
The trichodysplasia spinulosa-associated polyomavirus : discovery -
prevalence - infection - expression
Meijden, P.Z. van der

Citation
Meijden, P. Z. van der. (2016, June 21). The trichodysplasia spinulosa-associated polyomavirus
: discovery - prevalence - infection - expression. Retrieved from
https://hdl.handle.net/1887/41204
 
Version: Not Applicable (or Unknown)

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/41204
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/41204


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/41204 holds various files of this Leiden University 
dissertation 
 
Author: Meijden, Els van der 
Title: The trichodysplasia spinulosa-associated polyomavirus : discovery - prevalence - 

infection - expression 
Issue Date: 2016-06-21 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/41204


9



REFERENCES



CHAPTER 9

152

1.	 Izakovic J, Buchner SA, Duggelin M, Guggenheim R, Itin PH. [Hair-like hyperkeratoses in patients with 

kidney transplants. A new cyclosporin side-effect]. Der Hautarzt; Zeitschrift fur Dermatologie, Venerologie, 

und verwandte Gebiete. 1995;46(12):841-846.

2.	 Haycox CL, Kim S, Fleckman P, Smith LT, Piepkorn M, Sundberg JP, Howell DN, Miller SE. 

Trichodysplasia spinulosa newly described folliculocentric viral infection in an immunocompromised 

host. J Investig Dermatol Symp Proc 1999;4(3):268-271.

3.	 Moktefi A, Laude H, Brudy Gulphe L, Rozenberg F, Vacher Lavenu MC, Dupin N, Carlotti A. 

Trichodysplasia spinulosa associated with lupus. The American Journal of dermatopathology. 2014;36(3):e70-

74.

4.	 Richey JD, Graham TA, Katona T, Travers JB. Development of trichodysplasia spinulosa: case report of a 

patient with Gorlin syndrome treated with vismodegib. JAMA Dermatol. 2014;150(9):1016-1018.

5.	 Benoit T, Bacelieri R, Morrell DS, Metcalf J. Viral-associated trichodysplasia of immunosuppression: 

report of a pediatric patient with response to oral valganciclovir. Arch Dermatol 2010;146(8):871-874.

6.	 Berk DR, Lu D, Bayliss SJ. Trichodysplasia spinulosa in an adolescent with cystic fibrosis and lung 

transplantation. International journal of dermatology. 2013;52(12):1586-1588.

7.	 Blake BP, Marathe KS, Mohr MR, Jones N, Novosel T. Viral-associated trichodysplasia of 

immunosuppression in a renal transplant patient. Journal of drugs in dermatology : JDD. 2011;10(4):422-

424.

8.	 Brimhall CL, Malone JC. Viral-associated trichodysplasia spinulosa in a renal transplant patient. Arch 

Dermatol. 2012;148(7):863-864.

9.	 Burns A, Arnason T, Fraser R, Murray S, Walsh N. Keratotic “spiny” papules in an immunosuppressed 

child. Trichodysplasia spinulosa (TS). Arch Dermatol. 2011;147(10):1215-1220.

10.	 Campbell RM, Ney A, Gohh R, Robinson-Bostom L. Spiny hyperkeratotic projections on the face and 

extremities of a kidney transplant recipient. Arch Dermatol. 2006;142(12):1643-1648.

11.	 Celeiro-Munoz C, Gonzalez-Vilas D, Sanchez-Aguilar D, Suarez-Penaranda JM. Viral-associated 

trichodysplasia secondary to antineoplastic treatment in a patient with lymphoblastic leukemia. The 

American Journal of dermatopathology. 2014;36(6):e105-107.

12.	 Chastain MA, Millikan LE. Pilomatrix dysplasia in an immunosuppressed patient. J Am Acad Dermatol 

2000;43(1 Pt 1):118-122.

13.	 Elaba Z, Hughey L, Isayeva T, Weeks B, Solovan C, Solovastru L, Andea A. Ultrastructural and 

molecular confirmation of the trichodysplasia spinulosa-associated polyomavirus in biopsies of patients 

with trichodysplasia spinulosa. J Cutan Pathol. 2012;39(11):1004-1009.

14.	 Fischer MK, Kao GF, Nguyen HP, Drachenberg CB, Rady PL, Tyring SK, Gaspari AA. Specific Detection 

of Trichodysplasia Spinulosa-Associated Polyomavirus DNA in Skin and Renal Allograft Tissues in a Patient 

With Trichodysplasia Spinulosa. Arch Dermatol 2012.

15.	 Ghosn S, Abboud M, Kurban M, Abbas O. Spiny follicular hyperkeratotic papules on the face. JAMA 

pediatrics. 2013;167(9):867-868.

16.	 Heaphy MR, Jr., Shamma HN, Hickmann M, White MJ. Cyclosporine-induced folliculodystrophy. J Am 

Acad Dermatol 2004;50(2):310-315.

17.	 Holzer AM, Hughey LC. Trichodysplasia of immunosuppression treated with oral valganciclovir. J Am 

Acad Dermatol 2009;60(1):169-172.

18.	 Jawa P, Jain K, Allen R, Bradauskaite G, Kung SC. Trichodysplasia spinulosa. Kidney Int. 2014;85(3):715.

19.	 Kirchhof MG, Shojania K, Hull MW, Crawford RI, Au S. Trichodysplasia spinulosa: rare presentation 

of polyomavirus infection in immunocompromised patients. Journal of cutaneous medicine and surgery. 

2014;18(6):430-435.

20.	 Lee JS, Frederiksen P, Kossard S. Progressive trichodysplasia spinulosa in a patient with chronic 

lymphocytic leukaemia in remission. Australas J Dermatol 2008;49(1):57-60.



REFERENCES

153

21.	 Lee YY, Tucker SC, Prow NA, Setoh YX, Banney LA. Trichodysplasia spinulosa: a benign adnexal 

proliferation with follicular differentiation associated with polyomavirus. Australas J Dermatol. 

2014;55(2):e33-36.

22.	 Matthews MR, Wang RC, Reddick RL, Saldivar VA, Browning JC. Viral-associated trichodysplasia 

spinulosa: a case with electron microscopic and molecular detection of the trichodysplasia spinulosa-

associated human polyomavirus. J Cutan Pathol 2011;38(5):420-431.

23.	 Osswald SS, Kulick KB, Tomaszewski MM, Sperling LC. Viral-associated trichodysplasia in a patient with 

lymphoma: a case report and review. J Cutan Pathol 2007;34(9):721-725.

24.	 Sadler GM, Halbert AR, Smith N, Rogers M. Trichodysplasia spinulosa associated with chemotherapy for 

acute lymphocytic leukaemia. Australas J Dermatol 2007;48(2):110-114.

25.	 Schwieger-Briel A, Balma-Mena A, Ngan B, Dipchand A, Pope E. Trichodysplasia Spinulosa Rare 

Complication in Immunosuppressed Patients. Pediatr Dermatol 2010.

26.	 Sperling LC, Tomaszewski MM, Thomas DA. Viral-associated trichodysplasia in patients who are 

immunocompromised. J Am Acad Dermatol 2004;50(2):318-322.

27.	 Urbano PR, Pannuti CS, Pierrotti LC, David-Neto E, Romano CM. Rapid detection of trichodysplasia 

spinulosa-associated polyomavirus in skin biopsy specimen. Genome announcements. 2014;2(4).

28.	 van der Meijden E, Janssens RW, Lauber C, Bouwes Bavinck JN, Gorbalenya AE, Feltkamp 

MC. Discovery of a new human polyomavirus associated with trichodysplasia spinulosa in an 

immunocompromized patient. PLoS Pathog 2010;6(7):e1001024.

29.	 Wanat KA, Holler PD, Dentchev T, Simbiri K, Robertson E, Seykora JT, Rosenbach M. Viral-associated 

trichodysplasia: characterization of a novel polyomavirus infection with therapeutic insights. Arch 

Dermatol. 2012;148(2):219-223.

30.	 Wyatt AJ, Sachs DL, Shia J, Delgado R, Busam KJ. Virus-associated trichodysplasia spinulosa. Am J Surg 

Pathol 2005;29(2):241-246.

31.	 Kazem S, van der Meijden E, Wang RC, Rosenberg AS, Pope E, Benoit T, Fleckman P, Feltkamp MC. 

Polyomavirus-associated Trichodysplasia spinulosa involves hyperproliferation, pRB phosphorylation and 

upregulation of p16 and p21. PLoS One 2014;9(10):e108947.

32.	 Kazem S, van der Meijden E, Feltkamp MC. The trichodysplasia spinulosa-associated polyomavirus: 

virological background and clinical implications. APMIS : acta pathologica, microbiologica, et immunologica 

Scandinavica. 2013;121(8):770-782.

33.	 Johne R, Muller H, Rector A, van Ranst M, Stevens H. Rolling-circle amplification of viral DNA genomes 

using phi29 polymerase. Trends Microbiol 2009;17(5):205-211.

34.	 Rector A, Tachezy R, van Ranst M. A sequence-independent strategy for detection and cloning of 

circular DNA virus genomes by using multiply primed rolling-circle amplification. J Virol 2004;78(10):4993-

4998.

35.	 Paez JG, Lin M, Beroukhim R, Lee JC, Zhao X, Richter DJ, Gabriel S, Herman P, Sasaki H, Altshuler 

D, Li C, Meyerson M, Sellers WR. Genome coverage and sequence fidelity of phi29 polymerase-based 

multiple strand displacement whole genome amplification. Nucleic Acids Res 2004;32(9):e71.

36.	 Nelson JR, Cai YC, Giesler TL, Farchaus JW, Sundaram ST, Ortiz-Rivera M, Hosta LP, Hewitt PL, 

Mamone JA, Palaniappan C, Fuller CW. TempliPhi, phi29 DNA polymerase based rolling circle 

amplification of templates for DNA sequencing. Biotechniques. 2002;Suppl:44-47.

37.	 Schowalter RM, Pastrana DV, Pumphrey KA, Moyer AL, Buck CB. Merkel cell polyomavirus and 

two previously unknown polyomaviruses are chronically shed from human skin. Cell Host Microbe. 

2010;7(6):509-515.

38.	 Norkin LC, Allander, T., Atwood, W. J., Buck, C. B., Garcea, R. L., Imperiale, M. J., Johne, R., Major, E.O., 

Pipas, J. M. and Ramqvist, T. Family Polyomaviridae. In Virus Taxonomy, Ninth Report of the International 

Committee on Taxonomy of Viruses. 2012:279–290.



CHAPTER 9

154

39.	 Eddy BE, Borman GS, Grubbs GE, Young RD. Identification of the oncogenic substance in rhesus 

monkey kidney cell culture as simian virus 40. Virology. 1962;17:65-75.

40.	 Girardi AJ, Sweet BH, Slotnick VB, Hilleman MR. Development of tumors in hamsters inoculated in 

the neonatal period with vacuolating virus, SV-40. Proceedings of the Society for Experimental Biology and 

Medicine. Society for Experimental Biology and Medicine. 1962;109:649-660.

41.	 Gross L. A filterable agent, recovered from Ak leukemic extracts, causing salivary gland carcinomas in C3H 

mice. Proceedings of the Society for Experimental Biology and Medicine. Society for Experimental Biology and 

Medicine. 1953;83(2):414-421.

42.	 Padgett BL, Walker DL, ZuRhein GM, Eckroade RJ, Dessel BH. Cultivation of papova-like virus from 

human brain with progressive multifocal leucoencephalopathy. Lancet. 1971;1(7712):1257-1260.

43.	 Gardner SD, Field AM, Coleman DV, Hulme B. New human papovavirus (B.K.) isolated from urine after 

renal transplantation. Lancet. 1971;1(7712):1253-1257.

44.	 Johne R, Buck CB, Allander T, Atwood WJ, Garcea RL, Imperiale MJ, Major EO, Ramqvist T, Norkin LC. 

Taxonomical developments in the family Polyomaviridae. Arch Virol 2011.

45.	 Cinque P, Koralnik IJ, Gerevini S, Miro JM, Price RW. Progressive multifocal leukoencephalopathy in 

HIV-1 infection. Lancet Infect Dis. 2009;9(10):625-636.

46.	 Mateen FJ, Muralidharan R, Carone M, van de Beek D, Harrison DM, Aksamit AJ, Gould MS, Clifford 

DB, Nath A. Progressive multifocal leukoencephalopathy in transplant recipients. Annals of neurology. 

2011;70(2):305-322.

47.	 Reid CE, Li H, Sur G, Carmillo P, Bushnell S, Tizard R, McAuliffe M, Tonkin C, Simon K, Goelz S, Cinque 

P, Gorelik L, Carulli JP. Sequencing and analysis of JC virus DNA from natalizumab-treated PML patients. 

J Infect Dis. 2011;204(2):237-244.

48.	 Carter JJ, Paulson KG, Wipf GC, Miranda D, Madeleine MM, Johnson LG, Lemos BD, Lee S, Warcola 

AH, Iyer JG, Nghiem P, Galloway DA. Association of Merkel cell polyomavirus-specific antibodies with 

Merkel cell carcinoma. J Natl Cancer Inst 2009;101(21):1510-1522.

49.	 Egli A, Infanti L, Dumoulin A, Buser A, Samaridis J, Stebler C, Gosert R, Hirsch HH. Prevalence of 

polyomavirus BK and JC infection and replication in 400 healthy blood donors. J Infect Dis 2009;199(6):837-

846.

50.	 Kean JM, Rao S, Wang M, Garcea RL. Seroepidemiology of human polyomaviruses. PLoS Pathog 

2009;5(3):e1000363.

51.	 Kjaerheim K, Roe OD, Waterboer T, Sehr P, Rizk R, Dai HY, Sandeck H, Larsson E, Andersen A, 

Boffetta P, Pawlita M. Absence of SV40 antibodies or DNA fragments in prediagnostic mesothelioma 

serum samples. Int J Cancer. 2007;120(11):2459-2465.

52.	 Gossai A, Waterboer T, Nelson HH, Michel A, Willhauck-Fleckenstein M, Farzan SF, Hoen AG, 

Christensen BC, Kelsey KT, Marsit CJ, Pawlita M, Karagas MR. Seroepidemiology of Human 

Polyomaviruses in a US Population. American journal of epidemiology. 2015.

53.	 Gosert R, Rinaldo CH, Funk GA, Egli A, Ramos E, Drachenberg CB, Hirsch HH. Polyomavirus BK with 

rearranged noncoding control region emerge in vivo in renal transplant patients and increase viral 

replication and cytopathology. The Journal of experimental medicine. 2008;205(4):841-852.

54.	 Nickeleit V, Klimkait T, Binet IF, Dalquen P, Del Zenero V, Thiel G, Mihatsch MJ, Hirsch HH. Testing for 

polyomavirus type BK DNA in plasma to identify renal-allograft recipients with viral nephropathy. The New 

England journal of medicine. 2000;342(18):1309-1315.

55.	 Allander T, Andreasson K, Gupta S, Bjerkner A, Bogdanovic G, Persson MA, Dalianis T, Ramqvist T, 

Andersson B. Identification of a third human polyomavirus. J Virol 2007;81(8):4130-4136.

56.	 Neske F, Prifert C, Scheiner B, Ewald M, Schubert J, Opitz A, Weissbrich B. High prevalence of 

antibodies against polyomavirus WU, polyomavirus KI, and human bocavirus in German blood donors. 

BMC Infect Dis 2010;10:215.



REFERENCES

155

57.	 Nguyen NL, Le BM, Wang D. Serologic evidence of frequent human infection with WU and KI 

polyomaviruses. Emerg Infect Dis 2009;15(8):1199-1205.

58.	 Gaynor AM, Nissen MD, Whiley DM, Mackay IM, Lambert SB, Wu G, Brennan DC, Storch GA, Sloots 

TP, Wang D. Identification of a novel polyomavirus from patients with acute respiratory tract infections. 

PLoS Pathog 2007;3(5):e64.

59.	 Feng H, Shuda M, Chang Y, Moore PS. Clonal integration of a polyomavirus in human Merkel cell 

carcinoma. Science. 2008;319(5866):1096-1100.

60.	 Tolstov YL, Pastrana DV, Feng H, Becker JC, Jenkins FJ, Moschos S, Chang Y, Buck CB, Moore PS. 

Human Merkel cell polyomavirus infection II. MCV is a common human infection that can be detected by 

conformational capsid epitope immunoassays. Int J Cancer. 2009;125(6):1250-1256.

61.	 Nicol JT, Robinot R, Carpentier A, Carandina G, Mazzoni E, Tognon M, Touze A, Coursaget P. Age-

specific seroprevalence of Merkel cell polyomavirus, Human polyomaviruses 6, 7 and 9 and Trichodysplasia 

Spinulosa-associated polyomavirus. Clin Vaccine Immunol 2013.

62.	 van der Meijden E, Bialasiewicz S, Rockett RJ, Tozer SJ, Sloots TP, Feltkamp MC. Different serologic 

behavior of MCPyV, TSPyV, HPyV6, HPyV7 and HPyV9 polyomaviruses found on the skin. PLoS One 

2013;8(11):e81078.

63.	 Ho J, Jedrych JJ, Feng H, Natalie AA, Grandinetti L, Mirvish E, Crespo MM, Yadav D, Fasanella 

KE, Proksell S, Kuan SF, Pastrana DV, Buck CB, Shuda Y, Moore PS, Chang Y. Human Polyomavirus 

7-associated Pruritic Rash and Viremia in Transplant Recipients. J Infect Dis 2014.

64.	 Rennspiess D, Pujari S, Keijzers M, Abdul-Hamid MA, Hochstenbag M, Dingemans A, Kurz AK, Speel 

E, Haugg A, Pastrana DV, Buck CB, De Baets MH, zur Hausen A. Detection of Human Polyomavirus 7 in 

human thymic epithelial tumors. J Thorac Oncol 2014.

65.	 Kazem S, van der Meijden E, Kooijman S, Rosenberg AS, Hughey LC, Browning JC, Sadler G, 

Busam K, Pope E, Benoit T, Fleckman P, de VE, Eekhof JA, Feltkamp MC. Trichodysplasia spinulosa is 

characterized by active polyomavirus infection. J Clin Virol 2012;53(3):225-230.

66.	 Chen T, Mattila PS, Jartti T, Ruuskanen O, Soderlund-Venermo M, Hedman K. Seroepidemiology of 

the Newly Found Trichodysplasia Spinulosa-Associated Polyomavirus. J Infect Dis 2011.

67.	 van der Meijden E, Kazem S, Burgers MM, Janssens R, Bouwes Bavinck JN, de MH, Feltkamp MC. 

Seroprevalence of trichodysplasia spinulosa-associated polyomavirus. Emerg Infect Dis 2011;17(8):1355-

1363.

68.	 Sauvage V, Foulongne V, Cheval J, Ar GM, Pariente K, Dereure O, Manuguerra JC, Richardson 

J, Lecuit M, Burguiere A, Caro V, Eloit M. Human polyomavirus related to african green monkey 

lymphotropic polyomavirus. Emerg Infect Dis 2011;17(8):1364-1370.

69.	 Scuda N, Hofmann J, Calvignac-Spencer S, Ruprecht K, Liman P, Kuhn J, Hengel H, Ehlers B. A novel 

human polyomavirus closely related to the African green monkey-derived lymphotropic polyomavirus 

(LPV). J Virol 2011.

70.	 Nicol JT, Touze A, Robinot R, Arnold F, Mazzoni E, Tognon M, Coursaget P. Seroprevalence and Cross-

reactivity of Human Polyomavirus 9. Emerg Infect Dis 2012;18(8):1329-1332.

71.	 Trusch F, Klein M, Finsterbusch T, Kuhn J, Hofmann J, Ehlers B. Seroprevalence of human polyomavirus 

9 and cross-reactivity to African green monkey-derived lymphotropic polyomavirus. J Gen Virol 2012;93(Pt 

4):698-705.

72.	 Buck CB, Phan GQ, Raiji MT, Murphy PM, McDermott DH, McBride AA. Complete genome sequence 

of a tenth human polyomavirus. J Virol 2012;86(19):10887.

73.	 Siebrasse EA, Reyes A, Lim ES, Zhao G, Mkakosya RS, Manary MJ, Gordon JI, Wang D. Identification 

of MW polyomavirus, a novel polyomavirus in human stool. J Virol 2012.



CHAPTER 9

156

74.	 Yu G, Greninger AL, Isa P, Phan TG, Martinez MA, de la Luz SM, Contreras JF, Santos-Preciado JI, 

Parsonnet J, Miller S, DeRisi JL, Delwart E, Arias CF, Chiu CY. Discovery of a novel polyomavirus in 

acute diarrheal samples from children. PLoS One 2012;7(11):e49449.

75.	 Berrios C, Jung J, Primi B, Wang M, Pedamallu C, Duke F, Marcelus C, Cheng J, Garcea RL, Meyerson 

M, DeCaprio JA. Malawi polyomavirus is a prevalent human virus that interacts with known tumor 

suppressors. J Virol. 2015;89(1):857-862.

76.	 Nicol JT, Leblond V, Arnold F, Guerra G, Mazzoni E, Tognon M, Coursaget P, Touze A. Seroprevalence 

of human Malawi polyomavirus. J Clin Microbiol 2014;52(1):321-323.

77.	 Lim ES, Reyes A, Antonio M, Saha D, Ikumapayi UN, Adeyemi M, Stine OC, Skelton R, Brennan 

DC, Mkakosya RS, Manary MJ, Gordon JI, Wang D. Discovery of STL polyomavirus, a polyomavirus of 

ancestral recombinant origin that encodes a unique T antigen by alternative splicing. Virology. 2012.

78.	 Lim ES, Meinerz NM, Primi B, Wang D, Garcea RL. Common exposure to STL polyomavirus during 

childhood. Emerg Infect Dis 2014;20(9):1559-1561.

79.	 Korup S, Rietscher J, Calvignac-Spencer S, Trusch F, Hofmann J, Moens U, Sauer I, Voigt S, Schmuck 

R, Ehlers B. Identification of a novel human polyomavirus in organs of the gastrointestinal tract. PLoS One 

2013;8(3):e58021.

80.	 Mishra N, Pereira M, Rhodes RH, An P, Pipas JM, Jain K, Kapoor A, Briese T, Faust PL, Lipkin WI. 

Identification of a Novel Polyomavirus in a Pancreatic Transplant Recipient With Retinal Blindness and 

Vasculitic Myopathy. J Infect Dis 2014.

81.	 Perez-Losada M, Christensen RG, McClellan DA, Adams BJ, Viscidi RP, Demma JC, Crandall KA. 

Comparing phylogenetic codivergence between polyomaviruses and their hosts. J Virol. 2006;80(12):5663-

5669.

82.	 Shadan FF, Villarreal LP. Coevolution of persistently infecting small DNA viruses and their hosts linked to 

host-interactive regulatory domains. Proc Natl Acad Sci U S A. 1993;90(9):4117-4121.

83.	 Baker TS, Drak J, Bina M. The capsid of small papova viruses contains 72 pentameric capsomeres: direct 

evidence from cryo-electron-microscopy of simian virus 40. Biophysical journal. 1989;55(2):243-253.

84.	 DeCaprio JA, Imperiale, M. J., Major, E. O. Polyomaviruses. In Fields Virology, 6th edn, p. 2513. Edited by D. 

M. Knipe & P.M. Howley. Philadelphia: Wolters Kluwer / Lippincott Williams & Wilkins.2013.

85.	 Salunke DM, Caspar DL, Garcea RL. Self-assembly of purified polyomavirus capsid protein VP1. Cell. 

1986;46(6):895-904.

86.	 Gosert R, Kardas P, Major EO, Hirsch HH. Rearranged JC virus noncoding control regions found in 

progressive multifocal leukoencephalopathy patient samples increase virus early gene expression and 

replication rate. J Virol. 2010;84(20):10448-10456.

87.	 Abend JR, Joseph AE, Das D, Campbell-Cecen DB, Imperiale MJ. A truncated T antigen expressed from 

an alternatively spliced BK virus early mRNA. J Gen Virol 2009;90(Pt 5):1238-1245.

88.	 Shuda M, Feng H, Kwun HJ, Rosen ST, Gjoerup O, Moore PS, Chang Y. T antigen mutations are a 

human tumor-specific signature for Merkel cell polyomavirus. Proc Natl Acad Sci U S A. 2008;105(42):16272-

16277.

89.	 Trowbridge PW, Frisque RJ. Identification of three new JC virus proteins generated by alternative 

splicing of the early viral mRNA. J Neurovirol 1995;1(2):195-206.

90.	 Zerrahn J, Knippschild U, Winkler T, Deppert W. Independent expression of the transforming amino-

terminal domain of SV40 large I antigen from an alternatively spliced third SV40 early mRNA. EMBO J 

1993;12(12):4739-4746.

91.	 Comerford SA, Schultz N, Hinnant EA, Klapproth S, Hammer RE. Comparative analysis of SV40 17kT 

and LT function in vivo demonstrates that LT’s C-terminus re-programs hepatic gene expression and is 

necessary for tumorigenesis in the liver. Oncogenesis 2012;1:e28.



REFERENCES

157

92.	 Riley MI, Yoo W, Mda NY, Folk WR. Tiny T antigen: an autonomous polyomavirus T antigen amino-

terminal domain. J Virol 1997;71(8):6068-6074.

93.	 Carter JJ, Daugherty MD, Qi X, Bheda-Malge A, Wipf GC, Robinson K, Roman A, Malik HS, Galloway 

DA. Identification of an overprinting gene in Merkel cell polyomavirus provides evolutionary insight into 

the birth of viral genes. Proc Natl Acad Sci U S A. 2013;110(31):12744-12749.

94.	 Belshaw R, Pybus OG, Rambaut A. The evolution of genome compression and genomic novelty in RNA 

viruses. Genome research. 2007;17(10):1496-1504.

95.	 Firth AE, Brown CM. Detecting overlapping coding sequences in virus genomes. BMC bioinformatics. 

2006;7:75.

96.	 Keese PK, Gibbs A. Origins of genes: “big bang” or continuous creation? Proc Natl Acad Sci U S A. 

1992;89(20):9489-9493.

97.	 Sabath N, Wagner A, Karlin D. Evolution of viral proteins originated de novo by overprinting. Molecular 

biology and evolution. 2012;29(12):3767-3780.

98.	 Gerits N, Johannessen M, Tummler C, Walquist M, Kostenko S, Snapkov I, van Loon B, Ferrari E, 

Hubscher U, Moens U. Agnoprotein of polyomavirus BK interacts with proliferating cell nuclear antigen 

and inhibits DNA replication. Virol J. 2015;12(1):7.

99.	 Yu Y, Alwine JC. 19S late mRNAs of simian virus 40 have an internal ribosome entry site upstream of the 

virion structural protein 3 coding sequence. J Virol 2006;80(13):6553-6558.

100.	 Schowalter RM, Buck CB. The Merkel cell polyomavirus minor capsid protein. PLoS Pathog. 

2013;9(8):e1003558.

101.	 Seo GJ, Chen CJ, Sullivan CS. Merkel cell polyomavirus encodes a microRNA with the ability to 

autoregulate viral gene expression. Virology. 2009;383(2):183-187.

102.	 Sullivan CS, Grundhoff AT, Tevethia S, Pipas JM, Ganem D. SV40-encoded microRNAs regulate viral 

gene expression and reduce susceptibility to cytotoxic T cells. Nature. 2005;435(7042):682-686.

103.	 Sullivan CS, Sung CK, Pack CD, Grundhoff A, Lukacher AE, Benjamin TL, Ganem D. Murine 

Polyomavirus encodes a microRNA that cleaves early RNA transcripts but is not essential for experimental 

infection. Virology. 2009;387(1):157-167.

104.	 Theiss JM, Gunther T, Alawi M, Neumann F, Tessmer U, Fischer N, Grundhoff A. A Comprehensive 

Analysis of Replicating Merkel Cell Polyomavirus Genomes Delineates the Viral Transcription Program and 

Suggests a Role for mcv-miR-M1 in Episomal Persistence. PLoS Pathog. 2015;11(7):e1004974.

105.	 Lauber C, Kazem S, Kravchenko AA, Feltkamp MC, Gorbalenya AE. Interspecific adaptation by binary 

choice at de novo polyomavirus T antigen site through accelerated codon-constrained Val-Ala toggling 

within an intrinsically disordered region. Nucleic Acids Res. 2015;43(10):4800-4813.

106.	 Bauman Y, Nachmani D, Vitenshtein A, Tsukerman P, Drayman N, Stern-Ginossar N, Lankry D, 

Gruda R, Mandelboim O. An identical miRNA of the human JC and BK polyoma viruses targets the stress-

induced ligand ULBP3 to escape immune elimination. Cell Host Microbe. 2011;9(2):93-102.

107.	 Lee S, Paulson KG, Murchison EP, Afanasiev OK, Alkan C, Leonard JH, Byrd DR, Hannon GJ, Nghiem 

P. Identification and validation of a novel mature microRNA encoded by the Merkel cell polyomavirus in 

human Merkel cell carcinomas. J Clin Virol. 2011;52(3):272-275.

108.	 Imperiale MJ, Major E.O. Polyomaviruses. In Fields Virology, 5th edn, pp. 2263–2298. Edited by D. M. Knipe & 

P.M. Howley. Philadelphia: Wolters Kluwer / Lippincott Williams & Wilkins.2007:2263–2298.

109.	 Sullivan CS, Pipas JM. T antigens of simian virus 40: molecular chaperones for viral replication and 

tumorigenesis. Microbiol Mol Biol Rev 2002;66(2):179-202.

110.	 Chang Y, Moore PS. Merkel cell carcinoma: a virus-induced human cancer. Annual review of pathology. 

2012;7:123-144.

111.	 Andrabi S, Hwang JH, Choe JK, Roberts TM, Schaffhausen BS. Comparisons between polyoma and 

SV40 show significant differences in small T antigen function. J Virol 2011.



CHAPTER 9

158

112.	 Buchkovich NJ, Yu Y, Zampieri CA, Alwine JC. The TORrid affairs of viruses: effects of mammalian DNA 

viruses on the PI3K-Akt-mTOR signalling pathway. Nat Rev Microbiol. 2008;6(4):266-275.

113.	 Arora R, Chang Y, Moore PS. MCV and Merkel cell carcinoma: a molecular success story. Curr Opin Virol 

2012.

114.	 Fanning E, Zhao K. SV40 DNA replication: from the A gene to a nanomachine. Virology. 2009;384(2):352-

359.

115.	 Cheng J, DeCaprio JA, Fluck MM, Schaffhausen BS. Cellular transformation by Simian Virus 40 and 

Murine Polyoma Virus T antigens. Semin Cancer Biol 2009;19(4):218-228.

116.	 Fluck MM, Schaffhausen BS. Lessons in signaling and tumorigenesis from polyomavirus middle T 

antigen. Microbiol Mol Biol Rev 2009;73(3):542-563, Table.

117.	 Dilworth SM. Polyoma virus middle T antigen and its role in identifying cancer-related molecules. Nat Rev 

Cancer. 2002;2(12):951-956.

118.	 Xue B, Ganti K, Rabionet A, Banks L, Uversky VN. Disordered interactome of human papillomavirus. 

Current pharmaceutical design. 2014;20(8):1274-1292.

119.	 Lauber C, Kazem S, Kravchenko AA, Feltkamp MCW, Gorbalenya AE. Interspecific adaptation by 

binary choice at de novo polyomavirus T antigen site through accelerated codon-constrained Val-Ala 

toggling within an intrinsically disordered region. Nucleic Acids Res. 2015.

120.	 Bloomgren G, Richman S, Hotermans C, Subramanyam M, Goelz S, Natarajan A, Lee S, 

Plavina T, Scanlon JV, Sandrock A, Bozic C. Risk of natalizumab-associated progressive multifocal 

leukoencephalopathy. The New England journal of medicine. 2012;366(20):1870-1880.

121.	 Major EO. Progressive multifocal leukoencephalopathy in patients on immunomodulatory therapies. 

Annual review of medicine. 2010;61:35-47.

122.	 Houben R, Shuda M, Weinkam R, Schrama D, Feng H, Chang Y, Moore PS, Becker JC. Merkel 

cell polyomavirus-infected Merkel cell carcinoma cells require expression of viral T antigens. J Virol 

2010;84(14):7064-7072.

123.	 Shuda M, Arora R, Kwun HJ, Feng H, Sarid R, Fernandez-Figueras MT, Tolstov Y, Gjoerup O, 

Mansukhani MM, Swerdlow SH, Chaudhary PM, Kirkwood JM, Nalesnik MA, Kant JA, Weiss LM, 

Moore PS, Chang Y. Human Merkel cell polyomavirus infection I. MCV T antigen expression in Merkel cell 

carcinoma, lymphoid tissues and lymphoid tumors. Int J Cancer. 2009;125(6):1243-1249.

124.	 Schrama D, Groesser L, Ugurel S, Hafner C, Pastrana DV, Buck CB, Cerroni L, Theiler A, Becker JC. 

Presence of human polyomavirus 6 in mutation-specific BRAF inhibitor-induced epithelial proliferations. 

JAMA Dermatol 2014;150(11):1180-1186.

125.	 Bialasiewicz S, Whiley DM, Lambert SB, Jacob K, Bletchly C, Wang D, Nissen MD, Sloots TP. Presence 

of the newly discovered human polyomaviruses KI and WU in Australian patients with acute respiratory 

tract infection. J Clin Virol 2008;41(2):63-68.

126.	 Babakir-Mina M, Ciccozzi M, Perno CF, Ciotti M. The novel KI, WU, MC polyomaviruses: possible human 

pathogens? The new microbiologica. 2011;34(1):1-8.

127.	 van der Meijden E, Wunderink HF, van der Blij-de Brouwer CS, Zaaijer HL, Rotmans JI, Bavinck 

JN, Feltkamp MC. Human polyomavirus 9 infection in kidney transplant patients. Emerg Infect Dis 

2014;20(6):991-999.

128.	 Waterboer T, Sehr P, Michael KM, Franceschi S, Nieland JD, Joos TO, Templin MF, Pawlita M. Multiplex 

human papillomavirus serology based on in situ-purified glutathione s-transferase fusion proteins. Clin 

Chem 2005;51(10):1845-1853.

129.	 Chen T, Hedman L, Mattila PS, Jartti T, Ruuskanen O, Soderlund-Venermo M, Hedman K. Serological 

evidence of Merkel cell polyomavirus primary infections in childhood. J Clin Virol 2010.

130.	 Bennett SM, Broekema NM, Imperiale MJ. BK polyomavirus: emerging pathogen. Microbes and infection 

/ Institut Pasteur. 2012;14(9):672-683.



REFERENCES

159

131.	 Hirsch HH, Randhawa P, Practice ASTIDCo. BK virus in solid organ transplant recipients. Am J Transplant. 

2009;9 Suppl 4:S136-146.

132.	 Wieland U, Silling S, Scola N, Potthoff A, Gambichler T, Brockmeyer NH, Pfister H, Kreuter A. Merkel 

cell polyomavirus infection in HIV-positive men. Arch Dermatol. 2011;147(4):401-406.

133.	 Korajkic A, Brownell MJ, Harwood VJ. Investigation of human sewage pollution and pathogen analysis 

at Florida Gulf coast beaches. Journal of applied microbiology. 2011;110(1):174-183.

134.	 Bofill-Mas S, Rodriguez-Manzano J, Calgua B, Carratala A, Girones R. Newly described human 

polyomaviruses Merkel cell, KI and WU are present in urban sewage and may represent potential 

environmental contaminants. Virol J. 2010;7:141.

135.	 Di Bonito P, Libera SD, Petricca S, Iaconelli M, Accardi L, Muscillo M, La Rosa G. Frequent and 

Abundant Merkel Cell Polyomavirus Detection in Urban Wastewaters in Italy. Food and environmental 

virology. 2014.

136.	 Foulongne V, Courgnaud V, Champeau W, Segondy M. Detection of Merkel cell polyomavirus on 

environmental surfaces. J Med Virol. 2011;83(8):1435-1439.

137.	 Wieland U, Mauch C, Kreuter A, Krieg T, Pfister H. Merkel cell polyomavirus DNA in persons without 

merkel cell carcinoma. Emerg Infect Dis 2009;15(9):1496-1498.

138.	 Abend JR, Jiang M, Imperiale MJ. BK virus and human cancer: innocent until proven guilty. Semin Cancer 

Biol. 2009;19(4):252-260.

139.	 Maginnis MS, Atwood WJ. JC virus: an oncogenic virus in animals and humans? Semin Cancer Biol 

2009;19(4):261-269.

140.	 de Koning M, Quint W, Struijk L, Kleter B, Wanningen P, van Doorn LJ, Weissenborn SJ, Feltkamp M, 

ter Schegget J. Evaluation of a novel highly sensitive, broad-spectrum PCR-reverse hybridization assay for 

detection and identification of beta-papillomavirus DNA. J Clin Microbiol. 2006;44(5):1792-1800.

141.	 Huang X, Madan A. CAP3: A DNA sequence assembly program. Genome research. 1999;9(9):868-877.

142.	 Mount SM. A catalogue of splice junction sequences. Nucleic Acids Res 1982;10(2):459-472.

143.	 Rogozin IB, Milanesi L. Analysis of donor splice sites in different eukaryotic organisms. Journal of 

molecular evolution. 1997;45(1):50-59.

144.	 Kwun HJ, Guastafierro A, Shuda M, Meinke G, Bohm A, Moore PS, Chang Y. The minimum replication 

origin of merkel cell polyomavirus has a unique large T-antigen loading architecture and requires small 

T-antigen expression for optimal replication. J Virol 2009;83(23):12118-12128.

145.	 Murzin AG, Brenner SE, Hubbard T, Chothia C. SCOP: a structural classification of proteins database for 

the investigation of sequences and structures. J Mol Biol. 1995;247(4):536-540.

146.	 Soding J. Protein homology detection by HMM-HMM comparison. Bioinformatics. 2005;21(7):951-960.

147.	 Pruitt KD, Tatusova T, Maglott DR. NCBI reference sequences (RefSeq): a curated non-redundant sequence 

database of genomes, transcripts and proteins. Nucleic Acids Res. 2007;35(Database issue):D61-65.

148.	 Groenewoud MJ, Fagrouch Z, van Gessel S, Niphuis H, Bulavaite A, Warren KS, Heeney JL, 

Verschoor EJ. Characterization of novel polyomaviruses from Bornean and Sumatran orang-utans. J Gen 

Virol 2010;91(Pt 3):653-658.

149.	 Edgar RC. MUSCLE: multiple sequence alignment with high accuracy and high throughput. Nucleic Acids 

Res. 2004;32(5):1792-1797.

150.	 Gorbalenya AE, Lieutaud P, Harris MR, Coutard B, Canard B, Kleywegt GJ, Kravchenko AA, 

Samborskiy DV, Sidorov IA, Leontovich AM, Jones TA. Practical application of bioinformatics by the 

multidisciplinary VIZIER consortium. Antiviral research. 2010;87(2):95-110.

151.	 Drummond AJ, Rambaut A. BEAST: Bayesian evolutionary analysis by sampling trees. BMC evolutionary 

biology. 2007;7:214.

152.	 Whelan S, Goldman N. A general empirical model of protein evolution derived from multiple protein 

families using a maximum-likelihood approach. Molecular biology and evolution. 2001;18(5):691-699.



CHAPTER 9

160

153.	 Drummond AJ, Ho SY, Phillips MJ, Rambaut A. Relaxed phylogenetics and dating with confidence. PLoS 

biology. 2006;4(5):e88.

154.	 Goodman SN. Toward evidence-based medical statistics. 2: The Bayes factor. Annals of internal medicine. 

1999;130(12):1005-1013.

155.	 Noble JC, Prives C, Manley JL. In vitro splicing of simian virus 40 early pre mRNA. Nucleic Acids Res 

1986;14(3):1219-1235.

156.	 White MK, Safak M, Khalili K. Regulation of gene expression in primate polyomaviruses. J Virol 

2009;83(21):10846-10856.

157.	 Pipas JM. Common and unique features of T antigens encoded by the polyomavirus group. J Virol 

1992;66(7):3979-3985.

158.	 Gorbalenya AE, Koonin EV, Wolf YI. A new superfamily of putative NTP-binding domains encoded by 

genomes of small DNA and RNA viruses. FEBS letters. 1990;262(1):145-148.

159.	 Ahuja D, Saenz-Robles MT, Pipas JM. SV40 large T antigen targets multiple cellular pathways to elicit 

cellular transformation. Oncogene. 2005;24(52):7729-7745.

160.	 Dalianis T, Ramqvist T, Andreasson K, Kean JM, Garcea RL. KI, WU and Merkel cell polyomaviruses: a 

new era for human polyomavirus research. Semin Cancer Biol 2009;19(4):270-275.

161.	 Jiang M, Abend JR, Johnson SF, Imperiale MJ. The role of polyomaviruses in human disease. Virology. 

2009;384(2):266-273.

162.	 Bennett MD, Woolford L, Stevens H, van Ranst M, Oldfield T, Slaven M, O’Hara AJ, Warren KS, 

Nicholls PK. Genomic characterization of a novel virus found in papillomatous lesions from a southern 

brown bandicoot (Isoodon obesulus) in Western Australia. Virology. 2008;376(1):173-182.

163.	 Johne R, Wittig W, Fernandez-de-Luco D, Hofle U, Muller H. Characterization of two novel 

polyomaviruses of birds by using multiply primed rolling-circle amplification of their genomes. J Virol 

2006;80(7):3523-3531.

164.	 Rector A, Bossart GD, Ghim SJ, Sundberg JP, Jenson AB, van Ranst M. Characterization of a novel 

close-to-root papillomavirus from a Florida manatee by using multiply primed rolling-circle amplification: 

Trichechus manatus latirostris papillomavirus type 1. J Virol. 2004;78(22):12698-12702.

165.	 Stevens H, Rector A, Bertelsen MF, Leifsson PS, van Ranst M. Novel papillomavirus isolated from 

the oral mucosa of a polar bear does not cluster with other papillomaviruses of carnivores. Veterinary 

microbiology. 2008;129(1-2):108-116.

166.	 Verschoor EJ, Groenewoud MJ, Fagrouch Z, Kewalapat A, van Gessel S, Kik MJ, Heeney JL. Molecular 

characterization of the first polyomavirus from a New World primate: squirrel monkey polyomavirus. J Gen 

Virol 2008;89(Pt 1):130-137.

167.	 Moens U, Van GM, Johannessen M. Oncogenic potentials of the human polyomavirus regulatory 

proteins. Cell Mol Life Sci 2007;64(13):1656-1678.

168.	 Kassem A, Technau K, Kurz AK, Pantulu D, Loning M, Kayser G, Stickeler E, Weyers W, Diaz C, 

Werner M, Nashan D, zur Hausen A. Merkel cell polyomavirus sequences are frequently detected in 

nonmelanoma skin cancer of immunosuppressed patients. Int J Cancer. 2009;125(2):356-361.

169.	 Ramqvist T, Dalianis T. Murine polyomavirus tumour specific transplantation antigens and viral persistence 

in relation to the immune response, and tumour development. Semin Cancer Biol. 2009;19(4):236-243.

170.	 zur Hausen H, Gissmann L. Lymphotropic papovaviruses isolated from African green monkey and 

human cells. Med Microbiol Immunol 1979;167(3):137-153.

171.	 Babakir-Mina M, Ciccozzi M, Lo Presti A, Greco F, Perno CF, Ciotti M. Identification of Merkel cell 

polyomavirus in the lower respiratory tract of Italian patients. J Med Virol. 2010;82(3):505-509.

172.	 Dworkin AM, Tseng SY, Allain DC, Iwenofu OH, Peters SB, Toland AE. Merkel cell polyomavirus 

in cutaneous squamous cell carcinoma of immunocompetent individuals. J Invest Dermatol. 

2009;129(12):2868-2874.



REFERENCES

161

173.	 Foulongne V, Dereure O, Kluger N, Moles JP, Guillot B, Segondy M. Merkel cell polyomavirus DNA 

detection in lesional and nonlesional skin from patients with Merkel cell carcinoma or other skin diseases. 

Br J Dermatol 2010;162(1):59-63.

174.	 Goh S, Lindau C, Tiveljung-Lindell A, Allander T. Merkel cell polyomavirus in respiratory tract secretions. 

Emerg Infect Dis. 2009;15(3):489-491.

175.	 de Koning MN, Struijk L, Bavinck JN, Kleter B, ter Schegget J, Quint WG, Feltkamp MC. 

Betapapillomaviruses frequently persist in the skin of healthy individuals. J Gen Virol. 2007;88(Pt 5):1489-

1495.

176.	 Busam KJ, Jungbluth AA, Rekthman N, Coit D, Pulitzer M, Bini J, Arora R, Hanson NC, Tassello 

JA, Frosina D, Moore P, Chang Y. Merkel cell polyomavirus expression in merkel cell carcinomas 

and its absence in combined tumors and pulmonary neuroendocrine carcinomas. Am J Surg Pathol 

2009;33(9):1378-1385.

177.	 Kassem A, Schopflin A, Diaz C, Weyers W, Stickeler E, Werner M, zur Hausen A. Frequent detection of 

Merkel cell polyomavirus in human Merkel cell carcinomas and identification of a unique deletion in the 

VP1 gene. Cancer Res 2008;68(13):5009-5013.

178.	 Touze A, Gaitan J, Arnold F, Cazal R, Fleury MJ, Combelas N, Sizaret PY, Guyetant S, Maruani A, 

Baay M, Tognon M, Coursaget P. Generation of Merkel cell polyomavirus (MCV)-like particles and their 

application to detection of MCV antibodies. J Clin Microbiol 2010;48(5):1767-1770.

179.	 Pastrana DV, Tolstov YL, Becker JC, Moore PS, Chang Y, Buck CB. Quantitation of human 

seroresponsiveness to Merkel cell polyomavirus. PLoS Pathog 2009;5(9):e1000578.

180.	 Sehr P, Muller M, Hopfl R, Widschwendter A, Pawlita M. HPV antibody detection by ELISA with capsid 

protein L1 fused to glutathione S-transferase. J Virol Methods. 2002;106(1):61-70.

181.	 Sehr P, Zumbach K, Pawlita M. A generic capture ELISA for recombinant proteins fused to glutathione 

S-transferase: validation for HPV serology. J Immunol Methods. 2001;253(1-2):153-162.

182.	 De Melker HE, Conyn-van Spaendonck MA. Immunosurveillance and the evaluation of national 

immunization programmes: a population-based approach. Epidemiol Infect 1998;121(3):637-643.

183.	 Antonsson A, Green AC, Mallitt KA, O’Rourke PK, Pawlita M, Waterboer T, Neale RE. Prevalence and 

stability of antibodies to the BK and JC polyomaviruses: a long-term longitudinal study of Australians. J 

Gen Virol 2010;91(Pt 7):1849-1853.

184.	 Plasmeijer EI, Neale RE, O’Rourke P, Mallitt KA, de Koning MN, Quint W, Buettner PG, Pawlita M, 

Waterboer T, Green AC, Feltkamp MC. Lack of association between the presence and persistence of 

betapapillomavirus DNA in eyebrow hairs and betapapillomavirus L1 antibodies in serum. J Gen Virol 

2010;91(Pt 8):2073-2079.

185.	 Paulson KG, Carter JJ, Johnson LG, Cahill KW, Iyer JG, Schrama D, Becker JC, Madeleine MM, Nghiem 

P, Galloway DA. Antibodies to Merkel Cell Polyomavirus T Antigen Oncoproteins Reflect Tumor Burden in 

Merkel Cell Carcinoma Patients. Cancer Res 2010.

186.	 Carter JJ, Madeleine MM, Wipf GC, Garcea RL, Pipkin PA, Minor PD, Galloway DA. Lack of serologic 

evidence for prevalent simian virus 40 infection in humans. J Natl Cancer Inst 2003;95(20):1522-1530.

187.	 Viscidi RP, Rollison DE, Viscidi E, Clayman B, Rubalcaba E, Daniel R, Major EO, Shah KV. Serological 

cross-reactivities between antibodies to simian virus 40, BK virus, and JC virus assessed by virus-like-

particle-based enzyme immunoassays. Clin Diagn Lab Immunol 2003;10(2):278-285.

188.	 Foulongne V, Kluger N, Dereure O, Mercier G, Moles JP, Guillot B, Segondy M. Merkel cell polyomavirus 

in cutaneous swabs. Emerg Infect Dis 2010;16(4):685-687.

189.	 Foulongne V, Sauvage V, Hebert C, Dereure O, Cheval J, Gouilh MA, Pariente K, Segondy M, 

Burguiere A, Manuguerra JC, Caro V, Eloit M. Human skin microbiota: high diversity of DNA viruses 

identified on the human skin by high throughput sequencing. PLoS One 2012;7(6):e38499.



CHAPTER 9

162

190.	 Rodig SJ, Cheng J, Wardzala J, DoRosario A, Scanlon JJ, Laga AC, Martinez-Fernandez A, Barletta 

JA, Bellizzi AM, Sadasivam S, Holloway DT, Cooper DJ, Kupper TS, Wang LC, DeCaprio JA. Improved 

detection suggests all Merkel cell carcinomas harbor Merkel polyomavirus. J Clin Invest. 2012;122(12):4645-

4653.

191.	 Tozer SJ, Lambert SB, Sloots TP, Nissen MD. Q fever seroprevalence in metropolitan samples is similar 

to rural/remote samples in Queensland, Australia. Eur J Clin Microbiol Infect Dis 2011;30(10):1287-1293.

192.	 Feltkamp MC, Kazem S, van der Meijden E, Lauber C, Gorbalenya AE. From Stockholm to Malawi: 

recent developments in studying human polyomaviruses. J Gen Virol 2013;94(Pt 3):482-496.

193.	 Moens U, Van GM, Song X, Ehlers B. Serological cross-reactivity between human polyomaviruses. Rev 

Med Virol 2013;23(4):250-264.

194.	 Boldorini R, Allegrini S, Miglio U, Paganotti A, Cocca N, Zaffaroni M, Riboni F, Monga G, Viscidi R. 

Serological evidence of vertical transmission of JC and BK polyomaviruses in humans. J Gen Virol 2011;92(Pt 

5):1044-1050.

195.	 Hamilton RS, Gravell M, Major EO. Comparison of antibody titers determined by hemagglutination 

inhibition and enzyme immunoassay for JC virus and BK virus. J Clin Microbiol 2000;38(1):105-109.

196.	 Antonsson A, Pawlita M, Feltkamp MC, Bouwes Bavinck JN, Euvrard S, Harwood CA, Naldi L, Nindl I, 

Proby CM, Neale RE, Waterboer T. Longitudinal study of seroprevalence and serostability of the human 

polyomaviruses JCV and BKV in organ transplant recipients. J Med Virol 2013;85(2):327-335.

197.	 Viscidi RP, Rollison DE, Sondak VK, Silver B, Messina JL, Giuliano AR, Fulp W, Ajidahun A, Rivanera 

D. Age-Specific Seroprevalence of Merkel Cell Polyomavirus, BK Virus, and JC Virus. Clin Vaccine Immunol 

2011;18(10):1737-1743.

198.	 Gjoerup O, Chang Y. Update on human polyomaviruses and cancer. Adv Cancer Res 2010;106:1-51.

199.	 Moens U, Van Ghelue M. Polymorphism in the genome of non-passaged human polyomavirus BK: 

implications for cell tropism and the pathological role of the virus. Virology. 2005;331(2):209-231.

200.	 Lopez-Lerma I, Mollet J, Garcia-Patos V. Trichodysplasia spinulosa in gorlin syndrome treated with 

vismodegib. JAMA Dermatol. 2015;151(4):458-459.

201.	 Wu JH, Nguyen HP, Rady PL, Tyring SK. Molecular insight into the viral biology and clinical features of 

trichodysplasia spinulosa. Br J Dermatol. 2015.

202.	 Fukumoto H, Li TC, Kataoka M, Hasegawa H, Wakita T, Saeki H, Suzuki T, Katano H. Seroprevalence of 

trichodysplasia spinulosa-associated polyomavirus in Japan. J Clin Virol. 2015;65:76-82.

203.	 Chen T, Tanner L, Simell V, Hedman L, Makinen M, Sadeghi M, Veijola R, Hyoty H, Ilonen J, Knip M, 

Toppari J, Simell O, Soderlund-Venermo M, Hedman K. Diagnostic methods for and clinical pictures of 

polyomavirus primary infections in children, Finland. Emerg Infect Dis. 2014;20(4):689-692.

204.	 Kazem S, Lauber C, van der Meijden E, Kooijman S, Kravchenko AA, Trichspin Network, Feltkamp 

MC, Gorbalenya AE. Limited variation during circulation of a polyomavirus in the human population 

involves the COCO-VA toggling site of Middle and Alternative T-antigen(s). Virology. 2015;487:129-140.

205.	 Frohman EM, Monaco MC, Remington G, Ryschkewitsch C, Jensen PN, Johnson K, Perkins M, 

Liebner J, Greenberg B, Monson N, Frohman TC, Douek D, Major EO. JC virus in CD34+ and CD19+ 

cells in patients with multiple sclerosis treated with natalizumab. JAMA neurology. 2014;71(5):596-602.

206.	 Babakir-Mina M, Ciccozzi M, Bonifacio D, Bergallo M, Costa C, Cavallo R, Di Bonito L, Perno CF, 

Ciotti M. Identification of the novel KI and WU polyomaviruses in human tonsils. J Clin Virol. 2009;46(1):75-

79.

207.	 Ferenczy MW, Marshall LJ, Nelson CD, Atwood WJ, Nath A, Khalili K, Major EO. Molecular biology, 

epidemiology, and pathogenesis of progressive multifocal leukoencephalopathy, the JC virus-induced 

demyelinating disease of the human brain. Clin Microbiol Rev 2012;25(3):471-506.



REFERENCES

163

208.	 Kantola K, Sadeghi M, Lahtinen A, Koskenvuo M, Aaltonen LM, Mottonen M, Rahiala J, Saarinen-

Pihkala U, Riikonen P, Jartti T, Ruuskanen O, Soderlund-Venermo M, Hedman K. Merkel cell 

polyomavirus DNA in tumor-free tonsillar tissues and upper respiratory tract samples: implications for 

respiratory transmission and latency. J Clin Virol. 2009;45(4):292-295.

209.	 Sadeghi M, Aaltonen LM, Hedman L, Chen T, Soderlund-Venermo M, Hedman K. Detection of TS 

polyomavirus DNA in tonsillar tissues of children and adults: evidence for site of viral latency. J Clin Virol. 

2014;59(1):55-58.

210.	 Stroh LJ, Gee GV, Blaum BS, Dugan AS, Feltkamp MC, Atwood WJ, Stehle T. Trichodysplasia spinulosa-

Associated Polyomavirus Uses a Displaced Binding Site on VP1 to Engage Sialylated Glycolipids. PLoS 

Pathog. 2015;11(8):e1005112.

211.	 Rockett R, Barraclough KA, Isbel NM, Dudley KJ, Nissen MD, Sloots TP, Bialasiewicz S. Specific rolling 

circle amplification of low-copy human polyomaviruses BKV, HPyV6, HPyV7, TSPyV, and STLPyV. J Virol 

Methods. 2015;215-216:17-21.

212.	 Siebrasse EA, Bauer I, Holtz LR, Le BM, Lassa-Claxton S, Canter C, Hmiel P, Shenoy S, Sweet S, 

Turmelle Y, Shepherd R, Wang D. Human polyomaviruses in children undergoing transplantation, 

United States, 2008-2010. Emerg Infect Dis. 2012;18(10):1676-1679.

213.	 Tsuzuki S, Fukumoto H, Mine S, Sato N, Mochizuki M, Hasegawa H, Sekizuka T, Kuroda M, Matsushita 

T, Katano H. Detection of trichodysplasia spinulosa-associated polyomavirus in a fatal case of myocarditis 

in a seven-month-old girl. International journal of clinical and experimental pathology. 2014;7(8):5308-5312.

214.	 DeCaprio JA, Garcea RL. A cornucopia of human polyomaviruses. Nat Rev Microbiol 2013;11(4):264-276.

215.	 Hirsch HH, Knowles W, Dickenmann M, Passweg J, Klimkait T, Mihatsch MJ, Steiger J. Prospective 

study of polyomavirus type BK replication and nephropathy in renal-transplant recipients. The New 

England journal of medicine. 2002;347(7):488-496.

216.	 Shuda M, Kwun HJ, Feng H, Chang Y, Moore PS. Human Merkel cell polyomavirus small T antigen is an 

oncoprotein targeting the 4E-BP1 translation regulator. J Clin Invest. 2011.

217.	 Houben R, Angermeyer S, Haferkamp S, Aue A, Goebeler M, Schrama D, Hesbacher S. Characterization 

of functional domains in the Merkel cell polyoma virus Large T antigen. Int J Cancer. 2015;136(5):E290-E300.

218.	 Nguyen HP, Patel A, Simonette RA, Rady P, Tyring SK. Binding of the trichodysplasia spinulosa-

associated polyomavirus small T antigen to protein phosphatase 2A: elucidation of a potential pathogenic 

mechanism in a rare skin disease. JAMA Dermatol 2014;150(11):1234-1236.

219.	 Wu JH, Simonette RA, Nguyen HP, Rady PL, Tyring SK. Small T-antigen of the TS-associated polyomavirus 

activates factors implicated in the MAPK pathway. Journal of the European Academy of Dermatology and 

Venereology : JEADV. 2015.

220.	 Kazem S, Lauber C, van der Meijden E, Kooijman S, Bialasiewicz S, Wang RC, Gorbalenya AE, 

Feltkamp MCW. Global circulation of slowly evolving trichodysplasia spinulosa-associated polyomavirus 

and its adaptation to the human population through alternative T antigens. Journal of Neurovirology. 

2013:2.

221.	 Courtneidge SA, Goutebroze L, Cartwright A, Heber A, Scherneck S, Feunteun J. Identification and 

characterization of the hamster polyomavirus middle T antigen. J Virol 1991;65(6):3301-3308.

222.	 Hutchinson MA, Hunter T, Eckhart W. Characterization of T antigens in polyoma-infected and 

transformed cells. Cell. 1978;15(1):65-77.

223.	 Struijk L, van der Meijden E, Kazem S, ter Schegget J, de Gruijl FR, Steenbergen RD, Feltkamp MC. 

Specific betapapillomaviruses associated with squamous cell carcinoma of the skin inhibit UVB-induced 

apoptosis of primary human keratinocytes. J Gen Virol 2008;89(Pt 9):2303-2314.

224.	 Zauner G, Hoffmann M, Rapp E, Koeleman CA, Dragan I, Deelder AM, Wuhrer M, Hensbergen 

PJ. Glycoproteomic analysis of human fibrinogen reveals novel regions of O-glycosylation. Journal of 

proteome research. 2012;11(12):5804-5814.



CHAPTER 9

164

225.	 Desmet FO, Hamroun D, Lalande M, Collod-Beroud G, Claustres M, Beroud C. Human Splicing Finder: 

an online bioinformatics tool to predict splicing signals. Nucleic Acids Res 2009;37(9):e67.

226.	 Johansson C, Schwartz S. Regulation of human papillomavirus gene expression by splicing and 

polyadenylation. Nat Rev Microbiol 2013;11(4):239-251.

227.	 Kozak M. An analysis of 5’-noncoding sequences from 699 vertebrate messenger RNAs. Nucleic Acids Res 

1987;15(20):8125-8148.

228.	 Topalis D, Andrei G, Snoeck R. The large tumor antigen: a “Swiss Army knife” protein possessing the 

functions required for the polyomavirus life cycle. Antiviral research. 2013;97(2):122-136.

229.	 Pipas JM. SV40: Cell transformation and tumorigenesis. Virology. 2009;384(2):294-303.

230.	 DeCaprio JA, Ludlow JW, Figge J, Shew JY, Huang CM, Lee WH, Marsilio E, Paucha E, Livingston DM. 

SV40 large tumor antigen forms a specific complex with the product of the retinoblastoma susceptibility 

gene. Cell. 1988;54(2):275-283.

231.	 Dyson N, Bernards R, Friend SH, Gooding LR, Hassell JA, Major EO, Pipas JM, Vandyke T, Harlow E. 

Large T antigens of many polyomaviruses are able to form complexes with the retinoblastoma protein. J 

Virol. 1990;64(3):1353-1356.

232.	 Harris KF, Christensen JB, Radany EH, Imperiale MJ. Novel mechanisms of E2F induction by BK virus 

large-T antigen: requirement of both the pRb-binding and the J domains. Mol Cell Biol. 1998;18(3):1746-

1756.

233.	 Todorovic B, Hung K, Massimi P, Avvakumov N, Dick FA, Shaw GS, Banks L, Mymryk JS. Conserved 

region 3 of human papillomavirus 16 E7 contributes to deregulation of the retinoblastoma tumor 

suppressor. J Virol. 2012;86(24):13313-13323.

234.	 Malanchi I, Accardi R, Diehl F, Smet A, Androphy E, Hoheisel J, Tommasino M. Human papillomavirus 

type 16 E6 promotes retinoblastoma protein phosphorylation and cell cycle progression. J Virol. 

2004;78(24):13769-13778.

235.	 Portari EA, Russomano FB, de Camargo MJ, Machado Gayer CR, da Rocha Guillobel HC, Santos-

Reboucas CB, Brito Macedo JM. Immunohistochemical expression of cyclin D1, p16Ink4a, p21WAF1, 

and Ki-67 correlates with the severity of cervical neoplasia. International journal of gynecological pathology 

: official journal of the International Society of Gynecological Pathologists. 2013;32(5):501-508.

236.	 Rayess H, Wang MB, Srivatsan ES. Cellular senescence and tumor suppressor gene p16. Int J Cancer. 

2012;130(8):1715-1725.

237.	 van Drongelen V, Danso MO, Mulder A, Mieremet A, van Smeden J, Bouwstra JA, El Ghalbzouri 

A. Barrier properties of an N/TERT-based human skin equivalent. Tissue engineering. Part A. 2014;20(21-

22):3041-3049.

238.	 Boxman IL, Mulder LH, Noya F, de Waard V, Gibbs S, Broker TR, ten Kate F, Chow LT, ter Schegget 

J. Transduction of the E6 and E7 genes of epidermodysplasia-verruciformis-associated human 

papillomaviruses alters human keratinocyte growth and differentiation in organotypic cultures. J Invest 

Dermatol. 2001;117(6):1397-1404.

239.	 Kazem S, van der Meijden E, Struijk L, de Gruijl FR, Feltkamp MC. Human papillomavirus 8 E6 disrupts 

terminal skin differentiation and prevents pro-Caspase-14 cleavage. Virus Res. 2012;163(2):609-616.

240.	 Kanitakis J, Kazem S, Van Der Meijden E, Feltkamp M. Absence of the trichodysplasia spinulosa-

associated polyomavirus in human pilomatricomas. European journal of dermatology : EJD. 2011;21(3):453-

454.

241.	 Langbein L, Rogers MA, Praetzel S, Winter H, Schweizer J. K6irs1, K6irs2, K6irs3, and K6irs4 represent 

the inner-root-sheath-specific type II epithelial keratins of the human hair follicle. J Invest Dermatol. 

2003;120(4):512-522.

242.	 Sadasivam S, DeCaprio JA. The DREAM complex: master coordinator of cell cycle-dependent gene 

expression. Nat Rev Cancer. 2013;13(8):585-595.



REFERENCES

165

243.	 Sherr CJ, McCormick F. The RB and p53 pathways in cancer. Cancer cell. 2002;2(2):103-112.

244.	 Frisque RJ, Hofstetter C, Tyagarajan SK. Transforming activities of JC virus early proteins. Adv Exp Med 

Biol. 2006;577:288-309.

245.	 Pipas JM, Levine AJ. Role of T antigen interactions with p53 in tumorigenesis. Semin Cancer Biol. 

2001;11(1):23-30.

246.	 Shivakumar CV, Das GC. Interaction of human polyomavirus BK with the tumor-suppressor protein p53. 

Oncogene. 1996;13(2):323-332.

247.	 Faust H, Pastrana DV, Buck CB, Dillner J, Ekstrom J. Antibodies to merkel cell polyomavirus correlate to 

presence of viral DNA in the skin. J Infect Dis 2011;203(8):1096-1100.

248.	 Rockett RJ, Sloots TP, Bowes S, O’Neill N, Ye S, Robson J, Whiley DM, Lambert SB, Wang D, Nissen 

MD, Bialasiewicz S. Detection of novel polyomaviruses, TSPyV, HPyV6, HPyV7, HPyV9 and MWPyV in feces, 

urine, blood, respiratory swabs and cerebrospinal fluid. PLoS One 2013;8(5):e62764.

249.	 Stroh LJ, Neu U, Blaum BS, Buch MH, Garcea RL, Stehle T. Structure analysis of the major capsid proteins 

of human polyomaviruses 6 and 7 reveals an obstructed sialic acid binding site. J Virol 2014;88(18):10831-

10839.

250.	 Neu U, Stehle T, Atwood WJ. The Polyomaviridae: Contributions of virus structure to our understanding 

of virus receptors and infectious entry. Virology. 2009;384(2):389-399.

251.	 Khan ZM, Liu Y, Neu U, Gilbert M, Ehlers B, Feizi T, Stehle T. Crystallographic and glycan microarray 

analysis of human polyomavirus 9 VP1 identifies N-glycolyl neuraminic acid as a receptor candidate. J Virol 

2014;88(11):6100-6111.

252.	 Schowalter RM, Pastrana DV, Buck CB. Glycosaminoglycans and sialylated glycans sequentially facilitate 

merkel cell polyomavirus infectious entry. PLoS Pathog 2011;7(7):e1002161.

253.	 Brostoff T, Dela Cruz FNJ, Church ME, Woolard KD, Pesavento PA. The raccoon polyomavirus genome 

and tumor antigen transcription are stable and abundant in neuroglial tumors. J Virol 2014;88(21):12816-

12824.

254.	 Dela Cruz FNJ, Giannitti F, Li L, Woods LW, Del VL, Delwart E, Pesavento PA. Novel polyomavirus 

associated with brain tumors in free-ranging raccoons, western United States. Emerg Infect Dis 

2013;19(1):77-84.

255.	 Andrei G, Topalis D, De Schutter T, Snoeck R. Insights into the mechanism of action of cidofovir and 

other acyclic nucleoside phosphonates against polyoma- and papillomaviruses and non-viral induced 

neoplasia. Antiviral research. 2015;114:21-46.

256.	 Tsang SH, Wang R, Nakamaru-Ogiso E, Knight SA, Buck CB, You J. The Oncogenic Small Tumor Antigen 

of Merkel Cell Polyomavirus Is an Iron-Sulfur Cluster Protein That Enhances Viral DNA Replication. J Virol. 

2015;90(3):1544-1556.

257.	 An P, Brodsky JL, Pipas JM. The conserved core enzymatic activities and the distinct dynamics of 

polyomavirus large T antigens. Archives of biochemistry and biophysics. 2015;573:23-31.

258.	 Borchert S, Czech-Sioli M, Neumann F, Schmidt C, Wimmer P, Dobner T, Grundhoff A, Fischer N. 

High-affinity Rb binding, p53 inhibition, subcellular localization, and transformation by wild-type or 

tumor-derived shortened Merkel cell polyomavirus large T antigens. J Virol. 2014;88(6):3144-3160.


