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Specimens Trom 26 condylomatous lesions, 24 invasive cancer cells, and 33 corvices, without evidence of the
diseases, were tesied for the presence of human papillomavires (HPVY) Gypes 6, 11, 16, and 18 by Sonthern blat
hybridization, in situ iller hybridization, or in situ tissee hy bridization methods, A total of 89% {23 of 26) of
the condylomatous lesions confained HP'Y DINAs, as determined by one or more of the methods, The positive
rates fur the detection of HPY UNA in condylomas by the different metheds were 525 for Southern ot
hybridization, 62% for i situ filter hybridization, and 72% for in silu tissue habridization. Among the
specimens from patients with cancer, HPY DNA was found in 83% (19 of 23) by one or moce of the methods.
Positive rates of 89 and 70%, respectively, were oblained For cancer lesions tested by the Blier in situ and
southern blot hybridization methods; however, only 30% of those lesions were positive by the in situ tissue
hybridization methed. Thirtern percent of the contral cervices were positive for HPY DNA by ane or more of
the assays. With respect to all disease categories, the metheds had comparable sensitivities and specifivitics,
excepl for the in situ tissue hybridization method, which revealed a specificity of 72% for condylomatous lesions

and 30% for invasive cancer cells.

Papillomaviruses (PVs) belong to a subgroup of Papova-
virldae which are characterized by a small, double-stranded,
circular DNA genome (25). The FVs are species specific and
exhibit a high depree of tissue tropisms. In humans, over 45
types of human PVs (HPVs) have been isolated from pa.
vents with such diverse clinical conditions as cutaneous
warls, anogenital warts, laryngeal papitlomas, and epider-
modysplasia verruciformis (170, In addition. specific geno-
types of HPV have been implicaied as the cause of histo-
pathological chanpes in cervical intragpithelial neoplasia
{CIN) lesions and in the genesis of invasive cervical cancer
(28). The prevalence of HPV types 11 and 6 has been
reported to be between 85 and L% in benign condylomas
and between I8 and 307 in advanced CIN lesions (7. 9, 26).
In contrast, HPY type 16 seems to prevail in more severe
forms of CIN and invasive cervical cancers. with the re-
purted prevalence rtes varying from 17 1o 1005 in invasive
cervical cancers (5, 6, 21, 281 HPV tvpe 18 has also been
associated with invasive cervical cancers, but its prevalence
is lower than that of HPY type 16 14, 28).

Progress in elucidating the cpidemiclogy and pathogenesis
of the HPVs has been hampered by the lack of suitable
conventional [aboratory lechnigques to culture the viruses in
vitro. Wegetative replicition of PVs is confined 1o the
specific host and to the degree of differentiation of the host
cells (16). Only the terminuily dillerentiating keratinocytes of
the particular host seem to be permissive t infection by FVs
(170, Therefore, the divgnosis of PVs in clinical samples rests
upon the presence of complete virions as shown by electron
microscopy (1), the presence of virion structural antigens as
shown by immunological methods (13), or detection of
virus-specific DMNA sequences by molecular hybridization
methods,

The success of electron microscopy in the dingnosis of
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HPY depends on the demonstration of the HPY wvirions,
white that of the immunological tests depends on the pros-
ence of the common PY struclural antigens. Yirion assembly
and expression of the late structural gatipens takes place
only in terminally diferentizied cells. Thus, both virions and
antigens are absent in grade 3 CIM lesions, which, by
definition, are undillerentiated (19), Consequently, the sen-
sitivity of these tests in the diagnosis of HPV from these
lesions ranges between 40 and 0% (17). Furthermoso,
neither assay s capable of distinguishing the subiypes of PV
that are responsible for the infection. These limitations have
been largely overcome by cloning the HEY DNA in bacterial
plasmids, since this permits the development of viral probes
which can be wsed in moleculur hybridization wssays
detect specific viral DNA sequences. Three such methods
have been developed: Southern blot hybridization, in silu
filter hybridization, and in sitw tissue section hybridization.
The purpose of this study was to define the relative sensi-
Hvities and specificities of these methods for detecting HPY
DMA sequences in papillomatous lesions, cervical cancer
cells, and cervices without evidence of bhe discuses.

MATERIALS AND METHODS

Study population and preparation of samples. Samples
were obtained from theee cgtegorics of patients from (wo
different populations. The first category consisted of 26
Canadinn patients with genital condylomas. These paticnts
were seen at university-aflilited clini@ssgf#lamilton, Onta-
rio. We obtained specimens from 6 penile, Gwvulvar, 2 groin,
and 12 cervico-vaginal lesions. The sceond category con-
sisted of 23 Papamanian women with newly diagnosed
cervical cancers. The third calegory consisted of 21 Cana-
dian and 12 Panamanian patients who had endergone Bys-
terectomy for diseases other than neoplisia, Histologic
examination confirmed the dingnoses of condyloma or inva-
sive cervical cancer in the first and second catepoeries and the
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abrsence of these lesions in the third catecoory. Although
patients in the third coategory were considered normal for the
purposes of this study, histologic examination revesled 9
paticats with cervicitis, 11 putients with cervical metaplasia,
und 13 patients with unremarkable corvices,

We atlempled to colleer cells Trom the lesion from cach
patient for in site dilier hybridization and then to obtain two
hiopsies of the lesions. This was not achieved in all cascs.
For the in situ filer hvbridization method, cells from the
cervical os or cervical lesions were collected with a cotton-
tpped swab wnd suspended in 4 ml of phosphate-buitered
saline. The pumber of cells was counted in 2 hemacytom-
cle., and the cells were stored ot = 20°C until they were
tested, The cell counts ranged from 10% 1o 107 epitheliol cells
per sample, Buopsics intended for the Southern blot method
were snup-frozen in liquid nitrogen for transportation 1o the
fahoratory, where they were subsequenily stored ot = 70°C
until they were tested. Biopsies for the histopathological
examination and in situ tissue hyvbridization methods were
fined in 10T bullered, neutral Formulin and processed hy
routing histologic methods,

For the in situ filter hybrdization method, the samples
were thivwed, and the cells were pelleted at 2,000 % ¢ for 10
min aned suspended in S00 pd of 5 huffer consisting of 5 pp of
denatured salmaon sperm DNA perml in 6x SSC 1% S50 iy
085 M sodivm chloride plos 0015 M sodium citrate [pH
7001 The extraction of DM A from biogpsies for Southern blot
analysis was done as described previously (18} by using
proteinase K digestion and phenel-chivrolorm extraction.
Sections for use in the in situ tssue bybridization method
were eul o oa Sum thickness from paraflin-embedded
bluocks. The sections were pliced un polyv-D-lysine (Sigma
Chemical Co., 8t Lowis, Mo l-coated glass slides and fixed
by buking the slides gt 60°C overnipht.

Probe DNA and radiolabeling. Recombinan plasmids con-
taining HPY type 60, 11, 16, and 15 DNAs were kindly
provided by L, Gissman and E. de¥illiers (Deutsches Krehs-
larschung Zentrum, Heidelberg, Federal Republic of Ger-
muny}. For use as probes in the in sitw flier hybridization
and Southern Blol hybridization methods, the HPY DMAs
were excised from the plasmids Lo avoid possible false-
posilive reactions because of the presence of pBR322 sc.
guences in some clinical specimens (23, The HPV DNAs
were nol excised from plasmids when they were gsed as
probes in the in situ tissue hybridization method to enhance
the signal associated with the probe (224 The DNA was
labeled with either [PRICTP or [YSWCTP (Mew England
Muclear Corp.. Liichine, Cuchee, Canada)d with a commer-
cial nick-transltion kit (Bethesda Research Laboratories,
Guithershurg, Md.b, and the instructions of manulfacturer
were followed. A specific activity of greater thun 107 cpmi/pg
of DMNA was achieved [or cach probe, For all hybridization
methods, two probe types were ased: one consisted of a
mixture of HPY types 16 and 18 DMNA. while the second
consisted of o mixtore of HPV tvpes 6C and 11 DNA.

In situ filter hybridization. In sitg flter hebridization was
peformed by o modification of the methods described by
Wagner et al, 0260 and Grenstein and Hogness (105 Samples
(HHY ) were applicd under acuum Lo a nitrocellulose filer
with o %e-well manifold apparatus (Schleicher & Schuell.
Inc., Keene, MoH.)L The specificity of the hybridization was
controlled by testing seriad dilutions of Caski cells, which
contiain S0 copies of HEY type 16 per cell (27). and similar
dilwtions of human embryonie fibroblast cells, which do not
conlain HPY DNA. Cell lysis and DNA denaturation were
elfecled by overlayviog the filler on Whatman 3IMM flter
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paper that had been proviously soaked in 1M NaCli 5 M
NaOH for 5 min, and the procedure wis repeated once
more. The fillers were then neutralized by overlaying them
twice for 5 min on Whatman MM filter paper that hid been
previously soaked in 1.5 M NaCl-0.3 M Tris buler ipH 7.4
The filters were wir-dried. placed into 2 plastic bag, and
treated with 2 mg of proteinase K per mlin 10 mM [ris (pH
TEHOLSEE sodiom dodecyl sulfate—0.5 mM EDTA. The fil-
ters were washed three times in chloroform (5 min each) and
then were given one final wash in 2x S5C, The DNA was
fixed on the filler by buking at RB0°C for 2 b, HPY DNA
sequences were detected by a modification of the method
described by Thomas (241, Fillers were prehybridized for 2
10 3 b at 42°C in a prehybridization buller consisting of 305
formamide-5x S5C-30 mM sodium phosphate (pH 6.5)-250
pe of sonicated, denatured salmon sperm DNA per mi-5x
Drenhardt solution, containing (L02% cuch of bovine serum
wlbumin, Ficoll {Pharmacia Fine Chemicals. Piscitaway,
M.EY and polyvinvipyrrolidone, The hybridization buller
vonsisied of 4 parts of prehybridization buller, 1 part of 505
twtivol) dextran sulfate, and 5 % 10° cpm of ¥P-labeled
specific DNA probes per ml. Prior 0 use. the hybridization
cockiail was boiled For 3 min at (H°C and then cooled on ice
to achieve denaturation of the DN AL Following the metheods
described in previowsly published reports (200 263, hybrid-
ization was carried out under stringent conditions at 42°C
{which corresponded to 17°C below the melting point [T,
=17°C overnight, and the filters were wished four times
unler nonstringent conditions (7, —42°C) at 42°C in 2% 550
containing 0,15 sodiem dodecy! sulfile, with each wash
lasting 1 h. The fillers were eoclosed in Suran Wrap aned
exposed for 1to 3 days 1o X-ray film at —70°C by using an
intensifying screen (Eastman Kodak Co.. Rochester, N Y.}
The filters were subsequently wished under stringent con-
diiions (T, —17°C) by using nonstringent wash comditiong,
except that the procedure was carried out a1 68°C, A final
wash in 0.1 S5C-0.1% sodium dodecy| sullate was carried
ol at reom lemperature for 15 min. and autoradiogruphy
wis done as described above, All autoradioprams were read
independently by three ohservers, and those specimens thid
were recorded as positive by two or more observers were
scored as positive,

Southern blot analysis. Southern blot analysis was done
essentially as described previously (18). Briclly, following
phenul-chloroferm extraction. the DNA was digested with a
restriction enzyine (BamHI) and fractionated by agarose gel
clectrophoresis. The DMNA was then transferred to nitrocel-
lulose filter by the technigue described by Southern 123) and
preiybridized and hybridized as described above For the in
situ filter hybridizition method. In keeping with standard
practice (4. 7, 9, 181 however, hybridization was carried out
in 20% formamide at 42°C under nonsteingent conditions (77,
—42°C), The fitters were then washed as described above fur
the in situ filter hybridization method, For the purposes af
comparison. the results obtained for the Southern blot
method under stringent washing conditions were repurded us
being comparable to these obtained for the remuining rwo
assays under strinpent hybridizition and washing condi-
tions, The nuterndiograms were scored by three ohservers os
described above for the in st Alter hvbridization method.

In sitw tissue hybridization. A modification of the method
described by Huase ot al, 1120 was used for in silu tissue
bivhridization. Paratlin was removed Trom the Lissue sections
with gylene. and the tissue sections were sequentially hy-
drated in descending grades of alcohal. The DNA was
denatured in site by treating the section in 0.2 N HCT for 10
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FIG. 1 Awtoradiogrom of Soubern hlot hybidizstion amalysis.
DINA wivs extractcd from hiopsy swmples, cleaved with the restrice
Uit eneyme HuenHLoand analyred ps deseribed elsewhere [13),
Lames 1o 4, BNA from condyiomatous lesions: lones 5 1o 7. A
feonmy inviisive cuncer cells, Arraws indicate molecy lur weight mark.
ers (M1, in kilobises, us determined by electropharesis of Jfind 11l
digested lambdy plupge DNA, The blot was probed with HPY tvpe
1o L3NA and washed ender sirinpest eendition (7, —17C1 The
Lypical episamal HPY malecule is exemplificd by the signal in line
1. while patterns consistent with viral integration into cellular MNA
ure exemplified by the signals in lancs 5 and 7.

min, and the sections were then treated with a 25 po of
proteinase K in 0.05 M Tris hydrochloride (P 740 0t 37°C,
The sections were then trested with o 4% paraformaldehyds
solution in phosphate-buffered saline, washed in phusghate-
bulfered saline contuning 0,204 twitvolh glyeing, followed by
# wash in phosphine-hofTered saline. The sections were then
dehydrated in ascending prades of alcohol and air-dried.
Hybridization cockiail comained 2= §5C, 400 pe of dena-
wred salmon sperm DMA per ml, and various concentra-
tions of formamide. Formamide concentrutions of 109 (T,
=42°C) and 30% (T, —17°C) were used Tor nunstringent and
stringent wash conditions, respectively. To the hybridization
solution was added 10° cpm of *'S-labeled specitic HPY
DNA per ml. The whole hybridization cocktail was dena.
tured by boiling for 5 min at I00°C, chilled on ice, and made
te 10 mM in dithicthreitol (12). Hyvbridization was carried
-out at 370 for I8 b, and the sections were washed as
follows: 30 min ot room temperature in 2% $5C followed by
1hat 42°C in 2% 55C. The slides were then washed for 2 to
3 days in three changes of a solution containing 505 form-
amide, 2x 58C, 0,01 M Tris hydrochloride (pH 7.4, and
TL M EDTA, The slides were then rinsed three times for
I3 min in 2x S5C and dehydrated in ascending grades of
aleohol. Awtorudivgraphy was carried out by dipping the
slides in melwed nuclear track emulsion INTE2: Kodak
Comila Lrd., Toronta, Ontariol, which was diluted in dis-
tlled water, as directed by the manufacturer. The slides
were dried in the dark for 0.5 h and exposed a1 4°C for 4
weeks in a light-proof plastic box containing calcium sulfate
as a dessicant. Before the slides were developed. they were
equilibrated to room temperature and immersed for 3 min in
developer (D09 Koduk), followed by 1 min in 15 acetic
acich and 3 min in fixer (Kodak) After 16 min of washing in
distilled water, the sections were lightly stained wilh hema-
toxylin and 1hen cosin and were independently scored by
three readers. as deseribed above For the two other hybrid-

Fo Q. Macmonmo.;

ization methods, Cytopreparation of Cuski cells and Stk
ceils. which hurbor 500 and 10 copics of HPY-16 127,
respectively, were included to determine the lowest copy
number of HPY penomes detectable by this method.
Siatistical analysis. The reliability ol the hybridization
methods in the dingonosis of HPV was examined by pereent
agrecment and by using unweighted Cohen kappa statistics
{8). The percent agreement is the number of sumples Tor
which identical resulis were obta‘ned by two methods rela-
tive to the tolal number of samples examined, Use of the
kappa statistics is done in an attempt to correct the pereent
agreement for agreement that occurs by chance alone.

RHESULTS

Represenatative results obtained by cach of the theee
hybridization methods are shown in Fig. 1 1o 3. The HPV
LINA from condylomatous lesions existed as episomal mul-
ecules, as exemplifi:d by the appearance of an 8-kilobuse
fragment after digestion with the single-cut cnevme fHamH|
and Southern blotanalysis (Fig. 1, lane 11 A similar analysis
of HPV DNA extracted from invasive cervieal cuncer ceils
sometimes yiclded a series of bands (Fig. 1, lanes S and 71, a
feature which is consistent with the fact that the HPY DMA
is inteprated into the celluly DNA ED

The type of hybridization signals observed by the in situ
flter hybridization method is shown in Fig. 2, It appents thal
by this method HPV sequences can be detecied within
ageregates of cells (26), giving rise to a discrete dot (as
exemplified by samples in Fig, 2. rows D and G, column 9, or
rows F and G. columns 11 and 123 that fills the whaole well.
However, no correlation between the number of cells ini-
tially present in the samples amd the intensity of the signal
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FIG. 2. Autorsdicgram ebtained by the in situ Glrer hyhridiznian
method. Exflinied cervical cells were trapped on pitrocellulese
paper. lysed. digested with proteinase K. oand then bybridized s
deseribed in the text. Rows A to H. columns 1o 9, Clinieal samples
from patients, The inset frows A 10 13, columas 11 amd 121 shows
thal there was oo hybridiznion signal when o 10-fald dilution of
human fibroblast cells, maging from 107 1o 10 colls per well, wis
mcluded a5 a4 megative control. A positive control consisted of
simifur dilutions of Caski cells, which harbuee HEPY tepe Lh =5e-
quences frows £ to M. columns 11 and 12), Any samples that
showed signals comparable 1o or weaker than those in row H.
columns 11 and 12, were scored negative: and any signal stironger
than these were seored positive, A clear positive sipnal is exempli-
fiedl by the signel i row A column 3 amd o clear nepkive sipnaed iy
illustrated in row A, column 1. Some borderline signals (row AL
column & row B, column 6 row O, column 22 and row 1, colurnins
Goand 70 are abso apparent. These were considered negative for the
purposes of the analysis.
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WS nhsurvcd..ﬁy wsing various difutions of HPY ype 16
cuntaining Caski cells (Fig. 2. rows E to H. columns 11 and
+2), hybridization sipnals were clearly identifinble in wells
that received as few as 100 cells tFig. 2. row G, colemns 11
and 121, Similar experiments with an HPY-negative human
fibroblast cell line yielded no delectable hybridization signals
at the highest concentration tested (Fig. 2. rows A o D,
columns 11 and 12,

When the in situ tissue hybridization method was used for
the detection of HPV sequences in condylomatous lesions,
the pusitive silver grains were observed 1o be uncvenfy
distributed in the dilferent Livers of the cpithelivm. The
signals were weakest in the basal lavers and progressively
increased in intensity oward the terminally differentinted
epithelial vells wnd the koilucytes, which shawed the siroeg-
est signals (Fig. 3a and by Positive scctions from palicnts
with cancer appeared 1o show stromg reactivity in and
around ¢ells, wt the periphery of the invasjve sguamots cell
carcinoma islinds: but most of the invasive cells were
negative (Fig. 3d), Essentially no hybridization signals were
seen in the majorily of lissues from histologically normal
patients, inciuding the morphologically normal epithelium of
the columnar cells or he underlying stroma from patients
with condyloma and invusive cervical cancer, Occasionally,
fucul-positive signals were seen in the undertving siroma
iFie. M. in areas of inflammatory infilteate, or aong the
basement membrane. However, these specimens reacted
with alf HPV and vector probes under stringent hyhridiza-
tion conditions, Similar observations have been mude by
Gupta and co-workers (11}, and we concur with their con-
clusions and regard these stromal reactions as nonspecific,

The vceurrence of HPY DN As was found 1o vary accord-
ing 1o clinicsl condition, OF 24 histodogically confirmed
condylomas, 23 (895 ) were found to contain HEV DM As by
ong or more of the methods. A total of 19 specimens [(7357)
had HPV 1ypes 6C- and 11-related DNA sequences: 5 (20%)
hid HPV types 16 and 18 DINA, and 3 (129) reacted with
HPV types 6C and 11 DNA only under nenstringent hybrid-
izition conditions, Among patients with cancer, HPV DMA
was found in 19 of 23 (837%) patients by one or more of the
methods, These 19 specimens contained HPY types 16 amd
Hh-reluted DMA, and 13 (575 also reacted with HEY types
6C and 11 DNA probes, Cervical specimens from women
with no histologic evidence of genital neoplasio or condy-
lomas hybridized o HPV sequences to a lesser extent than
tid those from paticnts in the other two calegorics. Among
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such samples, 4 of 31 (139%) contuined such sCUyUCnCes.

Interestingly, histulogic evidence of metaplisin was Toamld jn
all the cervices {rom which positive specimens were ab-
tained.

The occurrence of specific tvpes of HEY agcording oy
clinical condition. as determined by ench of the Bivhridie-
tion methods, is summarized in"Table 1. A total of 6279 of the
condylomamtous lesions were positive for any HPV [DNA by
the in situ filter hybridization method, 8205 were posilive Tor
HPV DMNA by the Southern blot method. and 729 wore
positive for HPV DNA by the in situ Lissue by bridization
method. Among patients with cuncer, 2978 of the specimens
were positive by the in situ flter hybridization method, To%
were positive by the Southern hlot hyhridization et
and MW were positive by the in sit tissue hyhbridieition
method. Only 9.5% of the specimens [rom paticnis with o
histolopic evidence of neaplasiv or condylema were posilive -
for HPY DNA by the in site filter Biybridization methuod,
while 13% of Lhe specimens were positive by the Southern
blot hybridization method and 65 were positive by the in
situ tissue hvhridization method,

The sensitivities and specificities of cach bvhridization
method were first computed with respect ta disease type.
The sensitivity of o test is defined as the proportioa of
subjects with the discuse and a positive test result, while U
specificity of @ test is defined as the proportion of subjects
without the disease and o negative test resubts (R, The
results of an analysis in which the patients with condylama
ot invasive cancer were pooled are sumnurized in Table 2.
The Southern blot hybridization method exhibited 3 sensi-
tivity of 76% and a specificity of 87%. The in situ filter
hybridization method had o sensitivily of 72% und a speci-
ficity of $0%. while the in situ tissue hybridization method
hind an overall sensitivity of 0% und n specilicity of 9155,
However, the sensitivity of the in situ tissue hybridization
method differed between disease catepories: it was 72% lor
condylomas and 30% for invasive cancers. The reluive
sensitivities, specificities. and reliabilities of the hyhridiza-
tion methods in detecting HPV sequences are summarized in
Table 3. By using the Southern blot hybridization methad as
the standard. the in situ filter hvbridization method had a
sensitivity of 66% and a specificity of 48% and showed
significant agreement beyond chance tkippe = 0.54; P =
(LULY. With respect to the South.ern blot methund, the in sitw
tissue hybridization method had o sensilivity of 617 and a1
specificity of 86% and showed significand apreement (kippu

TABLE 1, Oceurrence of HPY type by clinical conditions

M posilisvefun, tested 175 for the fllowing HI'W bypes-

)

Hybridization Histsilogey

Hasay™ diagnasis foand 11% L& amd 187 ﬁ_' & I.{,I' (Mher' Fertal
wnd 1%
Iy sitw [Heer Comadwloma WG (35 3261 JERGE S 2e 012y 16526 (h1)
Invasive cancer 4R 12 HOLS td4) 4718 022 TR 4 T6TH 184
Marmal 221 (9.5) 0521 0y 028 e TN ML 9.5}

Suvuthern bl Comlyloms BT A7)

[nvasive cancer 200
Morpwl [Ty}
In situ tissue Comdyloma 1325 (52
Invisive cancer Hh
XAY |

o raaad

1320465

117 6] 271

30 e

M7 i1H
L2015

45T 48Ty
Las2 g7y

1313 31 tih AR 431 111
W25 (1h 25 (8L [H1 1425 4T
H3n ¥iam 1 T2 8309
33 400 (K33 () i 23 th

" The sume number was nol weailable [or 1esling by ol theee wssavs.

* Bpecimens werg detected uniler stringent conditions of hybridization for e specifie PV,
" apecimens were deleslod only nasder nens trngent conditisns of hi brilization with any of the HIV DNA probys,
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FiG. 3. Auwtorndioprsphic signals seen by the in situ tissue hybradization method. Pars

dlin-embedded biopsy somples were processed by
standard Ristologic methods and bvhridiced with Salabeled HPV probes under strinpent Bvhridizntion condilions AT, —17°C). as described

inthe lext, HPY Lype 6C and 11 probes were ssed for con dytomatous tissoe, and HEPY types 16 and 18 probes were useld for invasive cancer
lEsatre. i) Typicad condyloma. (hl Higher magnilicution of positive kodlocytes i o condyloma. (o) Hematos ylin staining of an invasive fmor
thal showed o positive signal in the invasive cells (1, te) Hematusylin staining of invasive tumors that showed o pasitive sipnal in the stroms)
cetls of the tumor 1. Bar Tor panel o, 00F mm: birs for panels b o f, 0.04 mm,
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TABLE 2. Scnsivivities and specificities of dilferent hybridization methods in detecting HPY with relerence la disense”

Hﬂr:lr:'lllli:;m" M tesoed Sensitivaty 17F) Specifivity 177) " Agrcement & Ul:f.?ixkliil-:!-‘rlu ™ value
Suvuthern blot f:3 T L) g0 (il 1,114
Im situ filter 6ns T2 Ui TH 151 <241
Im sity fissue k3 an 93 it ' 3,34 =A1L

- " Results fur specimens. of condyloma and invasive cervical concer were pooled.

= (L5, <1, O00LY Pairwise comparison of the in situ fller
and in situ tissue hybridizition methods similarly showel
significant agreement (kappa = 0.55; £ < 0.0001).

IHSCUSSION

Our wim in this study was o compare the sensitivities,
specificities, and relisbilitics of molecular  hybridization
methods in detecting HPY sequences under various elinical
conditions, To this end, we applicd the Southern blot, in site
filter, and in situ tissue hyhridization methods to specimens
of cervical swabs and biopsies from histologically normal
cervices, condylomatous lesions, and invasive cervical can-
cer cells,

HEV DNA sequences were found in 705 of patients with
mvasive canver by using the Southern blot hybridization
method, and most of the positive samples contained HPY
types 16- and T8-related DNA, This pereentage is consislent
with that for HPV type 16 reported previousty by us (18] and
others (71 By the Southern Blot hybridization method, HPV
DNA was detected in 82% of the condylomatous lesions
examined. This percentage agrees with that reported by
Crum and colleapues (51, but is somewhat less than that
reported by Schoeider and collengues (200, Only 1353 of
histologically normal eclocervical biopsics were found to
contain HPV DNA sequences by the Southern blot hybrid-
tzation method. This finding &5 in agreement with the obser-
valion of MacMab and co-workers (14) but is lower than that
abserved by Meanwell and co-workers (15), who found 1heat
35% ol histologically normul ectocervices contained HPV
type 16 scquences,

Wagner and colleagues (260 adupted the in situ flier
hybridization method for detecting HPY DNA in exfoliated
cervicul cells. HBased on the results of the study by Grunstein
and Hogness (1, we modified this method to increase the
recovery of HPY DNA and dipested cellular proteins and
mucus to reduce the nonspecific background, Using this
modified in situ filter hybridization method, we Found that
cells from 62% of the condylomatous lesicns and 8957 of the

~eervical cancers contained HPY DMA sequences. Our re-
sulis for invastve cervical cancer cases are in agreement with
those of Schneider and collcagues (200, who found HPV
SMNA I four of four cases. They also detected viral se-
guences in six of six women with condylomatous lesions, a
frequency that was greater than that ebserved in our sludy.
They also found fewer patients with nermal epithelium that
wans positive for HPV DNAL

Appheation of the in site hybodisation method o the
detection of vegetutive replication of PV in tissue scclions
was first reported by Orth and colleagues (16), Using 8-
labeled probes, we found that 0% of condylomas were
positive for HPY types 6C and L1 This rale is in apreement
with thut observed by Gupta and colleamses (110, who fonnd
HPY DNA in 538% of the condylomatons tissues tested, bual
lower than the 1009 positive rate observed by Beckmanh
and colleapues (3), who used a hiotin-labeled probe. Our
sample size was sipnificandly larger than hese used in
previous studies and may represent s more relisble estimate.
When we applicd the in situ tissue hybricization method Lo
invasive cancer lesions, we found anly 3K# of the sample Lo
ke positive for HPY tvpes Loand 18 DMAL We wlso observed
thit 6% of histolopically normal cervices reacted with HPY
probes by this method.

The evaluation of the accuracy of i test rests with knowl-
edpe of whether the disewsce is truly present, In our study we
evaluated the respective sensitivitics and specificities of
each of the assays with respect to histologic evidenve of
disease, OQur estimates of sensitivity and specificity could be
distorted by selection bias since we defined normud patients
as those whose cervices showed no histologic evidence of
penital neoplastic or condylomatous disease after hysterce-
tomy. However, about one-third of these cervices werg
found to have inflammatory or metaplastic changes and were
not truly normal. A further source of potential sclection hins
could result from the fact that we pouled the prevalence dita
from two different populations (o estimate the test parne-
ters, When all the disease cutegorics are considercd to-
gether, the Southern blot hybridization method pave the
highest sensitivity (76%), Followed by the in situ filier
hybridization method (72580 and finally by the in site ssie
hybridization method {309). A cunverse pattern wus scen
for the specificity: the most specilic assay wus the in silu
tissue hybridization methed (93587, followed by the in situ
filter hybridization method (0% and the Southern hlot
hybridization method (87900, The sensitivity ol the in situ
tissue hybridization method, however, dillered between
disease categories, being similur 1w the other methods in
detecting HPY DNA o condylomutous lesions bul Jess
sensilive when applied o invasive cancer cells.

The accurncy of one methed versus anather can also he
expressed n terms of relative sensitivity and specificity,
When we used the Southern blot hybridization method ns
reference to evaluate the other methods [or the deteetion of

TABLE 3. Kelative sensitivities and specificities of difTerent hll:]l’ldl{._lll{ll'l methods in Lgﬂlf:l..lil'li_ 111y

Hybridizativn methl Ma tested

Bolsve
sensHivily (57

Bl ::x.-:
specificity 1931

Cohen

: P ovalie
stofislg
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HEY DAL the reliative sensitivities and specificities of the
in situ filter and tissue hvbrdizaton methods were not
dilercnt from each other. The percent agreement bevond
chance, as computed by the vnweighied Cohen kappa sta-
tistic., showed pood agecement (kappa = 0500 P = (.0061), Tt
is apparent, however, that agreement was not achieved ina
substantio]l number of cases. This residuenl lack of agreement
could be cxplained by sampling variation,

Two matn types of errors are commoenly encowntered in
assays such as those deseribed here, These include sampling
errors, in which material representative of the lesion is not
included inthe specimen, and inlesprelive Serors in reporting
the resubts of the assay. There s a depree of subjectivity in
iterpreting the resulis of the hybridization techniques used
i this study, und we attempted to minimize this by accepling
the consensus of three independent observers, However, no
specific measures were undertaken (o controb for sampling
error, The in situ hybridization method on tissue scctions
showed that the HPY DNA is predominantly confined to the
upper cell lavers of the epithelium. For the in sita filer
hybridization method, unlike in the biopsy, the surface of the
lesion was sampled; thus, an endocervical swab should have
capturcd those positive cells. Use of any sampling method in
which o lesion is missed vields o low positive rate, irrespec-
bive of the limit of detection of the hvbridization method
used 1o test such swmples. In this regard, sampling in our
study was ol colposcopically directed. The in situ hybrid-
ization method for tssue section is most vulnerable to this
sampling variation, because not only ¢nn the lesions be
missed by opsy but they con also be missed by sectioning.
Indeed, in some specimens that were tested by the in situ
tissur hyhridization method, the lesions were poorly repre-
sented, Thus, sampling error probably accounted for a
substantial amount of the disapreement that was observed.

The relative copy number of the HPY penomes in the
vaurious spmples may also seriowsly affect the limit of detec-
tien by the hybidization methods, In oar hands, a recon-
striction  cxperiment  imdicited that the Southern hlot
method could deteet (02 ppoof HEPY DNAL which corre-
sponds o 0.2 1o 0.3 copies of HPY DNA per cell (18], By the
in sity filler kybridization methed, on the other hand, 0.1 pg
of HPY DNA could be detected, an amount that is not
ientifiable by the Southern blot hybridization method (26),
This could account for the slightly higher positivity rate for
HPV DNA for cancer cases by the in situ filter hybridization
melhod than by the Southern blot hybeidization methed., [t is
ditticult Lo estimate directly the limit of detection of the HPY
genomes by in o site hybridization in tssue sccions, Even
though a single positive cell containing multiple copics of the
HPV genome can theoretically be detected by this method. it
is possible that fewer than 10 copdes of the HPV penome per
cell cannot be detected, In support of this argument is our
whservation that Stha cells, whieh contain 10 copies of the
HPV type 16 genome. as determined by the Southern blot
method (27}, were negative by the in sita tissue byhridization
methed (data net shown), With our length of exposure,
hoswever, we have been able to detect 580 copics of the HPY
genume, as wis observed by using Caski cells (275 T his liman
of detection is shightly better than that observed by Crum
and colleagues (5), who detected 800 copies of the HEY
genome in their system, Specimens from a number of cancer
cases were positive by the Scuthern blot hybridization
method but were nepiative by the in situ tissue hvbridization
method, This sageests thal the mogority of cancers in some
lesions might harbor less than 500 copies of the HPV genome
per cell,

L Crim, Microniol,,

In conclusion. wee found each of the methods to have
advantages and disadvantages. While the Southern blot
hybrdization method permitled the unambiguous identificu-
tion of the physical state of the HPY penomes and exhibited
the hipghest specificity. it suffered from o relionce on unlixed
Bivpsivs and o tedious DNA manipulation thal required o
special apparatus, The o situ ilier hvbridization method is o
roninvasive technigue that is quick and simple and thus well
suited for epidemiological studies; however, it sullers from
the inability to inherently exclude reactions us nonspecific.
The simplicity of the in sio tissue hybhridization methed and
its ubility to detect HPYV DNA sequences in paradlin-cm-
bedded sections tends tlself to retrospective studies, Hs chicl
drawback is that it may be of limited sensitivity in detecting
HPY sequences in a substantial portion ol invasive cervical
cancers,
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