HPV DNA Load and Cytology in Uterine Cervix

Fig. 1. Histopathological findings of cervical intraepithelial
neoplasia in surface epithelium. a: Cervical intraepithelial
neoplasia 1. The upper two-thirds of epithelium show matura-
tion. b: Cervical intraepithelial neoplasia 2: nuclear abnormali-
ties are more striking than in cervical intraepithelial neoplasia
1. The upper third of the epithelium shows maturation. e:
cervical intraepithelial neoplasia 3: squamous epithelium en-
tirely of atypical basaloid cells.

Test Kit (Roche Molecular Systems, Indianapolis,
IN), which uses PGMY09/PGMY11 primers [Gravitt
et al., 2000] to amplify the L1 conserved region.
Following polymerase chain reaction (PCR) amplifi-
cation, hybridization of the HPV amplicon was
performed using an array of oligonucleotide probes
that allowed independent identification of individu-

2095

al HPV genotypes. This kit can detect the following
37 HPV genotypes: 6, 11, 16, 18, 26, 31, 33, 35, 39,
40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64,
66, 67, 68, 69, 70, 71, 72, 73 (MM9), 81, 82 (MM4),
83 (MM7), 84 (MMS8), IS39 and CP6108 (89). For
consistency with previous studies, 16 HPV geno-
types (16, 18, 31, 33, 35, 45, 51, 52, 53, 56, 58, 59,
66, 68, 73, and 82) were considered as high-risk
genotypes, which were related to cervical cancer in
previous reports [Walboomers et al., 1999; Mufoz
et al., 2003; Asato et al., 2004].

TaqMan Probes and Primers for HPV 52, HPV 16,
and Human Albumin (ALB) Gene

Primers and probes for HPV 52 and 16 quantifica-
tion were located on the E7 gene and those for the
ALB gene were on exon 12. Primers and probes were
chosen using the Primer express program (Applied
Biosystems, Warrington, UK). Probes were labeled
with FAM™ dye.

Measurement of Relative HPV DNA Loads by
Quantitative Real-Time PCR

Genomic DNA was extracted from cervical cell
samples using a DNA Purification Kit (Qiagen, Hil-
den, Germany) according to the manufacturer’s proto-
col. Genomic DNA samples were prepared at 5 ng/ul
using a NanoDrop ND-1000 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA). For each
TagMan assay, genomic DNA from a case with single
HPV 52 persistent infection and from a case with
single HPV 16 persistent infection were diluted in
sterile water to obtain a calibration curve from 10 to
10 copies/pl of solution by 10-fold serial dilution.
Real-time PCR was performed using the LightCy-
cler480 (Roche Molecular Systems). The primers and
hybridization probe sequence for human albumin
(ALB; GenBank accession no. M12523) were: forward
primer: 5-TTGGAAAAATCCCACTGCATT-3, reverse
primer: 5'-GAAGGCAAGTCAGCAGGCAT-3', FAM re-
porter: 5-CCGAAGTGGAAAATGATGA-3'. The equiv-
alent sequences for HPV 52 E7 were: forward
primer: 5'-CATTCATAGCACTGCGACGG-3/, reverse
primer: 5-CTTGTAATGTGCCCAACAGCA-3, FAM
reporter: 5-CCTTCGTACTCTACAGCAA-3/, and those
for HPV 16 E7 were: forward primer: 5-TCAGAG-
GAGGAGGATGAAATAGATG-3, reverse primer:
5-AATGGGCTCTGTCCGGTTC-3', FAM reporter:
5-CCAGCTGGACAAGC-3. All PCR mixtures were
prepared automatically using QIAgility (Qiagen). Ab-
solute quantitative real-time PCR (10 ul) were carried
out in triplicate with 10 ng of unknown genomic
DNA, 2x Quanti-Tect-Multiplex-PCR NoROX buffer
(Qiagen), 0.125 uM of each primer and 0.0625 pM of
each TagMan probe. Thermal cycling was initiated
with a 2-min incubation at 50°C, followed by a first
denaturation step of 15 min at 95°C, and then by 60
cycles of 15 sec at 95°C and 1 min at 60°C, followed
by one cycle at 5°C for 6 min.
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To adjust for differences in the amount of genomic
DNA between samples, estimates of the amount of
the nuclear gene ALB were made. Relative HPV
DNA load was expressed as the number of HPV DNA
copies relative to ALB DNA, which was considered to
reflect the total human cellular DNA in the sample,
The following formula was used: viral load = number
of HPV copies/pl/number of ALB copies/p.l.

Statistical Analysis

Patient backgrounds were compared between the
progression and non-progression groups using Stu-
dent’s ¢-tests and Fisher’s exact tests for continuous
and discrete variables, respectively. Regarding the
relative HPV DNA loads, differences between the
two groups were evaluated using Mann-Whitney
U-tests. Statistical analyses were performed with
SPSS software version 19 (IBM Japan, Tokyo,
Japan). Significant differences were defined as P
values <0.05.

RESULTS

Characteristics of the Progression and the Non-
Progression Groups in Single HPV 16 or 52
Persistent Infection

Of the 24 cases of single HPV 52 persistent
infection, 8 were classified in the progression and
the remaining 16 in the non-progression group. Of
the 24 cases with single HPV 16 persistent infec-
tion, 10 were classified in the progression and the
remaining fourteen in the non-progression group.
The characteristics of the progression and non-
progression groups for single HPV 16 and 52
persistent infections are described in Tables I
and II, respectively. Both groups were similar in
terms of age, interval between cervical cytological
tests, parity and body mass index. All study
patients had engaged in sexual intercourse and
were HIV negative. The cytological findings were
consistent with the results obtained from the col-
poscopies and biopsies (Tables IIT and IV).

Hamaguchi et al.

Relative HPV 52 DNA Loads at First Cytological
Sampling and Changes in Cervical Cytological
Findings

Relative HPV DNA loads were described as the
median (minimum-maximum). The median relative
HPV 52 DNA load in the progression group was
significantly higher than in the non-progression
group (2.211; 0.088-13.089 vs. 0.022; 0.001-0.618;
Mann-Whitney U-test, P = 0.003; Table III and
Fig. 2a).

Relative HPV 16 DNA Loads at First Cytological
Sampling and Changes in Cervical Cytological
Findings

Relative HPV DNA loads were described as the
median (minimum-maximum). The median relative
HPV 16 DNA load in the progression group was
significantly higher than in the non-progression
group (4.206: 0.407-38.999 vs. 0.103; 0.001-96.566;
Mann—Whitney U-test, P = 0.001; Table IV and
Fig. 2b).

Relative HPV 52 and HPV 16 DNA Loads in
Cervical Cytological Samples

The prevalences of abnormal cytological findings
(atypical squamous cells of undetermined significance,
low-grade squamous intraepithelial lesion and high-
grade squamous intraepithelial lesion) were similar in
patients with single HPV 16 persistent infection and
those with HPV 52 persistent infection (Fisher’s exact
test, P = 0.668). In addition, both the relative HPV 52
and the relative HPV 16 DNA loads at entry were
gimilar in cases with NILM and those with abnormal
cytological findings (Mann—Whitney U-test, P > 0.05,
respectively). However, the median relative HPV 16
DNA load in cases with single HPV 16 persistent
infection was 0.636 (0.001-96.566), while the median
relative HPV 52 DNA load in cases with single HPV
52 persistent infection was 0.065 (0.001-13.089)
(Fig. 3), indicating that the relative HPV 52 DNA
load was significantly lower than the HPV 16 DNA

TABLE I. Backgrounds of Patients With Single HPV 52 Persistent Infection

Progression Non-progression

Characteristics group (n = 8) group (n = 16) P-value
Age at first sampling (years)® 36.0 (14.5) 34.0 (7.0) NSP
Interval between cytological tests (months)® 4.6 (1.2) 4.1 (1.2) NSP
Parity

Nulliparous 3 7 NgP

Parous 5 8
Body mass index (kg/m?)? 21.4 (3.5) 21.2 (3.7 NgP
Sexual intercourse 8 16 NsP
HIV infection 0 0 Nsb
®Mean (SD).

S indicates no significant difference between two groups (-test and Fisher’s exact test comparisons for continuous and discrete variables,
respectively, in progression and non-progression groups). Significant differences were defined as P < 0.05.
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TABLE II. Backgrounds of Patients With Single HPV 16 Persistent Infection
Progression Non-progression

Characteristics group (n = 10) group (n = 14) P-value
Age at first sampling (years)® 36.0 (10.5) 37.5 (12.6) NSP
Interval between cytological tests (months)* 4.8 (1.6) 4.4 (1.5) NSP
Parity

Nulliparous 5 5 NsP

Parous 5 6
Body mass index (kg/m?)? 22.9 (3.2) 22.2 (3.1) NSP
Sexual intercourse 10 14 NSP
HIV infection 0 0 NsP
®Mean (SD).

YNS indicates no significant difference between two groups (¢-test and Fisher’s exact test comparisons for continuous and discrete variables,
respectively, in progression and non-progression groups). Significant differences were defined as P < 0.05.

TABLE III. HPV 52 DNA Load and Cervical Cytopathological Changes in Cases of Single HPV 52 Persistent Infection

Cytological findings Results of colposcopy or biopsies
Relative HPV virus
load (HPV DNA/ALB DNA) First Second Cytological First Second
Cases at first sampling sampling sampling change sampling sampling
1 0.08782 LSIL HSIL Progression CIN2 CIN3
2 0.29985 NILM ASC-US Progression Not tested CIN1
3 0.43585 LSIL HSIL Progression CIN2 CIN3
4 0.51325 NILM LSIL Progression Not tested CIN1
5 2.21097 NILM LSIL Progression Not tested CIN2
6 6.42910 NILM LSIL Progression Not tested CIN2
7 7.75832 LSIL HSIL Progression CIN1 CIN3
8 13.0894 NILM HSIL Progression Not tested CIN2
9 0.00125 NILM NILM Non-progression Not tested Not tested
10 0.00162 NILM NILM Non-progression Not tested Not tested
11 0.00379 HSIL LSIL Non-progression CIN2 CIN1
12 0.00586 LSIL NILM Non-progression NCF Not tested
13 0.00706 NILM NILM Non-progression Not tested Not tested
14 0.00840 NILM NILM Non-progression Not tested Not tested
15 0.01412 NILM NILM Non-progression Not tested Not tested
16 0.01667 ASC-US NILM Non-progression NCF Not tested
17 0.02227 NILM NILM Non-progression Not tested Not tested
18 0.03270 NILM NILM Non-progression Not tested Not tested
19 0.03931 NILM NILM Non-progression Not tested Not tested
20 0.06276 LSIL LSIL Non-progression CIN1 CIN1
21 0.06743 LSIL NILM Non-progression CIN1 CIN1
22 0.07969 NILM NILM Non-progression Not tested Not tested
23 0.10207 LSIL LSIL Non-progression CIN2 CIN2
24 0.61879 HSIL ASC-US Non-progression CIN2 CIN1

NILM, negative for intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade
squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; CIN, cervical intraepithelial neoplasia; NCF, normal

colposcopic findings.

load in the cervix in patients with single HPV
infections (Mann—Whitney U-test, P = 0.019).

DISCUSSION

This preliminary study demonstrated a relation-
ship between a high viral load in single HPV 16
persistent infection and the progress of cervical
cytopathological findings, as observed previously [Lo
et al., 2005; Carcopino et al., 2006], and also found a
similar relationship for single HPV 52 persistent
infection. The relative HPV 52 DNA load was signifi-
cantly lower than the HPV 16 DNA load in cervical
cells with single oncogenic HPV infection.

These results suggest that the initial viral load in
cases with single HPV 52 or 16 persistent infection

might be a predictive marker of later progression of
cytopathological findings in the uterine cervix. The
importance of the immune reaction in HPV infection
is supported by the association of persistent infection
with an increased risk of cervical cancer [Ho et al.,
1998], and the amount of oncogenic HPV DNA may
also reflect inherent differences between individuals
in terms of their response to HPV 52 or 16 persistent
infection. Systematic detection and quantification of
oncogenic HPV DNA is also important not only for
the screening of infection, but also for post-therapeu-
tic follow-up [Carcopino et al., 2006], and high HPV
DNA loads may have a critical value in predicting
the evolution toward cytological abnormalities in
women with no detectable cytological abnormalities
in the uterine cervix [Carcopino et al., 2006].
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TABLE IV. HPV 16 DNA Load and Cervical Cytopathological Changes in Cases of Single HPV 16 Persistent Infection

Cytological findings Results of colposcopy or biopsies
Relative HPV virus
load (HPV DNA/ALB DNA) First Second Cytological First Second

Cases at the first sampling sampling  sampling change sampling sampling
1 0.40754 NILM HSIL Progression Not tested CIN2
2 2.15193 LSIL HSIL Progression CIN1 CIN3
3 2.21686 NILM HSIL Progression Not tested CIN3
4 4.08485 LSIL HSIL Progression CIN1 CIN3
5 4.12118 ASC-US HSIL Progression CIN1 CIN2
6 4.29190 ASC-US LSIL Progression NCF CIN1
7 6.70919 LSIL HSIL Progression CIN1 CIN3
8 8.49491 ASC-US HSIL Progression Chronic cervicitis CIN3
9 22.40488 LSIL HSIL Progression CIN2 CIN3
10 38.99907 ASC-US LSIL Progression Chronic cervicitis CIN2
11 0.00060 LSIL LSIL Non-progression CIN1 Chronice cervicitis
12 - 0.01041 HSIL HSIL Non-progression CIN3 CIN3
13 0.01485 LSIL LSIL Non-progression CIN3 CIN3
14 0.02130 NILM NILM Non-progression Not tested Not tested
15 0.02540 HSIL HSIL Non-progression CIN3 CIN3
16 0.70239 HSIL HSIL Non-progression CIN3 CIN3
17 0.07359 HSIL HSIL Non-progression CIN3 CIN3
18 0.13196 NILM NILM Non-progression Not tested Not tested
19 0.15679 NILM NILM Non-progression Not tested Not tested
20 0.40484 LSIL LSIL Non-progression CIN2 CIN2
21 0.57038 HSIL HSIL Non-progression CIN3 CIN3
22 0.07042 HSIL HSIL Non-progression CIN3 CIN2
23 0.86522 HSIL HSIL Non-progression CIN3 CIN3
24 96.56597 HSIL HSIL Non-progression CIN3 CIN3

NILM, negative for intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade
squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; CIN, cervical intraepithelial neoplasia; NCF, normal

colposcopic findings.

However, the estimated positive predictive value of
HPV DNA load was too low for the test to be directly
applicable as a single test for predicting cancer risk,
except in women with the highest levels of HPV DNA

[Josefsson et al., 2000]. Testing for oncogenic HPV
DNA levels may thus be a useful addition to cytologi-
cal screening for identifying women at high risk
[Sun et al., 2002].
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Fig. 2. Relative HPV DNA loads at first cytological sampling and changes in cerviecal cytology.
a: Relative HPV 52 DNA loads and changes in cervieal cytology. b: Relative HPV 16 DNA loads
and changes in cervical cytology. Vertical axis indicates relative HPV DNA loads expressed as
logio. Relative HPV 52 and 16 DNA loads were both significantly higher in the progression
group than in the non-progression group (Mann-Whitney U-tests, P = 0.003 and 0.001,

respectively).
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Fig. 3. Relative HPV 52 and HPV 16 DNA loads in cervix
cytological samples. The median relative HPV 16 DNA load in
cases with single HPV 16 persistent infection was 0.636
(0.001-96.566), while the median relative HPV 52 DNA load in
cases with single HPV 52 persistent infection was 0.065
(0.001-13.089). The relative HPV 52 DNA load was significantly
lower than the HPV 16 DNA load in the cervix in cases with
single HPV infection (Mann—Whitney U-test, P = 0.019).

Persistent infection with oncogenic HPV types was
found to be a key prognostic variable for risk of
cytopathological progression [Moscicki et al., 2001;
Schlecht et al., 2001; Dalstein et al., 2003], and the
risk of cervical intraepithelial neoplasia 2/3 was
increased in line with high initial oncogenic HPV
loads. In this study, the influence of sexual inter-
course and HIV infection on progression was identical
between progression and non-progression groups (Ta-
bles I and II). The results demonstrate that the DNA
load of single oncogenic HPV 52 or 16 infection may
have a significant influence on the progression of
cytopathological findings. Although higher viral loads
may result from an increased rate of viral replication
and may sustain viral persistence [Yoshida et al.,
2008], this study demonstrated that the viral loads of
HPV 52 and 16 at entry were not associated with the
degree of cytologic abnormalities, supporting the idea
that HPV DNA load seems to predict the risk of
developing cervical carcinoma before any cytological
alterations are visible [Ylitalo et al.,, 2000]. This
result is not in accordance with previous studies
[Carcopino et al., 2012; Al-Awadhi et al., 2013], and
this discrepancy may reflect the small sample size
used in the current study. Further studies using a
greater number of patients are required to establish
the reason for this discrepancy. It is interesting and
necessary to monitor these women to identify any
changes in cytology, HPV genotype, or viral loads.
Thus patients with normal cytology who present with
high viral loads of HPV 52 or 16 should be monitored
because of their risk of developing dysplastic lesions.
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Multiple oncogenic HPV types are more common in
cases of normal, atypical squamous cells of undeter-
mined significance, low-grade squamous intraepithe-
lial lesion and high-grade squamous intraepithelial
lesion than in cases of invasive cervical carcinoma
[Yamasaki et al., 2011a,b]. To exclude the possibility
of a high virus load being the result of infection with
multiple HPV types, the current study estimated
viral loads only in cases with single HPV 52 or 16
persistent infections, and samples with multiple HPV
types including HPV 52 or HPV 16 were excluded. As
in a previous study that found lower viral loads for
HPV 18 (7.93 x 10* copies/pl) compared with HPV 16
(5 x 10™ copies/ul) [Botezatu et al., 20091, the results
of this study also showed that the relative HPV 52
DNA load was significantly lower than the HPV 16
DNA load in the cervix in single HPV infections. In
cases of multiple oncogenic HPV infections including
HPV 16, it is difficult to estimate the risk of cervical
cancer using oncogenic HPV DNA load itself because
the viral load of HPV 16 may mask the influence of
other oncogenic HPVs. For many other oncogenic
HPV types, the causal attribution regarding the
progression of later cytopathological findings is less
clear, and future studies using multiple parallel
evaluations of viral loads will be needed to under-
stand the role of viral load in other carcinogenic
types [Wentzensen et al., 2012]. The values of the
viral load for samples collected 3 months later were
not shown in this study. Future studies may investi-
gate changes in HPV viral loads between initial and
3 months in an effort to identify factors which may
affect progression of cytological findings.

In conclusion, the results of this study confirmed
the key roles of HPV 52 and 16 DNA load in the
progression of cytopathological findings. HPV 52 and
16 DNA loads measured by real-time quantitative
methods may be useful as short-term markers for
identifying women at high risk for progression of
cervical cytopathology.
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