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Processing of long-stored archival cervical smears for human
papillomavirus detection by the polymerase chain reaction
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Summary The efficiency of a freeze-thaw method, a proteinase K/Tween 20 lysis method and a guanidinium
isothiocyanate/silica beads method for DNA extraction from fixed and Papanicolaou-stained cells from the
cervical cancer cell line Siha was measured by P-globin polymerase chain reaction (PCR). The GTC/silica
beads method, which appeared superior, revealed a human papillomavirus (HPV) general primer-mediated
PCR sensitivity of 50-500 copies of HPV 16 per sample using dilutions of fixed and stained Siha cells.
Application to archival cervical smears (n = 116) revealed that the yield and size of amplifiable DNA decreases
with storage time. The longer the storage time, the more repetitions of the whole procedure, including the lysis
step, were required to extract sufficient amplifiable DNA. In this way, an overall P-globin PCR positivity for
98% of the smears was reached. Further analysis revealed that a maximum size of 200 bp could be amplified
from smears stored for up to 9 years. The method was validated by demonstrating by PCR the same HPV
types in archival smears and corresponding cervical biopsies of cervical cancer patients. In conclusion, the
GTC/silica beads method appears suitable to process archival cervical smears for HPV detection by PCR,
provided that stepwise adjustments are made until ,-globin PCR positivity is obtained and primers are chosen
which amplify a maximum of about 200 bp.
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The high sensitivity of the recently introduced polymerase
chain reaction (PCR), a method allowing in vitro ampl-
ification of target DNA (Saiki et al., 1985, 1988), has led to a
rapid increase in knowledge about infections with micro-
organisms related to human disease (Eisenstein, 1990).
Among other research fields, DNA amplification methods,
and especially the PCR, have also revolutionised human
papillomavirus (HPV) research related to cancer of the
uterine cervix (Manos et al., 1989; Walboomers et al., 1994).
This has resulted in more reliable data about the HPV
prevalence in cervical biopsies with different degrees of cer-

vical intraepithelial neoplasia (CIN) and in smears with
different Pap classes. Increasing prevalence rates of high-risk
HPV types have been found both for increasing grade of
CIN (Bergeron et al., 1992; Lungu et al., 1992) and for
increasing degree of dysplasia (dyskaryosis) as determined by
cytology (van den Brule et al., 1991; de Roda Husman et al.,
1994) and up to more than 95% for cervical carcinomas
(Resnick et al., 1990; van den Brule et al., 1991; Das et al.,
1992; TN Munioz, personal communication). These data
point to an important role for high-risk HPVs in the patho-
genesis of cervical cancer. To further substantiate the role of
HPV in cervical carcinogenesis, follow-up studies have to be
performed. However, with prospective studies it is difficult to
determine whether high-risk HPV-infected women would
develop cervical cancer since the end point of cervical cancer

can never be reached for ethical reasons. This could be
circumvented by retrospective follow-up studies using archi-
val cervical smears. However, this requires a proper process-

ing method for fixed and stained Pap smears allowing subse-
quent PCR. Several methods have been described for the
processing of both fresh cells (Higuchi, 1990) and formalin-
fixed tissue (Shibata et al., 1988) for PCR purposes. These
methods vary from relatively mild treatment, using a simple
boiling and/or freeze-thaw step (Shibata et al., 1988; van

den Brule et al., 1990) up to a complete DNA isolation
procedure. Also, for the processing of archival cervical
smears different methods have been applied, including DNA

extraction after proteinase K lysis (Jackson et al., 1989;
Rakoczy et al., 1990; Gall et al., 1993) and the application of
guanidinium isothiocyanate (GTC) lysis and silica beads
nucleic acid extraction (Smits et al., 1992). Although the use
of these extraction methods revealed a successful PCR, little
is known about the reproducibility and sensitivity of the
PCR, which might be influenced by differences in DNA yield
and quality of the samples. Consequently, we aimed (1) to
evaluate different sample processing methods, including a
freeze-thaw method (van den Brule et al., 1990), a pro-
teinase K/Tween 20 lysis method (Slebos et al., 1991) and a
GTC/silica beads method (Boom et al., 1990) for their
efficiency to generate suitable PCR target from fixed and
stained cells; (2) to elucidate the relationship between DNA
quality and length of storage time of cervical smears as
monitored by ,-globin PCR; and (3) to assess the feasibility
of the most optimal assay on routinely fixed and
Papanicolaou-stained archival smears.

Materials and methods

Cell lines, clinical specimens and study design

The HPV 16-containing human cervical cancer cell line Siha
(1-10 copies HPV 16 per cell) was obtained from the
American Type Culture Collection. The HPV-negative
human lung carcinoma cell line GLC4S was provided by E
de Vries (Groningen, The Netherlands). Both cell lines were
used in reconstruction experiments. The cells were grown in
RPMI-1640 supplemented with 10% fetal calf serum and 50
U ml-' penicillin/streptomycin and 1.6mM L-glutamine, of
which cytospins were prepared to a total of 50 000 cells. In
addition to undiluted Siha and GLC4S cells, these included
the following dilutions of Siha cells in GLC4S cells: 1:10,
1:100, 1:1000, 1:10 000. Cytospin spots were fixed with a
mixture of 8% polyacetyleneglycol-69% isopropylal-
cohol- 17% acetone as routinely used for Pap smears in our
cytology laboratory. Subsequently, the cytospins were stained
with Papanicolaou stains (haematoxylin, orange G and EA
polychrome solution), air dried, mounted in Depex, covered
with a coverslip and dried at room temperature for at least 2
days.
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Fixed and stained archival cervical Pap smears (n = 116;
mean storage time 6.5 years) were obtained from women
participating in a triennial cervical cancer screening prog-
ramme in the district of Het Gooi, an area near Amsterdam,
The Netherlands. These smears were used for optimisation of
the DNA extraction method. The samples included cytomor-
phologically abnormal smears from 12 women with cervical
cancer. Formalin-fixed, paraffin-embedded cervical cancer
biopsies from these women were also available for HPV
analysis, validating the method.

Processing of cytospins and archival smears

Glass slides were placed in xylene in separate disposable
50 ml tubes (Greiner) and left for 2-7 days until the covers-
lips could easily be removed. The cells were collected with a
new, sterile razor blade and transferred into an Eppendorf
tube with 1 ml of fresh xylene. After 45 min incubation at
room temperature to clean the cells from the remaining
Depex inclusion solution, the cells were pelleted by cent-
rifugation and washed twice with 96% alcohol. The pellets
were air dried at room temperature. The samples were subse-
quently treated according to one of the following methods.

Freeze- thaw method

The cells were suspended in 100 LLl of 10 mM Tris-HC1 (pH
8.1). The cell suspension was vortexed and frozen at - 20°C
overnight. A 50 yl aliquot was taken, thawed at room
temperature, boiled for 10 min at 100°C, cooled on ice for
Omin and spun down. Subsequently, 10 l aliquots of the
supernatant were used for PCR.

Proteinase K/Tween 20 lysis method

The cells were suspended in 100 ILI of lysis buffer containing
0.1 mg ml-1 proteinase K, 0.1% (v/v) Tween 20, 50 mM
potassium chloride, 10mM Tris-HCl pH 8.3 and 1.5 mM
magnesium chloride and incubated overnight at 37°C. After-
wards, the samples were heated for O min at 96°C to inac-
tivate the proteinase K enzyme. Remaining debris was
removed by a centrifugation step of 3 min at 12 000 r.p.m.
For PCR purposes 10 slI aliquots were used.

GTC/silica beads method

DNA isolation was performed using a slight modification of
the guanidinium isothiocyanate (GTC)/silica beads method
(Boom et al., 1990). The cells were suspended in 900 itl of
lysis buffer (prepared by dissolving 120 g of GTC and 2.6 g
of Triton-X-100 in 100 ml of 0.1 M Tris-HCl pH 6.4 and
22 ml of 0.2 M EDTA pH 8.0), mixed vigorously and
incubated for 2.5 h at room temperature. Subsequently, 40 gl

of a sterile suspension of activated silica beads in 0.1 M
hydrochloric acid was added and incubated for I h with
occasional mixing. The silica beads with the bound DNA
were pelleted by centrifuging for 1 min at 4 000 r.p.m. after
which the pellet was washed twice with 500 plA of wash solu-
tion (GTC/Tris HC1, pH 6.4) and once with 500 tl of 70%
ethanol. The silica/DNA pellet was air dried at room
temperature for 30 min and the DNA was eluted twice from
the beads with 250 of TE buffer at 58°C, after which the
elution volume was precipitated with 1 ml of 96% ethanol
and 50 of 3 M sodium acetate (pH 5.2). Subsequently, the
pellets were washed with 70% ethanol, dissolved in 50 ILI of
sterile water and 1 ftl aliquots were used in the PCR.

Processing of cervical biopsies

Depending on the size of the biopsy 1-6 sections (4 lim) were

cut and collected in 250 of digestion buffer [1.5 mM
magnesium chloride, 50 mM potassium chloride, 10 mM
Tris-HCl (pH 8.3), 0.45% (v/v) Tween 20 and I0 mg ml-'
proteinase K]. The samples were incubated overnight at 37°C
followed by inactivation of proteinase K at 96°C for 5 min.
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The samples were centrifuged and 5 pJ of the supernatant
was used for PCR.

P-Globin polymerase chain reaction

P-Globin PCR was performed using one of four primer
combinations spanning 100 to 509 bp. Primer combination
PCO3 (5'-ACACAACTGTGTTCACTAGC-3') and PCO4
(5'-CAACTTCATCCACGTTCACC-3') was used to generate
a 100 bp product (Saiki et al., 1985), PCO3 and PCO5
(5'GAAACCCAAGAGTCTTCTCCT-3') were used to gener-
ate a 209 bp product, PCO3 and PCO6 (5'CATCAGGAG-
TGGACAGATCC-3') yield a 326 bp product and PCO3
together with PCO7 (5'-GAAAACATCAAGGGTCCCAT-
3') yields a 509 bp amplification product. The primers were
used at a concentration of 50 pmol each in total reaction
volume of 50 jil containing 50 mM potassium chloride,
1.5 mM magnesium chloride, 200 tLM of each dNTP and 1 U
of Amplitaq DNA polymerase (Cetus). The PCRs were per-
formed for 40 cycles in a Biomed PCR processor, of which
each cycle consisted of 1 min denaturation at 95°C, 2 min
annealing at 55°C and 1.5 min elongation at 72°C. The first
denaturation step and the last elongation step were extended
for 4 min. Distilled water was used as a negative PCR con-
trol and DNAs isolated from fresh cells of the cell lines Siha
and GLC4S were included as positive controls. Of the PCR
products a 10 ytl aliquot was analysed on a 1.5% agarose gel
by electrophoresis.

HPVpolymerase chain reaction

A general primer-mediated PCR (GP-PCR) method (de
Roda Husman et al., 1995), slightly modified from Snijders et
al. (1990), was used for the detection of a broad spectrum of
mucosotropic HPV genotypes generating a ± 150 bp frag-
ment from the HPV Ll open reading frame. The GP-PCR
was performed as described for the ,B-globin PCR, except for
the magnesium chloride concentration and the annealing
temperature which were 3.5 mM and 40°C respectively. A
10 yl aliquot of the PCR products was analysed by gel
electrophoresis (1.5% agarose) and after blotting hybridised
with a cocktail probe containing GP-PCR products of HPV
6, 11, 16, 18, 31 and 33 as described previously (van den
Brule et al., 1990). Aliquots of distilled water included both
during purification and PCR served as negative controls,
none of which showed a positive PCR. The HPV-positive
samples were typed by use of type-specific primers for the
detection of HPV 6/11, 16, 18, 31 and 33. The primers span
up to 100 bp within the HPV general primer mediated prod-
uct (Table I). The reactions were performed as described for
the ,B-globin PCR. After gel electrophoresis, PCR products
were blotted and hybridised with the HPV 6, 11, 16, 18, 31,
33 cocktail probe as described for the HPV GP-PCR except
that the hybridisation and washing steps were performed at
650C.

Results

Analysis of sample processing methods on fixed and stained
Siha cells
The freeze-thaw method, the proteinase K/Tween 20 lysis
method and the GTC/silica beads method were evaluated for
their efficiency of extracting DNA from seven fixed and
Papanicolaou-stained cytospins containing 50000 Siha cells.
The isolates were subjected to a duplicate P-globin PCR with
primers yielding a 209 bp fragment. The freeze-thaw method
yielded an amplified ,B-globin fragment from 6 out of 7
isolates (Figure 1, top, lanes 1, 3, 5, 6, 8, 12, 13, 14 and 15),
of which three isolates were positive in duplicate (Figure 1,
top, lanes 5, 6, 12, 13, 14 and 15). Except for one isolate
(Figure 1, top, lanes 14 and 15) all P-globin positive samples
revealed relatively weak signals, some of which are hardly
visible owing to photographic reduction (Figure 1, top, lanes
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Table I Type-specific primers for the detection of HPV 6/11, 16, 18, 31 or 33
Primer Length of

Primer Primer sequence localisationa PCR product
HPV 6/1 IS 5'-CACACGCAGTACCAACATGA-3' nt 6783-6802 99 bp
HPV 6/1 las 5'-ACTCTTCCACATGACGCATG-3' nt 6882-6863
HPV 16s 5'-TACACGCAGTACAAATATGT-3' nt 6643-6662 102 bp
HPV 16as 5'-ATTCCTCCCCATGTCGTAGG-3' nt 6745-6726
HPV 18s 5'-CACTCGCAGTACCAATTTAA-3' nt 6619-6638 105 bp
HPV 18as 5'-ATTCCTCAACATGTCTGCTA-3' nt 6724-6705
HPV 31s 5'-CACACGTAGTACCAATATGT-3' nt 6561-6580 102 bp
HPV 3las 5'-ATTCCTCACCATGTCTTAAA-3' nt 6663-6644
HPV 33s 5'-CACTCGCAGTACTAATATGA-3' nt 6600-6619 99 bp
HPV 33as 5'-ATTCTTCAACATGTCTTATA-3' nt 6699-6680

aNucleotide positions in DNA sequences of specific HPV types based on published sequence data
derived from the EMBL database.

l A q Ai 7 A Q 10 11 17 lR ld 1

Freeze-
thaw
method

Proteinase K/
Tween20
method

GTC/
silica beads
method

Figure 1 Duplicate P-globin PCR (yielding 209 bp products) on

samples prepared according to the freeze-thaw method, the pro-
teinase K/Tween 20 lysis method and GTC/silica beads method.
Lanes 1-10 and 12 -15 represent PCR products generated from
seven fixed and Pap-stained cytospins. Lane 11 contains the size
marker pBR322*Hinfl: 75 bp, 154 bp, 220/221 bp, 298 bp, 344
bp, 396 bp, 517 bp and 1632 bp. The additional intensive stains
as seen in the lanes presenting proteinase K/Tween 20-treated
samples are due to Tween 20 and do not interfere with subse-
quent analysis by hybridisation.

1, 5, 6, and 8). With the proteinase K/Tween 20 method five
of the seven extracts revealed a P-globin signal for duplicate
PCRs, two of which yielded relatively weak signals (Figure 1,
middle, lanes 3, 4, 7 and 8). For all samples in which DNA
was isolated according to the GTC/silica beads protocol, the
duplicate PCRs gave strong P-globin signals (Figure 1, bot-
tom). Given the highest reproducibility and strongest PCR
signals the GTC/silica beads protocol was considered to be
superior and was used for further analysis.
The sensitivity of PCR reached on fixed and stained sam-

ples processed by the GTC/silica method was determined by
HPV general primer mediated PCR on cytospins of serial
dilutions of HPV 16-containing Siha cells in a background of
HPV-negative GLC4S cells (Figure 2a and b). After hyb-
ridisation HPV DNA could be detected down to the 1:1 000
dilution, which is equivalent to 50-500 copies of HPV 16 per

50 000 cells. No amplified signal was obtained with the
1:10 000 dilution and the HPV-negative GLC4S cells (Figure
2b, lanes 5 and 6).

DNA extraction from archival cervical smears by use of the
GTC/silica method

To test the utility of the GTC/silica method on archival
cervical scrapes, attention was focused on both the yield and
size of amplifiable DNA fragments as determined by P-globin
PCR. For this purpose the GTC/silica method was used to
extract DNA from 116 archival cervical scrapes with storage
times varying from 2 months to 12 years. After one isolation
round only 75 out of 116 samples (65%) initially appeared

1 2 3 4 5 6

a

b

-150 bp

-150 bp

Figure 2 GP-PCR on 10-fold dilutions of fixed and stained Siha
cells in GLC4S cells from undiluted Siha cells to 1:10 000 dilution
(lanes 1 -5) and on GLC4S cells (lane 6). Lane 7 shows the size
marker pBR322*Hinfl. The agarose gel electrophoresis pattern
(a) and subsequent hybridisation with the cocktail probe (b) are
shown. The position of the amplified 150 bp PCR product is
indicated at the right.

positive in the P-globin PCR with primers spanning a 209 bp
fragment. The mean storage time of these samples was 5
years. The 41 samples which were P-globin PCR negative
after the first lysis step were subjected to an additional lysis
and elution step. This was performed by resuspending the
cell/beads pellet left after the first extraction in fresh lysis
buffer and incubating the suspension for 2.5 h at room

temperature. The silica beads and the bound DNA were
subsequently spun down and further prepared as described in
Materials and methods. These additional lysis and elution
steps resulted in 36 additionally P-globin PCR positive
scrapes (96% overall positivity). These scrapes had a mean
storage time of 7 years. A third round of extraction accord-
ing to the protocol described above for the second lysis step
resulted in three more P-globin PCR-positive samples (mean
storage time 9 years), yielding an overall extraction efficiency
of 98% (114/116 archival cervical smears tested). The storage
time of the two remaining P-globin PCR-negative smears

appeared 10 years. The results are summarised in Table II.

Analysis of integrity ofDNA isolatedfrom archival cervical
smears

To analyse the quality of the DNA in relation to storage
time, the integrity of the extracted DNA was determined by
performing a P-globin PCR with primers yielding PCR prod-
ucts of different sizes on smears with varying storage times.
The results were compared with those obtained with DNAs
independently isolated from 20 000 fresh Siha cells also using
the GTC/silica beads method. Smears with a storage time of
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1 year in general revealed amplification of DNA ranging
from 100 to 509 bp (data not shown). This was almost
similar to the fresh Siha cells (Figure 3a-d, lanes 6-9).
Examples of 9-year-old smears are shown in Figure 3. These
samples were positive in the P-globin PCR assays yielding the
100 bp and 209 bp products (Figure 3a and b). The signal
intensities of the 100 bp products obtained from DNA of
these smears were similar to those obtained from DNA of
fresh cells (Figure 3a, lanes 6-9). The 209 bp amplified
fragments derived from these smears were weaker than those
amplified from fresh Siha cells (Figure 3b, lanes 6-9). A 326
bp product could only be amplified from one out of five
samples (Figure 3c, lane 2). A 509 bp product could not be
generated for any of the five smears (Figure 3d). Intermediate
patterns concerning the lengths of PCR products were found
in smears between 1 and 9 years of storage time, indicating a
trend for an inverse correlation between storage time and
DNA size.
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contained HPV 31 and HPV 6 or 11 (Table III, patient 5 and
10). Results are summarised in Table III.

Discussion
In this study three different sample preparation methods were
evaluated using reconstructions of fixed and stained cytospins
of Siha and GLC4S cells. It was found that the number of
samples which were P-globin PCR positive increased from
64% in mild freeze-thaw-treated samples towards 100%
when DNA was isolated according to the GTC/silica beads

Archival siners

hzp 1 2 3 4

D SiSChacells

5 6 7 8 9 10 1 1

a

HPV genotyping in archival smears and corresponding cervical
cancer biopsies of the same patients

Archival Pap smears and cervical cancer biopsies of 12
women were subjected to HPV GP-PCR. The storage times
of the smears tested varied from 2 to 9 years (Table III). The
time span between taking of the smears and biopsies varied
from 2 months to 2 years. The cervical smears and biopsies
were all HPV positive. Type-specific PCR for HPV 6/11, 16,
18, 31 and 33 generating products of 100 bp revealed that in
all cases the HPV types found in the biopsies were also
detected in the corresponding smears. These included seven
cases containing either HPV 16 (n = 3) or HPV 18 (n = 4)
and two cases containing an HPV 16/31 double infection. In
one case (Table III, patient 3) an HPV type different from
HPV 6, 11, 16, 18, 31 or 33, designated HPV X, was found
in the smear and in the biopsy. Moreover, for two HPV
16-containing biopsies, the corresponding smears additionally

Table II Association between yield of amplifiable DNA, measured by
P-globin PCR, and mean storage time of archival cervical smears, after

processing using the GTC/silica method

P-globin PCR- Mean storage time
Lysis step Positiveb Negativeb ofpositive scrapes

Lysis I
(n = 116) 75 (65%) 41 (35%) 5 years

Lysis 2c
(n=41) 36 (31%) 5( 4%) 7 years

Lysis 3c
(n= 5) 3 ( 2%) 2( 2%)d 9 years
a'p-globin PCR generating fragments of 209 bp. bThe percentages

relative to the total number of scrapes analysed are indicated in
parentheses. cOnly scrapes negative after a previous lysis step were
subjected to a next round of lysis. dScrapes having storage time of 10
years.

d

509

Figure 3 P-Globin PCR with the primer combinations PC03/
PCO4 generating a 100 bp product (a), PC03/PCO5 generating a
209 bp fragment (b), PC03/PCO6 generating a 326 bp fragment
(c) and PC03/PCO7 generating a 509 bp fragment (d). Lanes 1-5
contain the PCR products of five archival cervical smears; lanes
6-9 of different Siha DNA isolates; lane 10 the negative control;
lane 11 the size marker pBR322*Hinfl. The size of the correspon-
ding PCR products is indicated at the left.

Table III HPV typing in P-globin PCR-positive archival cervical smears and cervical
biopsies of women who developed cervical cancer

Archival smear
Year of Storage time

collection (years)
1989 5
1990 4
1985 9
1989 5
1990 4
1985 9
1988 6
1988 6
1986 8
1990 4
1985 9
1992 2

HPV type

HPV 18
HPV 18
HPV xa
HPV 16

HPV 6, 11/16
HPV 16/31
HPV 16
HPV 16
HPV 18
HPV 16/31
HPV 16/31
HPV 18

aHPV type different from HPV 6, 11, 16, 18, 31 and 33.

Cervical biopsy
Year of

collection HPV type
1989 HPV 18
1991 HPV 18
1986 HPV xa
1991 HPV 16
1992 HPV 16
1986 HPV 16/31
1988 HPV 16
1988 HPV 16
1988 HPV 18
1990 HPV 16
1987 HPV 16/31
1992 HPV 18

100

b

209

c

326

Patient
number
l

2
3
4
5
6
7
8
9
10
11
12

.:.
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method. Analysis of the reproducibility of PCR on each
processed sample resulted in 43% duplicate P-globin PCR
positives among the freeze-thaw-treated samples and 57%
among samples prepared by the proteinase K/Tween 20
method, whereas with the GTC/silica beads method 100%
double P-globin PCR positives were obtained. These data
indicate a rather low reproducibility of the rough extraction
methods on fixed and stained cells (Figure 1). In these ins-
tances, it is likely that fixation and staining residues may
either negatively interfere with cell destruction, resulting in
an insufficient DNA yield, and/or may contain components
which inhibit the PCR to a certain extent. Obviously, a
complete DNA isolation procedure, such as the GTC/silica
beads method, is required to ensure a highly reproducible
PCR on fixed and stained cells.
The sensitivity of the GTC/silica beads procedure as deter-

mined by HPV GP-PCR on cytospins containing Siha cells
diluted in HPV-negative cells appeared to be 50-500 copies
of HPV 16 in a total amount of 50 000 cells. This is an
acceptable sensitivity level given the fact that the GP-PCR
performed on DNA isolated from fresh cells or frozen tissue
reached a sensitivity for HPV 16 of between 2 and 20 copies
per 20000 cells (Snijders et al., 1990). Moreover, the fixed
and stained cytospins which were used in the reconstruction
experiments contained only 50 000 cells, whereas an archival
cervical smear can be considered to contain between 50 000
and 300 000 cells.
A drawback of the use of PCR for the detection of HPV

DNA in archival cervical cells is that it does not conserve the
morphology of the cells. In contrast, in situ hybridisation
(ISH) allows the maintenance of tissue and cell morphology
and its application would be optimal for the HPV analysis of
archival smears. However, standard non-radioactive ISH
reaches a sensitivity of maximally 20 copies of HPV per cell
(Walboomers et al., 1988). Therefore, this method is not a
suitable alternative. The promising in situ PCR technique,
which combines the morphological advantages of the ISH
and sensitivity of the PCR (1-2 copies of HPV 16 per cell) is
a far too time-consuming method. Moreover, a very low
reproducibility was reported using in situ PCR on fixed Siha
cells (O'Leary et al., 1994). Thus, more attention was paid to
the application of PCR on extracts of archival smears.

However, some aspects of the use of the GTC/silica beads
procedure had to be further analysed since some unexpected
practical problems were encountered when applying this pro-
cedure to archival cervical smears. Firstly, the removal of the
coverslips from the archival smears in the xylene solution was
found to be time-consuming, and it appeared that the time
the scrapes had been stored and the time it took before the
coverslips could be easily removed were correlated. The
longer the storage time, the shorter the time the scrape had
to be soaked in xylene. A second problem dealt with the yield
of the extracted DNA. Smits et al. (1990) previously applied
the GTC/silica beads method on 62 archival scrapes, which
yielded a P-globin PCR positivity for 58 cases (94%). In our
hands, however, only 65% P-globin PCR-positive samples
were obtained after first-round extraction. Since the archival
cells had been fixed, stained and stored, it was argued that in
particular the cell lysis step was the most crucial step
affecting the final yield. This was substantiated by the fact
that when 116 archival smears were subsequently subjected to
two additional lysis steps, the P-globin PCR positivity in-
creased from 65% to 98%. The DNA isolation efficiency

could be correlated with the storage time of the archival
smears that were analysed. Consequently, an optimal DNA
yield can be obtained with the GTC/silica beads procedure if
stepwise adjustments are made which can be monitored by
P-globin PCR.

In addition, the integrity of the isolated DNA was deter-
mined to analyse the feasibility of the HPV PCR assay
currently used in our laboratory (Walboomers et al., 1992).
The quality of the extracted DNA was determined by PCR
with P-globin primers yielding different sized products. It
appeared that, for long-stored smears, fragments longer than
about 200 bp could hardly be amplified. Most likely storage
time has an effect on the size of target DNA fragments
amplifiable by PCR. This is in agreement with results
obtained by Goelz et al. (1985) for paraffin-embedded tissue.
However, the minor reduction in signal intensities of the 209
bp P-globin fragments obtained from archival smears com-
pared with fresh preparations indicates a relatively decreased
efficiency of amplification of these fragment sizes and favours
the application of HPV primers generating shorter PCR pro-
ducts. Consequently, it is advised that, of the general/
consensus primer-mediated HPV PCR assays which have
been developed (Gregoire et al., 1989; Manos et al., 1989;
Snijders et al., 1990, 1991; Smits et al., 1992), only those
methods generating PCR products not larger than 150-200
bp in size should be applied (Snijders et al., 1990; Smits et
al., 1992) to ensure a successful PCR on archival smears. In
addition, type-specific PCR assays should be adapted to
amplify small fragments. However, it is noteworthy that the
results obtained may be strictly related to the fixative used.
Since the preservation of nucleic acids is likely to be fixative
dependent, the application of other fixatives may significantly
influence the efficacy of the sample preparation methods
which are compared.
The approach described above was validated by com-

parison of HPV genotypes in Pap smears and corresponding
biopsies of women with cervical cancer. By general primer
HPV PCR generating 150 bp fragments all samples appeared
to be HPV positive. For HPV genotyping primers were
designed located within the 150 bp HPV GP-generated frag-
ment (Table I), the application of which revealed the
presence of HPV types in the biopsies which were also pres-
ent in the previous smears of all patients.

Using this approach of proper P-globin control PCR in
combination with primers flanking short DNA fragments,
extensive retrospective studies can now be performed iden-
tifying the significance of the presence of HPV in cytomor-
phologically normal and abnormal cervical smears with
respect to the development of cervical cancer. One study
concerning false-negative archival Pap smears has already
been performed in our laboratory (Walboomers et al., 1995).
Finally, using archival smears the value of HPV detection for
defining the premalignant lesions that will progress to cer-
vical cancer can be approached better and ethical problems
are circumvented.
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