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The absence of high-risk human papillomavirus in Czech non-small cell lung
cancer cases

Hana Jaworek, Vladimira Koudelakova, Rastislav Slavkovsky, Jiri Drabek, Marian Hajduch

Aims. The purpose of our study was to examine the presence of human papillomavirus (HPV) DNA in Czech patients
with non-small cell lung cancer (NSCLC).

Methods. A highly sensitive quantitative polymerase chain reaction (QPCR) detecting the E6 gene of HPV16, 18, 31,
and 56 was designed. The limit of detection was assessed using serial dilutions of HPV-positive plasmids. The qPCR
was validated on a set of 402 cervical swabs where the gPCR, Cobas, and PapilloCheck methods were tested in parallel.
Finally, gPCR was used for HPV detection in a set of 80 patients with primary NSCLC, both from formalin-fixed paraffin-
embedded (FFPE) and fresh frozen (FF) tissue samples.

Results. The qPCR method was able to reliably detect at least 4 copies of the E6 gene per reaction in HPV16, 18, and
31, and 40 copies per reaction in HPV56. The sensitivity and specificity of the qPCR were 75.6-99.3% and 63.9-100%
respectively, depending on the HPV genotype and reference method used. HPV DNA was not detected in the FFPE
and FF samples from the set of 80 NSCLC patients.

Conclusion. No hrHPV DNA was found in primary NSCLC tumors from a Czech population.
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INTRODUCTION ability". HPV prevalence was significantly higher in South
American and Asian studies compared to European
Lung cancer is the leading cause of cancer-related ones'>. The presence of £6/E7 mRNA is the most infor-
mortality worldwide. The pathogenesis of lung cancer is  mative for recognizing biologically-relevant HPV infec-
a complex interaction between environmental and genetic  tion. A recent, large Central European study found no
factors. Exposure to tobacco smoke (active or passive), active HPV infections in its samples even though the
radiation, radon, asbestos, hard metals, indoor/outdoor  samples were 10% positive for HPV DNA (ref.!*).
air pollution and genetics were identified as main etiologic While several studies have shown the presence of HPV
factors for lung cancer development'. However, several  in lung cancer, the causative role of HPV in lung carcino-
viral infections were identified as human carcinogens, in-  genesis remains unclear. The objective of this study was
cluding the human papillomavirus (HPV) infection®. The  to determine HPV prevalence in NSCLC in the Czech
carcinogenic role of high-risk (hr) HPV infection has been = Republic, and its potential clinical significance.
demonstrated in almost all cervical carcinomas, and in a
subset of oropharyngeal and anogenital (penile, vaginal,
vulvar, and anal) cancers’. MATERIAL AND METHODS
The respiratory tract is located close to the orophar-
ynx, where HPV is a known causal agent of a subset of  Plasmids containing HPV DNA
cancers®. Moreover, the HPV infection is the causal agent Plasmids containing HPV16 (pHPV16 purified plas-
of benign respiratory papillomas that occasionally prog- mid DNA, ATCC® 45113D™), HPV18 (HPV18 puri-
ress to malignancy>®. In addition, lung tumors have mor-  fied plasmid DNA, ATCC® 45152D™), and HPV56
phological similarities to anogenital cancers caused by (HPV56 clone 2C purified plasmid DNA, ATCC®
HPV (ref.®). These facts led to the hypothesis that here  40549™) genomes were purchased from ATCC
is an association between HPV infection and lung cancer.  (Rockville, MD); these plasmids were used to determine
Several studies have examined the impact of the HPV  the limit of detection (LOD) of the quantitative poly-
infection on lung cancer development, including large  merase chain reaction (qQPCR) method developed for this
meta-analyses, but with conflicting results®!®. study. Plasmids containing HPV31 genome were kindly
HPV prevalence, as reported in these studies, ranged  provided by L.A. Laimins (Northwestern University,
from 0% to 78% and showed extreme geographical vari- Feinberg School of Medicine, Chicago, USA). Serial di-
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Iutions of 4, 40, 400, 4000, 40000, and 400000 copies of
HPV genome per reaction were prepared from the plas-
mid DNA to generate standard curves by plotting DNA
concentrations against cycle threshold values (C,).

Clinical specimen collection

The qPCR method was validated using a set of 402
cervical swabs which were collected in cobas® PCR
Cell Collection media (Roche Diagnostics, Mannheim,
Germany) and stored and transported at room tempera-
ture. Next, the gPCR was used to determine the presence
of HPV in a cohort of 80 patients who had experienced
radical surgical resection of primary NSCLC between
2009 and 2013. Histology slides were reviewed for classi-
fication, grading, and pathological staging. Surgical resec-
tion was considered the primary treatment method for all
cases with (n=42) or without (n=38) adjuvant therapy. No
patients had prior tumor diagnoses. Table 1 summarizes
the clinicopathological characteristics of the patient co-
hort in this investigation.

DNA Extraction and BRAF, KRAS, EGFR mutation
analysis

DNA from the cervical samples of the validation set
was isolated using cobas x 480 and analyzed using the
cobas® 4800 HPV Test (Roche Diagnostics, Mannheim,
Germany), PapilloCheck® HPV-Screening (Greiner Bio-
One, Frickenhausen, Germany), and the HPV16, 18, 31,
56 qPCR in parallel.

DNA from formalin-fixed paraffin-embedded (FFPE)
and fresh frozen (FF) tissue from the same NSCLC tu-
mor sample was isolated using a cobas® DNA Sample
Preparation Kit (Roche Diagnostics, Mannheim,
Germany), according to manufacturer’s instructions.

DNA isolated from FFPE tissue was subjected to fur-
ther testing to determine the presence of KRAS, EGFR,
and BRAF mutations. Tests for the BRAF mutation
in all FFPE samples were conducted using the BRAF
p.Val600Glu kit (IntellMed, Olomouc, Czech Republic).
The Cobas® EGFR Mutation Test (Roche Diagnostics
GmBH, Mannheim, Germany) was used to detect EGFR
mutations. The TheraScreen®. K-RAS Mutation Kit
(Roche Diagnostics GmBH, Mannheim, Germany) was
used to detect KRAS mutations. All detection methods
used were performed according to the manufacturer’s
recommendations.

HPV DNA detection

DNA of the HPV16, 18, 31, and 56 was detected
using type-specific multiplex gPCR simultaneously de-
tecting the £6 HPV gene and the human GAPDH (glycer-
aldehyde-3-phosphate dehydrogenase) gene. The qPCR
was performed with 2 uL of total DNA, Thermo-Start
DNA polymerase (ThermoScientific, Waltham, MA),
and the PCR primers and probes listed in Table 2 using
Light Cycler® 480 II (Roche Diagnostics, Mannheim,
Germany). The qPCR conditions consisted of 95 °C for
15 min, followed by 45 cycles of 95 °C for 15 s and 60 °C
for 60 s. LightCycler®480 software (Roche Diagnostics,
Mannheim, Germany) was used for data evaluation. A
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Table 1. Clinicopathological characterization of 80 patients
with primary non-small cell lung cancer.

Characteristic n (%)
Sex Female 26 (32.5%)
Male 54 (67.5%)
Smoking? Never-smokers 9 (11.25%)
Former smokers 27 (33.75%)
Current smokers 34 (42.5%)
NA 10 (12.5%)
Grading Gl 8 (10%)
G2 24 (30%)
G3 48 (60%)
Histology ADC 27 (33.75%)
SCC 42 (52.5%)
LCC 9 (11.25%)
ASC 2(2.5%)
Lymph nodes metastasis  Yes 26 (32.5%)
No 53 (66.3%)
NA 1(1.25%)
Distant metastasis Yes 0(0%)
No 80 (100%)
KRAS Wild type 67 (83.75%)
Mutation® 13 (16.25%)
EGFR Wild type 73 (91.25%)
Mutation® 7 (8.75%)
BRAF Wild type 77 (96.25%)
Mutation V600OE 2 (2.5%)
NA 1 (1.25%)

NA - not available; ADC - adenocarcinoma; SCC - squamous cell car-
cinoma; LCC - large cell carcinoma; ASC - adenosquamous carcinoma
2self- reported smoking status; ® includes G12A, G12C, G12D, G128,
G12V and G13D; ¢ includes deletion of exon 19, insertion in exon 20
and G719X

special stringent protocol was followed to avoid speci-
men contamination, including glove changes after DNA
extraction of each sample, use of barrier pipette tips, and
daily cleaning of all laboratory surfaces and equipment
by DNA-ExitusPlus™ (AppliChem GmbH, Darmstadt,
Germany). At least two no-template, control reaction
mixtures (negative controls) were included in each run.
All patient samples were analyzed in triplicate for the
presence of HPV 16, 18, 31, and 56 £6 DNA and GAPDH.

The cobas® 4800 HPV Test and PapilloCheck® HPV-
Screening were used, according to manufacturer’s rec-
ommendations, to validate the qPCR HPV detection
method described above. The cobas® 4800 HPV Test de-
tects HPV16, 18, and 12 other hrHPV genotypes (HPV3l,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) in a pooled
result’, while the PapilloCheck® HPV-Screening pro-
vides genotyping information about 18 hrHPV genotypes
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(HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66,
68, 70, 73, and 82) and 6 IrHPV genotypes (HPV6, 11,
40, 42, 43, and 44/55) (ref.’s).

Statistical analysis

Sensitivity, specificity, concordance, and Cohen
k values were calculated for data from all qPCR as-
says using R version 3.5.0 (R Development Core
Team, http://www.r-project.org, last accessed July 11,
2018). The cobas® 4800 HPV Test results were used
as references for HPV16 and HPV18 DNA, and the
PapilloCheck® HPV-Screening results were used as refer-
ences for all tested genotypes.

RESULTS

Detection limit of the qPCR method

The limit of detection (LOD) for the gPCR method
was determined using plasmid DNA containing the
genomes of HPV16, 18, 31, and 56. Serial dilutions of
each type of HPV with concentrations ranging from 4
to 400000 copies of the HPV genome per reaction were
analyzed in five replicates. The qPCR method reliably
detected HPV genomes in samples that contained at least
4 copies of the E6 gene in HPV 16, 18, and 31 genotypes,
and 40 copies of the E6 gene in HPV56 (Table 3).

Validation of the gPCR method

A set of 402 cervical swabs was used to validate the
novel gPCR method by evaluating its sensitivity and spec-
ificity. Two established detection methods, the Cobas®

Table 2. Characteristics of HPV16, 18, 31, and 56 E6 and GAPDH primers/probes.

Gene Primer/probe = DNA sequence Product size (bp)
HPV16 E6* Forward 5“GAGAACTGCAATGTTTCAGGACC-3' 81
Reverse 5" TGTATAGTTGTTTGCAGCTCTGTGC-3'
Probe BHQ1-CAGGAGCGACCCAGAAAGTTACCACAGTT-HEX
HPVI18 E6 Forward 5'-CCCTACAAGCTACCTGATCT-3' 100
Reverse 5CGGAACTGAACACTTCACTGCAAG-3'
Probe BHQI1-CCTCTGTAAGTTCCAATACTGTC-HEX
HPV31 E6 Forward 5'-CCATGGAGCCACAATTCA-3' 134
Reverse 5'-CCTGCACCACTTGAGTGAGGTATT-3'
Probe BHQI1-CTCAGCACGTGTTAGTTCTT-HEX
HPVS56 E6 Forward 5GCAGAAAGACCTCGGAAAT-3' 95
Reverse 5'“CTCGGCATTGGAAATACCCTACGA-3'
Probe BHQI1-AACTGACCTTTGCAGTAGAC-HEX
GAPDH Forward 5'“GAGTGAGTGGAAGACAGAATG-3' 70
Reverse 5'-CAACTAGGATGGTGTGGCTCCC-3'
Probe BHQ1-GGGACACAAGGTTACCATATAC-CYS
¢ Primers for HPV16 detection were designed by Peitsaro et al. (ref.?*)
Table 3. Evaluation of the detection limit of the gPCR method.
szifg gene copies/  ppvie (95% CI) HPV18* (95% CI) HPV31¢ (95% CI) HPV56° (95%CI)
4x10° 20.02 (19.84-20.19) 20.59 (20.49-20.69) 19.85 (19.76-19.95) 23.05 (21.99-24.16)
4x10* 23.46 (23.25-23.67) 24.99 (24.12-25.85) 23.23(23.15-23.32) 26.45 (25.74-27.13)
4x10° 26.92 (26.78-27.07) 27.38 (27.30-27.46) 26.60 (26.51-26.69) 30.17 (29.97-30.36)
4x10? 30.28 (30.13-30.43) 30.87 (30.71-31.02) 29.86 (29.76-29.96) 33.45 (32.02-34.88)
4x10! 33.73 (33.52-33.94) 34.14 (33.62-34.65) 33.27 (32.96-33.58) 36.80 (36.24-37.35)
4x10° 37.07 (36.72-37.42) 36.69 (36.07-37.31) 35.59 (35.29-35.89) -

CI - confidence intervals
*The average C_ value of 5 dilution series analysed in duplicate
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Table 4. Specificity and sensitivity of gPCR amplifications of HPV16, 18, 31, and 56 E6 genes in samples of the validation set

Genotype  Tested method  Reference method N SE SP K (95% CI) PPV NPV
HPV16 gPCR PapilloCheck 182 0.993 0.735 0.801 (0.683-0.919) 0.942 0.962

Cobas 4800 182 0.975 0.880 0.840 (0.725-0.956) 0.981 0.846
HPV18 gPCR PapilloCheck 60 0.958 0.639 0.551 (0.357-0.745) 0.639 0.958

Cobas 4800 60 0.947  1.000 0.930 (0.834-1.025) 1.000 0.917
HPV31 qPCR PapilloCheck 93 0.985 0.880 0.888 (0.780-0.995) 0.957 0.957
HPV56 gPCR PapilloCheck 67 0.756  0.955 0.636 (0.457-0.815) 0.971 0.656

SE- sensitivity; SP - specificity; k - Cohen's kappa coefficient; CI - confidence intervals; PPV- positive predictive value; NPV-negative predictive

value

4800 HPV Test and the PapilloCheck® HPV-Screening,
were used in parallel with the gPCR method to determine
the presence of HPV 16, 18, 31, and 56. The Cobas® 4800
HPV Test provided specific genotyping information for
HPV16 and HPV18 only, while the PapilloCheck® HPV-
Screening provided genotyping information for all tested
genotypes. Therefore, the results of detection of HPV3l
and HPV56 by the gPCR were compared to detection by
the PapilloCheck® HPV-Screening results only. Samples
were also tested for cross-reactivity with other HPV geno-
types. Table 4 below presents the results of these com-
parisons.

For HPV 16 detection, sensitivity and specificity levels
of the gPCR were comparable to both the PapilloCheck®
HPV-Screening and Cobas® 4800 HPV Test. A compari-
son of the qPCR method with the PapilloCheck® HPV-
Screening showed sensitivity of 99.3% and specificity
of 73.5%. A comparison of the qPCR method with the
Cobas® 4800 HPV Test showed sensitivity of 97.5% and
specificity of 88.0%.

For HPV 18 detection, a comparison of the qPCR
method with the PapilloCheck® HPV-Screening showed
sensitivity of 95.8% and specificity of 63.9%. A compari-
son of the gPCR method with the Cobas® 4800 HPV
Test showed sensitivity of 94.7% and specificity of 100%.

For HPV31 and HPV56, a comparison of the gPCR
method with the PapilloCheck® HPV-Screening showed
sensitivity of 98.5% and 75.6%, respectively, and specific-
ity of 88.0% and 95.5%, respectively.

No cross-reactivity was found in the qPCR detection
method among any of the genotypes tested.

HPYV DNA detection in NSCLC

All primary NSCLC samples were negative for
HPV16, 18, 31, and 56 in both FFPE (80/80, 100%) and
FF samples (80/80, 100%). The amplification of the in-
ternal control, GAPDH, was successful in all tested DNA
samples (C <30). The gPCR was therefore successful in
all 80 FFPE samples as well as all 80 FF samples.

DISCUSSION

The results of this study confirm the low prevalence
of hrHPV infection in primary NSCLC. HPV16, 18, 31,
and 56 were not detected in this study population. This
finding corroborates the findings of other studies con-

74

ducted in Western European countries'”?°. One recent
large study involved lung cancer patients from six Central
European countries, including patients from the Czech
Republic (the number of participating Czech patients was
unavailable). HPV16 DNA was detected in 6.6% of lung
tumors in 290 of the available tissue samples. However,
after testing the samples at the transcription level, none
of the tumors expressed viral mRNA (ref.').

In other studies, reports of the prevalence of HPV
associated with lung tumors demonstrate extremely
large heterogeneity, ranging from 0% to 78% (ref.!?).
HPV16 and HPV18 were the most frequently detected
genotypes in lung tumors, with high geographical vari-
ability'?. The highest prevalence of HPV16/18 was found
in South/Central America, followed by Asia, North
America, and Europe, with adjusted prevalence values
of 22%, 5%, 4%, and 3% respectively'>. Geographical dif-
ferences in the prevalence of HPV in lung tumor tissue
could be associated with cultural variations in sexual
behaviour, smoking habits, genetics, or environmental
exposures?3,

High variability in HPV DNA prevalence could also be
observed within a country. Chinese studies, for example,
show HPV prevalence in China ranging from 8.4% to 73%
(ref.?*2%). High rates of false positives could be contributing
to the large variability in HPV prevalence. For this reason,
extensive efforts should be made to avoid contamination
during HPV DNA detection. Our results indicate that
the stringent contamination precautions we took while
conducting pre-PCR and PCR activities were sufficient
for avoiding contamination. Moreover, the presence of
HPV DNA does not signify an active HPV infection, and
samples found positive for HPV DNA are frequently nega-
tive for HPV transcripts'*?. The measurement of viral £6/
E7 transcripts is widely considered the gold standard for
detecting biologically-relevant HPV infection. If possible,
expression levels of viral oncoproteins should be tested to
establish the causal role of the HPV in lung carcinogenesis
in HPV-positive lung tumors.

Unlike cervical cancer, the HPV viral load in lung
cancer is very low, with less than one copy per cell.
However, like cervical cancer, HPV frequently integrates
into the host genome, typically causing £2 gene disrup-
tion?*?7, In some studies, HPV infection may have been
overlooked when the assay targeted the part of the HPV
genome that is lost during integration. Thus, a sufficiently
sensitive method for detecting a more appropriate HPV
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region is necessary to avoid false negatives. We designed
a qPCR assay with a very low LOD to eliminate the like-
lihood of false negativities. This qPCR can detect up to
4 or 40 copies of HPV DNA per reaction, and ampli-
fies the £6 HPV gene which is necessary for HPV-related
cancer development and is, therefore, present during all
clinically-relevant infections?.

DNA degradation usually occurs in FFPE samples,
and these samples can produce false negative results.
The quality of the DNA obtained from the samples for
the qPCR HPV detection assay developed for this study,
including DNA isolated from FFPE samples, was con-
firmed by a sufficient 260/280 ratio and successful ampli-
fication of internal control gene GAPDH. Moreover, both
FF as well as FFPE samples from each patient were tested
to detect any positive HPV DNA in a given patient that
may have been missed if only FFPE samples were tested.

CONCLUSION

In conclusion, no HPV was detected in Czech patients
with non-small cell lung cancer despite the use of a very
sensitive qPCR test. As is consistent with other studies, no
etiologic role of the hrHPV infection in the development
of primary NSCLC was identified in the Czech popula-
tion. Further investigation involving a larger number of
lung cancer tissues is required to reach safe conclusions.
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