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Abstract

Background: We have recently reported the presence of the Human polyomavirus 7 (HPyV7) in human thymic
epithelial tumors as assessed by diverse molecular techniques. Here we report on the co-expression of p16,
retinoblastoma protein (pRb) and phosphorylated retinoblastoma protein (phospho-Rb) in human thymic epithelial
tumors in relation to HPyV7.

Methods: PRB, phospho-RB and p16 expression was assessed by immuno-histochemistry in 37 thymomas and 2
thymic carcinomas. 17 thymomas (46 %) and 1 thymic carcinoma (50 %) were recently tested positive for HPyV7. In
addition, 20 follicular hyperplasias were tested.

Results: Expression of pRb was observed in 35 thymomas (94.6 %), in 16 thymomas (43.2 %) the expression was
strong. Phospho-Rb was observed in 31 thymomas (83.8 %). 19 thymomas (51.4 %) showed immunoreactivity for p16
of which 8 thymomas revealed very strong p16 expression. No p16 expression was detected in thymic carcinomas. In
addition, no significant correlation between the presence of HPyV7 and pRb-, phospho-Rb- and p16-expression could
be established. No correlation between pRb, phospho-Rb, p16 and WHO staging, Masaoka-Koga staging or the
presence of MG was found. All 20 follicular hyperplasias showed expression of pRb and less expression of phospho-Rb.

Conclusions: Although polyomaviruses have been shown to interact with cell cycle proteins no correlation
between the presence of HPyV7 and the expression of pRb, phospho-Rb and p16 in human thymic epithelial
tumors was observed. In as much HPyV7 contributes to human thymomagenesis remains to be established.
Our data indicate pRb, phospho-Rb and p16 expression are rather unlikely to be involved in HPyV7 related
thymomagenesis.
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Background
Thymomas are rare tumors arising from thymic epithe-
lial cells. Frequently there is an association with
autoimmune diseases, most often (24.5–40 %) with
Myasthenia Gravis (MG) [1]. The aetiology of thymomas
is unknown though many studies focus on the role of
viruses testing diverse histological subtypes of thymic

epithelial tumors [1–3]. In mouse strains C3H/BiDa and
AKR the polyomavirus strain PTA induces thymomas,
[4, 5]. We have recently reported the presence of the
Human Polyomavirus 7 (HPyV7) in a large number of
human thymic epithelial tumors by fluorescence in situ
hybridization (FISH), immunohistochemistry (IHC) and
polymerase chain reaction (PCR). [6]. The human
polyomavirus 7 (HPyV7) was recently detected in
2010 from skin samples and prior to our report no
other human disease had been associated with the
presence of HPyV7 [7].

* Correspondence: axel.zurhausen@mumc.nl
3Department of Pathology, Maastricht University Medical Centre, P.
Debyelaan 25, P.O. Box 5800, 6202 AZ Maastricht, The Netherlands
4GROW-School for Oncology and Developmental Biology, Maastricht
University Medical Centre, Maastricht, The Netherlands
Full list of author information is available at the end of the article

© 2015 Keijzers et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Keijzers et al. Diagnostic Pathology  (2015) 10:201 
DOI 10.1186/s13000-015-0418-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s13000-015-0418-6&domain=pdf
mailto:axel.zurhausen@mumc.nl
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Table 1 Summary of clinico–pathological data and results of thymomas

Clinicopathological data HPyV7 P16 ProteinRb

Lab ID G. Age MG Thym. type Masaoka–Koga Anti–AChR IS/Ster. IHC 2 t10 Anti–Rb phosRb

1–1 F 73 + B1/B2 I + + – – + +

1–2 F 75 + B1/B2 I + + – – + +

1–11 F 34 + B2 I + – – ++ + +

1–12 F 36 + A I – + – – – –

1–16 F 34 + A I + + – – + +

1–17 M 69 + AB I + + – (+) + +

1–18 F 47 + AB I + + – (+) (+) (+)

1–19 M 68 – AB I NA NA + + (+) (+)

1–21 F 38 + AB I + – – – + –

1–22 M 65 + AB/B2 I + – – ++ (+) (+)

1–28 M 38 – B1 I NA NA – (+) + +

1–31 F 82 + A I + + + – (+) –

1–32 M 47 + B2 I + – – (+) + +

1–34 M 59 – AB I NA NA + + + +

1–36 F 82 – AB I NA NA + + (+) (+)

1–39 F 78 – B1 I NA NA – + + +

1–43 F 78 – AB I NA NA (+) – + +

1–23 M 37 + AB IIA + – + (+) + +

1–24 M 68 + B2 IIA + – + (+) + +

1–33 F 43 + B2 IIA + – + – (+) +

1–35 M 45 + AB IIA + – + – + (+)

1–37 M 77 + AB IIA + – (+) (+) + +

1–38 F 80 + AB IIA + + – – – +

1–3 F 57 + B2/B3 IIB + – + – (+) (+)

1–5 M 37 + B3 IIB + + + – (+) (+)

1–7 F 79 + A IIB – – (+) – (+) (+)

1–8 M 58 + A/B2 IIB + – (+) (+) (+) –

1–9 M 64 – B2 IIB NA NA (+) – + (+)

1–15 F 53 + B3 IIB + + – ++ + +

1–26 M 65 – AB IIB NA NA – + + –

1–42 F 57 + AB IIB + – – + + +

1–10 F 73 + B3 III + + – – + +

1–13 F 54 – B2 III NA NA (+) + + +

1–20 M 64 – B3 III NA NA – – + –

1–41 M 65 – B3 III NA NA + (+) + +

1–4 M 40 + B2 IVA + + (+) – + (+)

1–30 M 37 + B2 IVA + + – – + +

17/37 19/37 35/37 31/37

46 % 51.4 % 94.6 % 83.8 %

Lab ID laboratory identification, G gender, MG myasthenia gravis, Thym. type thymoma type, anti–AChR anti–acetylcholine receptor antibodies,
IS/Ster immunosuppression/steroids, HPyV7 human polyomavirus 7, IHC immunohistochemistry using 2 t10 monoclonal antibody directed against
LTag of HPyV7, − negative, (+) weak positive, + positive, ++ strong positive expression, +++ very strong positive expression, NA not applicable
P16 expression – = < 1 %; (+) = 1 %; + = 1–25 %; ++ = > 25 %
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The human polyomavirus family is currently grow-
ing very fast [8–10], however, only the Merkel cell
polyomavirus (MCPyV) has yet been identified as a
novel human tumor virus in Merkel cell carcinomas
(MCC), which is a very aggressive skin cancer of eld-
erly and immune suppressed patients [11]. MCPyV is
found in more than 80 % of MCC’s and its DNA is
clonally integrated in the tumor genomes [11, 12]. In
addition, MCPyV harbours tumor specific mutations
of the large T antigen (LTag) [13]. MCPyV is sup-
posed to induces tumorgenesis via truncated large T
antigen (LTag) and small T antigen (STag) possibly
inhibiting the tumor suppressor protein retinoblast-
oma (pRb) and protein 53 (p53) [14–16]. It has been
demonstrated that the polyomavirus simian virus (SV
40) interacts through large T antigen in the cell cycle
by the binding of pRb and p53 [17]. Recently it has
been proposed that the LTag from WU polyomavirus,
human polyomavirus 6, HPyV7 and Malawi polyoma-
virus might interact with p53 and pRb [18, 19]. Hu-
man papilloma virus (HPV), another potent small
DNA tumorvirus is one of the most important viral
causes of human cancer, and shares with MCPyV a
homolog LxCXE motif in the encoded RB binding site
[13, 20]. Although HPV could not be related to thy-
momagenesis increased transcript expression of p16
(cyclin-dependent kinase inhibitor 2A) was reported
in human thymomas [21]. P16 is frequently used as a
surrogate marker for HPV infection in HPV related
cervical and oropharyngeal cancers [22]. Of interest,
only very limited data are available regarding the pos-
sible role of pRB and p16 in human thymomas [23,
24]. In the present study we aimed to analyse the ex-
pression of pRB and p16 in human thymic epithelial
tumors in relation to the presence of HPyV7.

Methods
Patients and tissue
Formalin-fixed and paraffin-embedded (FFPE) resection
specimens were included as previously described [6]. In
total 37 thymomas and 2 thymic carcinomas (19 females
and 18 males; mean age 58.3 years; range 34–82 years),
20 follicular hyperplasias (15 females, 5 males, and
mean age 27.4 years) of which 19 were diagnosed

with MG, were included in this study. Thymomas were
classified according to the world health organization
(WHO) classification in thymoma type A, type AB,
type B1, B2, B3 or thymic carcinoma [25]. The
Masaoka-Koga classification was used to define the
invasiveness of a thymoma [26]. Clinico-pathological
data of thymoma and thymic carcinoma patients are
summarized in Tables 1 and 2. All specimens were
obtained from the Maastricht Pathology Tissue Collection
(MPTC). All use of tissues and patient data was in agree-
ment with the Dutch Code of Conduct for Observational
Research with Personal Data (2004) and Tissue (2001,
www.fmwv.nl).

Immunohistochemistry
PRb and phosphoralized Rb (phospho-Rb) expression was
detected by using two monoclonal Retinoblastoma anti-
bodies: pRb (a.a. 332–344), clone G3-245, Pharmingen,
dilution 1:300 and phospho-Rb, clone D20B12, dilution
1:100. P16 expression was performed with a monoclo-
nal antibody (clone JC8, dilution 1:400) (Santa Cruz).
Secondary antibody detection and visualization were
done with the EnVision FLEX™ Kit K8008 (DAKO) or
K5005 (Dako) according to standard protocols. Expres-
sion levels were assessed and scored by three experi-
enced investigators (AzH, MAH, DR). The results of
the HPyV7 LTag expression using the 2 t10 antibody
have been described previously [6]. In the epithelial
cells of 17 thymomas (46 %) marked LTag expression
was found. The expression of LTag was in good agreement
with earlier performed HPyV7-DNA PCR and/or the
HPyV7-FISH [7].

Statistics
Statistical analysis was performed with SPSS 20.0 stat-
istical software (SPSS Inc., Chicago, IL, USA). Dichot-
omous variables are expressed as absolute numbers
and percentages (%) and were compared using the
chi-square test or Fisher’s exact test as appropriate.
The Spearman’s rank correlation was used in non-
parametric data to study the associations between dif-
ferent variables. Statistical significance was considered
with the probability value of P < 0.05.

Table 2 Summary of clinico–pathological data and results of thymic carcinomas

Clinicopathological data HPyV7 P16 ProteinRb

Lab ID G. Age MG Thym. type Masaoka–Koga Anti–AChR IS/Ster. IHC 2 t10 Anti–Rb phosRb

1–6 M 60 – C III N/A N/A (+) – + +

1–26 F 67 – C IVB N/A N/A – – + +

C thymic carcinoma, G gender, MG myasthenia gravis, anti–AChR anti–acetylcholine receptor antibodies, IS/Ster immunosuppression/steroids, NA not applicable,
HPyV7 human polyomavirus 7, IHC immunohistochemistry using 2 t10 monoclonal antibody directed against LTag of HPyV7, − negative, (+) weak positive,
+ positive, ++ strong positive expression
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Ethical approval
All specimens were collected at the Department of Path-
ology of the MaastrichtUniversity Medical Centre, for
the Maastricht Pathology Tissue Collection, which in-
cludes ethical approval.All use of tissue and patient data
was in agreement with the Dutch Code of Conduct for
ObservationalResearch with Personal Data (2004) and
Tissue (2001, www.fmwv.nl).

Results
Correlation between pRb and phosphorylated Rb
expression in human thymomas and thymic carcinomas
and HPyV7
Thirty-five thymomas (94.6 %) showed specific expres-
sion of pRb within the neoplastic epithelial thymic cells
(Fig. 1d). Phospho-Rb was observed in 31 thymomas
(83.8 %) within the same cell compartment as pRb
(Fig. 1c). No correlation between phospo-pRb expression
and presence of HPyV7 could be established. In
addition, no correlation was observed between the ex-
pression of pRb or phospho-Rb and WHO staging,
Masaoka-Koga staging or the presence of MG.

Correlation between HPyV7 and p16 expression in human
thymomas and thymic carcinomas
Nuclear and cytoplasmic p16 expression [27] was de-
tected in 19 thymomas (51.4 %) mainly within the

neoplastic epithelial cells but also in dendritic cells as
had been described [28]. Both thymic carcinomas did
not reveal any p16 expression. No correlation between
the immunoreactivity of p16 and WHO staging,
Masaoka-Koga staging or the presence of MG was estab-
lished. Of the 17 patients positive for large LTag, 9 pa-
tients (52.9 %) showed expression of p16. However, p16
was also detected in 10 patients (50 %) negative for LTag
(Table 3). Three patients (8.1 %) showed very strong ex-
pression of p16 (++) (Fig. 1b). No differences regarding
p16 expression levels were observed between LTag posi-
tive and negative thymomas. Therefore, the presence of
HPyV7 was not associated with p16 expression.

Fig. 1 20X magnification images of thymoma 1–15 (Table 1). Upper left: Hematoxylin and eosin (H.E.) staining of a B3 thymoma revealing only
few intraepithelial lymphocytes; upper right:immunohistochemical staining confirms strong (++) nuclear and cytoplasmatic expression of p16 (red
color); lower left: expression of phospho-Rb is restricted to the nucleus of the thymic epithelial cells (brown color); lower right: expression of spe-
cific pRb is also restricted to the nucleus of the thymic epithelial cells (brown)

Table 3 Absence of a correlation between P16 and HPyV7 in
early and late stage thymoma and thymic carcinoma

HPyV7 IHC 2 t10

Masaoka– Koga I or II Masaoka–Koga III or IV

– + – +

P16

– 6 8 5 1

+ 10 7 0 2

Double positive 15/31 2/8

48.4 % 25.0 %
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Follicular hyperplasia
PRb was detected in all 20 follicular hyperplasias in the
lymphocytes. Phospho-Rb was also expressed in the lym-
phocytes in all follicular hyperplasias however, with a
much lower intensity.

Discussion
The presence of HPyV7 and the expression of the viral
LTag were detected in the epithelial cells of human
thymic epithelial tumors by PCR, FISH and IHC [6].
Yet, no information concerning the oncogenic cap-
acity of HPyV7 is available. Of the 12 known human
polyomaviruses only MCPyV has proven oncogenic
capacity [11]. Expression of p16 has been detected in
human thymic epithelial tumors on the transcriptional
and translational level [21, 23, 24]. Since expression
of p16 has been proposed as a potential surrogate
marker for the presence and involvement of tumor vi-
ruses e.g., HPV, we investigated in as much p16 ex-
pression in human thymic epithelial tumors correlate
with the presence of HPyV7 or expression of its LTag.
However, we detected no correlation between the ex-
pression of LTag and p16 in human thymic epithelial
tumors. Next, we investigated the co-expression of
pRb/phospho-Rb and LTag because pRb is a major
G1 checkpoint, which blocks S-phase entry and cell
growth. However, no correlation between the immu-
noreactivty of pRB and/or phospho-Rb and LTag was
observed.
Interestingly, we did not detect a specific pattern

of p16 or pRB expression in relation to the invasive-
ness of thymomas. In our study 17/31 (54.8 %) of
Masaoka-Koga Stage I or II and 2/8 (25 %) of
Masaoka-Koga stage III or IV thymic epithelial tu-
mors were double positive for P16 and pRb. This is
in contrast with Hirabayashi et al. who reported that
inactivation of p16 or RB could play a role in the
progression of thymomas [23]. These differences are
most likely a result of a distinct classification of
non-invasive and invasive thymomas e.g., Masaoka
stage II was counted as non-invasive in our study
because of the little difference in overall survival be-
tween stage I and II [29]. More recently, Omatsu et
al. showed that increasing malignancy is molecularly
paralleled by a stepwise increase of p16 expression
[24]. However, the difference within expression of
p16 was only shown between thymic carcinomas and
thymomas, without differences in expression level
within thymomas. In our series only two thymic car-
cinomas were included and they were both negative
for p16 expression. Interestingly, there were 3 pa-
tients (8.1 %) with strong immunoreactivity of p16
(++), none of these patients showed expression of
LTag of HPyV7. As HPV infection has been ruled

out as a possible cause for this p16 overexpression
[21] these findings might suggest a role in virology.
Diverse human viruses including Poliovirus and

oncogenic γ-herpesvirus Epstein Barr Virus have been
detected in human thymic epithelial tumors [1, 2] on
the search for the role of viruses in the pathogenesis
of MG. Yet, these results need to be confirmed in a
larger number of thymic epithelial tumors

Conclusions
In conclusion, in this study we found no correlation be-
tween the presence of HPyV7 and pRb, phospho-Rb and
p16 in human thymic epithelial tumors.

Consent
All specimens were obtained from the Maastricht Path-
ology Tissue Collection. Alluse of tissue and patient data
was in agreement with the Dutch Code of Conduct for
ObservationalResearch with Personal Data (2004) and
Tissue (2001, www.fmwv.nl), which includes informed
patientconsent.

Abbreviations
FISH: Fluorescence in situ hybridization; HPV: Human Papilloma Virus;
HPyV7: Human Polyomavirus 7; IHC: Immunohistochemistry; LTag: Large T
antigen; MCPyV: Merkelcel Polyoma virus; MG: Myasthenia gravis;
PCR: Polymerase chain reaction; Phospho- Rb: Phosphoralized
Retinoblastoma; pRb: Protein Retinoblastoma; STag: Small T antigen;
WHO: World Health Organization.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MK and DR participated in the design of the study, carried out the
experiments and wrote the manuscript, SP carried out experiments, MAH
and AzH reviewed the histopathology and immunohistochemistry. MH,
AMD, AK, AH, JM contributed essential materials and helped to draft the
manuscript. MDB and AzH are the principal investigators and designed
and supervised the study, and helped writing the manuscript. All authors
read and approved the final manuscript.

Acknowledgements
All substantial contributions to this study are mentioned in the author’s
contributions. All authors are employees of the Maastricht University Medical
Centre, Maastricht, The Netherlands. Extramural funding: not applicable.

Author details
1Department of Cardiothoracic Surgery, Maastricht University Medical Centre,
Maastricht, The Netherlands. 2Department of Pulmonology, Maastricht
University Medical Centre, Maastricht, The Netherlands. 3Department of
Pathology, Maastricht University Medical Centre, P. Debyelaan 25, P.O. Box
5800, 6202 AZ Maastricht, The Netherlands. 4GROW-School for Oncology and
Developmental Biology, Maastricht University Medical Centre, Maastricht, The
Netherlands. 5Department of Internal Medicine IV, University Hospital
Aachen, Aachen, Germany. 6Department of Neuro-Science, Maastricht
University, School of Mental Health and Neuroscience (MHeNS), Maastricht,
The Netherlands.

Received: 23 July 2015 Accepted: 1 October 2015

References
1. Cavalcante P, Barberis M, Cannone M, Baggi F, Antozzi C, Maggi L, et al.

Detection of poliovirus-infected macrophages in thymus of patients with

Keijzers et al. Diagnostic Pathology  (2015) 10:201 Page 5 of 6

http://www.fmwv.nl


myasthenia gravis. Neurology. 2010;74(14):1118–26. doi:10.1212/
WNL.0b013e3181d7d884.

2. McGuire LJ, Huang DP, Teoh R, Arnold M, Wong K, Lee JC. Epstein-Barr virus
genome in thymoma and thymic lymphoid hyperplasia. Am J Pathol.
1988;131(3):385–90.

3. Inghirami G, Chilosi M, Knowles DM. Western thymomas lack Epstein-Barr
virus by Southern blotting analysis and by polymerase chain reaction. Am J
Pathol. 1990;136(6):1429–36.

4. Sanjuan N, Porras A, Otero J, Perazzo S. Expression of major capsid protein
VP-1 in the absence of viral particles in thymomas induced by murine
polyomavirus. J Virol. 2001;75(6):2891–9. doi:10.1128/JVI.75.6.2891-2899.2001.

5. Wirth JJ, Fluck MM. Immunological elimination of infected cells as the
candidate mechanism for tumor protection in polyomavirus-infected
mice. J Virol. 1991;65(12):6985–8.

6. Rennspiess D, Pujari S, Keijzers M, Abdul-Hamid MA, Hochstenbag M,
Dingemans A et al. Detection of Human Polyomavirus 7 in human thymic
epithelial tumors. J Thorac Oncol. 2014. doi:10.1097/JTO.0000000000000390

7. 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):509–15. doi:10.1016/
j.chom.2010.05.006.

8. Van Ghelue M, Khan MT, Ehlers B, Moens U. Genome analysis of the new
human polyomaviruses. Rev Med Virol. 2012;22(6):354–77. doi:10.1002/
rmv.1711.

9. Siebrasse EA, Reyes A, Lim ES, Zhao G, Mkakosya RS, Manary MJ, et al.
Identification of MW polyomavirus, a novel polyomavirus in human stool.
J Virol. 2012;86(19):10321–6. doi:10.1128/JVI.01210-12.

10. DeCaprio JA, Garcea RL. A cornucopia of human polyomaviruses. Nat Rev
Microbiol. 2013;11(4):264–76. doi:10.1038/nrmicro2992.

11. Feng H, Shuda M, Chang Y, Moore PS. Clonal integration of a polyomavirus
in human Merkel cell carcinoma. Science. 2008;319(5866):1096–100.
doi:10.1126/science.1152586.

12. Foulongne V, Kluger N, Dereure O, Brieu N, Guillot B, Segondy M. Merkel
cell polyomavirus and Merkel cell carcinoma, France. Emerg Infect Dis.
2008;14(9):1491–3. doi:10.3201/eid1409.080651.

13. 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. Proc Natl Acad Sci U S A. 2008;105(42):16272–7.
doi:10.1073/pnas.0806526105.

14. Houben R, Adam C, Baeurle A, Hesbacher S, Grimm J, Angermeyer S, et al.
An intact retinoblastoma protein-binding site in Merkel cell polyomavirus
large T antigen is required for promoting growth of Merkel cell carcinoma
cells. Int J Cancer. 2012;130(4):847–56. doi:10.1002/ijc.26076.

15. Pipas JM, Levine AJ. Role of T antigen interactions with p53 in
tumorigenesis. Semin Cancer Biol. 2001;11(1):23–30. doi:10.1006/
scbi.2000.0343.

16. Harms PW, Patel RM, Verhaegen ME, Giordano TJ, Nash KT, Johnson CN,
et al. Distinct gene expression profiles of viral- and nonviral-associated
merkel cell carcinoma revealed by transcriptome analysis. J Invest Dermatol.
2013;133(4):936–45. doi:10.1038/jid.2012.445.

17. DeCaprio JA. How the Rb tumor suppressor structure and function was
revealed by the study of Adenovirus and SV40. Virology. 2009;384(2):274–84.
doi:10.1016/j.virol.2008.12.010.

18. Rozenblatt-Rosen O, Deo RC, Padi M, Adelmant G, Calderwood MA,
Rolland T, et al. Interpreting cancer genomes using systematic host
network perturbations by tumour virus proteins. Nature. 2012;487(7408):491–5.
doi:10.1038/nature11288.

19. Berrios C, Jung J, Primi B, Wang M, Pedamallu C, Duke F, et al. Malawi
polyomavirus is a prevalent human virus that interacts with known tumor
suppressors. J Virol. 2015;89(1):857–62. doi:10.1128/JVI.02328-14.

20. Felsani A, Mileo AM, Paggi MG. Retinoblastoma family proteins as key
targets of the small DNA virus oncoproteins. Oncogene. 2006;25(38):5277–85.
doi:10.1038/sj.onc.1209621.

21. Cufi P, Soussan P, Truffault F, Fetouchi R, Robinet M, Fadel E, et al.
Thymoma-associated myasthenia gravis: On the search for a pathogen
signature. J Autoimmun. 2014;52:29–35. doi:10.1016/j.jaut.2013.12.018.

22. Dehn D, Torkko KC, Shroyer KR. Human papillomavirus testing and
molecular markers of cervical dysplasia and carcinoma. Cancer.
2007;111(1):1–14. doi:10.1002/cncr.22425.

23. Hirabayashi H, Fujii Y, Sakaguchi M, Tanaka H, Yoon HE, Komoto Y, et al.
p16INK4, pRB, p53 and cyclin D1 expression and hypermethylation of CDKN2
gene in thymoma and thymic carcinoma. Int J Cancer. 1997;73(5):639–44.

24. Omatsu M, Kunimura T, Mikogami T, Shiokawa A, Masunaga A, Nagai T, et al.
Cyclin-dependent kinase inhibitors, p16 and p27, demonstrate different
expression patterns in thymoma and thymic carcinoma. Gen Thorac
Cardiovasc Surg. 2014;62(11):678–84. doi:10.1007/s11748-014-0437-3.

25. Rosai J. Histological typing of tumour of the thymus (ed 2nd). Berlin and
Heidelberg: Springer-Verslag; 1999.

26. Masaoka A. Staging system of thymoma. J Thorac Oncol.
2010;5(10 Suppl 4):S304–12. doi:10.1097/JTO.0b013e3181f20c05.

27. Redman R, Rufforny I, Liu C, Wilkinson EJ, Massoll NA. The utility of p16(Ink4a)
in discriminating between cervical intraepithelial neoplasia 1 and
nonneoplastic equivocal lesions of the cervix. Arch Pathol Lab Med.
2008;132(5):795–9. doi:10.1043/1543-2165(2008)132[795:TUOPID]2.0.CO;2.

28. Klingenberg B, Hafkamp HC, Haesevoets A, Manni JJ, Slootweg PJ,
Weissenborn SJ, et al. p16 INK4A overexpression is frequently detected in
tumour-free tonsil tissue without association with HPV. Histopathology.
2010;56(7):957–67. doi:10.1111/j.1365-2559.2010.03576.x.

29. Detterbeck FC, Nicholson AG, Kondo K, Van Schil P, Moran C. The Masaoka-
Koga stage classification for thymic malignancies: clarification and
definition of terms. J Thorac Oncol. 2011;6(7 Suppl 3):S1710–6.
doi:10.1097/JTO.0b013e31821e8cff.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Keijzers et al. Diagnostic Pathology  (2015) 10:201 Page 6 of 6

http://dx.doi.org/10.1212/WNL.0b013e3181d7d884
http://dx.doi.org/10.1212/WNL.0b013e3181d7d884
http://dx.doi.org/10.1128/JVI.75.6.2891-2899.2001
http://dx.doi.org/10.1016/j.chom.2010.05.006
http://dx.doi.org/10.1016/j.chom.2010.05.006
http://dx.doi.org/10.1002/rmv.1711
http://dx.doi.org/10.1002/rmv.1711
http://dx.doi.org/10.1128/JVI.01210-12
http://dx.doi.org/10.1038/nrmicro2992
http://dx.doi.org/10.1126/science.1152586
http://dx.doi.org/10.3201/eid1409.080651
http://dx.doi.org/10.1073/pnas.0806526105
http://dx.doi.org/10.1002/ijc.26076
http://dx.doi.org/10.1006/scbi.2000.0343
http://dx.doi.org/10.1006/scbi.2000.0343
http://dx.doi.org/10.1038/jid.2012.445
http://dx.doi.org/10.1016/j.virol.2008.12.010
http://dx.doi.org/10.1038/nature11288
http://dx.doi.org/10.1128/JVI.02328-14
http://dx.doi.org/10.1038/sj.onc.1209621
http://dx.doi.org/10.1016/j.jaut.2013.12.018
http://dx.doi.org/10.1002/cncr.22425
http://dx.doi.org/10.1007/s11748-014-0437-3
http://dx.doi.org/10.1097/JTO.0b013e3181f20c05
http://dx.doi.org/10.1043/1543-2165(2008)132%5B795:TUOPID%5D2.0.CO;2
http://dx.doi.org/10.1111/j.1365-2559.2010.03576.x
http://dx.doi.org/10.1097/JTO.0b013e31821e8cff

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients and tissue
	Immunohistochemistry
	Statistics
	Ethical approval

	Results
	Correlation between pRb and phosphorylated Rb expression in human thymomas and thymic carcinomas and HPyV7
	Correlation between HPyV7 and p16 expression in human thymomas and thymic carcinomas
	Follicular hyperplasia

	Discussion
	Conclusions
	Consent
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



