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ORIGINAL ARTICLE

Major risk factors known to predispose to thyroid can-
cer acquisition include radiation exposure, either through 
medical treatment or radioactive fallout from nuclear  
accidents during childhood (6), and history of thyroid 
nodules or goiter, as well as a family history of thyroid 
cancer (6). Thyroid cancer incidence rates significantly in-
creased for men and women of all ages, but particularly 
for women between 55 to 64 years of age, during the pe-
riod of 1999 through 2008 (7). Increased rates referred to 
tumors of all stages, though these were mostly noted in 
localized disease (7). The reasons for this increase remain 
largely unknown (7). Despite the fact that enhanced medi-
cal scrutiny – through ultrasound imaging and fine nee-
dle aspiration cytological confirmation – of small lesions  
that may have otherwise gone undiagnosed, has been  

INTRODUCTION

Thyroid cancer represents the most common endo-
crine malignancy (1, 2). Most cases arise from thyroid 
follicular epithelial cells and include well-differentiated 
papillary (80%) and follicular (15%) carcinoma, the lat-
ter further divided into the conventional and oncocytic 
(Hürthle cell) types, poorly differentiated carcinoma and 
anaplastic carcinoma (2-4). Poorly differentiated, as well 
as anaplastic carcinoma may either arise de novo, or from 
papillary and follicular thyroid carcinoma (2-4). Patients 
with a diagnosis of early-stage well-differentiated papil-
lary or follicular carcinoma, usually have an excellent 
prognosis, while those with either aggressive tumors or 
distant metastases have a 5-year survival rate of 40% (5).
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ABSTRACT
Background: Although recent evidence has implicated viruses in the regulation of epithelial-to-mesenchymal transition and 
tumor progression, little is known regarding viral infections in thyroid malignancies. Thus the aim of this study was to detect 
sequences of 3 potentially oncogenic viruses – BK virus (BKV), Epstein-Barr virus (EBV) and human papillomavirus (HPV) – in 
a series of postoperative thyroid gland specimens.
Methods: Thirty patients with thyroid nodules who underwent surgery for thyroid disease within a 3-year period were  
enrolled. Both nodular and adjacent normal thyroid tissue was surgically excised from each patient. Viral gene sequences 
of BKV (VP1), EBV (LMP1, EBNA2 and EBER1) and HPV were amplified by PCR. The PCR results were confirmed by direct 
sequencing analysis.
Results: VP1 gene sequences were detected in 60% (18/30) of thyroid cancer or multinodular hyperplasia lesions compared 
with in 43.3% (13/30) of adjacent normal thyroid tissue specimens. Fifteen of thirty (50%) of thyroid cancer or multinodular  
hyperplasia samples revealed LMP1 sequences compared with 46.7% (14/30) of corresponding normal thyroid tissues. 
EBNA2 gene sequences were detected in 90% (27/30) of thyroid cancer or multinodular hyperplasia samples, compared 
with 90% (27/30) of adjacent normal thyroid tissue specimens. All samples were negative for EBER1 sequences, while HPV 
DNA was not detected in either nodular or normal thyroid tissue.
Conclusions: This study suggests that BKV and EBV “infection” is an early event, occurring within normal tissue. Our findings 
do not show a clear role for the viruses examined, instead they suggest an “endemicity” pattern rather than a causal effect.
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suggested to account for the rising incidence rates (8, 9), 
the increased incidence of both small and large tumors 
across sexes and multiple racial/ethnic groups suggests 
that it may not be solely this enhanced medical scrutiny 
that has driven this trend (7, 10-12).

Over recent decades, knowledge of the genetic altera-
tions involved in thyroid cancer has drastically expanded 
(1, 2). More than 70% of papillary carcinomas are known 
to contain BRAF, a serine-threonine kinase of the RAF 
protein family, and RAS, an intracellular G protein that 
propagates signals from receptor tyrosine kinases and G 
coupled receptor-point mutations, as well as RET/PTC, 
the fusion between the 3’ portion of the cell membrane 
receptor tyrosine kinase encoded by the RET protoonco-
gene and the 5’ portion of other unrelated genes and TRK 
rearrangements (1, 2, 13-16). All of the above mutually 
exclusive mutations may activate the mitogen-activated 
protein kinase (MAPK) pathway (1).

The metastatic potential of thyroid cancer has 
been associated with the induction of an epithelial-to- 
mesenchymal transition (EMT), which involves the  
invasive ability of epithelial cells to enter into the sur-
rounding tissues (17). Although oncogene mutations 
have been linked to a contribution to the EMT, secondary 
factors are considered necessary (18). Recent evidence 
has implicated viruses in direct EMT regulation and the 
development of metastases (18). Epstein-Barr virus (EBV) 
proteins may potentially lead to the development of  
metastases through the regulation of the metastasis sup-
pressor Nm23 (19) and control the expression of Twist 
(20). Metastatic potential is also enhanced by viral infec-
tion through the induction of angiogenesis and affects on 
the tumor microenvironment (21).

BK virus (BKV) has been implicated in tumorigenesis 
due to its behavior both in vitro and in vivo in animal mod-
els (22). The expression of BKV sequences may transform 
rodent cells in culture and immortalize human cells, while 
its inoculation in animal models may cause the develop-
ment of different tumor types (22). BKV DNA sequences 
have been mostly reported in urinary tract malignancies, 
particularly prostate and bladder cancers (22). EBV has 
been associated with malignancies of the lymphoid and 
epithelial origin, including Hodgkin’s lymphoma, NK/T 
lymphoma, posttransplantation lymphoproliferative disor-
ders (PTLD) and nasopharyngeal carcinoma (23). Human 
papillomavirus (HPV) replicates in the stratified layers of 
the skin and mucosa, giving rise to either benign lesions 
such as warts, or lesions that progress to intraepithelial 
neoplasia and cancer, depending on the specific HPV type 
(24). Low-risk HPV types, such as HPV-6 and HPV-11, are 
associated with benign lesions, while high-risk types such 
as HPV-16 are associated with cancer (24).

The aim of this study was to detect sequences of 3 
potentially oncogenic viruses, BKV, EBV and HPV, in the 
same postoperative thyroid gland specimens. BKV and 

EBV, but not HPV DNA was detected both in pathological 
and normal thyroid tissues, suggesting an “endemic” pat-
tern of infection.

MATERIALS AND METHODS

Study design and subjects

In this study, 30 patients with thyroid nodules who un-
derwent surgery for thyroid disease within a 3-year period 
(from June 2003 to May 2006), at the First Department of 
Surgery, 251 Hellenic Air Force Hospital, Athens, Greece, 
were included. Both nodular and phenotypically adjacent 
normal thyroid tissue was obtained from each patient. All 
samples were immediately frozen after surgical excision 
and stored at -80oC until use.

Thirty patients (24 women and 6 men) were enrolled 
in this study. The mean age (±SD) of the patients was 
48.8±13.7 years). Fourteen out of 30 patients (46.7%) had 
cancer lesions, while 53.3% (16/30) of the patients had 
multinodular hyperplasia. With regard to sex differences, 
the mean age of the women was 48.9±12.5 years. Half of 
the female patients (12/24) had thyroid cancer, while the 
remainder had multinodular hyperplasia. The mean age of 
the men was 48.0±19.3 years. Two out of 6 male patients 
had cancer lesions, while 4 out of 6 had multinodular  
hyperplasia.

The study was approved by the ethics committees of 
the University of Crete and the 251 Hellenic Air Force 
Hospital, and written informed consent was obtained 
from all patients.

DNA extraction

DNA extraction was performed using the Genomic 
DNA Purification Kit (Genomed, Lohne, Germany), ac-
cording to the manufacturer’s protocols. Dissected ma-
terial was resuspended in 10 μL of cell lysis buffer with  
30 μg of proteinase K and incubated at 56oC for 2-3 days, 
with the daily addition of 30 μg of proteinase K. After 
proteinase K inactivation and protein removal, genomic 
DNA was precipitated with isopropanol and washed with  
ethanol. DNA was subsequently dried and rehydrated 
with hydration buffer, and stored at -20oC until use.

Polymerase chain reaction

Gene sequences of BKV (VP1), EBV (LMP1, EBNA2 
and EBER1) and HPV (GP5/6) were amplified using the 
primer pairs listed in Table I. The quality and integrity of the 
DNA in each sample was confirmed after amplification of 
the β-actin gene by PCR. Each PCR was set up in a total 
volume of 20 μL, containing 2 μL of ×10 reaction buffer,  
2.5 μL of 1.5 mM MgCl2, 2.5 μL dNTPs (0.2 mM), 2 μL each 



Au
th

or
 p

er
so

na
l c

op
y

© 2014 Wichtig Publishing - eISSN 1724-6008 3

Stamatiou et al

of forward and reverse primers (0.5 μM), 0.2 μL of 0.625 U 
Taq DNA Polymerase (5 U/μL) (MBI Fermentas) and 100 ng 
DNA. The reactions were carried out in a MJ Research Inc. 
thermocycler according to the reaction programs as follows: 
after initial denaturation at 94ºC for 5 min, the samples were 
subjected to 40 cycles of amplification, comprised of dena-
turation at 94ºC for 30 sec, annealing (for Tm of each gene 
see Tab. I) for 30 sec and elongation at 72ºC for 30 sec, fol-
lowed by a final step at 72oC for 5 min. Ten microliters of the 
PCR product was electrophoresed on a 2% agarose gel and 
visualized under a UV transilluminator after staining with 
ethidium bromide.

DNA sequencing

DNA sequencing was performed according to the 
Macrogen Advancing Through Genomics protocol, after 
purifying the PCR products using the Qiagen Gel Extrac-
tion kit. The primer concentration was 5 pmol/μL, while 
the PCR product had a concentration of 50 ng/μL and an 
A260/280 ratio of 1.8 according to a NanoDrop Spectro-
photometer. A total volume of 20 μL of PCR product was 
achieved. The correct size of the PCR products prior to se-
quencing analysis was confirmed using a 2% agarose gel.

Statistical analysis

Data were analyzed using the SPSS 16.0 statistical 
package (SPSS Inc., Chicago, IL, USA). Variables were 
presented as counts and proportions. Fisher’s exact chi-
square test was performed for comparisons among differ-
ent subgroups, and odd ratios (OR) with 95% confidence 
interval (95% CI) were presented. A p value <0.05 was 
considered as statistically significant.

RESULTS

All specimens were tested by PCR for the presence 
of BKV, EBV and HPV DNA. Representative examples of 
PCR-positive samples are shown in Figure 1.

Eighteen of the 30 (60.0%) thyroid cancer or multi-
nodular hyperplasia lesions were positive for the VP1 
sequences, compared with 43.3% (13/30) of the cor-
responding adjacent normal thyroid tissue specimens. 
Among the 14 malignant specimens, 8 specimens were 
positive (57.1%), compared with 42.8% (6/14) of the adja-
cent normal thyroid tissues. In the multinodular hyperpla-
sia lesions alone, VP1 sequences were detected in 62.5% 
(10/16), compared with 43.7% (7/16) of the correspond-
ing normal tissue.

We subsequently investigated the incidence of EBV  
in the same series of samples. Considering the LMP1 
gene, 50.0% (15/30) of the thyroid cancer or multinodu-
lar hyperplasia samples revealed LMP1 sequences, com-
pared with 46.7% (14/30) of the corresponding normal 
thyroid tissue. Eight of the 14 (57.1%) malignant speci-
mens were found to be positive, compared with 35.7% 
(5/14) of the adjacent normal thyroid tissue. Multinodu-
lar hyperplasia lesions alone presented LMP1 sequences 
in 43.8% (7/16) of the specimens, compared with 56.2% 
(9/16) of the adjacent normal tissue. Of note, EBNA2 
gene sequences were detected in 90.0% (27/30) of the 
thyroid cancer or multinodular hyperplasia samples, 
compared with 90.0% (27/30) of the adjacent normal 
thyroid tissue specimens. The vast majority of the ma-
lignant thyroid specimens (13/14, 92.9%) were EBA2-
positive, compared with 85.7% (12/14) of the adjacent 
normal thyroid tissues. Fourteen of 16 (87.5%) of the 
multinodular hyperplasia lesions were PCR-positive for 

TABLE I - PRIMER SEQUENCES USED FOR THE DETECTION OF BKV, EBV, HPV AND β-ACTIN IN THYROID SAMPLES

Virus Gene Primer pair sequence Temp. oC PCR product (base pairs)

BKV VP1 5’-AGT GGA TGG GCA GCC TAT GTA-3’ (S) 
5’-TCA TAT CTG GGT CCC CTG GA-3’ (A)

60oC 95

EBV LMP1 5’-CGG AAG AGG TGG AAA ACA AA-3’ (S)  
5’-GTG GGG GTC GTC ATC ATC TC-3’ (A)

52oC 161

EBNA-2 5’-GCC ACC TGG CAG CCC TAA AG-3’ (S)  
5’-AGG CTG CCC ACC CTG AGG AT-3’ (A)

56oC 168

EBER1 5’- GTT TTG CTA GGG AGG AGA CG-3’ (S)  
5’- GAC CGA AGA CGG CAG AAA GC-3’ (A)

54oC 118

HPV GP5/6 5’-TTT GTT ACT GTG GTA GAT AC-3’ (S)  
5’-GAA AAA TAA ACT GTA AAT CA-3’ (A)

44oC 150

β-Actin 5’-CGG CAT CGT CAC CAA CTG-3’ (S)  
5’-GGC ACA CGC AGC TCA TTG-3’ (A)

60oC 120

S = sense primer; A = antisense primer; BKV = BK virus; EBV = Epstein-Barr virus; HPV = human papillomavirus.
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EBNA2 sequences, compared with 93.8% (15/16) of the 
corresponding normal tissue.

In the cancer or multinodular hyperplasia cases, the 
LMP1 sequence frequency (15/30 positive and 15/30 
negative) presented a significant difference compared 
with the EBNA2 sequence frequency (27/30 positive and 
3/30 negative; p=0.0015 by Fisher’s exact test, OR=9.00, 
95% CI, 2.24-36.2). In the normal thyroid tissue cases, the 
LMP1 sequence frequency (14/30 positive and 16/30 neg-
ative) presented a significant difference compared with 
the EBNA2 sequence frequency (27/30 positive and 3/30 
negative; p=0.0006 by Fisher’s exact test, OR=10.3, 95% 
CI, 2.55-41.4). The EBER1 sequence was not detected in 
any sample tested.

Finally, the prevalence of HPV was tested in the same 
series of samples using the general set of primers GP5+/
GP6+; however, HPV DNA was not amplified in either 
nodular or normal thyroid tissues.

DISCUSSION

In the present study, various viral sequences were de-
tected in a series of paired nodular and adjacent normal 
thyroid tissues. The statistical analysis of our results showed 
that EBNA2 sequences were 9 times more likely to be 
found than LMP1 sequences in cancer or multinodular hy-
perplasias, while EBNA2 sequences were 10 times more 
likely to be found than LMP1 sequences in normal tissue.

Recently, viruses have been found to be involved in the 
development of thyroid disease (18, 25-35). Sequences of 
several viruses have been detected in human thyroid speci-
mens, using molecular-based detection methods (Tab. II).

In the current study, VP1 sequences were detected in 
60.0% of thyroid nodules (malignant or not), compared 
with 43.3% of adjacent normal thyroid tissue. More 
specifically, BKV was detected in almost 6 of 10 cases 
of malignant and multinodular hyperplasia lesions. The 

Fig. 1 - Representative examples of 
PCR-positive specimens for the viral 
sequences LMP1, EBNA2 and VP1.  
–ve = negative control; M = molecular 
weight marker.
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presence of BKV sequences in human thyroid specimens 
has never been studied thus far. Sequences of SV40, a 
monkey polyomavirus which was thought to be transmit-
ted to humans via contaminated vaccines (36), has been 
detected in human thyroid tissue instead (30-32). In a 
previous study (32), both normal as well as nodular tissue 
was obtained from each of 99 patients with thyroid nod-
ules who underwent thyroidectomy: papillary carcinoma 
was found in 8 cases and benign thyroid nodules in 91 
cases of those presenting Hashimoto’s thyroiditis. SV40 
Tag sequences were found in 4 of 99 (4.04%) nodules, 2 
of which were papillary thyroid carcinomas, while the re-
maining were benign nodules. No sequences were found 
in the 99 normal thyroid tissue or Hashimoto’s thyroiditis 
specimens. In a separate study (30), SV40 sequences cod-
ing for the Large T-Antigen, VP1 and the regulatory region 
were detected in 3 cases (4.3%) of papillary carcinoma, 
2 of which featured histological characteristics of Hashi-
moto’s thyroiditis, while they were not detected in any of 
the 7 normal peritumoral thyroid tissue, 1 Hashimoto’s 
thyroiditis, 5 toxic diffuse goiter, 3 medullary carcinoma 
and 9 breast carcinoma specimens. Furthermore, SV40 
sequences were detected with a prevalence ranging from 
66% in papillary carcinomas, to 100% in anaplastic car-
cinomas, while the corresponding frequency in adjacent 
normal thyroid tissue ranged from 60% to 100% (31). 
This prevalence differed significantly from the detec-
tion frequencies in patients with multinodular goiter and 
Graves’ disease, which were 10% and 20%, respectively, 
while SV40 sequences were detected in 25% of blood  
samples.

EBV sequences were detected in our study with 
a comparable incidence in both nodular and adjacent 
normal thyroid tissue. The same was also observed with 
LMP1 sequences which were found in 50% of thyroid 
nodules, while the corresponding percentage for the ad-
jacent normal tissue was 46.7%. LMP1 sequences were 
positive in 57.1% of malignant specimens and 43.8% of 
multinodular lesion specimens. EBNA2 sequences were 
detected at a much higher percentage in both nodular 
and adjacent normal thyroid tissue. EBNA2 sequences 
were positive in 90% of malignant lesions and 87.5% 
of multinodular lesion specimens. These high percent-
ages are in accord with the recently reported sero-
prevalence rate of 87% for EBV (37). The detection of 
EBV DNA sequences in thyroid specimens, has proven 
controversial (28, 33-35, 38-40). One study (34) inves-
tigated the potential role of EBV in the progression of 
differentiated thyroid carcinoma to the undifferentiated 
form, by testing 10 papillary carcinomas, 11 undifferen-
tiated carcinomas and 1 squamous cell carcinoma with 
PCR, reverse-transcriptase PCR, mRNA in situ hybrid-
ization and indirect immunofluorescence staining. The 
examination included normal thyroid tissue adjacent to 
4 papillary carcinoma specimens, while 2 specimens of 
Graves’ disease as well as 2 specimens of thyroid nodular 
hyperplasia were used as negative controls. EBV DNA in 
the region of BamHIW was amplified. The expression of 
EBNA2 and LMP1 was more prominent in the undiffer-
entiated carcinoma than in the papillary carcinoma sam-
ples. Another study (33) investigated the presence of the 
EBV genome in 30 specimens with thyroid lymphoma 

TABLE II - VIRAL SEQUENCES DETECTED IN HUMAN THYROID SAMPLES

Virus detected/nucleic acid Histopathological diagnosis Method Reference

HSV/DNA AITD, FA, FTC, FVPC, PTC, ATC PCR Jensen et al., 2010 (18)

Parvovirus B19/DNA NTT, PTC, FA, TMC, FTC Nested PCR Wang et al., 2008 (25)

Parvovirus B19/DNA AITD (Hashimoto’s thyroiditis), NTT, NTMG, FTC, TMC Nested PCR Wang et al., 2010 (26)

Enterovirus/RNA MG, AITD, FA, PTC, TMC Real –Time RT PCR Desailloud et al., 2009 (27)

CMV/DNA Benign thyroid tumor specimens (Not specified) PCR Tsai et al., 2005 (28)

HCV/RNA Not specified RT PCR Laskus et al., 1998 (29)

SV40/DNA PTC PCR, Southern blot Pacini et al., 1998 (30)

SV40/DNA SV40 mRNA PTC, ATC, NTT, AITD (Grave’s disease) PCR, RT-PCR Vivaldi et al., 2003 (31)

SV40/DNA PTC, Benign thyroid nodules PCR Ozdarendeli et al., 2004 (32)

EBV/DNA TL, CLTH PCR, Southern blot Tomita et al., 1995 (33)

EBV/DNA PTC, Undifferentiated carcinoma, SCC Nested PCR Shimakage et al., 2003 (34)

AITD = autoimmune disease; FA = follicular adenoma; FTC = follicular cancer; PTC = papillary cancer; FVPC = follicular variant of papillary thyroid cancer; ATC = anaplastic 
cancer; TMC = thyroid medullary cancer; MG = multinodular goiter; NTT = normal thyroid tissue; NTMG = nontoxic multinodular goiter; TL = thyroid lymphoma; CLTH = 
chronic lymphocytic thyroiditis; SCC = squamous cell cancer.
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and 28 with chronic lymphocytic thyroiditis, using PCR. 
EBV DNA was detected in 2 and 1 case, respectively. 
Similarly (35), EBV mRNA and gene expression inves-
tigated in 23 cases of primary and 9 of secondary thy-
roid lymphoma, respectively, using in situ hybridization 
and immunohistochemistry, revealed positive results in  
1 case of primary and 1 case of secondary thyroid lym-
phoma. In contrast to the above studies, negative results 
for either EBV genome presence (28, 39, 40) or gene 
expression (38, 39) in thyroid specimens have been  
reported. EBV DNA was not detected in any benign thy-
roid tumor specimen tested using PCR (28), while EBER-1 
in situ hybridization was negative for 45 thyroid papil-
lary carcinomas tested in another study (38). No posi-
tive sample for EBV using PCR and in situ hybridization 
was revealed in a Warthin-like thyroid tumor, a papillary 
carcinoma variant (39). Considering autoimmune thyroid 
disease, EBV DNA was undetectable in 50 specimens of 
all 50 cases of autoimmune thyroid disease, as well as 
in 50 cases of multinodular goiter used as controls (40).

The frequency of VP1, LMP1 and EBNA2 sequences 
is refereed to our study. Taking these results into consider-
ation, we suggest that BKV and EBV “infection” is a very 
early event, occurring within normal tissue. As regards 

LMP1, we noted that malignant specimens more common-
ly harbor the above-mentioned sequences in comparison 
with normal ones. Our findings do not allow assumptions 
on the potential oncogenic role of the examined virus to be 
made, and perhaps suggest a coexistence or “endemicity” 
pattern, rather than a causal effect.

This study did not lack limitations, as the number of 
samples was limited and from one hospital source. Further 
studies are required to assess these observations in rela-
tion to locality features.

Financial support: No grants or funding have been received for 
this study.

Conflict of interest: The authors declare no conflict of interest.

Address for correspondence:
Prof. Demetrios A. Spandidos, PhD, DSc, FRCPath, FRSH, FASA
Laboratory of Clinical Virology
Medical School
University of Crete
Heraklion 71003, Crete, Greece
spandidos@spandidos.gr

REFERENCES

1.	 Bhaijee F, Nikiforov YE. Molecular analysis of thyroid  
tumors. Endocr Pathol. 2011; 22(3): 126-133.

2.	 Nikiforov YE. Molecular analysis of thyroid tumors. Mod 
Pathol. 2011; 24(Suppl 2): S34-S43.

3.	 DeLellis RA, Lloyd RV, Heitz PU, Eng C, eds. World Health 
Organization classification of tumors: pathology and genet-
ics of tumours of endocrine organs. Lyon: IARC; 2004.

4.	 Nikiforov YE. Thyroid tumors: classification and general 
considerations. In: Nikiforov YE, Biddinger PW, Thompson 
LDR, eds. Diagnostic pathology and molecular genetics of 
the thyroid. Baltimore, MD: Lippincott Williams & Wilkins; 
2009; 94-102.

5.	 Gulcelik MA, Gulcelik NE, Kuru B, Camlibel M, Alagol H. 
Prognostic factors determining survival in differentiated 
thyroid cancer. J Surg Oncol. 2007; 96(7): 598-604.

6.	 Ron E, Schneider A. Thyroid cancer. In: Schottenfeld D, 
Fraumeni J, eds. Cancer epidemiology and prevention.  
3rd edition. New York: Oxford University Press; 2006;  
975-994.

7.	 Simard EP, Ward EM, Siegel R, Jemal A. Cancers with  
increasing incidence trends in the United States: 1999 
through 2008. CA Cancer J Clin. 2012; 62(2): 118-128.



Au
th

or
 p

er
so

na
l c

op
y

© 2014 Wichtig Publishing - eISSN 1724-6008 7

Stamatiou et al

15.	 Frattini M, Ferrario C, Bressan P, et al. Alternative mutations 
of BRAF, RET and NTRK1 are associated with similar but 
distinct gene expression patterns in papillary thyroid cancer.  
Oncogene. 2004; 23(44): 7436-7440.

16.	 Adeniran AJ, Zhu Z, Gandhi M, et al. Correlation between 
genetic alterations and microscopic features, clinical mani-
festations, and prognostic characteristics of thyroid papil-
lary carcinomas. Am J Surg Pathol. 2006; 30(2): 216-222.

17.	 Vasko V, Espinosa AV, Scouten W, et al. Gene expression 
and functional evidence of epithelial-to-mesenchymal tran-
sition in papillary thyroid carcinoma invasion. Proc Natl 
Acad Sci USA. 2007; 104(8): 2803-2808.

18.	 Jensen K, Patel A, Larin A, et al. Human herpes simplex 
viruses in benign and malignant thyroid tumours. J Pathol. 
2010; 221(2): 193-200.

19.	 Kaul R, Murakami M, Lan K, Choudhuri T, Robertson ES. 
EBNA3C can modulate the activities of the transcription 
factor Necdin in association with metastasis suppressor 
protein Nm23-H1. J Virol. 2009; 83(10): 4871-4883.

20.	 Horikawa T, Yang J, Kondo S, et al. Twist and epithelial-mes-
enchymal transition are induced by the EBV oncoprotein 
latent membrane protein 1 and are associated with meta-
static nasopharyngeal carcinoma. Cancer Res. 2007; 67(5): 
1970-1978.

21.	 Tsuji A, Wakisaka N, Kondo S, Murono S, Furukawa M, 
Yoshizaki T. Induction of receptor for advanced glycation 
end products by EBV latent membrane protein 1 and its 
correlation with angiogenesis and cervical lymph node 
metastasis in nasopharyngeal carcinoma. Clin Cancer Res. 
2008; 14(17): 5368-5375.

22.	 Abend JR, Jiang M, Imperiale MJ. BK virus and human can-
cer: innocent until proven guilty. Semin Cancer Biol. 2009; 
19(4): 252-260.

23.	 Pattle SB, Farrell PJ. The role of Epstein-Barr virus in cancer. 
Expert Opin Biol Ther. 2006; 6(11): 1193-1205.

24.	 Li TT, Zhao LN, Liu ZG, Han Y, Fan DM. Regulation  
of apoptosis by the papillomavirus E6 oncogene. World J  
Gastroenterol. 2005; 11(7): 931-937.

25.	 Wang JH, Zhang WP, Liu HX, et al. Detection of human 
parvovirus B19 in papillary thyroid carcinoma. Br J Cancer. 
2008; 98(3): 611-618.

26.	 Wang J, Zhang W, Liu H, et al. Parvovirus B19 infection 
associated with Hashimoto’s thyroiditis in adults. J Infect. 
2010; 60(5): 360-370.

27.	 Desailloud R, Goffard A, Page C, et al. Detection of entero-
virus RNA in postoperative thyroid tissue specimens. Clin 
Endocrinol (Oxf). 2009; 70(2): 331-334.

28.	 Tsai JH, Tsai CH, Cheng MH, Lin SJ, Xu FL, Yang CC.  
Association of viral factors with non-familial breast cancer 
in Taiwan by comparison with non-cancerous, fibroadeno-
ma, and thyroid tumor tissues. J Med Virol. 2005; 75(2): 
276-281.

29.	 Laskus T, Radkowski M, Wang LF, Jang SJ, Vargas H, Rakela 
J. Hepatitis C virus quasispecies in patients infected with 
HIV-1: correlation with extrahepatic viral replication. Virol-
ogy. 1998; 248(1): 164-171.

30.	 Pacini F, Vivaldi A, Santoro M, et al. Simian virus 40-like 
DNA sequences in human papillary thyroid carcinomas. 
Oncogene. 1998; 16(5): 665-669.

31.	 Vivaldi A, Pacini F, Martini F, et al. Simian virus 40-like  
sequences from early and late regions in human thyroid  
tumors of different histotypes. J Clin Endocrinol Metab. 
2003; 88(2): 892-899.

32.	 Ozdarendeli A, Camci C, Aygen E, et al. SV40 in human 
thyroid nodules. J Clin Virol. 2004; 30(4): 337-340.

33.	 Tomita Y, Ohsawa M, Kanno H, Matsuzuka F, Kuma K,  
Aozasa K. Sporadic activation of Epstein-Barr virus in thy-
roid lymphoma. Leuk Lymphoma. 1995; 19(1-2): 129-134.

34.	 Shimakage M, Kawahara K, Sasagawa T, et al. Expression 
of Epstein-Barr virus in thyroid carcinoma correlates with 
tumor progression. Hum Pathol. 2003; 34(11): 1170-1177.

35.	 Lam KY, Lo CY, Kwong DL, Lee J, Srivastava G. Malignant 
lymphoma of the thyroid: a 30-year clinicopathologic ex-
perience and an evaluation of the presence of Epstein-Barr 
virus. Am J Clin Pathol. 1999; 112(2): 263-270.

36.	 Barbanti-Brodano G, Martini F, De Mattei M, Lazzarin L, 
Corallini A, Tognon M. BK and JC human polyomaviruses 
and simian virus 40: natural history of infection in humans, 
experimental oncogenicity, and association with human tu-
mors. Adv Virus Res. 1998; 50: 69-99.

37.	 Levine H, Balicer RD, Rozhavski V, et al. Seroepidemiology 
of Epstein-Barr virus and cytomegalovirus among Israeli 
male young adults. Ann Epidemiol. 2012; 22(11): 783-788.

38.	 Kijima Y, Hokita S, Takao S, et al. Epstein-Barr virus involve-
ment is mainly restricted to lymphoepithelial type of gastric 
carcinoma among various epithelial neoplasms. J Med Virol.  
2001; 64(4): 513-518.

39.	 Ludvíková M, Ryska A, Korabecná M, Rydlová M, Michal 
M. Oncocytic papillary carcinoma with lymphoid stroma 
(Warthin-like tumour) of the thyroid: a distinct entity with 
favourable prognosis. Histopathology. 2001; 39(1): 17-24.

40.	 AL-Zarzour N, Monem F. Are human herpes viruses associ-
ated with autoimmune thyroid disease? J Infect Dev Ctries. 
2011; 5(12): 890-892.


