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Social relevance
Cancer is a leading global cause of death, accounting for nearly 9.6 million deaths 
worldwide in 2018 1. The global burden of cancer is rapidly rising because of population 
aging and low socioeconomic communities 1, 2. To date, the causative agent of many 
cancers remains unknown. Therefore, unraveling the underlying causes of diverse 
human cancers is crucial to mitigate the cancer burden by protecting the population 
from exposure to the respective carcinogens or at least limiting it by promoting novel 
prevention and therapeutic approaches.

Among all human cancers, approximately 10-15% of cancers are attributed to viral 
infection agents 1, 3-5. Shedding light on the detection of novel human tumor viruses 
is an important opportunity for cancer research by promoting novel prevention, and 
as a potential tool, early detection of these viruses might contribute to preventing 
early-stage pre-malignant lesions and thus progression to cancer. Importantly, some 
of the known human cancers induced by viruses can be prevented by vaccination 1, 

6, 7. Human papillomavirus (HPV) which is directly linked to the etiopathogenesis of 
cervical carcinoma is a successful example from the past. The incidence of cervical cancer 
has already markedly declined in countries implementing the HPV vaccinations 1, 6, 8. 
Additionally, the finding of HPV as an etiological factor of cervical carcinoma opened 
the gate to uncover the association of HPV with several other neoplasms including 
vagina, vulva, head, neck, anal, and penile carcinomas 1, 2. Therefore, there is a global 
call to all researchers to elucidate if currently known viruses or still to be discovered ones 
are implicated in human tumorigenesis. There is a continuous ongoing scientific debate 
regarding the role of human polyomaviruses (HPyVs) in human tumorigenesis. Here 
we focused to explore and providing more information on the role of HPyVs in human 
malignancies.

Target group
This dissertation aims to broaden and deepen our understanding of the presence and 
the possible role of HPyVs in human tumorigenesis. The HPyVs genome organization 
shares many similarities with the HPVs genome. Based on this it has been speculated 
that HPyVs might be involved in human tumorigenesis analogous to HPV 9-11. Our 
datasets could be of interest to many researchers, especially in the field of viral-related 
tumorigenesis. Additionally, we hope the outcome of this work will serve as a beneficial 
reference for researchers and professionals in viruses related to cancers in the future 
12-16. Yet, the presence of HPyVs defined in this thesis is insufficient to be translated 
into preclinical or clinical practice until further confirmation of their role in the 
tumorigenesis. The recommendation of this thesis is that HPyV’s remain candidates for 
human tumorigenesis, but more effort is needed to develop more advanced molecular 
techniques to elucidate the role of HPyV’s in cancer.
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Scientific impact
The promising results obtained from the studies in this thesis have added to scientific 
knowledge since all the outcomes were published in a peer-reviewed journal as an open-
access manuscript to make them freely accessible online and presented at international 
and national congresses 12-16. Additionally, the results of this thesis possibly provide the 
basis for relevant follow-up studies on HPyV’s and human tumorigenesis.

The oncogenic potential role of the novel HPyVs in human tumorigenesis has not yet been 
completely uncovered except for MCPyV, which is the causative agent of 80% of MCC 
17-20. It is important to note that MCPyV-positive MCC appears to have better clinical 
outcomes and drug responses and a favorable survival rate compared to MCPyV-negative 
MCC 21-25. Given the potential implications of HPyV’s in tumorigenesis, much more 
needs to be done to broaden the understanding of the involvement of these viruses in 
human carcinogenesis. To meet the immediate needs of elaborating the role of HPyV’s, we 
aimed to provide insight into the presence of these viruses in various human malignancies 
and assess their association with tumors using a broad spectrum of molecular techniques.

HPyV6 and 7 contributions to human tumorigenesis are not yet elucidated. Studies 
about HPyV6 and 7 which shown a high seroprevalence in the human population and 
the ability to infect newborns 13. Therefore, HPyV6 and 7 remain putative oncogenic 
viruses in humans for e.g. skin tumors as we discussed in detail in chapter 2. Moreover, 
a lot remains to be elucidated about HPyV6 and 7 such as their oncogenic potential, 
replication, latency, and tropism. This information will eventually help to understand the 
possible role of HPyV6 and 7 in carcinogenesis. As a consequence, these findings will be 
of major interest to stimulate further studies by researchers to bring advances in this field.

The etiology of Cholangiocarcinoma (CCA) is still largely unknown HPyV7, HPyV6, 
and MCPyV are reported for the first time as hepatotropic viruses and infecting bile duct 
epithelium and hepatocytes as shown in chapter 3 14. The contribution of HPyV’s to 
CCA carcinogenesis has not been definitely elucidated, but it is speculated that HPyV7 
might act through an indirect mechanism to induce (chronic) inflammation as has been 
convincingly shown for Hepatitis B and C viruses in leading to hepatocellular carcinoma. 
In addition, the results and knowledge obtained from the study in chapter 3 will pave the 
way to study the possible role of HPyV’s in the etiopathogenesis of other hepatobiliary 
diseases.

Early reports showed that that BK polyomavirus (BKPyV) is highly oncogenic in 
animal models 30. This raised the question of whether BK polyomavirus (BKPyV) is 
a potential oncogenic virus in the development of urothelial cell carcinomas (UCC) 
in the urinary bladder 31. In 2012, the International Agency for Research on Cancer 
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(IARC) classified BKPyV as a group 2B possibly carcinogenic candidate to humans 
32. that the data in chapter 4 described that the reactivation of BKPyV detected in 
urine cytology is not associated with UCC 15. In addition, BKPyV-reactivation is not 
restricted to immunosuppression but is also found in the urine of immunocompetent 
patients. Therefore, those findings open a new direction for the research which is that the 
intravesical treatment of UCC is possibly causing BKPyV reactivation, there is a need to 
perform further research to elucidate this relationship.

Thymoma is a rare tumor of unknown etiology. Previously, Murine polyomavirus was 
shown to induce thymomas in an animal model 33. In addition, a high prevalence of 
HPyV7 in thymic epithelial tumors was reported 34. MCPyV is closely linked to the 
etiopathogenesis of MCC and yet the only human carcinogenic polyomavirus 20, 35, 36. 
Therefore, screening if MCPyV is involved in other human tumors is highly needed 
such as if MCPyV is playing a role in the etiopathogenesis in human thymoma 16. The 
contribution of MCPyV to the etiopathogenesis of thymoma is unlikely as described 
in chapter 5. Altogether, HPyVs remain suspected as a putative oncogenic virus in the 
development of thymomas. Therefore, further research is needed to investigate other 
HPyV’s in thymomas.

In 2018, about 453,000 deaths of head and neck squamous cell carcinoma (HNSCC) and 
888,000 new cases were diagnosed 1. Importantly, HPV is linked to the etiopathogenesis 
of HNSCC, particularly the oropharynx tumor. Given the potential role of involvement 
of HPV in HNSCC, other important factors correlated to the tumorigenesis such as 
aging, smoking, alcohol consumption, and gender 1, 2. A unique large cohort of non-
smokers and non-drinkers with HNSCC is investigated for the presence of three known 
human tumor viruses (HPV, EBV, and MCPyV) in chapter 6 12. the results confirmed 
the presence of HPV and EBV in patients with HNSCC and no MCPyV was detected in 
this subset. This indicating that no etiological role of MCPyV in HNSCC tumorigenesis. 
Therefore, screening for other HPyVs in a cohort diagnosed with HNSCC without a 
history of smoking and alcohol drinking is needed,

Finally, the presence of HPyV’s DNA and their association with human malignancies 
have commonly been tested by PCR alone which is insufficient to prove causality. 
Very few studies have shown the presence of these viruses on the single-cell level in 
the histomorphological context of the specific disease. In this thesis, advanced sensitive 
and specific molecular techniques were implemented such as FISH, RISH, and IHC to 
accurately determine the presence of HPyVs on a single cell level as we have shown in 
chapters 3 to 6. Even though, the molecular techniques we used (FISH, RISH, and IHC) 
for detecting the DNA, RNA, and protein of HPyVs are valuable assessment methods 
but remain insufficient to confirm the role of the respective virus in tumorigenesis. 
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Implementing new powerful molecular technologies such as NGS to study the role 
of these viruses as potential oncogenic will seem to be a promising interesting avenue 
for further research. Therefore, there is an urgent need to apply additional molecular 
techniques to unravel the molecular basis of virus-host interactions and assess a possible 
role of viral integration or mutation of the LTAg in cancer development.

Addendum

176



Reference:

1. Wild CP WE, Stewart BW, editors. World Cancer Report: Cancer Research for Cancer 
Prevention. Lyon, France: International Agency for Research on Cancer Available from: http://
publicationsiarcfr/586 Licence: CC BY-NC-ND 30 IGO. 2020.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: 
a cancer journal for clinicians. 2018;68(6):394-424.

3. De Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of cancer attributable to 
infections in 2018: a worldwide incidence analysis. The Lancet Global Health. 2020;8(2):e180-e90.

4. Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, et al. A review of human 
carcinogens—Part B: biological agents. The Lancet Oncology. 2009;10(4):321-2.

5. Plummer M, De Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. Global burden of cancers 
attributable to infections in 2012: a synthetic analysis. The Lancet Global Health. 2016;4(9):e609-e16.

6. Bosch FX, Broker TR, Forman D, Moscicki AB, Gillison ML, Doorbar J, et al. Comprehensive control 
of human papillomavirus infections and related diseases. Vaccine. 2013;31 Suppl 7(Suppl 7):H1-31.

7. Chang MH. Cancer prevention by vaccination against hepatitis B. Recent results in cancer research 
Fortschritte der Krebsforschung Progres dans les recherches sur le cancer. 2009;181:85-94.

8. Dürst M, Gissmann L, Ikenberg H, zur Hausen H. A papillomavirus DNA from a cervical carcinoma 
and its prevalence in cancer biopsy samples from different geographic regions. Proceedings of the 
National Academy of Sciences of the United States of America. 1983;80(12):3812-5.

9. White EA, Kramer RE, Hwang JH, Pores Fernando AT, Naetar N, Hahn WC, et al. Papillomavirus 
E7 oncoproteins share functions with polyomavirus small T antigens. Journal of virology. 
2015;89(5):2857-65.

10. Moens U. Human Polyomaviruses and Papillomaviruses. Int J Mol Sci. 2018;19(8).
11. DeCaprio JA, Garcea RL. A cornucopia of human polyomaviruses. Nat Rev Microbiol. 2013;11(4):264-

76.
12. Mulder FJ, Klufah F, Janssen FME, Farshadpour F, Willems SM, De Bree R, et al. Presence of Human 

Papillomavirus and Epstein–Barr Virus, but Absence of Merkel Cell Polyomavirus, in Head and Neck 
Cancer of Non-Smokers and Non-Drinkers. Frontiers in oncology. 2021;10.

13. Klufah F, Mobaraki G, Liu D, Alharbi RA, Kurz AK, Speel EJM, et al. Emerging role of human 
polyomaviruses 6 and 7 in human cancers. Infectious agents and cancer. 2021;16(1).

14. Klufah F, Mobaraki G, Chteinberg E, Alharbi RA, Winnepenninckx V, Speel EJM, et al. High 
Prevalence of Human Polyomavirus 7 in Cholangiocarcinomas and Adjacent Peritumoral Hepatocytes: 
Preliminary Findings. Microorganisms. 2020;8(8).

15. Klufah F, Mobaraki G, Hausen AZ, Samarska IV. Reactivation of BK Polyomavirus in Urine Cytology 
Is Not Associated with Urothelial Cell Carcinoma. Viruses. 2020;12(12):1412.

16. Chteinberg E, Klufah F, Rennspiess D, Mannheims MF, Abdul-Hamid MA, Losen M, et al. 
Low prevalence of Merkel cell polyomavirus in human epithelial thymic tumors. Thorac Cancer. 
2019;10(3):445-51.

Impact

177

8



17. Kuwamoto S. Recent advances in the biology of Merkel cell carcinoma. Human pathology. 
2011;42(8):1063-77.

18. Fernandez-Figueras MT, Puig L, Musulen E, Gilaberte M, Lerma E, Serrano S, et al. Expression 
profiles associated with aggressive behavior in Merkel cell carcinoma. Modern pathology : an official 
journal of the United States and Canadian Academy of Pathology, Inc. 2007;20(1):90-101.

19. Shuda M, Feng H, Kwun HJ, Rosen ST, Gjoerup O, Moore PS, et al. T antigen mutations are a 
human tumor-specific signature for Merkel cell polyomavirus. Proceedings of the National Academy 
of Sciences of the United States of America. 2008;105(42):16272-7.

20. Feng H, Shuda M, Chang Y, Moore PS. Clonal integration of a polyomavirus in human Merkel cell 
carcinoma. Science (New York, NY). 2008;319(5866):1096-100.

21. Eid M, Nguyen J, Brownell I. Seeking Standards for the Detection of Merkel Cell Polyomavirus and 
its Clinical Significance. The Journal of investigative dermatology. 2017;137(4):797-9.

22. Moshiri AS, Doumani R, Yelistratova L, Blom A, Lachance K, Shinohara MM, et al. Polyomavirus-
Negative Merkel Cell Carcinoma: A More Aggressive Subtype Based on Analysis of 282 Cases Using 
Multimodal Tumor Virus Detection. The Journal of investigative dermatology. 2017;137(4):819-27.

23. Schrama D, Peitsch WK, Zapatka M, Kneitz H, Houben R, Eib S, et al. Merkel cell polyomavirus 
status is not associated with clinical course of Merkel cell carcinoma. The Journal of investigative 
dermatology. 2011;131(8):1631-8.

24. Harms KL, Zhao L, Johnson B, Wang X, Carskadon S, Palanisamy N, et al. Virus-positive Merkel Cell 
Carcinoma Is an Independent Prognostic Group with Distinct Predictive Biomarkers. Clinical cancer 
research : an official journal of the American Association for Cancer Research. 2021;27(9):2494-504.

25. Björn Andtback H, Björnhagen-Säfwenberg V, Shi H, Lui WO, Masucci GV, Villabona L. 
Sex Differences in Overall Survival and the Effect of Radiotherapy in Merkel Cell Carcinoma-A 
Retrospective Analysis of a Swedish Cohort. Cancers. 2021;13(2).

26. Blechacz B. Cholangiocarcinoma: Current Knowledge and New Developments. Gut Liver. 
2017;11(1):13-26.

27. Tyson GL, El-Serag HB. Risk factors for cholangiocarcinoma. Hepatology. 2011;54(1):173-84.
28. Shaib YH, El-Serag HB, Davila JA, Morgan R, McGlynn KA. Risk factors of intrahepatic 

cholangiocarcinoma in the United States: a case-control study. Gastroenterology. 2005;128(3):620-6.
29. Burak K, Angulo P, Pasha TM, Egan K, Petz J, Lindor KD. Incidence and risk factors for 

cholangiocarcinoma in primary sclerosing cholangitis. The American journal of gastroenterology. 
2004;99(3):523-6.

30. Levican J, Acevedo M, León O, Gaggero A, Aguayo F. Role of BK human polyomavirus in cancer. 
Infectious agents and cancer. 2018;13:12.

31. Roberts IS, Besarani D, Mason P, Turner G, Friend PJ, Newton R. Polyoma virus infection and 
urothelial carcinoma of the bladder following renal transplantation. British journal of cancer. 
2008;99(9):1383-6.

32. Bouvard V, Baan RA, Grosse Y, Lauby-Secretan B, El Ghissassi F, Benbrahim-Tallaa L, et al. 
Carcinogenicity of malaria and of some polyomaviruses. The Lancet Oncology. 2012;13(4):339-40.

Addendum

178



33. Sanjuan N, Porrás A, Otero J, Perazzo S. Expression of major capsid protein VP-1 in the absence of 
viral particles in thymomas induced by murine polyomavirus. Journal of virology. 2001;75(6):2891-9.

34. Rennspiess D, Pujari S, Keijzers M, Abdul-Hamid MA, Hochstenbag M, Dingemans AM, 
et al. Detection of human polyomavirus 7 in human thymic epithelial tumors. J Thorac Oncol. 
2015;10(2):360-6.

35. Wong SQ, Waldeck K, Vergara IA, Schroder J, Madore J, Wilmott JS, et al. UV-Associated Mutations 
Underlie the Etiology of MCV-Negative Merkel Cell Carcinomas. Cancer research. 2015;75(24):5228-
34.

36. Toker C. Trabecular carcinoma of the skin. Archives of dermatology. 1972;105(1):107-10.

Impact

179

8


