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RELATIONSHIP BETWEEN HUMAN
PAPILLOMAVIRUS (HPV) AND LUNG CANCER
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Lung cancer (LC) is the most common cause of cancer-related mortality in men and women in the world.
The LC is usually classified into 2 major types: small-cell lung carcinomas (SCLCs) and non-small cell lung
carcinomas {NSCLCs). The later are subdivided in adenocarcinomas (ACs), squamous cell carcinomas
{SCCs) and large cell carcinomas (LCC). Even though more than 80% of the patients with LC are smokers,
only 1-15% of chronic smokers develop LC suggesiing that other factors, genetic and/or environmental
ones, may be required to develop LC. Recently, etiological involvements of some viral infections in the
developments of malignant diseases have been remarkable and controversial. Human papillomavirus
(HPV) is an epitheliotropic double-stranded DNA virus that belongs to the papillomaviridae family. An
association between HPV infection and LC has been reported from all over the world but the frequency of
LC with HPV is different from country to country. Relatively high frequencies were reported in Asian
countries and low frequencies in European countries. A histology-specific involvement of HPV in LC
development has been suspected but the results are not conclusive. The HPV integration into the host cell
genome is known fo be cne of the major genetic changes facilitating transformation and the transition into a
malignant state. This event causes a frequent HPV E2 gene disruption, leading to abnormal EG and E7
oncoproteins expression. The p&3 protein downregulation and p16 upregutation are associated with the
ohcogenic properties of HPV. In addition, tumour suppressor genes {TSGs) downregulation by promoter
hypermethylation is a frequent event in lung cancer. The aims of this thesis were to analyze the presence,
viral load, and physical status of high-risk types of HPV in LC from various countries, to examine
associations between HPV presence and expressions of p16 and p53 and to analyze the p16 methylation
status in LC specimens and its association with the presence and physical status of HPV,
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The presence of HPV genome was analyzed among 165 paraffin-embedded tissues of bronchoscopic
hiopsy or resected LCs obtained from Asia, Oceania, and Lalin America regions. The numbers of study
subjects in each country were as follows: 31 from China, 21 from Pakistan, 8 from Papua New Guinea, 69
from Chile, 11 from Colombia, 10 from Perd, and 15 from Mexico. Sections (10 um) of each formalin-fixed
paraffin-embedded sample were prepared. The DNA was purified using conventional and reported
methods. B-globin and generic HPV amplifications using PCO3/PC0O4 and GP5/6+ primers, respectively,
were conducted. To confirm the products of GP5/6+ fragments, Southern blot-ECL hybridization was
conducted. The genotyping was determined by direct sequencing of amplified fragments using Big
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expression of p53, p16 and EB6 proteins was examined by immunohistochemistry. HPV-16 integration status
was analyzed using both TAQMAN and SYBR green Real-time PCR methods (Applied Biosystems)
amplifying E2 and EB specific fragments of HPV-16. For specificity and validity tests, DNAs from SiHa cell
line, which is known to contain 1-2 copies of HPV-16 per cell, were used. To determine the physical status
of HPV-16, the ratio of E2 to E6 copy numbers was calculated. Since E2 is disrupted when HPV is
integrated into cellular genome, E2/EBS ratio nearly equal to 1 indicates the presence of the episomal form
only. Values less than 1 indicate the presence of both integrated and episomal forms, while a ratio of 0
indicates that the E2 fragment was not detected and that HPV exists in the integrated form only. The
methylation status of p16 promoter region was analyzed using methylation-specific PCR.
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HPV genome was detected in 38/165 {23%) of L.Cs. There was a significant difference in HPV frequency
among LC histological types; 29/69 {42%) in SCCs, 6/83 (7%) in ACs, and 3/13 (23%) in SCLCs (P<0.001).
The most frequent HPV genotype was HPV-16 (26/165, 16%) but this was not true in lung ACs. Other
detected HPV genotypes were HPV-18 (5/165, 3%), HPV-31 (1/165, 0.6%), HPV-33 (1/165, 0.6%), HPV-45
(21185, 1.2%}, and HPV-6 (3/165, 1.8%). No association between HPV presence and age, sex, or smoking
habit was found. P16, p53 and E6 expression was not associated with HPV presence. HPV-16 was
frequently integrated in SCCs although the viral load was very low, ranging between 4x10° to 1000
copies/ng DNA. A frequent p16 methylation in NSCLCs from Chile was observed (79.7%). In addition, when
we stratified by histological type, we observed that p16 promoter methylation was higher in SCCs (90.9%)
compared with ACs (70%), and this difference was statistically significant (P=0.029). The p16 promoter
methylation was associated with neither HPV presence, integration status nor smoking habit.
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In this thesis, HPY was detected in 38/165 {23%) LCs from differents countries. The frequency was similar
to those reported in previously studies. Our results suggest that HPV is associated to a subgroup of SCCs
but not with ACs. The most prevalent genotype was HPV-16, which is the most frequent genotype in
cervical cancer. Realtime PCR analysis reveled that HPV-16 was frequently integrated in SCCs,
suggesting a possible eticlogical involvement of HPV-16 in the lung SCC development. We found a very
frequent p16 promoter methylation but it was related to neither HPV presence nor smoking, suggesting
other factors’ involvement in aberrant methylation of this TSG. in this study we were not able to find
statistical association between molecular alterations associated with HPV cervical carcinogenesis such as
p16 upregulation, p53 downregufation and HPV presence, suggesting that the function of HPV in lung
carcinogenesis is different when compared with cervical cancer. Our findings suggest a possible selection
of only high-risk HPV genotypes in bronchial epithelia. If clonal expansien occurs after HPV infection in fung
epithelial cells, HPV is expected to be found in all the carcinoma cells. However, in the present study,
| apparently, a very small proportion of the malignant cells have HPV genomes integrated into the host
genome. In conclusion, the frequent high-risk HPV presence in SCCs and the frequent HPV-16 integration
into the host genome, suggest the possibility that HPV be involved in fung carcinogenesis. More studies are

warranted.
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Relationship between Human Papillomavirus (HPV) Infection and Lung Cancer
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