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Abstract

Background: Human papillomavirus (HPV) is the most common sexually transmitted infection worldwide
and it is responsible for most cases of cervical uterine cancer. Although HPYV infections of the cervix do not always
progress to cancer, 90% of cervical cancer cases have been found to be associated with high risk HPV (HR-
HPYV) infection. HPV DNA testing is widely used, along with Papanicolaou (Pap) testing, to screen for cervical
abnormalities. However, there are no data on the prevalence of genotype-specific HPV infections assessed by
measuring HPV E6/E7 mRNA in women representative of the Chinese population across a broad age range.
Materials and Methods: In the present study, we compared the results with the CervicGen HPV RT-qDx assay,
which detects 16 HR-HPV genotypes (Alpha-9: HPV 16, 31, 33, 35,52, and 58; Alpha-7: HPV 18, 39, 45,51, 59,
and 68; and Alpha-5, 6: HPV 53,56, 66, and 69), and the REBA HPV-ID assay, which detects 32 HPV genotypes
based on the reverse blot hybridization assay (REBA) for the detection of oncogenic HPV infection according to
cytological diagnosis. We also investigated the prevalence and genotype distribution of HPV infection with a total
of 324 liquid-based cytology samples collected in western Shandong province, East China. Results: The overall
HPYV prevalences determined by HPV DNA and HPV E6/E7 mRNA assays in this study were 79.9% (259/324)
and 55.6% (180/324), respectively. Although the positivity of HPV E6/E7 mRNA expression was significantly
lower than HPV DNA positivity, the HPV E6/E7 mRNA assay showed greater specificity than the HPV DNA
assay (88.6% vs. 48.1%) in normal cytology samples. The prevalence of Alpha-9 (HPV 16, 31, 33, 35, 52, and
58) HPYV infection among these women accounted for up to 80.3% and 76.1% of the high-grade lesions detected
in the HPV mRNA and DNA tests, respectively. The HR-HPV genotype distribution, based on HPV DNA and
E6/E7 mRNA expression by age group in patients with cytologically confirmed lesions, was highest in women
aged 40 to 49 years (35.9% for cytologically confirmed cases, Pearson correlation r value=0.993, p<0.001) for
high-grade lesions. Among the oncogenic HR-HPV genotypes for all age groups, there was little difference in
the distribution of HPV genotypes between the HPV DNA (HPV -16, 53, 18, 58, and 33) and HPV E6/E7 mRNA
(HPV -16, 53, 33, 58, and 18) assays. HPV 16 was the most common HPV genotype among women with high-
grade lesions. Conclusions: Our results suggest that the HPV E6/E7 mRNA assay can be a sensitive and specific
tool for the screening and investigation of cervical cancer. Furthermore, it may provide useful information
regarding the necessity for early cervical cancer screenings and the development of additional effective HPV
vaccines, such as one for HPV 53 and 58. Additionally, gaining knowledge of HPV distribution may also inform
us about ecological changes in HPV after the vaccination.
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Introduction 2011) and a major cause of morbidity and mortality. In
China, the most populous country in the world, cervical

Human uterine cervical cancer is the third most  cancer remains the second leading cause of cancer death
common cancer among women worldwide (Jemal et al.,  among 15- to 44-year-old females (Sanjose et al., 2012).
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In particular, there are 75,500 new cases and 34,000
deaths annually in developing countries such as China
(Xiao-Xiang et al., 2014).

Human papillomavirus (HPV) is the most common
sexually transmitted pathogen among women and
men, and HPV infection is considered to be the main
contributing factor in the development of cervical cancer
(Walboomers et al., 1999). It has been estimated that 70%
of sexually active women will acquire an HPV infection
at some point during their lifetime (Walboomers et al.,
1999). Approximately 60 HPV genotypes are known
to infect the genital tract (Ergiinay et al., 2007), and 15
genotypes (including HPV 16, 18,33, 45,52, 58,39, 51,
56, and 59) are classified as HR-HPV genotypes. The
majority of HPVs belong to the genus alpha-papilloma
virus, which can be further subdivided into species and
strains. Among these, alpha-7 (HPV-18, -39, -45, -59,
-68) and alpha-9 (HPV-16, -31, -33, -35, -52, -58) are
related to high oncogenic risk (Ault, 2007). Oncogenic
HPV genotypes cause invasive cervical carcinoma or
squamous intraepithelial lesions upon infection of cervical
epithelial cells (zur Hausen, 2009). As a result, testing for
oncogenic HPV infection in cervical lesions could serve as
an accurate means of identifying women who are at risk for
developing cervical cancer. In general, HPV types 16 and
18 cause approximately 70% of cervical cancers and types
31,33, 35,45,52, and 58 accounts for an additional 20%
of cases (Clifford et al., 2005). However, the prevalence
of HPV infection and type-specific distribution varies
depending on the country and province, and substantial
geographical variation are known to exist (Bruni et al.,
2010; Poljak et al., 2013).

The incidence of uterine cervical cancer has been
decreasing since the implementation of periodic cancer
screening programs which detect cervix dysplasia and in
situ carcinoma. The utilization of the cervix Papanicolaou
smear (Pap smear) has been a key reason for the decrease
in cervical cancer incidence rates and the accompanying
mortality (Okadome et al., 2014). Although the Pap smear
has been a widely used cervical screening test due to its
low cost and simple procedure, one main drawback is
the false negative error rate of 20%-50%. In addition,
the sensitivity for uterine cervix high-grade squamous
intraepithelial lesion detection and the predictive value
have been questioned by previous reports (Vizcaino et
al., 1998). The progression of a precancerous lesion to
an invasive carcinoma in uterine cervical cancer occurs
slowly. Therefore, early detection is the most effective
way of halting this progression. As a supplement to the
Pap smear, the HPV molecular diagnosis test is effective
in diagnosing HR-HPV groups in cervical cancer.

Several PCR-based multiplex detection methodologies
have been shown to be effective in detecting HPV
infections, and clinicians and researchers have used PCR-
based molecular assays (Laudadio, 2013). For uterine
cervical cancer diagnosis, most molecular diagnostics
are based on an HPV DNA test with Pap smear. Although
the sensitivity of HPV DNA testing is good, its specificity
is relatively low. Currently, European countries such
as Norway and Finland recommend the guidelines for
follow-up exams for cervical examination and HPV E6/
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E7 mRNA testing (Sveinung et al., 2010). Although it has
been reported that the HPV E6/E7 mRNA test has greater
specificity for detecting cancer development than do L1
gene-based DNA tests (Sveinung et al., 2010; Andersson
et al.,2011), there are no data on the distribution of type-
specific HPV infections among HPV mRNA detected in
women representative of the Chinese population covering
a broad age range.

In the present study we used the CervicGen HPV
RT-gDx assay (Optipharm, Osong, Republic of Korea),
which targets HPV E6/E7 mRNA of 16 oncogenic HR
HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, 68, and 69) to investigate the prevalence
and genotype distribution in relation to age in Chinese
women, cytology of oncogenic HPV infection compared
with the REBA HPV-ID which is based on the reverse
blot hybridization assay (REBA).

Materials and Methods

Clinical samples

Liquid-based cytology samples (Table 1) from 326
women were obtained over a 1-year (from January to
December 2013) period from the Liaocheng People’s
Hospital in the Shandong province of China. This study
was approved by the Institutional Ethics Committee at
Liaocheng People’s Hospital (approval no. 2011-0038),
and all subjects provided written informed consent. All
clinical samples were collected using ThinPrep® (Hologic
Inc., Bedford, MA, USA) Pap materials.

Cytological and histological diagnosis

Liquid-based cytology slides (Pap smears) were
evaluated according to the 2001 Bethesda System designed
by cytopathologists and pathologists. Cytological cases of
squamous cell carcinoma (SCC), high-grade squamous
intraepithelial lesion (H-SIL), atypical squamous cells -
cannot exclude H-SIL (ASC-H), a low-grade squamous
intraepithelial lesion (L-SIL), typical squamous cells of
undetermined significance (ASC-US), and normal (within
normal limit, include reactive change due to inflammation,
fungal infection, and atrophy) were included. The
remaining fluid samples were stored at 4°C after cytology
slide preparation and prior to DNA extraction.

PCR-reverse blot hybridization assay (PCR-REBA) for
HPYV genotyping

HPV genotyping assay was performed using the
REBA HPV-ID® test (YD Diagnostic, Yongin, Republic of
Korea) which is based on PCR-REBA and was performed
according to the manufacturer’s instructions. The REBA
HPV-ID is designed to detect 18 HR-HPV genotypes (16,
18, 26,31, 33, 35, 39,45, 51,52, 53, 56, 58, 59, 66, 68,
69, and 73) together with 14 low-risk (LR) HPV genotypes
(6,11,32,34,40,42,43,44,54,70,72, 81, 84, and 87).
PCR was performed using a 20-pL reaction mixture
(Genetbio, Daejeon, Republic of Korea) containing 2x
master mix, 1x primer mixture, 5 pL sample DNA, and
sterile distilled water (DW) to give a final volume of 20
pL. The first 10 PCR cycles consisted of denaturation
at 95°C for 30 s, followed by annealing and extension
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at 60°C for 30 s. These 10 cycles were followed by 40
cycles of denaturation at 95°C for 30 s and annealing and
extension at 54°C for 30 s. After the final cycle, samples
were maintained at 72°C for 10 min to complete synthesis
of all strands. The amplified target was visualized as a
single band corresponding to a length of 150 bp using
the Chemi Doc system (Vilber Lourmat, Deutschland,
Germany).

For the REBA HPV-ID®, the hybridization and
washing processes were performed according to the
manufacturer’s instructions. In brief, the biotinylated PCR
products were denatured at 25°C for 5 min in denaturation
solution and diluted in 970 pL of hybridization solution
on the REBA membrane strip in the provided blotting
tray. Denatured single-stranded PCR products were
hybridized to the probes on a strip at 50°C for 30 min.
The strips were then washed twice with gentle shaking in
1 mL of washing solution for 10 min at 50°C, incubated
at 25°C with streptavidin-alkaline phosphatase (AP)
conjugate (Roche Diagnostics, Mannheim, Germany)
diluted 1:2,000 in conjugate diluents solution (CDS) for
30 min, and finally washed twice with 1 mL CDS at room
temperature for 1 min. The colorimetric hybridization
signals were visualized by addition of a 1:50 dilution
of AP-mediated staining solution, NBT/BCIP (Roche
Diagnostics), and incubation was continued until a color
change was detected. Finally, the banding pattern was
read and interpreted.

Total RNA isolation

After cytology slide preparation was complete, the
remainder of the specimen was used for RNA isolation.
Total cellular RNA was isolated using the Isol-RNA Lysis
Reagent (5 Prime, Austin, TX, USA) according to the
manufacturer’s instructions. Briefly, 1 mL of Isol-RNA
Lysis Reagent (5 Prime) was added to the cellular pellet.
Cells were lysed by vortexing or repeated pipetting, and
left to stand at room temperature for 5 min. Subsequently,
200 pL of chloroform was added and the mixture was
shaken vigorously and incubated at room temperature
for 3 min before centrifugation at 12,000 x g for 15 min.
The resultant aqueous layer was transferred to a new
tube and an equal volume of isopropanol was added
and mixed by inverting the tube. After incubation for
10 min at 25°C and centrifugation at 12,000 x g for 10
min, 1 mL of 75% ethanol was added to the supernatant
and mixed by tube inversion. Finally, the mixture was
centrifuged at 7,500 x g for 5 min, and the supernatant
was removed. The RNA pellet was dried and eluted in 30
pL of diethylpyrocarbonate (DEPC)-treated water (Intron
Biotechnology, Seoul, Republic of Korea). The purity and
concentration of total RNA were determined by measuring
the absorbance at 260 and 280 nm using the Infinite 200®
(Tecan, Salzburg, Austria). All steps in the preparation
and handling of total RNA were performed in a laminar
flow hood under RNase-free conditions. The isolated total
RNA was stored at —=70°C.

cDNA synthesis
Complementary DNA (cDNA) was synthesized
using an M-MLV Reverse Transcriptase kit (Invitrogen,
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Carlsbad, CA, USA) and random hexamers (Invitrogen),
according to the manufacturer’s recommendations.
Briefly, 10 pL of total RNA was added to a master mix
containing 1 uL 10 mM dNTP mix (10 mM each dATP,
dGTP, dCTP, and dTTP at a neutral pH), 0.25 pg random
hexamers, and 5 pL. DEPC-treated water in PCR tubes.
The reaction mixture was incubated at 65°C for 5 min and
quickly chilled on ice. After addition of 4 pL 5x First-
Strand Buffer, 2 uL 0.1 M dithiothreitol (DTT), and 1 pL
M-MLV reverse transcriptase (RT), the cDNA synthesis
reaction was performed at 25°C for 10 min, 37°C for 50
min, and 70°C for 15 min.

HPV E6/E7 mRNA RT-gPCR assay

Detection of HPV E6/E7 mRNA in cervical specimens
was performed by quantitative reverse-transcriptase-PCR
(RT-qPCR). The RT-qPCR TaqMan assay was carried out
with the CervicGen HPV RT-qDx assay kit (Optipharm)
using CFX-96 (Bio-Rad, Hercules, CA, USA) and ABI
7500 Fast (Applied Biosystems, Foster City, CA, USA)
real-time PCR systems for thermocycling and fluorescence
detection, according to the manufacturers’ instructions.
The PCR primers and the corresponding TagMan® probes
were designed for three different sets of HPVs, in each
case targeting their common sequence (Alpha-9: HPV
genotypes 16, 31, 33, 35, 52, and 58; Alpha-7: HPV
genotypes 18, 39, 45, 51, 59, and 68; and Alpha-5,6:
HPV genotypes 53, 56, 66, and 69). Real-time PCR
amplification for HPV E6/E7 mRNA was performed in a
total volume of 25 pL containing 12.5 uL 2 x Thunderbird
probe qPCR mix (Toyobo, Osaka, Japan), 7.5 pL primer
and TagMan probe mixture, 5 pL template cDNA, and
DW to give a final volume of 25 pL for each sample.
The multiplex RT-qPCR assay detected HPV E6/E7
genes simultaneously in a single tube by incorporating 3
target-specific TagMan probes, which were labeled with
different fluorophores (FAM, HEX, and Cy5). Positive and
negative controls were included throughout the procedure.
No-template controls with sterile DW instead of template
DNA were incorporated into each run. Cycling conditions
were 95°C for 3 min, followed by 45 cycles of 95°C for
20 s and 60°C for 40 s. The mRNA expression level was
quantified by determining the cycle threshold (CT), which
is the number of PCR cycles required for the fluorescence
to exceed a value significantly higher than the background
fluorescence. To avoid false negatives due to degradation
of mRNA, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as a control. Target gene mRNA
expression levels relative to GAPDH were automatically
calculated using the comparative Ct method by CFX
Manager Software v1.6 (Bio-Rad).

Statistical analysis

All statistical analyses were performed using Prism
5 software (GraphPad, La Jolla, CA, USA) and SPSS
statistics software version 21.0 (IBM, Armonk,NY, USA).
Sensitivity, specificity, correlation p value, and 95%
confidence interval (CI) of the predictive ability for each
HPV DNA chip or REBA HPV-ID® and CervicGen HPV
RT-qDx assay were estimated with respect to cytological
and histological diagnosis.
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Results

Cytological diagnosis for liquid-based cytology specimens

A total of 324 specimens obtained from Chinese
women were classified into six categories by cytological
criteria: 4 (1.2%) as SCC, 67 (20.7%) as HSIL, 19
(5.9%) as ASC-H, 59 (18.2%) as LSIL, 96 (29.6%) as
ASC-US, and 79 (24.4%) as normal (Table 1). The age
range of patients was 21 to 79 years, with a mean age of
43 4 years (SD=x12.6 years, 95% confidence interval (CI)
42.6-45.3). Among the 324 cytology specimens, samples
from Chinese women who were <30 years old, 30-39
years old, 40-49 years old, 50-59 years old and =60 years
old accounted for 50 (15.4%), 64 (19.8%), 97 (29.9), 77
(23.8%) and 36 (11.1%) of the samples, respectively
(Table 1).

Prevalence rates of the HPV DNA and HPV E6/E7 mRNA
assays in cytological diagnosis

The prevalence of each HR-HPV group was classified
according to Alpha-9 (HPV genotypes 16, 31, 33, 35,
52, and 58), Alpha-7 (HPV genotypes 18, 39,45,51,59,
and 68), and Alpha-5, 6 (HPV genotypes 53, 56, 66, and
69) species based on HPV DNA and HPV E6/E7 mRNA
expression in 324 cytologically diagnosed specimens. The
distribution of these groups was analyzed within HPV
positive samples including mixed infections. In the HPV
DNA assay, the prevalence rates of HR-HPV Alpha-9 were
2 (50.0%) in SCC, 55 (84.6%) in HSIL, 19 (90.4%) in
ASC-H, 17 (38.6%) in LSIL, 50 (52.6%) in ASCUS, and
5 (50.0%) in normal. In the HR-HPV Alpha-7 group, we
found that 1 (25.0%) in SCC, 2 (3.1%) in HSIL, 1 (4.8%)
in ASC-H, 11 (25.0%) in LSIL, 7 (18.4%) in ASCUS, and
4 (40.0%) in normal were HPV DNA positive. For HR-
HPV Alpha-5, 6, 1 (25.0%) in SCC, 8 (12.3%) in HSIL,
1 (4.8%) in ASC-H, 16 (36.4%) in LSIL, 11 (29.0%) in
ASCUS, and 1 (10.0%) in normal were found to be HPV
DNA positive (Figure 1A).

In the HPV E6/E7 mRNA assay, the prevalence rates
of HR-HPV Alpha-9 were 4 (66.7%) for SCC, 56 (77.1%)
for HSIL, 18 (74.1%) for ASC-H, 23 (28.9%) for LSIL,
31 (26.4%) for ASCUS, and 7 (6.9%) for normal. For the
HR-HPV Alpha-7 group, 1 (16.6%) for SCC, 3 (4.1%)
for HSIL, 1 (4.1%) for ASC-H, 20 (25.1%) for LSIL, 17
(14.5%) for ASCUS, and 1 (1.0%) for normal were found
to be HPV E6/E7 mRNA positive. For HR-HPV Alpha-5,
6,1 (16.6%) for SCC, 5 (6.9%) for HSIL, 4 (16.5%) for
ASC-H, 15 (18.9%) for LSIL, 12 (10.2%) for ASCUS,
and 1 (1.0%) for normal were determined to be HPV E6/
E7 mRNA positive (Figure 1B).

Table 1. Clinical samples used in this study

Comparison of the positivity rates determined by HPV
DNA and HPV E6/E7 mRNA assays

The positivity rates of HPV E6/E7 mRNA expression
were compared with HPV DNA based on cytological
diagnosis. The overall HPV prevalences determined
using HPV DNA and the HPV E6/E7 mRNA assay in
this study were 79.9% (259/324) and 55.6% (180/324),
respectively (Table 2). The HPV DNA positivity was 4/4
(100%) in cases of SCC, 62/67 (92.5%) for HSIL cases,
18/19 (94.7%) for cases of ASC-H, 55/59 (93.2%) for
LSIL cases, 79/96 (82.3%) for cases of ASC-US, and
41/79 (51.9%) for normal. The HR-HPV prevalences
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Figure 1. Overall Prevalence of HR-HPV Alpha-9,
Alpha-7, and Alpha-5,6 Determined by HPV DNA
(A) and HPV E6/E7 mRNA (B) assays based on cytological
diagnosis from Chinese subjects. The HR-HPV group
prevalence was determined by Alpha-9 (HPV genotypes 16,
31, 33, 35, 52, and 58), Alpha-7 (HPV genotypes 18, 39,
45, 51, 59, and 68), and Alpha-5, 6 (HPV genotypes 53, 56,
66, and 69) species based on HPV E6/E7 mRNA expression
in 324 cytologically diagnosed specimens. Abbreviations:
SCC, squamous cell carcinoma; H-SIL, high grade squamous
intraepithelial lesion; ASC-H, atypical squamous cells — cannot
exclude H-SIL; LSIL, low grade squamous intraepithelial lesion;
ASCUS, atypical squamous cells of undetermined significance.

Ethnicity  Cytological =~ Median Age group Totaln (%)
diagnosis age <30,n (%) 30~39,n (%) 40~49,n(%) 50~59,n (%) =60,n(%)

Chinese Scc 56 0(0) 0(0) 0(0) 3(0.9) 1(0.3) 4(1.2)

(n=324) HSIL 44 8(2.5) 13 (6.3) 24 (7.4) 16 (4.9) 6(1.9) 67 (20.7)
ASC-H 44 1(0.3) 3(0.9) 8(2.5) 6(1.9) 1(0.3) 19 (5.9)
LSIL 36 16 (4.9) 16 (4.9) 14 (4.3) 8(2.5) 5(L.5) 59 (18.2)
ASC-US 455 10 (3.1) 15 (4.6) 28 (8.6) 27 (8.3) 16 (4.9) 96 (29.6)
normal 42 15 (4.6) 17 (5.2) 23 (7.1) 17 (5.2) 7(22) 79 (24.4)
Total 434 50 (15.4) 64 (19.8) 97 (29.9) 77 (23.8) 36 (11.1) 324 (100)
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Table 2. Prevalence of oncogenic HPV infection determined by HPV DNA and HPV E6/E7 mRNA assays among

women with cytological lesions

Cytology result at enrollment (n)

No. of results

HPV DNA test HPV E6/E7 mRNA
Positive (%) Negative (%) Positive (%) Negative (%)

SCC 4) 4 (100) 0(0) 4 (100) 0(0)

HSIL (67) 62 (92.5%) 5(7.5%) 59 (88.1%) 8 (11.9%)
ASC-H (19) 18 (94.7%) 1(5.3%) 18 (94.7%) 1 (5.3%)
LSIL (59) 55 (93.2%) 4 (6.8%) 43 (72.9%) 16 (27.1%)
ASCUS (96) 79 (82.3%) 17 (17.7%) 49 (51.0%) 47 (49.0%)
Normal (79) 41 (51.9%) 38 (48.1%) 7 (8.9%) 72 (91.1%)
Total (324) 259 (79.9%) 65 (20.1%) 180 (55.6%) 144 (44 4%)

Table 3. Comparison of oncogenic HPV types among patients determined by HPV DNA and HPV E6/E7 mRNA

assays
HR HPV type Assays Age Total (%)
<30 30~39 40~49 50~59 =00
(%) (%) (%) (%) (%)
Alpha-9 16 DNA 11 (6.0) 14 (7.7) 26 (14.3) 18(9.9) 527 74 (40.7)
mRNA 10 (6.4) 14 (9.0) 23 (14.7) 17 (10.9) 4(2.6) 68 (43.6)
31 DNA 0(0.0) 0 (0.0) 1(0.5) 0(0.0) 0(0.0) 1(0.5)
mRNA 0(0.0) 0 (0.0) 1(0.6) 0(0.0) 0(0.0) 1(0.6)
33 DNA 2 (1.1) 2 (1.1) 6(3.3) 2 (1.1) 2(1.1) 14(7.7)
mRNA 2(1.3) 2(1.3) 6 (3.8) 2(1.3) 2(1.3) 14 (9.0)
35 DNA 1(0.5) 2 (1.1) 422 1(0.5) 0(0.0) 8(4.4)
mRNA 1(0.0) 2(1.3) 4(2.6) 1(0.6) 0(0.0) 8(5.1)
52 DNA 0(0.0) 1(0.5) 3(1.6) 0(0.0) 2(1.1) 6(3.3)
mRNA 0(0.0) 1(0.6) 3(1.9) 0(0.0) 1(0.6) 532
58 DNA 3(1.6) 3(1.6) 52.7) 422 0(0.0) 15(8.2)
mRNA 3(1.9) 2(11.7) 532 4(2.6) 0(0.0) 14 (9.0)
Alpha-7 18 DNA 3(1.6) 3(1.6) 527 6(3.3) 0(0.0) 17 (9.3)
mRNA 1(0.6) 1(0.6) 2(1.3) 532 0(0.0) 9(5.8)
39 DNA 0(0.0) 0(0.0) 2(1.1) 1(0.5) 1(0.5) 422
mRNA 0(0.0) 0(0.0) 1(0.6) 1(0.6) 1(0.6) 3(1.9)
45 DNA 1(0.5) 1(0.5) 0(0.0) 1(0.5) 0(0.0) 3(1.6)
mRNA 1(0.6) 1(0.6) 0(0.0) 0(0.0) 0(0.0) 2(1.3)
51 DNA 0(0.0) 2 (1.1) 0(0.0) 0(0.0) 0(0.0) 2 (1.1)
mRNA 0(0.0) 2(1.3) 0(0.0) 0(0.0) 0(0.0) 2(1.3)
59 DNA 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
mRNA 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
68 DNA 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
mRNA 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Alpha-5,6 53 DNA 3(1.6) 3(1.6) 422 844 2(1.1) 20 (11.0)
mRNA 2(1.3) 3(1.9) 2(1.3) 8(52) 2(1.3) 17 (11.0)
56 DNA 2 (1.1) 4(2.2) 0(0.0) 0(0.0) 1(0.5) 7(3.8)
mRNA 2(1.3) 3(1.9) 0(0.0) 0(0.0) 1(0.6) 6(3.9)
66 DNA 3(1.6) 2 (1.1) 1(0.5) 3(1.6) 1(0.5) 10 (5.5)
mRNA 1(0.6) 2(1.3) 1(0.6) 2(1.3) 0(0.0) 6(3.9)
69 DNA 1(0.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.5)
mRNA 1(0.6) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.6)
Total DNA 30 (16.5) 37 (20.3) 57 (31.3) 44 (24.2) 14 (7.7) 182 (100)
mRNA 24 (154) 33(21.2) 48 (30.8) 40 (25.6) 11(7.0) 156 (100)

among all cytological grade samples were 162 (50.5%)
and 4/4 (100%) for SCC, 58/67 (86.6%) for HSIL, 17/19
(89.5%) for ASC-H, 39/59 (66.1%) for LSIL, 33/96
(34.4%) for ASC-US, and 11/79 (13.9%) for normal. All
324 liquid based cytology specimens were positive for
GAPDH mRNA expression. Among the 324 cytologically
diagnosed specimens, HPV E6/E7 mRNA positivity was
detected in 4/4 (100%) SCC samples, 59/67 (88.1%) HSIL
samples, 18/19 (94.7%) ASC-H samples, 43/59 (72.9%)
LSIL samples, 49/96 (51.0%) ASCUS samples, and 7/79
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(8.9%) normal samples (Figure 2A).

Comparison of HPV genotypes based on LI gene target
DNA and E6/E7 mRNA analysis

The DNA genotypes and E6/E7 mRNA defined
according to the Alpha-9, Alpha-7 and Alpha-5, 6 groups
were analyzed by oncogenic HR-HPV genotypes. The
Alpha-9 (64.8%, n=118), -7 (14.3%, n=26), and -5, 6
(20.9%, n=38) groups by HPV DNA testing and the
Alpha-9 (70.5%, n=110), -7 (10.3%, n=16), and -5, 6
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Positive rates (%)

Figure 2. HPV Positivity Rates from HPV L1 DNA and
HPV E6/E7 mRNA Assays, According to Cytological
Grade (A) and the distribution of oncogenic HR-HPV
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Figure 3. HR-HPV Prevalence Determined by
Oncogenic HR-HPV DNA and HR-HPV E6/E7 mRNA
Assays among Women with Different Cytological
Grades (High - Low), According to Patient Age. Pearson
correlation analyzed comparisons between age groups in high
grade and low grade specimens, respectively (p<0.001).

(19.2%,n=30) groups by E6/E7 mRNA testing accounted
for the majority of oncogenic HR-HPV genotypes,
respectively. Among the oncogenic HR-HPV DNA
genotypes, the most common genotype was HPV 16
(n=74,40.7%), followed by HPV 53 (n=20, 11.0%), HPV
18 (n=17,9.3%), HPV 58 (n=15, 8.2%), HPV 33 (n=14,
7.7%),HPV 66 (n=10,5.5%),HPV 35 (n=8,4.4%), HPV
56 (n=7, 3.8%), HPV 52 (n=6, 3.3%), HPV 39 (n=4,
2.2%),HPV 45 (n=3,1.6%),HPV 51 (n=2,1.1%),HPV 31
(n=1,0.5%),and HPV 69 (n=1,0.5%) (Figure 2B). Among
the oncogenic HR-HPV E6/E7 mRNA genotypes, the most
common genotype was HPV 16 (n=68,43.6%), followed
by HPV 53 (n=17,11.0%),HPV 33 (n=14,9.0%),HPV 58
(n=14,9.0%),HPV 18 (n=9,5.8%),HPV 35 (n=8,5.1%),
HPV 56 (n=6,3.9%),HPV 66 (n=6,3.9%),HPV 52 (n=5,
4.0%), HPV 39 (n=3, 1.9%), HPV 45 (n=2, 1.3%), HPV
51 (n=2,1.3%%),HPV 31 (n=1,0.6%),and HPV 69 (n=1,
0.6%).HPV 59 and HPV 68 were not detected in the HPV
DNA and E6/E7 mRNA assays (Figure 2C).

Distribution of the HR-HPV genotypes based on E6/E7
mRNA expression according to age
The HR-HPV genotype distributions based on HPV
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DNA and E6/E7 mRNA expression, assessed according
to age group in patients with cytological lesions, was
highest in women aged 40 to 49 with high-grade lesions
(32.3% vs. 35.9%). However, HPV DNA and E6/E7
mRNA showed the highest rate of infection in women aged
40 to 49 years (30.0%) and 50 to 59 years (29.1%) with
low-grade lesions, respectively (Figure 3). With respect to
the overall distribution of HPV DNA and E6/E7 mRNA
based on cytological diagnosis, the Alpha-9 group (118
(64.8%) cases vs. 110 (70.5%) cases) was determined to
have the highest rate of infection in women of all ages,
followed by the Alpha-5, 6 group (38 (20.9%) cases vs.
30 (19.2%) cases), and Alpha-7 group (26 (14.3%) cases
vs. 16 (10.3%) cases). In women under age 30, the most
prevalent HPV genotypes detected were HPV 16 (15.5%),
followed by HPV 58, 53, and 56 (3.2%), 33 (2.6%), 66
(1.9%),45,51 (1.2%),and 69 (0.6%). Among women aged
40 or over, the most prevalent HPV genotypes detected
were HPV 16 (28.4%), 53 (7.7%), 33 (6.5%), 58 (5.8%),
18 (4.5%),35 (3.2%), 18 (4.4%),52 (2.6%),39,66 (1.9%),
31(3.2%), and 31, 56 (0.6%), respectively (Table 2).

Discussion

Currently, the combined use of cervical cytology
and HPV DNA testing is the mainstay of cervical cancer
screening programs. Studies comparing the performance
of cervical cytology with HR-HPV DNA detection for
the detection of cervical cancer lesions have shown that
the Pap smear lacks the sensitivity to detect pre-cervical
cancer or cervical cancer lesions in all women, despite
the fact that the specificity of the Pap smear is greater
than 90% (Mayrand et al., 2007; Cox, 2009). In contrast,
although the sensitivity of high risk HPV DNA is superior
to that of cytology for the detection of pre-cervical cancer
or cervical cancer, the low specificity of these assays
leads to false-positive results (Ronco et al., 2008). Here,
our study aimed to evaluate the performance of a new
RNA approach to cervical cancer screening which greatly
improves specificity. While infection with high-risk HPV
is a necessary biological factor for cervical cancer, the
actual oncogenic process is initiated by persistent high-risk
HPV infection and mediated by the upregulation of the E6/
E7 oncoproteins (Sotlar et al., 2004). Thus, overexpression
of these oncoproteins is associated with an increased risk
of lesion progression (Miinger et al., 2004). Continuous
expression of the HR-HPV E6 and E7 oncoproteins is
necessary for transformation of normal cells to dysplastic
cells (Doorbar, 2006). On this basis, it would stand to
reason that the detection of E6/E7 oncogene activity
should be more specific and should also be a better
predictor of cervical cancer risk than HPV DNA detection
methods (Molden et al., 2005). In this study, we found
that positivity for HPV E6/E7 mRNA expression was
significantly lower than HPV DNA positivity, detecting
an overall HPV prevalence of 66.4% (vs. 79.9% with the
HPV DNA test) when unclassified types were included and
48.1% (vs.56.2% with the HPV DNA test) when only the
16 specific HR-HPV genotypes that are typically tested
for were utilized. This difference was especially evident



DOI:http://dx.doi.org/10.7314/APJCP.2015.16.17.7633

Diagnostic Performance of the HPV E6/E7 mRNA and HPV DNA Assays for Oncogenic HPV in China

in clinically negative, cytologically low grade lesions
and in normal samples, in concordance with the results
of a previous study (Coquillard et al., 2011). Our results
showed that the HPV DNA and HPV E6/E7 mRNA assays
were positive in 175/234 (74.8%) and 99/234 (42.3%)
low grade lesions, respectively. Also, HPV DNA testing
was positive in 41/79 (51.9%) normal cytology samples
whereas the HPV E6/E7 mRNA assay was positive in
only 9/79 (11.4%) of those samples. Although they were
limited in our study and more follow-up studies will be
needed on low grade lesions that are HPV DNA positive
but HPV mRNA negative, the HPV E6/E7 mRNA assay
did more to improve specificity than HPV DNA assay did.
Also, the overall concordance rate between the HPV DNA
and HPV E6/E7 mRNA assays in our study was 78.4%
and we were able to demonstrate statistically significant
differences between these two assays (Pearson correlation
r value=0.572, p<0.001). The sensitivity and negative
predictive values were higher for the HPV-DNA assay
(83.0% and 80.7%, respectively) than for the HPV E6/
E7 mRNA assay (76.5% and 73.6%, respectively). In
contrast, the mRNA test showed higher specificity and
positive predictive values (80.7% and 83.0%, respectively)
than the DNA test (71.8% and 76.5%, respectively) for
the detection of cytology-confirmed lesions (Pearson
correlation r value=0.620, p<0.001). However, the
sensitivity of the HPV E6/E7 mRNA assay was higher
than the HPV-DNA assay in high grade lesions (88.0%
vs. 85.9%). The expression levels of HPV E6 and E7
mRNA have been found to increase with lesion severity;
therefore, the detection of HPV E6/E7 mRNA expression
might be of greater prognostic value and might improve
the specificity and positive predictive value compared
with the HPV DNA testing used in traditional cervical
cancer screening.

The purposes of the present study were to identify the
prevalence of type-specific HR-HPV genotypes based
on E6/E7 mRNA expression compared to the HPV DNA
test and to evaluate the association of different HPV
genotypes among women with cervical dysplasia. The
HPV genotype-distribution data could provide useful
information for establishing the appropriate vaccination
program, and for creating a diagnostic and treatment
strategy for cervical cancer. In previous studies, HPV 16,
18,31, 33, and 45 were reported to be the most prevalent
HPV genotypes associated with cervical cancer in Europe
(Walboomers et al., 1999; Poljak et al., 2013); HPV 16,
18,45,31, and 33 in North America (Bruni et al., 2010);
and HPV 16, 18, 45, 33, and 31 in Western and Central
Asia (Li et al., 2011); HPV 16, 18,33, 53, 56, and 58 in
Korea (Lee et al., 2011; Kim et al., 2012); and HPV 16,
18,33,52,and 58 in Beijing (Ding et al.,2014; Sun et al.,
2014). In this study, HPV 16, 53, 18, 58, and 33 were the
most prevalent HPV genotypes identified by HPV DNA
test and HPV E6/E7 mRNA test in Shandong. Therefore,
the HPV genotype-distribution between Eastern Asia
and other continents differs greatly (Li et al., 2011). The
prevalences of three of the HR-HPV genotypes (HPV
16, 18, 33) seem to be similar in Shandong as to those
reported in many other countries, while two HR-HPV
genotypes (HPV 53, 58) appeared mainly in Shandong. In
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particular, HPV 53 was more prevalent, whereas HPV 31
and 45 were less prevalent than in studies that looked at
women from different countries. Additionally, our results
showed that Alpha-9 group genotypes were found more
frequently in high grade lesions. This suggests that the
Alpha-9 genotypes contribute to oncogenesis in high grade
lesions. However, since other HR-HPV genotypes can also
potentially promote oncogenesis, testing for the Alpha-7
and Alpha-5, 6 genotypes still needs to be performed.

The overall prevalence of HPV infection and the
distribution of HPV genotypes vary with patient age,
cytology stage, and geographic region including regions
within a single country. Therefore, data describing HPV
prevalence by age can be used for early diagnoses. Other
studies have shown that HPV positivity is the highest
among women less than 20 years of age (just after
beginning sexual relations) (Kjaer et al., 2008; Agarossi
et al., 2009). However, results from this study were not
statistically significant for women younger than 20 years
old because samples in this age group were absent. The
HR-HPV genotype distributions based on HPV DNA
and E6/E7 mRNA expression by age group in patients
with cytologically confirmed lesions was highest rate
in women aged 40 to 49 years (35.9% for cytologically
confirmed, Pearson correlation r value=0.993, p<0.001)
with high grade lesions, and in those aged 50 to 59 years
(29.1%, Pearson correlation r value=0.925, p<0.001) with
low-grade lesions. There was a marked slight increase
in the prevalence of HR-HPV with age, both overall
(58% (29/50) of women less than 30 years and 67.4%
(186/276) of women age 30 years or above) and for each
HPYV genotypes. The age-specific HPV prevalence rates
ranged between 0% and 35.9% and the patterns of age
group specific prevalence, as measured by HPV E6/E7
mRNA, were similar to those of HPV DNA. Among the
oncogenic HR-HPV genotypes in all age groups, there
was little difference in the distribution of HPV genotypes
between the HPV DNA (HPV -16,53, 18, 58, and 33) and
HPV E6/E7 mRNA (HPV -16,53,33,58, and 18) assays.

There are a few limitations to this study. There were
a limited number of histologically confirmed CIN 2+ or
CIN1 samples for HPV type distribution compared to
other studies because our participants were all selected
from a single clinic site. Therefore, it will be necessary to
conduct more tests with a larger number of histologically
confirmed CIN 2+ or CIN1 samples.

In conclusion, our data suggest that HPV E6/E7 mRNA
testing may be a useful tool in the investigation of, as
well as in primary screening for, cervical cancer. Based
on our findings, it might be worthwhile to consider which
genotypes to include in future investigations to optimize
sensitivity and specificity. The vaccine-targeted HPV 16
and 18 are the most frequent HPV genotypes worldwide
and have also been shown to be associated with uterine
cervical cancer. However, the extent to which vaccines
directed against HPV 16 and 18 would prevent disease
associated with other HPV genotypes is not yet clear. The
findings of our study suggest that a preventive vaccine
against HPV 16 and HPV 18 is not optimal for populations
in Eastern China. Based on the results of our studys, it is
likely that if a preventive vaccine were to include HPV 53
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and HPV 58, the vaccine efficacy could be increased in this
province. These data may provide guidance for national
or regional vaccination programs in this province aimed
at substantially reducing the burden of cervical lesions
and HPV infections. The differences in HPV prevalence
and genotype distributions identified in this study could
potentially influence the effectiveness of HPV vaccines
for cervical cancer and the development of screening
programs, which should be investigated in future studies.
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