of matrix metalloproteinase 3 and 9 in pharynx and larynx cancer. J. Pre-Clin. Clin. Res. 2017, 11, 106–110. [Google Scholar] [CrossRef]








[image: Ijms 23 13599 g001 550] 





Figure 1. Serum level of MMP-3 (a) and MMP-9 (b) in EBV-positive and EBV-negative diabetic patients (Mann–Whitney U Test (a) Z = 8864; p < 0.001, (b) Z = 6188; p < 0.001). 
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Table 1. Epidemiological characteristics of EBV-positive and EBV-negative diabetic patients.
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EBV-Positive

N = 55

	
EBV-Negative

N = 60

	
p




	
N

	
%

	
N

	
%






	
Sex

	

	

	

	

	




	
Male

	
23

	
41.8

	
24

	
40.0

	
>0.05




	
Female

	
32

	
58.2

	
36

	
60.0




	
Age

	

	

	

	

	




	
20–39

	
7

	
12.7

	
8

	
13.3

	
>0.05




	
40–59

	
20

	
36.4

	
22

	
36.7




	
60+

	
28

	
50.9

	
30

	
50.0




	
Place of residence

	

	

	

	

	




	
Urban

	
23

	
41.8

	
24

	
40.0

	
>0.05




	
Rural

	
32

	
58.2

	
36

	
60.0




	
Smoking

	

	

	

	

	




	
Yes

	
34

	
61.8

	
38

	
63.3

	
>0.05




	
No

	
21

	
38.2

	
22

	
36.7




	
Alcohol abuse

	

	

	

	

	




	
Yes

	
35

	
63.6

	
36

	
60.0

	
>0.05




	
No

	
20

	
36.4

	
24

	
40.0




	
BMI

	

	

	

	

	




	
18.5–24.9

	
9

	
16.4

	
11

	
18.3

	
>0.05




	
25–29.9

	
14

	
25.5

	
16

	
26.7




	
30–39.9

	
32

	
58.1

	
33

	
55.0




	
Duration of diabetes (years)

	

	

	

	

	




	
1–5

	
11

	
20.0

	
13

	
21.7

	
>0.05




	
6–10

	
14

	
25.5

	
15

	
25.0




	
>10

	
30

	
54.5

	
32

	
53.3








Duration of diabetes (years)—duration from the time of diagnosis as diabetic; BMI—body mass index, N—number of patients (Pearson’s chi-square test).
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Table 2. The levels of MMP-3 and MMP-9 compared to BMI and duration of diabetes in the serum of EBV-positive diabetic patients.
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	BMI
	MMP-3

[pg/mL]
	MMP-9

[pg/mL]





	18.5–24.9
	82.3 +/− 5.9
	1303.0 +/− 128.7



	25.0–29.9
	108.5 +/− 16.3
	1741.5 +/− 255.2



	30.0–39.9
	128.6 +/− 2.0
	2307.5 +/− 240.9



	p value *
	10−4
	10−4



	Duration of diabetes (years)
	
	



	6–10
	90.3 +/− 13.7
	1440.4 +/− 226.5



	>10
	125.7 +/− 4.3
	2160.9 +/− 258.4



	p value **
	10−6
	10−6







* Kruskal–Wallis Test, MMP-3 BMI (H = 39.4573), MMP-9 BMI (H = 39.8883); ** Mann–Whitney U Test, MMP-3 Z = 6.0438, MMP-9 Z = 6.172.
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