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As part of an ongoing cohort study in the Hokuriku region
of Japan, cervical cell samples from histologically confirmed
normal (n = 114) or abnormal (n = 286) women were exam-
ined for the presence of HPV DNA using a second-generation
hybrid capture assay (HCA-Il) and LCR-E7 PCR. HCA-II de-
tected low-risk (HPV-6, -11, -42, 43 and -44) and high-risk
(HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59 and
-68) HPYV types, while LCR-E7 PCR detected an additional 7
HPV types and some uncharacterized types. In screening of
high-grade squamous intraepithelial lesions (HSILs) and in-
vasive cervical cancer, the sensitivities of HCA-Il and LCR-E7
PCR testing the high-risk HPV types were 83% and 81%,
respectively, while the specificity of both assays was 93%. The
sensitivity of LCR-E7 PCR increased to 87%, which was sig-
nificantly higher than that in HCA-IIl, when testing both high-
risk and other HPV types. Sixty-eight inconsistent results
(17% of total tested) from HCA-Il and LCR-E7 PCR were due
to (i) low copy number of HPV genome (false-negative for
HCA-IIl, 5.3% and for LCR-E7 PCR, 1.3%), (ii) infection with
HPYV types undetectable by HCA-II (4.8%), (iii) multiple HPV
infections (5%) or (iv) unknown reasons (0.8%). LCR-E7 PCR
revealed that infections with HPV-16, -18, -31, -33, -35, -51,
-52, -56, -58 or -67 was a high risk for cancer since these types
predominated in HSIL and invasive cervical cancer. Samples
showing high relative light units (>20) with a high-risk probe
in HCA-II also gave positive results in LCR-E7 PCR and were
generally associated with abnormal cervical lesions. Thus, we
propose that both HCA-Il and LCR-E7 PCR are valuable
screening tests for premalignant and malignant cervical le-
sions.
© 2001 Wiley-Liss Inc.
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Although deatts from cervicd cance in mary developé coun-
tries hawe declinal in recert decadesit remairs the fifth most
frequent cance and the seconl mod comma cance in women
worldwide! The adoptio of routine cytologic testirg for cervical
cance in mary developé countries accountsin large part for the
decreas in deatts from this diseaseProblens reman with cyto-
logic testing however particularly with the frequeng of false-
negativesthe high cog of repea testing and diagnoss of equiv-
ocd case using the Bethesd systen® Given the circumstances,
cancer-screeng prograns using HPV test are as effective at
predictirg diseas as those using cytologic tests? zur Hause et
al.4 showal tha infection with HPV was closely associaté with
cervicd cance developmentin addition severapreviots studies
hawe shown that HPV-6 ard -11 are associatd with benigh ano-
genitd lesions wherea HPV-16 ard -18 are associatd with
cervicd cancer? Currently, more than 80 HPV types hawe been
identified and of these abou 30 distind HPV types are known to
infect the genitd tract®7 at leag 10 being associaté with cance®
Geographt difference in HPV types hawe been reportel to exist
betwea countrie§ and even within the United State<?1° The risk
factors for cervicd cance and the prevalem HPV types in Ja-
partt.12differ from those reportel in Westen countries®-10 HPV-
51, -52 and -58 are more prevalent wherea HPV-18 ard -45 are
less prevalen in Japa than in Westen countriest2 Therefore the
definition of high-risk HPV typesin Japaneswomen isimportant
with respet to both clinical managemenof HPV infection and
unequivochdiagnoss of cervicd pathology.

Highly sensitie HPV DNA test hawe been developé as a
supplemerg to cervicd cance screenig and for follow-up in
women with eithe low-grade cervica lesiors or equivocé cyto-
logic results such as in casa of low-grace squamos intraepithe-
lial lesiors (LSILs)3 or atypicd squamos cells of undetermined
significane (ASCUS)14 Most interestingly the introduction of a
highly sensitive assg reveas HPV positivity in mary women with
normd cervicd cytology, especiajy sexualy active young
women1s.16 and sorre of thee HPV-positive women are thought
to devel@ cervicd cancer.

To study the utility of HPV testirg in acervicd cance program
in Japan we testal randomy selecté clinical sample for the
presene of HPV DNA, using both the second-generatiohybrid
captue assg (HCA-II)17.18 grd a PCR-basé assg (LCR-E7)1°
HCA-II is 1of the modg reliable assag commercialy availabke and
we hawe successfull usal the LCR-E7 PCR assg to deted¢ most
mucos&d HPV types Comparimg the resuls of thee 2 assayswe
detecte significart numbes of HPV infectiors in cervicd cyto-
logic sample obtainel for cance screening We discus the ap-
plicability and potentid limitations of both assag in cervical
cancer-screengiprograms.

MATERIAL AND METHODS
Stud/ population

Ours was a case-contrb study nestel in a large screening
cohort More than 200,0® women were recruital to participae in
acervicd cancer-screen@progran in the Hokuriku area of Japan
(Fukui, Ishikawa ard Toyama prefectures from Augug 19% to
Septembe 1999 Most women were asymptomati ard visited
locd private clinics, 4 big hospita and a cancer-screengcenter
for cance screeningAbout 1,000 women were suspecte of being
abnormé in cytology and referrel to outpatien clinics of the
hospita for further investigation All case showirg equivocal
cytologic findings were excludel in the abnorma groyp and most
women participatirg in the cancer-screengprogran were older
than 30 years Of thee abnormawomen 308 agreel to participate
in this project they were interviewal for pag and current history
and severd demographi factors and underwen pund biopsy
unde the guidane of colposcop by experiencd gynecologists.
Two hundral and eighty-sk women were selecte as eligible cases
since they had histologically confirmed LSILs or high-grace squa-
mous intraepithelid lesiors (HSILs) ard invasive cancer Normal
controk were definal as women who had no currert evidene of
cervicd neoplastt lesiors and sexualy transmittel diseass and
were randomy selectél matchel by age from the sane population
as cass were generatedAll participans signel informed consent
forms approvel by Kanazave University Schod of Medicine.
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Kanazava University, 5-11-8) KodatsungKanazawalshikawa 920-0942,
JapanFax +81 76 234 4266 E-mail: tsasa@med.kanazawa-u.ac.jp
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Most cancer cases may have represented the parental cohort,
whereas the control and SIL subjects may have been selected by
residence or other factors since most preferred to be managed in
local clinics.

Sample collection and cytologic and histologic evaluations

Cervical cells were obtained from all women. Cervical cell
scrapings were collected with a cytobrush from the ectocervix and
endocervix of the uterus. Samples were collected for a Pap test and
2 HPV tests at the same time. The latter samples were collected
into a tube containing 1 ml of PBS and stored at —30°C until the
HPV tests. For HPV tests, samples were divided into 2 and spun
down at 50@ for 1 min. A fraction of the cell pellet was resus-
pended in 1 ml of sample solution (Digene, Silver Springs, MD)
for HCA-Il and another fraction was subjected to DNA purifica-
tion for PCR in our laboratory. Smears were screened by 1 cyto-
technologist. The final clinical diagnosis of women with abnormal
cytology was made by histologic evaluation of biopsy samples
obtained at colposcopy. All possible abnormal smears and histo-
logic slides were reviewed independently by 2 surgical patholo-
gists. Final diagnoses were determined by agreement of both
pathologists using the Bethesda sys&nHPV detection and
pathologic diagnosis were performed independently.

HPV detection and typing using HCA-II

HPV was detected at the Mitsubishi BCL Laboratory (Tokyo,
Japan) according to the instruction manual provided by Digene.
Each 1 pg/ml of HPV-11 and HPV-16 DNA was used as a positive
control for both low-risk and high-risk probes, respectively. Low-
risk probes included those for HPV-6, -11, -42, -43 and -44 and
high-risk probes included those for HPV-16, -18, -31, -33, -35,
-39, -45, -51, -52, -56, -58, -59 and -68. Relative light units (RLUS)
were calculated as follows: LU of sample/LU of positive control.
The standard cut-off point (1 RLU) was considered positive for the
presence of HPV DNA.

HPV detection and typing using PCR

Cervical cells were suspended in 50 mM Tris-HCI (pH 8.0) with
10 mM EDTA containing 20Q.g/ml proteinase K and incubated
for cell lysis overnight at 37°C or 1 hr at 55°C. DNA was extracted
from this lysis solution by the phenol-chloroform-isoamylalcohol
method. To avoid contamination, we used disposable utensils and
discarded them immediately after a single use. A reaction mixture
without template DNA was included in every set of PCR runs as
a negative control.

Primers for a fragment of thg-actin gene served as an internal
control to assess the quality and quantity of template DNA in each
PCR specimen. The quality of DNA rendered 21 samples ineligi-
ble for study and these samples are not included in the numbers of
case and control samples mentioned above. Four degenerate LCR
forward primers (LCRF1, LCRF2, LCRF3 and LCRF4) and 4 E7
reverse primers (E7R1, E7TR2, E7TR3 and E7R4) were used to
amplify E6 and E7 DNA of 36 mucosal HPV types, including
HPV-6b, -11, -13, -16, -18, -26, -30, -31, -32, -33, -34, -35, -39,
-40, -42, -43, -44, -45, -51, -52, -53, -54, -55, -56, -57, -58, -59,
-61, -64, -66, -67, -68, -70, -71, -72 and -73. Sample DNA (100 ng)
was added to a 501 PCR solution containing 10 mM Tris-HCI
(pH 8.3), 50 mM KCI, 1.5 mM MgCJ, 20 uM of each dNTP, a
mixture containing 0.2u.M of each primer and 0.25 units of KOD
Dash DNA polymerase (Toyobo, Tokyo, Japan). PCR was then
performed using an ASTEC (Fukuoka, Japan) PCR Thermal Cy-
cler PC 707-02 with the following conditions. Aftea 1 min
denaturing step at 95°C and cooling on ice, the next 30 to 35 cycles
were at 95°C for 45 sec, 55°C for 20 sec and 74°C for 45 sec.
There was a final step at 74°C for 5 min. Amplified DNA samples
were run on 2% classic type ME agarose (Nakarai, Kyoto, Japan)
in TBE buffer and transferred to nylon membranes (Hybond N
Amersham, Tokyo, Japan) using the alkaline-transfer method. The
blotted membrane was hybridized with a mixture of 4 fluores-
cence-labeled, HPV-degenerated consensus oligoprobes. The se-
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TABLE Il —SENSITIVITY AND SPECIFICITY OF HPV TYPING TEST FOR DIAGNOSIS OF CERVICAL ABNORMALITIES

HC-II LCR-E7 PCR
Diagnosis Total Low-risk type" High-risk typé Either type Low-risk

Positive  Sensitivity =~ Specificity ~ Positive  Sensitivity =~ Specificity =~ Positive  Sensitivity ~ Specificity ~ Positive  Sensitivity ~ Specificity

LSIL 108 14 13% 98% 65 60% 93% 70 65% 93% 12 11% 98%
HSIL 110 4 4% 98% 91 83% 93% 91 83% 93% 4 4% 98%
ICCA 68 5 7% 98% 56 82% 93% 56 82% 93% 6 9% 98%
HSIL/ICCA 178 9 5% 98% 147 83% 93% 147 83% 93% 10 6% 98%
LCR-E7 PCR
Low-risk/other type3 High-risk typeé High-risk/other types Any type

Positive Sensitivity Specificity Positive Sensitivity Specificity Positive Sensitivity Specificity Positive Sensitivity Specificity
0

25 23% 95% 56 52% 93% 66 61% 89% 73  68% 89%
16 15% 95% 91 83% 93% 98 89% 89% 98 89% 89%
10 15% 95% 53 78% 93% 56 82% 89% 56 82% 89%
26 15% 95% 144 81% 93% 154 87% 89% 154 87% 89%

Cut off point of HCA-Il wasx1 RLU of control HPV, as described in Material and Methodsow-risk types in HCA-II test include HPV6,
-11, -42, -43 and -442High-risk HPV types in HCA-Il include HPV16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59 and’@®er types
include HPV30, -53, -54, -66 and unknown typésligh-risk HPV types in LCR-E7 include HPV67 in addition to the high-risk types in
HCA-11.-°Any HPV types detected with LCR-E7 PCR. Bold indicates highest sensitivity in detection of each disease.

quences of these probes were as follows: HPV-16R-AS, AATTinomas (ADCAs), respectively. In LCR-E7 PCR, HPV preva-
GCTCATARCAGTAKAGRTCA; HPV-18R-AS, TCWYTAAA- lence rates were 12%, 78%, 94%, 93% and 88% of NCX, LSILs,
WGCAAATTCAWATACCTC; HPV-51/56-AS, AATTGYT- HSILs, SCCs and ADCAs, respectively. The prevalence of HPV
CRTWGCATTGYAGGTCA,; HPV-6b/11-AS, CAATGDAAR- for HSIL was higher in LCR-E7 PCR than in HCA-Ip(< 0.05,
CAGCGACCCTTCCA (R, A/G; K, GIT; W, AIT; Y, CIT, D, x?test) and that of LSIL and invasive cancer (SCC and ADCA)
G/AIT). Hybridized HPV DNA was visualized using a CDP statwas marginally higher f < 0.1), whereas no difference was
detection module (Amersham). HPV typing was performed by abserved in NCX.

RFLP method using amplified DNA stained with ethidium bro- ryenty_four distinct HPV types, including low-risk types
mide on agarose gel. Hybridization analysis was applied on so V-6, -11, -42, 43 and -44), other types (HPV-30, -53, -54, -66,

samples, which showed too faint signals, with a mixture of FITC ; iqgh-ri -16. -18. -31. -33. -35. -39 -
labeled £6 and E7 DNA probes of HPV-11, -16, -18, -31, -51, -5340 s /o 190 fisk types (a':lgv_e;lg%’ IR ffbegg’wgfé

-56, -58, -72 and -73. Most E6 and E7 DNA probes were PC ;

' ! : tected using LCR-E7 PCR (Table I). HPV-30, -53, -54, -66, -70
products from cloned wild-type HPV DNA and only E6 and E7 oL " 75 \vere ot included as targets in HCA-Il and were catego-
HPV-51 was from a clinical sample. These E6 and E7 producf: ed as other HPV types

were cloned into pGEM vector and confirmed using the autose- -
quencer. Each E6 and E7 sequence was cut out and subjected 1§ NCX and LSIL cases, 18 distinct types (HPV-6, -11, -42, -44,
FITC labeling. Hybridization was performed under moderate-strin39; -53, -54, -66, -16, -18, -31, -35, -51, -52, -56, -58, -59 and -67)
gency conditions (Tm= —30°C). Labeling and detection of E6 andere identified as single HPV infections. HPV-39, -68 and -70
E7 DNA probes were performed using the ECL Random-Prinjé€re identified as 1 of multiple infections. In more severe diseases,
Labeling kit and the CDP star detection module (Amersharr?. (HPV-16, -18, -31, -33, -35, -51, -52, -56 and -58) and 7
Samples that could not be typed by this method were classified(5#V-16, -18, -31, -51, -52, -58 and -67) types were identified as

uncharacterized types (UC). single infections in HSIL and SCC of the cervix, respectively.
o _ Three cases infected with HPV-67, which is not included as a
Statistical analysis high-risk type in HCA-II, also were positive with the high-risk

The x? test or Fisher's exact probability test was used to conprobe of HCA-II. Low-risk types (HPV-11, -42 and -44) and other
pare the prevalence of HPV infection. Quantitative HPV DNAypes (HPV-53, -66 and -72) were coinfected with high-risk types
levels (RLU levels) of each cervical lesion with HCA-II werein HSILs and cancer (SCC and ADCA). One of 2 HPV-45-positive
compared using the Kruskal-Wallis or Mann-Whitngytest. Mc-  HSIL cases was coinfected with another high-risk type and another
Nemar'sy” test was used to compare the sensitivity and specificityas infected with low-risk type. HPV-33- and —35-positive cancer
of HPV testing with those of cytology. The receiver operatingases were coinfected with other low- or high-risk types, respec-
characteristic (ROC) curée was calculated to investigate thetively.
consequences of shifting cut-off values used to define HCA-II

results as positive. The ROC curve weighed the estimated senr§insitivity and specificity of LCR-E7 PCR and HCA-II

tivity of HCA-Il at varying cut-off values to identify all severe S .
diseases [HSIL or invasive cervical cancer (ICCA)] detected in t gz Icloirr??lf?éestchri :r?iﬂzltlc\)/fl%grl_dsSc?re((::glncclztgrOr/vLeCfli::étEleZ%ﬁe%ng
course of study against decreases in specificity. cut-off point for HCA-Il. We could not estimate true sensitivity
and specificity since a few women with disease may have been
RESULTS missed by cytologic screening. Therefore, we defined estimated
Detection of various HPV types by LCR-E7 PCR sensitivity and specificity: estimated sensitivity was 84.3% and
We examined the prevalence of HPV infection in cytologicallgpecificity was 92.5% at the cut-off point of 0.84 RLU, whereas
abnormal cases and normal controls nested in an ongoing corggrasitivity was 68% and specificity was 95% at the cut off point of
study in the Hokuriku region of Japan. All HPV types identified a3.5 RLU. When we set the standard cut-off point of 1.0 RLU,
single infections or 1 of multiple infections are listed in Table IHCA-II reached an estimated sensitivity plateau around 83% de-
Using HCA-II, prevalence rates of HPV infection were 8%, 67%tection of HSILs or cancer, at which point estimated specificity
85%, 83% and 75% in normal cervices (NCX), LSILs, HSILswas 93% in ROC analysis. Thus, we adopted this standard cut-off
cervical squamous-cell carcinomas (SCCs) and cervical adenogasint in screening of severe cervical lesions.
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TABLE Ill —HPV TYPES DETECTED BY HCA-ll AND LCR-E7 PCR
LCR-E7 PCR
HCA-II Number
of cases LR typed HR typeg Lny,fegR 8:)2%{ Negative
Low-risk types 6 2 (33%)° 2 (33%) 0 (0%) 2 (33%) 0 (0%)
High-risk typeg 205 1 (0.5%) 170 (83%) 9 (4%) 20 (10%) 5 (2%)
LR + HR type$ 19 3 (16%) 8 (42%) 7 (37%) 1 (5%) 0 (0%)
Negative 170 0 (0%) 19 (11%) 2 (1%) 19 (11%) 130 (76%)
Number of positive cases 400 6 (2%) 199 (50%) 18 (5%) 42 (11%) 135 (34%)

1Low-risk (LR) types (HPV®, -11, -42, 43, -44) or coinfection of LR types and other tyfidigh-risk (HR) types (HPV16, -18, -31, -33, -35,
-39, -45, -51, -52,"-56, -58, -59, -67, 68) or coinfection of HR types and other tyisinfection of LR and HR types’Single and multiple
infection of other types (HPV types 30, 53, 54, 66, 70 and 72 and uncharacterized Siges)ber positive in LCR-E7 PCR/number positive
in HCA-II. Bold indicates concordant results between both assays.

We compared the sensitivity and specificity of both HCA-II anéh HCA-II were due to undetectable HPV types (other HPV types)
LCR-E7 PCR for detecting different stages of cervical lesioria HCA-Il. HPV-30, -53 and -66 as well as some UC HPV types
(Table II). We calculated both sensitivity and specificity by counletected by LCR-E7 PCR were included in this group. Of all
ing cytologically normal women as disease-free controls. In lowvomen infected with other HPV types, 45% (19/42) were unde-
risk HPV types, both assays showed very low sensitivity fdectable with any probes of HCA-II, 48% (20/42) were positive
detecting any cervical lesions<(3%) compared to cytologically with the high-risk probe and 7% (3/42) were positive with the
normal types. However, detection of either low- or high-risk HPVow-risk or the low-/high-risk ones. Four such cases, infected with
in HCA-Il and of any HPV types in LCR-E7 PCR showed theHPV-53, -54, -66 and —72, were positive with the high-risk probe
highest sensitivities (65% in HCA-Il and 68% in LCR-E7 PCRand 1 case with HPV-53 was positive with the low-risk probe in
for LSILs. When targeting high-risk HPV infection, both HCA-Il HCA-II; other positive samples with the low- or high-risk probe
and LCR-E7 PCR showed equivalently high sensitivity (83% iwere UC HPV infection.

HCA-Il and 81% in LCR-E7 PCR) and specificity (93%) in Discordance in HPV-typing results was classified into 3 cate-
screening of HSILs or ICCA. However, the sensitivity of LCR-E7yories, using factors such as discordance by multiple infection and
PCR for detecting HSILs and ICCA increased to 87% when bog]scordance for unknown reasons. Discordance by multiple infec-
high-risk and other types were counted as targets and this sefigin (29%, 20/68) included 2 different categories: samptes=(
tivity was significantly higher than that of HCA-llp(< 0.02, 11) positive for either low- or high-risk types in HCA-II and for
McNemar's test). both risk types in LCR-E7 PCR and samples={ 9) positive for

Practically, many clinicians wish to screen HSIL and cervicdloth risk types in HCA-II but only for the high-risk types in
cancer cases from others using simple cancer screening. WhenW@&R-E7 PCR. Discordant results from unknown factors were
counted both cytologically normal and LSIL women as diseasebserved in 3 LSIL cases (4.4%, 3/68). Two of the 3 were positive
free controls, the sensitivities of detecting high-risk types in thfer low-risk HPV in HCA-II and for high-risk HPV types (HPV-
screening for HSIL and SCC were 83% and 81% and the spetB, -58 and -51) in LCR-E7 PCR; the other was positive for
ficities were 67% and 71% in HCA-Il and LCR-E7, respectivelyhigh-risk HPV in HCA-Il and for a low-risk HPV type (HPV-6) in
When detecting high-risk and other types with LCR-E7 PCR, theCR-E7 PCR.

sensitivity increased to be 87%, while the specificity was 64%. Qne of the advantages of HCA-Il is the ability to estimate viral

Comparisons of HPV typing results using HCA-Il and LCR-E7 9énome copy number from the magnitude of the RLU obtained.
PCRpassays yping 9 The magnitude of all missed types with LCR-E7 PCR in false-

. egative or multiple-infection cases was from 1.0 to 6.0 RLU with
We compared HPV-typing results from HCA-II and L(.:R'Ef;ither low-risk or high-risk probes in HCA-II. From these findings,

hybridization with high-risk probes in HCA-Il were also positivegimgg% rr;uamge(jrigért&?aﬂrésg&?sme In a sample may be a major

for the high-risk types (83%), the low- and high-risk types (4%
and the other types (10%) in LCR-E7 PCR. These samples w . . .
rarely positive (0.5%) for the low-risk HPV types defined bj:{EU in HCA-Il and stage of cervical lesions

LCR-E7 PCR. In contrast, one-third of cases positive with the By comparing RLU values, we estimated HPV genome copy
low-risk probe in HCA-Il were either low-risk, high-risk or othernumbers in various pathologic lesions. The RLU values obtained
types in LCR-E7 PCR. In samples positive for low- and high-riskith HCA-II vs. HPV-typing results with LCR-E7 PCR are shown
types in HCA-Il, 37% had low- and high-risk types, 16% hadn Figure 1. All HPV-positive samples in LCR-E7 PCR were
low-risk types, 4% had high-risk types and 5% had other types iotted. Thg highest RLU of high-risk HPV infection pross-reacted
LCR-E7 PCR. Agreement of the results of HCA-Il and LCR-E?o0 the low-risk probe was 19.3 RLU, whereas the highest RLU of
PCR was therefore observed in 86% (309/358) of all cases, if tfw-risk HPV infection cross-reacted to the high-risk probe in

other type of infection was excluded. HCA-Il was 4.16. Therefore, samples showing more than 20 RLU
. in HCA-Il appear to be concordant with low-risk or high-risk HPV
Inconsistent results of HCA-Il and LCR-E7 PCR type determined with LCR-E7 PCR. Such high RLU value20

To clarify potential factors producing discrepancies betwedRLU) of high-risk probes were observed in no cases of low-risk
HCA-Il and LCR-E7 PCR, we classified the above cases by othiafection and in 78 of 199 (39%) cases of high-risk HPV infection,
means. False-negatives and differences in HPV-typing results lad7 of 18 (39%) low- and high-risk HPV infections and in 8 of 42
to discrepancies between HCA-Il and LCR-E7 PCR. Cases th{dB%) infections involving other HPV types. Six of 8 (75%)
were negative in HCA-II but positive in LCR-E7 were consideredamples in the other HPV type group were infected with UC HPV
false-negatives for HCA-Il. Similarly, cases that were negative ifypes and the remaining 2 were HPV-53 and -66. Testing with the
LCR-E7 PCR but positive in HCA-II were designated false-nedew-risk HPV probe in HCA-II, high RLU $20) values were
atives for LCR-E7 PCR. Of 68 inconsistent cases, 40 (59% wobserved in 1 HPV-42- and 1 HPV-44-positive LSIL case, 1
inconsistent results, 10% in totals) were HCA-II false-negativeblPV-44-positive normal woman and 3 HPV-6- or —42-positive
whereas there were 5 (7.4%, 1.3% in totals) false-negativesLliSIL cases coinfected with high-risk types. In contrast, no high
LCR-E7 PCR. Nineteen (28%, 4.8% in total) false-negative casBs U values with the low-risk HPV probe were observed in the
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Reactivity with high-risk probe in HC-Il
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LCR-E7 PCR. HCA has been used in many clinical and epidemi-
ologic studies in the United States and its reliability has been
reportedt®17 In screening of HSILs and ICCA, the estimated
sensitivities by detection of high-risk HPV types were 81% and
83% in LCR-E7 PCR and HCA-II, respectively, while the speci-
ficity was 93% in both assays. These sensitivities were equivalent
to the level reported in a previous stughyvhereas our specificity
was higher. The higher specificity in our study may be due to
selection of our control samples from which we had excluded any
women with current evidence of sexually transmitted diseases.
When we counted both cytologically normal and LSIL women as
a disease-free group, the sensitivities of high-risk HPV screening
of HSILs and SCCs were 83% and 81% and the specificities
decreased to 67% and 71% in HCA-Il and LCR-E7, respectively.
The sensitivity of LCR-E7 PCR for detecting HSILs or ICCA was
higher than that of HCA-IIj§ < 0.02, McNemar's test) when both
high-risk and other HPV types were tested.

In our study, 68 inconsistent results between assays were ob-
served, which might be due to various factors. Differences in the

sensitivity of the 2 assays may be due to different spectra of
detectable HPV types. This type of difference was observed in
28% (19/68) of samples infected with the other HPV types, in-
cluding HPV-30, -53 and -66. However, the failure to detect
HPV-30, -53 and -66, which are not included as targets in HCA-II,
is not critical for cancer screening since they do not represent
high-risk types in our study and othérs®12 Many UC HPV
infections may be responsible for this result. In fact, 6 UC HPV
infections showed high RLU (Fig. 1).

Another problem may arise in the high rates of true HCA-II
false-negatives (21/68, 31% of discordant results) observed in
HCA-II, not the least because more than half of these cases (16/21)
o involved HSILs and cancer. This may suggest that HCA-Il is less
¢ sensitive than LCR-E7 PCR at detecting high-risk HPV infection

Other HPV under certain conditions. For false-negative cases in LCR-E7 PCR,

s (0-42) a possible reason may be low copy number of viral genome since

Ficure 1 — Difference in RLU values in HCA-II of clinical samples. .RLU values of these cases were low (1-6 RLU). Low RLU values

RLU values for samples were plotted. Low-risk HPV, single infectioff! HCA-Il may be caused by 2 factors: low level of HPV gene
and multiple infections of low-risk HPV types or single infection andeplication in lesions and small size of lesions. We did not perform
multiple infection of high-risk HPV types. Low-risk/high-risk HPV, repeated PCRs on any samples that were completely negative in
infection with multiple types of both low- and high-risk HPV. Otherthe first screening step. We sometimes experience discordant re-
HPV, single infection and multiple infections of HPV types other thagults in the same samples under the same conditions in the PCR-
low-risk or high-risk. A cut-off point &1 RLU of control) and>300 pased assay. Therefore, we may have missed some positive sam-
RLU are shown as dotted lines. les i : ; ;

ples in the first screening, if they had a low copy number of HPV

genome. This is also likely in the false-negative samples in HCA-

Il. To reduce false-negative rates, repeated analyses may be nec-

high-risk and other HPV type infections. From these finding€SSary to reconcile false-negative results in both HCA-II and
HPV types showing high RLU values>@0) in HCA-II appear ~CR-based methodg '

to be concordant with HPV types determined using LCR-E7 In our study, 20 discordant results (30%) were due to multiple
PCR. HPV infections. We have previously shown that multiple infection

It is generally accepted that the HPV genome replicates i 1 of the major factors accounting for discordant results in

differentiated squamous epithelium, suggesting that benign cerlfferent PCR-based assaysDiscordant results arising for un-
cal lesions (LSILs), which are more differentiated than malignaflown reasons were observed in 2 cases of LSIL and 1 normal
cervical lesions (HSILs and ICCAs), are more likely to suppoﬁ?ase' which appeared to be high-risk HPV infection in 1 assay but
HPV replication. Moreover, when viral genes are integrated intg€ OPPosite in another assay. Itis likely that in samples containing
the host genome.g.,in carcinoma cells, replication of HPV DNA low-copy mixtures of low- and high-risk HPV types, either the
may not occur. In all cases infected with high-risk types (high-riseW- or high-risk probe hybridizes with 1 HPV type alone in
types and low-risk/high-risk types in Fig. 1), a high RLBZ0) HCA-Il or 1 HPV type alone is ampllfle(_:i in LCR-E7 PCR. This
was observed in 29% (2/7) of NCX, 45% (26/58) of LSILs, 299h)ypothesis may be supported by the evidence that positive results
(27/93) of HSILs and 51% (30/59) of ICCAs. RLU values differegVith high RLU values detected by HCA-Il were concordant with
among NCX, LSILs, HSILs and ICCAsp(= 0.015, Kruskal- those of LCR-E7 PCR (Fig. 1). High RLU values in HCA-Il are
Wallis test). Values of the HSIL group were lower than those dherefore important predictors of the predominant HPV type in
the LSIL group p = 0.015, Mann-WhitneyJ-test), whereas no cases of infection with multiple HPV types.
such difference was observed between NCX and LSILs or betweerin theory, viral replication occurs in differentiated cervical ep-
HSILs and ICCAs. ithelium, such as LSILs, but not in undifferentiated cervical le-
sions, such as HSILs and ICCA. It has also been postulated that
viral gene replication does not occur in HSILs and ICCA, where
the viral genome is often integrated into the host genome. In the
Our aim was to demonstrate the significance of HPV typing ipresent study, RLU values in HSIL samples were significantly
cervical cell samples using a commercially available HCA anldwer than in LSIL samplesp(= 0.015, Mann-Whitney test).

LR HPV**
types (n=6)

LR/ HR HPV
types (n=18)

HR HPV
types (n=199)

DISCUSSION



HPV TYPING ASSAYS FOR CERVICAL CYTOLOGIC SAMPLES 227

However, RLU values in cancer samples were not lower than thdee cancer in HCA-II, 82% for HSILs and 87% for cancer in

in LSIL samples. This result may partially support the aboveCR-E7 PCR) at the specificity levels of 93% in HCA-II and 89%
theory. Viral replication may occur more frequently in LSILs tharin LCR-E7 PCR.

in HSILs. However, not only replication status but also the pop- The present results suggest that LCR-E7 PCR, which we have
ulation of HPV-positive cells included in clinical samples mayecently established, may also be useful for identifying infection
influence RLU values. For the latter reason, it is likely that not allith multiple HPV types. However, HPV typing by RFLP in this
RLU values in cancer samples were lower than those in LSHssay is a litle complicated and repeated tests are necessary to
samples. Further investigations usiingsitu hybridization or his- decrease false-negative results. In the future, LCR-E7 PCR may be
tochemic analysis of tissues containing various stages of cerviealapted, in combination with reverse hybridizattror DNA
lesions are necessary to resolve this issue. In conclusion, emzyme-linked immunosorbent as3agechniques, to the simulta-
results corroborate the findings of other grai##sin showing that neous detection of multiple HPV types immobilized on mem-
RLU values have no diagnostic value for predicting the grade bfanes or plates. Our PCR method also has the problem that some
cervical lesions. HPV types identified in the present study were UC types since the

HPV typing has gained acceptability not only as a supplementg and IIE7 rggcijons ‘I?f many Hi\é\types have not been seqluen%ed.
cytologic tests but also as the first choice for testing self-collectétpcumulated data for many sequences may resolve this

vaginal cytologic samplésn areas where cytologic tests are noproblem in the future.
readily availablé? or for elderly women who experience difficulty
in undergoing routine gynecologic examinations with vaginal for- ACKNOWLEDGEMENTS
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