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ABSTRACT

Specific types of human papillomaviruses (HPVs) are closely associated with
the development of genital carcinomas. We previousy reported a PCR method
which amplifies the E6E7 sequence from 6 different high-risk genital HPVs
(HPV16, 18, 31, 33, 52 and 58) (J Gen Virol 1991, 72: 1039-1044.).

To amplify broader types of genital high-risk HPVs, we have modified our
consensus primers by extending 9 nucleotides at the 3’ end of the sense primer
and changing 5 nucleotides at the 5’ end of the anitisense primer. Genotype diag-
nosis was carried out by Aweall plus Rsal digestion. This modified PCR method
enabled the detection of trace levels of at least 11 types of genital high-risk
HPVs (HPV1S6, 18, 31, 33, 35, 39, 45, 51, 52, 56 and 58), at subpicogram to sub-
nanogram amounts of cloned DNA, amplified after the consensus PCR.

We applied this method to analyze 155 cervical scrapes from patients who
had been diagnosed with premalignant or malignant cervical lesions. HPVs were
detected in 63.09% of mild dysplasia (17/27), 100% of moderate dysplasia (all 12
cases), 91.7% of severe dysplasia (11/12), 95.8% of carcinoma in situ (23/24),
and 80.09% of invasive cervical cancer (52/65). HPV16 was present predominant-
ly (60.9%), followed by HPV58 (15.7%), HPV52 (13.9%), HPV31 (13.0%),
HPV18 (6.1%), HPV35 (2.6%), HPV51 (2.6%), HPV56 (2.6%), HPV33 (1.7%)
and HPV39 (1.7%). Five cases contained unclassified types (4.3%). The
results indicate that this modified E6E7 consensus PCR method provides a quick
and easy way to detect and diagnose genotypes of the high-risk genital HPVs
from scraped cells.
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sus primer, Cervical cancer, Cervical intraepithelial neoplasia
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INTRODUCTION

At present, more than 70 types of human papillomaviruses (HPVs) have
been characterized(1,2). About 30 types of those HPVs were isolated from
anogenital and oral mucosae(l, 2), and have been divided into high-risk and low-
risk HPVs on the basis of their nucleotide sequences and oncogenic potentials (3~
5). The high-risk types HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 68 are
associated with cervical intraepithelial neoplasia (CIN) and cancer of the uterine
cervix(1-3,6-9). HPVS, 11, 42, 43 and 44 are classed as the low-risk(3), since
they are rarely associated with genital cancers and usually found in benign patho-
logical changes such as condyloma acuminatum(6, 10-13). Thus, close relation-
ships have been established between the pathogenesis of cervical proliferative
lesions and HPV genotypes. In order to evaluate the prognosis of a cervical
lesion, it is necessary to investigate for the presence or absence of the high-risk
HPVs. For this purpose a nontedious, rapid and accurate method is required for
the detection and type diagnosis of genital HPVs.

Recently, the polymerase chain reaction (PCR)(14,15) had been broadly
applied to the identification of HPVs, since it enables to detect low copies of
HPVs in infected cells. PCR methods have been reported which amplify the
viral sequences specifically from high-risk HPVs(16,17). To detect a broader
spectrum of genital HPVs, the consensus PCR methods have been developed
which amplify E1(18), L1(19), L1 and E1(20), L1 and E6(21-23) open reading
frames (ORFs). We previously reported a consensus PCR which amplifies E6E7
sequences from HPVS6, 11, 16, 18, 31, 33, 52 and 58(24). The E6 and E7 ORFs
are preferentially retained in cervical cancer cell lines which contain HPV16 or
HPV18 sequences(25-28). E6 and E7 collaborate to immortalize human ker-
atinocytes(29-32), via conceivably complex formations with p53 and Rb tumor
suppressor proteins(33,34). Thus, the E6E7 region is considered to be the best
candidate for the target of consensus PCR.

Recently, at least 26 HPV types have been reported to be detectable in cer-
vical malignant and premalignant lesions(1-5). In this study, we modified the
E6ET7 consensus PCR method to detect broader spectrum of high-risk HPVs. We
applied this HPV detection system to cervical scrapes from the patients with CIN
and cervical carcinoma. We show the detection rate of high-risk HPVs from
cervical dysplasias, carcinomas # sity (CIS) and invasive carcinomas.

MATERIALS AND METHODS

HPV plasmid
Genital HPV DNAs of 23 genotypes, HPV6(10), 11(35), 16(36), 18(37), 30
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(38), 31(39), 33(40), 34(41), 35, 39(12), 40(42), 42(12), 43(13), 45(7), 51 (43),
52(44), 53(45), 54(46), 55(46), 56(8), 58(47), 59 and 61 cloned in the plasmid
were used to evaluate the specificity and sensitivity of the consensus PCR. The
cloned HPV59 and 61 were kindly provided by Dr. T. Matuskura. HPV35 was
isolated from a cervical cancer tissue and verified by sequence comparison(48) by
Dr. K. Okazawa in our laboratory.

DNA preparation

Human placental DNA was contained in the PCR of the sensitivity test. We
obtained human placenta soon after delivery and stored fragments in liquid nitro-
gen. Two cervical scrapes were taken from each subject using sterilized cotton
tips, placed in 3 m/ of 10 mM Tris-HCl, pH 7.5, 5mM EDTA and 0.5% sodium
dodecyl sulfate (SDS), and stored at —20°C until use.

DNA extraction was carried out according to the standard technique(49).
Total cellular DNA from cervical scrapes and human placenta was purified by
lysing cells in 0.5% SDS, 5 mM EDTA, 10 mM Tris-HCl, pH 7.5, containing 1 mg
of pronase per m/, and incubated overnight at 37C. DNA samples were extract-
ed twice with phenol, and twice by chloroform-isoamyl alcohol (24:1, vol./vol.).
Nucleic acid was precipitated with ethanol and dissolved in H,O.

PCR

Primers were synthesized on a DNA synthesizer (MilliGen 7500) and purified
on an Oligonucleotide Purification Cartridge (Applied Biosystem). The g-globin
primers (sense primer, GH20: GAAGAGCCAAGGACAGGTAC in noncording
region of exon 1 and antisense primer, KM38: TGGTCTCCTTAAACCTGT
CTTG in intron 1) were obtained from Takara Shuzo Co., Ltd.. The g-globin
primers amplify a 325 base pair (bp) band from human genomic DNA.

PCR was done by the method previously described(14,15) with a slight
modification. One pg of template DNA was incubated for 10 min. at 94C and
chilled quickly for denaturation. The reaction mixture of 100 x/ contained 50
mM KCL 10mM Tris-HC! pH8.3, 1.5 mM MgCl,, 200 mM of each dNTP
(dATP, dGTP, dCTP, and dTTP), 0.01% (vol./vol.) gelatin, 2.5 units of Taq
polymerase (Takara Shuzo Co., Ltd.) and 100 pmol of each primers. The mix-
ture was overlaid with several drops of mineral oil and subjected to 30 cycles of
amplification for g-globin PCR and 50 cycles for the consensus PCR using a
DNA Thermal Cycler (Perkin-Elmer Cetus). Each cycle included denaturation
at 94°C for 1 min., annealing at 55°C for 2 min., and elongation at 72°C for 2 min. '
A reaction without template DNA was included in each amplification(50,51).
PCR product (10 xl) was electrophoresed on a composite gel consisting of 3%
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NuSieve Agarose (FMC Bioproducts) and 1% Seakem Agarose (FMC Bio-
products), and photographed under U. V. light after staining with ethdium bro-
mide.

To assess the sensitivity of the consensus PCR method, each of the different
concentrations of HPV plasmid was mixed with 1 4g of human placental DNA
and subjected to PCR.

Restriction enzyme analysis

PCR product (90 u!) was purified with phenol-chloroform-isoamyl alcohol
(25:24:1) extraction followed by ethanol precipitation, and suspended in 34 u!
of TE (10 mM Tris-HC], pH 8.0, ImM EDTA). A quarter of the product was
mixed with 4 units each of Awvall and Rsal in one reaction tube using a buffer
containing 33 mM Tris-HCIl, pH 7.9, 10 mM magnesium-acetate, 0.5 mM dithioth-
reitol, 66 mM potassium-acetate and 0.01% bovine serum albumin in 10 x! reac-
tion mixture. The mixture was electrophoresed after incubation for 1.5 hours at
37°C. Amplified products which were not cleaved Awall nor Rsal were then
digested with Awal, BgIIl and Accl, independently. Digested products were anal-
yzed on composite agarose gels described above. All restriction enzymes were
obtained from Takara Shuzo Co. Ltd..

Preparation of clinical samples

Cervical scrapes were obtained from 155 women who were treated at
Sapporo Medical University Hospital, Sapporo, Japan, and other associated hos-
pitals from April 1991 through November 1994. This selected group had
cytological abnormalities. Forty-four cases had previously been histologically
diagnosed by punch biopsy and were being followed up at an outpatient clinic.
One-hundred and eleven cases were surgically treated for cervical cancer or
severe dysplasia. Pathological examination was performed by several patholo-
gists in each case. The study group is consisted of 31 mild dysplasias, 13 moder-
ate dysplasias, 13 severe dysplasias, 28 CIS and 70 invasive carcinomas (stage Ia-
IIIb) of the uterine cervix. Two scrapes each were collected with cotton tips by
several consulting gynecologists and used for the HPV tests. The first smear,
with a spatula, was made for the routine cytological examination.

RESULTS

design of comsensus primers

We have previously reported two pairs of EGE7 consensus primer which were
able to amplify 6 types of high-risk genital HPV (HPV16, 18, 31, 33, 52 and 58)
and 2 types of low-risk HPV (HPV6 and 11)(24). The pU-IM and pU-2R
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primers are designed in the E6E7 regions conserved among the genital high-risk
HPVs (Fig.1). This primer also detected HPV35, 39, 45, 51 and 56 DNA with
lower amplification efficiencies than other high-risk types (data not shown). We
modified the primer sequence to reduce mismatches between the primer and HPV
DNA sequences. The pU-1IM and pU-2R and their modified versions were
aligned with the corresponding sequences of 11 genotypes (Fig.2). The modified
sense primer, pU-1M-L, contains 9 extended bases at the 3’ end of pU-1M. Five
nucleotides of the 3’ end of the original pU-1M had 2 or 3 mismatches to the
sequences of HPV18, 39, 45, 51 and 56, while that of pU-1M-L had none or only
one to these HPVs (Fig. 2, A). We also changed 5 nucleotides (GAGCT) at the
5" region of pU-2R to TCTGA (pU-2R-N), which is identical to the sequence of
HPV18, 39, 45, 51 and 56 (Fig.2, B).
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Fig. 1 Locations of the consensus PCR primers on the HPV16 genome. Open
boxes indicate ORFs. NCR is the non-coding region between the L1 and
E6 ORFs. Diagram of structure of HPV16 ORFs are shown based on the
published DNA sequence(52). The pU-1M, pU-1M-L, pU-2R and pU-2R~
N primers were designed in the E6E7 region.
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Alignments of 11 genital HPV sequences corresponding to consensus
primers. Primer sequences are shown with HPV sequences aligned below.
Dashes represent nucleotides that match the primer sequences, and mis-
matches are shown at their respective positions. The 5’ nucleotide posi-
tion on the viral genome is given at right. (A) Alignments of sense primer
pU-1M, pU-1M-L and corresponding sequences of 11 genital HPV DNA.
(B) Alignments of antisense primer pU-2R and corresponding sequences
of HPV16, 31, 33, 35, 52 and 58, and alignments of antisense primer pU-
2R-N and corresponding sequences of HPV18, 39, 45, 51 and 56.
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Specificity and sensitivity of consensus PCR

To learn the genotypes detected by and the sensitivity of the modified E6E7
consensus PCR, DNA of each cloned HPV was serially diluted in TE containing
1 ug of human placental DNA and subjected to the consensus PCR. As shown in
Fig. 3, it produced clear bands without a human genomic nonspecific background.
Out of 23 types of genital HPVs, 11 (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56
and 58) were amplified, and the predicted 231 to 271 bp bands we obtained varied
in accordance with HPV types (Fig.3). The detectable level was 4.06 X1072? pg
(approximately 102 copies per cell) for HPV16 to 4.06X10? pg (approximately
10? copies per cell) for HPV51 (Table1). Fig.4 shows the result of the PCR to
define the sensitivity using the HPV16 plasmid (pHPV16) as a substrate. The
231-bp band specific for HPV16 was clearly observed in the PCR product from
the 4.06 X102 pg pHPV16DNA (Fig. 4, lane 6). None of the cloned DNA of 12
genotypes (HPV®6, 11, 30, 34, 40, 42, 43, 53, 54, 55, 59 and 61) was amplified
from the 4.06%X10* pg amount by the pU-1M, pU-1M-L/pU-2R, pU-2R-N
primers (data not shown).

1.2.64 568789101112
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Fig. 3 Amplification of HPV DNA from HPV plasmids by the modified E6E7
consensus PCR. Each type of HPV was amplified from 4.06 X10° pg of
pHPV DNA containing 1 gg of human placental DNA. Fifty cycles of
PCR were performed as described in ‘Materials and Methods. Lane 1,
DNA molecular weight marker, 1 kb Ladder (GIBCO BRL); lane 2,
HPV16 DNA ; lane 3, HPV18 DNA ; lane 4, HPV31 DNA ; lane 5, HPV33
DNA ; lane 6, HPV35 DNA ; lane 7, HPV39 DNA ; lane 8, HPV45 DNA ;
lane 9, HPV51 DNA ; lane 10, HPV52 DNA ; lane 11, HPV56 DNA ; lane
12, HPV58 DNA. The DNA bands were produced clearly without a
human genomic nonspecific background.
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Table 1 Sensitivity of the consensus PCR in amplification of each type HPV

HPV type 16 18 31 33 35 39 45 51 52 56 58
4.0. X 102 10 1 107! 1 10 1 10? 1 10 1

(pg pHPV DNA/1 ug cellular DNA/100 x/ reaction mixture)
1 copy/cell=4.06 pg pHPV DNA/1 ug cellular DNA

1 23456789

Fig. 4 The sensitivity of modified E6E7 consensus PCR for HPV16 DNA. For
PCR, cloned pHPV16 DNA was serially diluted in TE and an aliquot was
mixed with 1 gg of human placental DNA. The size of DNA band is
agreeable with the estimated size. The HPV16 E6E7 band is clearly ob-
served after the amplification from 4.06 X10-2 pg pHPV16 DNA. Lane 1,
DNA molecular weight marker, 1 kb Ladder (GIBCO BRL) ; lane 2, 4.
06 x10* pg of pHPV16 DNA (approximately 10? copies per cell) ; lane 3,
4.06x10'pg of pHPV16 DNA (10 copies per cell); lane 4, 4.06 pg of
pHPV16 DNA (1 copy per cell); lane 5, 4.06 X10~! pg of pHPV16 DNA
(10-* copies per cell) ; lane 6, 4.06 X10~% pg of pHPV16 DNA (10~% copies
per cell) ; lane 7, 4.06 X107 pg of pHPV DNA16 (10~2 copies per cell) ;
lane 8, negative control 1 (no pHPV DNA, placental DNA only) ; lane 9,
negative control 2 (no DNA).

Restriction enzyme analysis of PCR product

Table 2 shows the restriction enzymes used and sized of restriction fragments
of PCR products predicted from published sequences(8, 43, 44, 47, 52-57). We
previously reported that PCR products amplified by the pU-1M/pU-2R primer
pair were successfully differentiated according to the size and number of restric-
tion fragments(24). In our original method, the amplified product was indepen-
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dently cleaved by Awall and Rsal. We simplified this process by digesting the
PCR product with the Awall plus Rsel in one reaction tube. The PCR products
from HPV16, 18, 31, 33, 39, 45, 51 and 56 have either or both of Awvell and Rsal
recognition sites; thus, we can differentiate these 8 types of HPVs in one test
run (Table?2 and Fig.5, A). PCR products of HPV35, 52 and 58 were cleaved
neither by Awall nor Rsal, but have single Awval, Bg/II and Accl sites (Table 2
and Fig. 5, B). Sites for these 3 restriction enzymes are not present in the other
8 HPVs (Table 2).

HPYV detection in cervical scrapes

A modified E6E7 consensus PCR using mixed primers (pU-1M, pU-1M-L/
pU-2R, pU-2R-N) was applied to cervical scrapes. Out of 155 samples, DNA
band for B-globin PCR was not produced from 15 samples (9.6%). We analyzed
the remaining 140 samples by consensus PCR. Ten types of genital high-risk
HPV were found in 115 cervical scrapes (82.1%) including 27 of multiple infec-
tions (19.3%) (Table 3): 2 types in 25 cases and 3 types in 2 cases. A part of
the result is shown in Fig.6. DNA bands of about 230-250 bp were amplified
from 4 materials (Fig.6, A ; lane 2-5), while no band was produced from a case
of mild dysplasia (Fig.6, A; lane 6). The sample from invasive carcinoma (IC)
case No.l (Fig.6, A; lane 2) was revealed to contain HPV16 from the Awvall
plus Rsal-cleavage patterns (Fig. 6, B, lane 2) and IC case No.2 (Fig.6, A; lane

Table 2 Restriction fragment sizes of consensus PCR products®

HKYV type
16 18 31 33 35 39 45 51 52 56 58
Dnzyme
Total
238 268 233 244 232 271 271 246 231 250 244
Length (bp)
Avall 157 172 119 136 —» 104 100 110 — 86 —
plus 81 96 114 108 100 93 85 84
51 78 51 80
Rsal 16
177
A p— J— J— — J— J— — J— — —
val 55
176
Bgl I — - — — 55
126
Accl — — — — — — — — 118

a) The length of the restriction fragments was estimated from the published sequence.
b) Minus (—) means that there is no restriction site in the PCR product.
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Fig. 5 Restriction enzyme cleavage of PCR products. (A) Awvall plus Rsal diges-
tion; lane 1, DNA molecular weight marker, 1 kb Ladder (GIBCO BRL) :
lane 2, HPV16 DNA ; lane 3, HPV18 DNA ; lane 4, HPV31 DNA ; lane 5,
HPV33 DNA; lane 6, HPV35 DNA (not cleaved) ; lane 7, HPV39 DNA ;
lane 8 HPV45 DNA; lane 9, HPV51 DNA; lane 10, HPV52 DNA (not
cleaved) ; lane 11 HPV56 DNA ; lane 12, HPV58 DNA (not cleaved). (B)
Aval, Bglll and Accl digestion; lane 1, intact HPV35 DNA; lane 2,
HPV35 DNA, Aval degestion; lane 3, intact HPV52 DNA ; lane 4, HPV52
DNA, BglIl digestion; lane 5, intact HPV58 DNA ; lane 6, HPV58 DNA,
Accl digestion.

3) contained HPV16 and 58 from the Awall plus Rsal-and Accl-cleavage patterns
(Fig.6, C, lane 2 and 5). A case of moderate dysplasia (Fig.6, A ; lane 4)
contained HPV35 from the Awal-cleavage pattern (Fig.6, D, lane 3) and mild
dysplasia case No.1 (Fig.6, A, lane 5) contained HPV58 from the Accl-cleavage
pattern (Fig.6, E, lane 5). The HPV positive rates are summarized in Table 3.
The mild, moderate and severe dysplasias contained high-risk HPV in 63.0%
17/27), 100% (all 12 cases) and 91.7% (11/12) of the competent cases, respec-
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Table 3 The prenence of HPV and pathological diagnosis

Pathological
Diagnosis Mild Moderate  Severe Carcinoma Invasive Total
presence or Dysplasia Dysplasia  Dyspasia in situ Carcinoma
absense of HPV
HPV DNA 17 12 11 23 52 115
detected (63.0%) (100%) 91.7%) (95.8%) (80.0%) (82.1%)
[Multiple 6 4 1 5 11 27
infection (22.2%) (33.3%) (8.3%) (20.8%) (16.9%) (19.3%)
HPV not 10 0 1 1 13 25
detected (37.0%) (8.3%) (4.2%) (20.0%) (17.9%)
Total 27 12 12 24 65 140

Multiple infection=2 or 3 genotype HPVs were detected

A 1234567 8 B

232
176 244 _
12
55 :
bp P

Fig. 6 Amplification and typing of HPV DNA band from clinical samples. Cer-
vical scrapes from patients with cervical lesions were analyzed by the
modified E6E7 consensus PCR as described in Materials and Methods. (A)
Lane 1, DNA molecular weight marker, 1 kb Ladder (GIBCO BRL) ; lane
2, PCR band amplified from cervical scrapes of a patient with invasive
carcinoma (IC), case No.1; lane 3, IC No.2; lane 4, moderate dysplasia ;
lane 5, mild dysplasia case No.1; lane 6, mild dysplasia case No.2; lane
7, negative control, 1 xg of human placental DNA ; lane 8, positive con-
trol about 1ng pHPV16 DNA plus 1 xg human placental DNA were sub-
jected to the modified E6E7 consensus PCR. (B, C, D and E) Genotype
analysis of HPV positive samples. Lane 1, DNA molecular weight
marker, 1 kb Ladder (GIBCO BRL) ; lane 2, Awvall+ Rsal digestion ; lane
3, Aval degestion; lane 4, Bgl/Il digestion; lane 5, Accl digestion. (B) IC
case No.1l, HPV16. (C) IC case No.2, HPV16+58. (D) moderate
dysplasia, HPV35. (E) mild dysplasia case No.1, HPV58.
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Table 4 Specific disease association of 11 HPVs types at varying
grades in the clinicopatholgical spectrum

pathology  Mild ) Moderate ~ Severe ~ Carcinoma Invasive . . %"
HPV type Dysplasia  Dysplasia  Dysplasia i siftu Carcinoma
16 8 6 5 16 35 70 (60.9)
18 1 1 2 0 3 7(6.D
31 4 0 1 4 6 15 (13.0)
33 0 0 0 0 2 21D
35 1 1 0 0 1 3C2.6)
39 1 0 0 0 1 2 (1D
45 0 0 0 0 0 0C0 )
51 2 0 0 0 1 3(2.6)
52 4 3 1 2 6 16 (13.9)
56 1 1 0 1 0 3C2.6)
58 3 2 3 5 5 18 (15.7
Unclassified 0 2 0 0 3 5(4.3)
Total 259 162 120 289 63 144/115
a) including 6 cases of multiple infection: 16+52+51, 39+58, 56+31, 1658, 16+51,

16+31+52

b) including 4 cases of multiple infection: 16452, 18+52, 16+ unclassified, 56+52

¢) including 1 case of multiple infection: 16+18

d) including 5 cases of multiple infection: 16+52, 16+31, 16+31, 16+52, 31+56

e) including 11 cases of multiple infection: 18451, 16452, 16+31, 16+52, 16+31, 16+52,
. 16+31, 16+58+52+33, 18+52, 16458

f) the incidence of the specific types of HPV in the HPV positive 115 case

tively. HPV specific DNAs were amplified from 23 out of 24 cases of CIS (95.
8%, and 52 out of 65 cases of invasive carcinoma (80.0%) (Table 3).

The incidence of high-risk HPVs in each pathological state is summarized in
Table4. HPV16 was found predominantly (60.9%), followed by HPV58 (15.
7%), HPV52 (13.9%), HPV31 (13.09%), HPV18 (6.1%), HPV35 (2.6%), HPV51
(2.6%), HPV56 (2.6%), HPV33 (1.7%) and HPV39 (1.7%). HPV45 was not
detected in our study group. In 5 cases (4.3%), a single discrete band of 230-250
bp was amplified by the modified E6E7 consensus PCR (data not shown). How-
ever, we failed to determine their genotypes since they were not cleaved by
Avall, Rsal, Bglll, Accl or Aval.

DISCUSSION

By dint of much effort, it has been revealed that specific types of genital
HPVs closely associate with CIN and cervical cancer(1-5). The presence of
high-risk HPVs in cervical lesions is believed to be the most significant risk fac-
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tor for them to progress into carcinoma(58). Thus, an easy and accurate
method which specifically detects high-risk HPVs will be quite useful for evalua-
tion of cervecal proliferative lesions.

Southern blot analysis has frequently been used to search for HPVs from
cervical tissue ; however, this method is not always adequate to examine clinical
samples such as scraped cells, because it requires appreciable amounts (5-10 xg)
of cellular DNA. On the other hand, PCR is capable of detecting subpicogram to
subnanogram amounts of viral DNA from 1 g of infected cell DNA.

PCR using consensus primers for E6 and E7(24), E1(18), L1(19), L1 and E1
(20), L1 and E6(21-23) can detect multiple types of HPV. The amplification of
E6E7 has implications different from E1- or L1-consensus PCR. The E6 and E7
ORFs are preferentially retained in cervical carcinomas(25-28), probably because
of their roles as the viral oncogenes(33,34). Our original E6E7 consensus
primers amplified the high-risk HPV genotypes (HPV16, 18, 31, 33, 35, 45, 52
and 58) effectively, and HPV39, 51 and 56 with lower efficiency. Modification of
the 3’ end by extending 9 nucleotides in the sense primer and of the 5 end by
changing 5 nucleotides in the antisense primer has made it possible to amplify 11
genital HPVs (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56 and 58). Similar to pU-
IM/pU-2R set(24), mixed primers (pU-1M, pU-1M-L/pU-2R, pU-2R-N) did
not amplify the low-risk HPVs (HPVS®, 11, 42 and 43) from 4.06 X10* pg pHPV
DNA (approximately, 10* copies per cell) (data not shown). Other consensus
primers designed for E6, E1 and L1 ORFs have amplified not only high-risk but
also low-risk HPVs simultaneously(30-35) ; therefore, our consensus PCR
appears to be the most powerful method presently available to amplify and detect
high-risk HPVs separately and specifically.

Out of 155 cervical scrapes, sufficient cellular DNAs for PCR were obtained
from 140 cases (90.3%). p-globin was not amplified from cellular DNA in 15
cases, including 5 of invasive carcinoma. The reason the cellular DNA was not
sufficient for the PCR source was probably that the tissues had been contaminat-
ed by necrosis, since several of those patients had received radiation therapy
and/or chemotherapy before the operation. Cases like these must be examined
by other approaches such as DNA é# situ hybridization.

The HPV detection rates (63.0%, 100%, 91.7% and 95.8% in mild, moderate,
severe dysplasia and CIS, respectively) are comparable to the previous reports
(3, 22,59), while the incidence in invasive carcinomas (80.0%) seems to be rela-
tively low (Table 3).

The sensitivity of the modified EGE7 PCR was comparable to that of other
consensus PCR(18, 19, 22) in detecting HPV16, 31, 33, 35, 45, 52 and 58 (1072 to
1 copy per cell), but lower in detecting HPV18, 39 and 56 (10 copies per cell)



14 Y. INOUE ¢t al. Tumor Res.

and HPV51 (10% copies per cell), as shown in Table 1. The sensitivity of this
nonradioactive method appears sufficient for clinical use, though for detecting
HPV51 a more sensitive method may be required. The effectivity of our
modified consensus PCR could be improved with hybridization, which detects 10-°
to 10-¢ HPV copies per cell(16), or double (two-step) consensus PCR, which
detects 10~2 HPV copies per cell(60).

We detected 10 types of genital high-risk HPVs in the cervical scrapes.
Similar to the previous reports(3, 22, 59), HPV16 was most frequently detected in
our study group (70/115, 60.9%), followed by HPV3l, 52 and 58 (13-15%),
HPV18, 33, 35, 39, 51 and 56 (1-5%) (Table4). HPV45 was not detected in our
study group, probably because of its low prevalence (about 1%) (3). In conclu-
sion, our modified E6E7 consensus PCR has a broad detection spectrum for high-
risk HPVs with adequate sensitivity.

We could detect 10 types of high-risk HPV genotypes in 115 samples includ-
ing 5 unclassified cases (4.3%). Point mutations in the restriction site for the
PCR product can mislead typing. We have previously reported that HPV16 E7
sequences in human cervical carcinoma did not contain point mutations in the
restriction sites within our E6E7-consensus-PCR target region(61, 62). It is pos-
sible that the unclassified cases contain uncharacterized, novel HPV type (s)
which have not yet been reported.

From the result that 2 or 3 genotypes of HPV were detected at the same
time in 27 samples (19.2%), the incidence of mixed or muiltiple infections appear-
ed to be more frequent than estimated in previous studies by Southern blot analy-
sis (2.4 to 14%)(63-67). However, the frequency of mixed infection estimated
by PCR was 8 to 489%(67-69). Further study is required to conclude the inci-
dence of mixed infection.

HPV16, 18, 45 and 56 have been discriminated from other high-risk HPVs,
since these HPVs were more frequent in cervical cancer than in high grade CIN
(4). The present results confirm that hypothesis, since HPV16 was found in CIS
and invasive carcinoma (55-57%) more frequently than in cervical dysplasia (32~
42%)>. It is difficult to discuss other high-risk HPVs because of the small num-
ber of samples. We would like to continue measurements of high-risk HPVs in
CIN and cervical cancer. A

We previously reported relatively low prevalence of HPV16, 18 and 33 DNA
in the normal cervix using the type-specific PCR(70). Further study is in prog-
ress to detect and type the high-risk HPVs in cervical scrapes from women with
cytologically normal or low grade of CIN such as condyloma using the modified
E6E7 consensus PCR.
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