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20Accurate human papillomavirus (HPV) typing is essential for evaluating andmonitoring HPV vaccines in cervical
21cancer screening and in epidemiological surveys. In our country, different HPV DNA detection and genotyping
22methodologies have been established for diagnosing and monitoring HPV-related disease in clinical practice
23and for research. However, there is a lack of reference materials to standardize the methods for HPV detection
24and genotyping. In this study, we constructed candidate reference materials comprising 15 targets (13 types of
25high-risk HPV, two types of low-risk HPV). We evaluated whether the candidate reference materials could be
26used as the reference for HPV detection and genotyping using quantitative real-time polymerase chain reaction.
27Standard curves for the wide linear range (101–106 copies/μL) produced high correlation regression coefficient
28R2 of 0.99. The reaction efficiencies were 96.3% to 101.2% for the standard curves, indicating highly efficient reac-
29tions. Specific genotypeswere detected in single or multiplemixed samples. Our results suggest that these refer-
30encematerials may provide useful standards for standardizing quality assurance for different HPV-typing assays
31and for proficiency testing in diagnostic laboratories.

32 © 2014 Published by Elsevier B.V.
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37 1. Introduction

38 Cervical cancer is the second most common type of cancer among
39 women aged 15–44 years worldwide, and human papillomavirus
40 (HPV) infection is the cause of nearly 100% of cervical cancers [1–3].
41 Themost important high-risk types are HPV-16 and -18, which account
42 for about 70% of all invasive cervical cancers worldwide. HPV types 31,
43 33, 35, 45, 52, and 58 are associated with about 15% of cervical cancer
44 cases [4].
45 The prophylactic vaccines against HPV-16 and -18 are Gardasil®
46 (Merck and Co., NJ, USA; a quadrivalent vaccine for HPV-6, -11, -16,
47 -18) and Cervarix® (GlaxoSmithKline Biologicals, Brentford, UK; a biva-
48 lent vaccine for HPV-16 and -18). These vaccines have been licensed by
49 Korea Food and Drug Administration since 2007 and 2008, respectively.
50 Both vaccines have been demonstrated to induce high titers of vaccine
51 type-specific neutralizing antibodies and are effective in preventing

52persistent HPV infection and related cervical lesions [5–8]. These vac-
53cines have increased the monitoring of HPV and have led to studies to
54document the effectiveness of the vaccines.
55Accurate and internationally comparable HPV DNA detection and
56genotyping assays play an essential role in epidemiological studies of
57HPV surveillance, vaccination impact monitoring, and prevention of
58the development of cervical cancer from infection. Diverse methods
59for genotyping HPV DNA are used as the primary tool to measure HPV
60disease burden and vaccine impact. The accurate detection and
61genotyping of HPV DNA in clinical samples are important in ensuring
62that all HPV laboratories obtain results that are consistent, meaningful,
63and comparable.
64In our country, different HPV DNA detection and genotyping meth-
65odologies have been established for diagnosing and monitoring HPV-
66related disease in clinical practice and in research. However, we lack
67well-characterized reference materials to evaluate the performance of
68these laboratories and to determine the sensitivity and specificity of
69HPVDNA detection and quantification. In response to the need, we con-
70structed recombinant HPV plasmid DNAs that encode the full-length L1
71protein of 15 different HPV genotypes and evaluated whether these
72could be used as the reference materials for HPV genotyping. We
73assessed their suitability for use in assays to detect and genotype HPV
74DNA in HPV clinical laboratories and in the research field.
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75 2. Materials and methods

76 2.1. HPV infectious samples

77 To obtain the L1 gene of the 15HPV genotypes (HPV-6, -11, -16, -18,
78 -31, -33, -39, -45, -51, -52, -56, -58, -59, -66, and -68b), we used cervical
79 DNA collected from the Korea HPV Cohort Study [9]. The Korea HPV
80 Cohort Study is a multicenter, open, cross-sectional and prospective co-
81 hort study of participants in four metropolitan cities in Korea. The co-
82 hort recruits women who have been shown to be HPV positive with a
83 cytological abnormality on a Pap smear; the HPV test results were ob-
84 tained from the participating hospitals. Cervical DNA was extracted
85 from exfoliated cervical cells after clinical examination. The target
86 HPV-infected cervical DNAs of at least one of the 15 target genotypes
87 collected in the cohort study were selected. We confirmed their geno-
88 types using the Linear Array HPV genotyping test (Roche Diagnostics,
89 Basel, Switzerland).

90 2.2. Construction of the specific genotype-targeted plasmid DNA

91 2.2.1. Polymerase chain reaction (PCR) amplification
92 The HPV L1 gene was amplified with specific genotype primers
93 (Table 1). To amplify the 15 individual L1 genes, 1 U of Taq DNA poly-
94 merase, 250 μMdNTP, 1.5mMMgCl2, 40 pmol of corresponding primers
95 (Table 1), and 10 ng of cervical DNAwere added to a 20 μL reaction vol-
96 ume. The optimized PCR program for the L1 gene was as follows: 94 °C
97 for 5 min; then 30 cycles at 94 °C for 30 s for denaturation, 55 °C at 30 s
98 for annealing; 72 °C for 1 min, and 30 s for extension; followed by 72 °C
99 for 10 min. The amplified products were separated on a 1.5% agarose
100 electrophoresis gel and purified using the QIAquickGel Extraction Kit
101 (Qiagen, Hilden, Germany).

102 2.2.2. Cloning and sequencing of the L1 gene into pGEM-T vector
103 The full-length L1 gene of the 15 genotypes was purified from the
104 agarose gels. Each purified DNA was ligated to pGEM-T Easy Vector
105 (Promega, Madison, WI, USA) and transformed into Escherichia coli

106JM109. The nucleotide sequences of the plasmid DNA fragment were
107determined by primer walking (Macrogen, Seoul, Korea). Comparisons
108of the nucleotide and deduced amino acid sequences were conducted
109using BLAST (Basic Local Alignment Search Tool, National Center for
110Biotechnology Information (NCBI)). The purified plasmids were then
111linearized with EcoRI for 3 h at 37 °C, and their expected size was
112confirmed.

1132.3. Real-time PCR

114For TaqMan real-time PCR, primers and probes corresponding to
115each specific genotype L1 were designed using Primer V3 software
116(Table 2) and synthesized by Integrated DNA Technologies (Coralville,
117IA, USA). The probe contained a reporter dye 5′,6-carboxyfluorescein
118(for HPV-6, -16, -31, -45, -52, -58, and -66) or 5-hexachlorofluorescein
119(for HPV-11, -18, -33, -39, 51, -56, -59, and -68b) at the 5′ end and a
120quencher dye (NFQ-MGB) at the 3′ end. TaqMan real-time PCRwas per-
121formed in a 20 μL final volume containing 1 μL of each serially diluted re-
122combinant DNA (1 × 106, 1 × 105, 1 × 104, 1 × 103, 1 × 102, and 1 ×
123101 copies/μL), 10 μL of 2× LightCycler 480 Probe Master Mix (Roche),
1240.5 μL of 10 pmol HPV genotype-specific forward primer, 0.5 μL of
12510 pmol HPV genotype specific reverse primer, 0.1 μL of uracil DNA glu-
126cosidase (NEB Ltd., Hertfordshire, UK), 0.1 μL of HPV DNA type-specific
127TaqMan MGB probe, and 7.8 μL of H2O. The PCRs were all run on a
128LightCycler 480 II (Roche) using the following program: 95 °C for 10 s
129and 45 cycles at 95 °C for 10 s, 55 °C for 10 s, and 72 °C for 10 s. The fluo-
130rescence signalsweremeasured once during each cycle at the extension
131step, and the datawere then analyzed. Each reactionwas repeated three
132times in triplicate.

1332.4. Linear array assay

134Extracted recombinant DNA was tested using the Linear Array HPV
135Genotyping Assay (Roche). The linear array genotyping system uses
136PCR amplification of DNA, followed by a reverse line blot hybridization
137assay to detect the amplified DNA products. The reaction volume

t1:1 Table 1
t1:2 Oligonucleotides used to amplify genotype-specific L1 genes.

Oligonucleotide Oligonucleotide sequence (5′ → 3′) Size (bp) GenBank accession no.t1:3

HPVQ3 -6F ATGTGGCGGCCTAGCGACAGCAC 1503 AF092932t1:4

HPV-6R TTACCTTTTGGTTTTGGCGCGCTTACt1:5

HPV-11F ATGTGGCGGCCTAGCGACAGCAC 1506 U55993t1:6

HPV-11R TTACTTTTTAGTTTTGGTGCGCTTACt1:7

HPV-16F ATGCAGGTGACTTTTATTTACATCC 1596 K02718t1:8

HPV-16R TTACAGCTTACGTTTTTTGCGTTTAGt1:9

HPV-18F ATGTGCCTGTATACACGGGTCCTG 1707 X05015t1:10

HPV-18R TTACTTCCTGGCACGTACACGCACt1:11

HPV-31F ATGTCTCTGTGGCGGCCTAGCGAGG 1515 JO4353t1:12

HPV-31R TTACTTTTTAGTTTTTTACGTTTTt1:13

HPV-33F ATGTCCGTGTGGCGGCCTAGTGAGG 1500 M12732t1:14

HPV-33R TTATTTTTTAACCTTTTTGCGTTTTt1:15

HPV-39F ATGGCTCTGTGGCGGTCTAGTG 1518 JN104070t1:16

HPV-39R TTATTTAGACACACGTTTACGTTTGTGt1:17

HPV-45F ATGGCACACAATATTATTTATGGCC 1620 X74479t1:18

HPV-45R TTATTTCTTACTACGTATACGTACAt1:19

HPV-51F ATGGCATTGTGGCGCACTAATGAC 1515 M62877t1:20

HPV-51R TTACTTTTTAACACGTTTACGTTTGGCt1:21

HPV-52F ATGGTACAGATTTTATTTTACATCC 1590 X74481t1:22

HPV-52R TTACCTTTTAACCTTTTTCTTCTTTt1:23

HPV-56F ATGATGTTACCCATGATGTATATATAC 1605 X74483t1:24

HPV-56R CTACCGCCTTTTACGTTTTGCTGt1:25

HPV-58F ATGGTGCTGATTTTATGTTGCACC 1575 JX313772t1:26

HPV-58R TTATTTTTTAACCTTTTTGCGTTTGGTGGt1:27

HPV-59F ATGGCTCTATGGCGTTCTAGTGACA 1527 X77858t1:28

HPV-59R CTATTTTCTGGAAGACTTGCGACGCt1:29

HPV-66F ATGGCGATGTGGCGGCCTAGTGACA 1512 U31794t1:30

HPV-66R CTATCGTTTTTTACGTTTAGCTGGTt1:31

HPV-68bF ATGGCATTGTGGCGCTCTAGCGAC 1518 FR751039t1:32

HPV-68bR TTACTTTGACACACGTTTACGTTTGTGCt1:33
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