1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

o NATIG,

Published in final edited form as:
J Thorac Oncol. 2015 February ; 10(2): 360-366. doi:10.1097/JT0O.0000000000000390.

Detection of Human Polyomavirus 7 in human thymic epithelial
tumors

Dorit Rennspiess!2, Sreedhar Pujaril2, Marlies Keijzers?:3, Myrurgia A. Abdul-Hamid?,
Monique Hochstenbag?®, Anne-Marie Dingemans?3, Anna Kordelia Kurz?, Ernst-Jan Speel?,
Anke Haugg?, Diana V. Pastrana®, Christopher B. Buck®, Marc H. De Baets®, and Axel zur
Hausen?!

1Department of Pathology, GROW-School for Oncology and Developmental Biology, Maastricht
University Medical Centre, Maastricht, The Netherlands ?Department of Cardiothoracic Surgery,
GROW-School for Oncology and Developmental Biology, Maastricht University Medical Centre,
Maastricht, The Netherlands 3Department of Pulmology, Maastricht University Medical Centre,
Maastricht, The Netherlands “Department of Internal Medicine IV, University Hospital Aachen,
Aachen, Germany °Laboratory of Cellular Oncology, National Cancer Institute, Bethesda,
Maryland, United States of America ®Department of Neuroscience, Maastricht University, School
of Mental Health and Neuroscience (MHeNS), Maastricht, The Netherlands

Abstract

Introduction—Although the molecular genetics possibly underlying the pathogenesis of human
thymoma have been extensively studied, its etiology remains poorly understood. Since murine
polyomavirus consistently induces thymomas in mice, we assessed the presence of the novel
human polyomavirus 7 (HPyV7) in human thymic epithelial tumors.

Methods—HPyV7-DNA Fluorescence in situ hybridization (FISH), DNA-PCR and immuno-
histochemistry (IHC) were performed in 37 thymomas. Of these, 26 were previously diagnosed
with myasthenia gravis (MG). In addition, 20 thymic hyperplasias and 20 fetal thymic tissues were
tested.

Results—HPyV7-FISH revealed specific nuclear hybridization signals within the neoplastic
epithelial cells of 23 thymomas (62.2%). With some exceptions, the HPyV7-FISH data correlated
with the HPyV7-DNA PCR. By IHC large T antigen (LTAg) expression of HPyV7 was detected,
and double staining confirmed its expression in the neoplastic epithelial cells. Eighteen of the 26
MG-positive and 7 of the 11 MG-negative thymomas were HPyV7-positive. 40% of the 20
hyperplastic thymi were HPyV7-positive by PCR as confirmed by FISH and IHC in the follicular
lymphocytes. All 20 fetal thymi tested HPyV7-negative.
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Conclusions—The presence of HPyV7-DNA and LTAg expression in the majority of
thymomas possibly link HPyV7 to human thymomagenesis. Further investigations are needed to
elucidate the possible associations of HPyV7 and MG.

Introduction

The autoimmune disease Myasthenia Gravis (MG) has been associated with thymomas and
follicular hyperplasia. Moreover the role of viral infections have been implicated in this
disease. There have been several studies on the molecular genetics possibly underlying the
pathogenesis of thymomas, i.e. epithelial thymic neoplasias admixed with a variable non
neoplastic lymphoid component [1,2]. However, the etiology of human thymoma remains
poorly understood. Over the last two decades the possible involvement of the oncogenic v-
herpesvirus Epstein-Barr (EBV) has proved debatable [3-7].

Next to EBV, polyomaviral infection has been implicated in the etiology of thymomas,
based on the consistent finding that the polyomavirus strain PTA induces thymomas in
mouse strains C3H/BiDa and AKR [8,9]. Polyomaviruses are small circular double-stranded
DNA viruses which have been extensively used to study cell transformation in vitro and
tumorigenesis in animal models. In recent years, a number of new human polyomaviruses
have been identified, giving a current total of 12 [10-12]. Yet, only the Merkel cell
polyomavirus (MCPyV), discovered in 2008, has been identified as a new human tumor
virus [13]. MCPyV has been shown to be present in ~80% of Merkel cell carcinomas, which
are highly malignant neuroendocrine carcinomas of the skin [14,15]. In these, MCPyV is
clonally integrated in the tumor genome, and tumor-specific oncogenic mutations within the
viral genome have been identified [13,16]. Recently, polyomaviruses 6 and 7 (HPyV6 and
7) have been isolated from skin samples and characterized, but have yet not been associated
with any human disease [17]. However, seroprevalence of HPyV 6 and 7 indicate that
infection is common in humans, i.e. 69% and 35% [17]. A recent study has shown that the
seroprevalence of HPyV7 reveals a regularly age related increase, with less than 10% in the
age group below 4 years and approx 45% in the age group 10-14 years, reaching
approximately 64% in adults [18]. Based on an initial DNA PCR screening testing for the
presence of novel polyomaviruses in diverse human cancers, we assessed the possible role
of HPyV7 in human thymic epithelial tumors and other thymic tissues.

Material and Methods

Patients and tissues

Formalin-fixed and paraffin-embedded (FFPE) resection specimens were included in this
study. All thymomas and 2 thymic carcinomas (19 female and 18 male; mean age 58.3
years; range 34 — 82 years), and 20 fetal gestational thymic tissues from fetus autopsies had
been obtained for diagnostic and therapeutic reasons. So had 20 thymi with follicular
hyperplasia, 19 of them from patients with MG (15 females, 5 males, mean age 27.4 years),
of which 17 with anti-acetylcholine receptor (AChR) antibodies and 4 receiving
immunosuppressive therapy (steroids). Twenty-six thymomas patients were known with a
history of myasthenia gravis (MG), of which 23 were anti-AChR antibodies positive and 3
negative. Thirteen of the 26 MG-positive thymoma patients received immunosuppressive
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(steroids) therapy. Clinico-pathological data of thymoma and hyperplastic thymi patients are
summarized in Table 1 and 2. All specimens were obtained from the Maastricht Pathology
Tissue Collection (MPTC). All use of tissue and patient data was in agreement with the
Dutch Code of Conduct for Observational Research with Personal Data (2004) and Tissue
(2001, www.fmwv.nl).

HPyV7 detection by DNA PCR

Genomic DNA was isolated from whole FFPE tissue sections using a DNA Isolation Kit
(Qiagen, Hilden, Germany). DNA quality and integrity was first assessed by specimen
control size (SCS) ladder (Table 1 and 2) as described [19]; we excluded any sample where
it was inadequate. HPyV7 DNA PCR was performed as described previously, using
oligonucleotides targeting the small T antigen (181bp) and the large T antigen (112 bp)
[17,20].

Detection of HPyV7 by fluorescence in situ hybridization (FISH)

The HPyV7 full-length probe was obtained from Addgene, Cambridge, MA, USA, and
linearized. FISH was performed on 3 um thick FFPE sections according to Hopman et al.
with modifications [21]. In brief: deparaffinized sections were incubated with 0.2M HCI, for
20 min (and washed in dH,0O and 2x SSC), and then with 1 M NaSCN for 30 min at 80°C.
After further washing, sections were digested withl mg/ml pepsin (2500 — 3500 U/mg;
Sigma Chemical, St. Louis, MO), pH 2. To test HPyV7-probe specificity, sections were first
treated with 0.2 g/100 ml pepsin (Sigma) in 0.01 M HCI at 37°C for 10 min and then with
DNase I (Qiagen) for 30 min at 37°C with 5.7 U in RDD buffer (Qiagen), before cooling on
ice, washing twice in 2x SSC and post-fixing in 4% formaldehyde. After washing in 2x SSC
and rinsing in dH20, the sections were dehydrated in an ascending ethanol series. The
biotin-labeled HPyV7 probe was added under the coverslip at a concentration of 10ng/pl in
LCI/WCP buffer (Vysis, Abott, IL) together with 50x excess human COT-1 DNA (Vysis)
and 50x tRNA from S. cerevisiae (Sigma Chemical, St. Louis, MO). Denaturation of the
probe and the target DNA was carried out simultaneously for 5 min at 80°C prior to
hybridization overnight at 37°C in a humid chamber (Thermobrite, Abbott, IL).
Unhybridized probe was stringently washed away from the preparations in 2x SSC, pH 7.0
at 70°C for 2 min. The biotin (Bio) labelled probe was detected with sequential incubations
with fluorescein isothiocyanate (FITC)-conjugated avidin (1:500; Vector, Brunswig Chemie,
Amsterdam, The Netherlands), biotin-conjugated goat anti-avidin (1:100; Vector) and FITC-
conjugated avidin 1:500, all for 30 min at 37°C and diluted in Boehringer Blocking reagent
(Roche). Finally, the slides were dehydrated in an ascending ethanol series and mounted in
0.2ug/ml DAPI-Vectashield (Vector Laboratories, CA). HPyV7 FISH signals were detected
using a DM 5000 B fluorescence microscope (Leica, Wetzlar, Germany) equipped with
DAPI, TR (Texas red) and FITC filters. Images were recorded with a Leica DC 300 Fx
camera (Leica). FISH fluorescence intensity, signal numbers and sizes for strong and weak
nuclear FISH signals were evaluated independently by 5 investigators (DR, MK, EJS, AH,
AzH) according to the criteria in Hafkamp et al. [22]. After DNAse pretreatment (see above)
of the slides of HPyV7 DNA positive cases, as assessed by PCR and sequencing, no specific
nuclear HPyV7 hybridization signals were seen. In addition, specificity of the HPyV7 probe
was assessed by the omission of the HPyV7 probe revealing no specific FISH hybridization
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signals in HPyV7 DNA positive skin and thymic tissues. Crosshybridization with MCPyV
was excluded by performing HPyV7 FISH on the MCPyV-positive MKL1 cell line, which
did not show any specific hybridization signals (Fig. S1) [13].

Immunohistochemistry and double staining

Results

The following antibodies and dilutions were used: anti-Pancytokeratin AE1/3 (DAKO;
Glostrup, Denmark; “Ready to use Antibody”); monoclonal antibody 2T10 against LTAg of
HPyV7 was provided by C. Buck, NCI, Bethesda, USA, and used at 1:100 with the
EnVision FLEX™ visualization Kit K8008 DAKO according to standard protocols. When
FISH was followed by IHC, the protocols were adapted slightly.

HPyV7 detection in thymic epithelial tumors by DNA PCR and FISH

Screening of diverse human cancers for the presence of novel polyomaviruses revealed that
HPyV7 was frequently present in human thymomas but not HPyV®6. (Fig. 1). Twenty (54%)
of the 37 thymomas tested positive for HPyV7-DNA by PCR (Table 1). All PCR products
were sequenced and confirmed the presence of HPyV7, with only minor nucleotide
differences between them. One of the 2 thymic carcinomas was HPyV7-DNA positive and
the other negative.

By FISH, HPyV7-specific nuclear hybridization signals were found in 23 thymomas
(62.2%) (Fig. 2; summarized in Table 1). In the 15 thymomas with strong to very strong
specific nuclear hybridization signals and 8 revealed weak positivity. In the thymomas with
strong nuclear hybridization signals almost all neoplastic cells were HPyV7-positive. They
were more heterogeneous in the 8 with weaker signals. HPyV7-FISH and anti-
pancytokeratine immunofluorescence double labeling confirmed that the specific nuclear
hybridization were mostly restricted to epithelial cells (Fig. 2); only in a few tumors was it
also found in rare lymphocytes. HPyV7 did not correlate with any WHO thymoma subtype
(Table 1).

Large T antigen of HpyV7 is highly expressed in human thymomas

Marked LTAg expression was found by IHC in 17 (46%) of the thymomas within the
epithelial cells (Fig. 3a,b), but not always in every cell in the positive cases, unlike FISH.
Overall, LTAg labeling was in good agreement with the HPyV7-DNA PCR and/or the
HPyV7-FISH.

Detection of HPyV7 in thymic follicular hyperplasia DNA PCR and FISH

HPyV7- DNA was detected in 40% (n= 8) of the hyperplastic thymi. By HPyV7-FISH, the
proportion of HPyV7-positive cases reached 65% (n=13). Importantly, specific nuclear
HPyV7-hybridization signals were mostly restricted to scattered follicular B-cells, which
possibly explain the different results of PCR and FISH. In 6 of these 20 hyperplastic thymi,
IHC revealed mostly weak nuclear expression of the LTAg in some lymphoid cells in the
follicles (Fig. 3c,d)
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Association of HPyV7 and myasthenia gravis

Of the 26 patients with HPyV7-positive thymomas, 19 were known to have MG. Of the 11
non-MG thymomas 7 were HPyV7-positive and 4 were HPyV7-negative (Table 1).

The only non-MG-hyperplastic thymus was HPyV7-paositive.

HPyV 7 is not detected in fetal thymus

Using HPyV7 DNA PCR, none of the fetal thymi, which were also tested for sufficient
DNA quality and integrity — tested positive for HPyV7.

Discussion

With sophisticated new detection techniques, the number of novel human polyomaviruses
has increased in the past 6 years [23]. However, of the 12 known human polyomaviruses,
currently, only the Merkel cell polyomavirus (MCPyV) has been shown to be associated
with a human cancer, i.e. the Merkel cell carcinoma (MCC). Viral integration, tumor-
specific viral mutations within the LTAg of MCPyV, and consistent epidemiology of
MCPyV with MCC have led to the classification of MCPyV as a class 2A carcinogen by the
International Agency for Research on Cancer [13-16, 24].

Here we systematically assessed the presence of HPyV7 in human thymic epithelial tumors
by diverse molecular techniques [17]. Focusing on different parts of the HPyV7 genome, we
found HPyV7- DNA in 54% of the 37 thymomas. At the single cell level, use of HPyV7-
FISH demonstrated specific nuclear hybridization signals within the epithelial cells in 62.2%
of the thymomas and only occasionally in lymphocytes. The discrepancies between the PCR
and FISH results most likely reflect the varying proportions of positive cells in different
tumors. Interestingly, however, thymomas 1-37 and 1-43 (Table 1) gave strong
hybridization signals in HPyV7 FISH plus weak IHC labeling for its LTAg despite
negativity by HPyV7 PCR. Since we excluded technical reasons as far as possible, and also
the presence of other known human polyomaviruses, these findings might hint at the
presence of an as yet unidentified but closely related polyomavirus.

Our double labeling clearly showed that the great majority of the cells positive for viral
DNA or protein antigens were epithelial rather than lymphoid. Thus, the expression of the
HPyV7-LTAg in thymomas may hint at a role for HPyV7 in thymomagenesis. Although
many other polyoma viral LTAg can act as oncogenes, no information is yet available about
the oncogenic capacity of HPyV7. Notably, its LTAg was expressed quite strongly in some
of the epithelial thymic tumors, especially compared to the variable numbers of HPyV7
LTAg lymphoid cells in thymic follicles (Fig. 2D).

In the hyperplastic thymi HPyV7 DNA was detected by PCR in 40% and by FISH in 65%.
The discrepancy can readily be explained by the number of cells detected by HPyV7-FISH,
which varied over a wide range. By using HPyV7 FISH and an anti-HPyV7 LTAg
monoclonal antibody, HPyV7-positivity was found to be largely restricted to follicular
lymphoid rather than epithelial cells. That is in line with the known B lymphotropism of
some human polyomaviruses [12,25,26]. This finding is interesting, because if HPyV7
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remains latently present in follicular B-cells it could mean that it might be interesting to test
also B-cell non Hodgkin lymphomas for the presence of HPyV?7. In addition, it may
contribute to immunological alterations which might initiate or perpetuate immunological
diseases such as MG as has recently been speculated for the oncogenic y-herpesvirus
Epstein-Barr (EBV) [27]. However, data on the finding of EBV in myasthenia gravis thymus
are quite controversial, ranging between very high prevalence to almost not present [28,29].
Although surprising that a highly reproducible standard routine testing for the presence of
EBV (e.g. EBV-encoded RNAs- RNA in situ hybridization) in a histopathological
lymphoma diagnostic setting fails the extent of reproducibility in the setting of MG thymus,
it seems that further conclusive studies are needed in order to assess the role of EBV in MG
thymi. The interesting recent finding of poliovirus in a subset of MG thymi needs to be
independently confirmed [30].

The fact that we did not find any HPyV7-positivity in gestational fetal thymic tissues reveals
that HPyV7 infection occurs in the postnatal period and also indirectly leans support to a
possible role for HPyV7 in human thymomagenesis in the context of the quite frequent
finding within the epithelial cells of human thymic epithelial tumors.

In conclusion, the present study is the first to demonstrate the presence and association of
HPyV7 in thymic epithelial tumors by diverse molecular techniques. Our failure to detect
any signs of HPyV7 in fetal thymic tissues suggests that HPyV7 reaches the thymus post-
natal or later in life, which is in good agreement with the recent study on HPyV7 age related
seroprevalence [18]. Its contrasting 40 — 60% prevalence in thymomas also hints at a
possible role for HPyV7 in their initiation, but requires independent confirmation in larger
series.

Further studies would also be needed to assess the oncogenic potential of HPyV7, e.g. viral
integration, mutational analyses of the LTAg and in vitro transformation. Although HPyV7
is present in the majority of MG-associated thymomas the numbers of cases investigated in
this study do not allow a conclusion on a possible role of HPyV7 in MG.
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Figure 1.
PCR-DNA of HPyV®6 (left panel) and HPyV7 (right panel) in human epithelial thymic

tumors (3,1,4,2,5) and non-neoplastic mediastinal fatty tissue (X) using a plasmid containing
human polyomavirus 6 (123 base pair) or 7 (181 base pair). No amplification products were
found in HPyV6 PCR whereas specific PCR products were found for HPyV7. H,O = water
control; pos = positive control; free= free space, MW= molecular weight marker.
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Figure 2.
Overlay of HPyV7 FISH (green dots) and pancytokeratine AE1/AE3 immunofluorescence

(red membrane staining) and DAPI staining of the nuclei (blue) of thymoma 1-22 (Table 1).
Specific detection of nuclear HPyV7 DNA by FISH (green dots) in epithelial cells of a
thymoma as indicated by the red membrane staining.
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Figure 3.
3A Specific nuclear expression of the HPyV7 LTAg (dark brown) in thymoma 1-3 (Table

1) as assessed by immunohistochemistry. Epithelial cells are positive whereas the lymphoid
cells do not show HPyV7-LTAg expression.

3B Immunohistochemical double staining technique confirms the expression of the HPyV7
LTAg in the nuclei (dark brown) of thymic epithelial cells as identified by the red membrane
staining with the pancytokeratine antibody AE1/AE3 in thymoma 1-3 (Table 1).

3C Representative result of the HPyV7 FISH in a follicular center of a hyperplastic thymus.
The green nuclear dots represent the HPyV7 signals obtained by the hybridization with
HPyV7 probe.
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3D Specific nuclear expression of the HPyV7 LTAg (dark brown) in a hyperplastic thymus.
Expression of HPyV7 LTAg is mostly restricted to follicular lymphocytes.
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