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PCR amplification ofDNA from stained
cytological smears

K Gall, D Pavicic, J Pavelic, S Audy-Jurkovic, K Pavelic

Abstract
DNA from archival Papanicolaou stained
smears was successfully amplified using
the polymerase chain reaction (PCR) to
see if it could be used for retrospective
genome studies such as detection of the
presence of human papilloma virus
(HPV) and changes in p53 gene expres-
sion. DNA was isolated and purified by
treatment with proteinase K, phenoV
chloroform, and isoamyl alcohol. Seg-
ments of the human /1 actin and TGF f1
gene were amplified by PCR. Of all
stains used in the preparation of Papa-
nicolaou smears, only eosin was de-
tectable as a greenish band in ethidium
bromide treated DNA gels under ultra-
violet illumination.
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Diagnosis and classification of premalignant
and malignant changes in the cervix are
mostly based on cytological examination of
Papanicolaou stained smears.' Preparation of
such smears includes fixation in alcohol and
staining with haematoxylin, Orange G, and
EA polychrome solution. The archival
Papanicolaou stained smears could be very
useful for the retrospective characterisation of
molecular defects leading to malignancy if the
DNA from these smears could be successfully
amplified using the polymerase chain reaction
(PCR). Particularly relevant might be the
detection and typing of genital human papil-
loma virus (HPV) and the characterisation of
mutations in the p53 gene.'

Amplification of DNA isolated from
archival, unstained, formalin fixed and paraf-
fin wax embedded samples has been success-
ful,34 but it was not clear if DNA isolated
from stained cytological samples could be
amplified with similar success.

Methods
The smears were prepared using a standard
method.' Cells were collected from the poste-
rior fornix of the vagina, cervix, and cervical
canal, spread on the slide, and fixed immedi-
ately in ethanol for 20 minutes. Smears were
stained with Papanicolaou stains (Orange G,
haematoxylin, and EA polychrome solution
consisting of light green sulphonated aryl-
methane dye, eosin and Bismarck brown).

Unstained smears were used as controls. The
smears were mounted in Canada balsam and
covered with a glass coverslip.'
DNA was isolated from Papanicolaou

stained and unstained smears. Two proce-
dures for isolation from the stained smears
and one for unstained smears were used. The
stained smears were immersed into boiling
water for a few seconds to facilitate removal
of coverslips. The smears were then washed
with xylene for 15 minutes to remove the
Canada balsam. The cells were scraped from
each slide with a separate clean razor blade
and transferred into the Eppendorf micro-
tubes containing 1 ml xylene. Samples were
vortexed in xylene for 45 minutes at room
temperature. After centrifugation at 12 000
x g for 5 minutes, xylene was carefully
removed with a clean Pasteur pipette. The
xylene wash was repeated and was followed
by two rounds of wash in 1 ml of 100%
ethanol with vortexing at room temperature.
The samples were dried in air at room tem-
perature. Then 50 ul of digestion buffer (50
mM TRIS-HCI, ph 8-5, 1 mM EDTA, 0 5%
Tween 20) containing 400 ,ug/ml of pro-
teinase K was added to all samples and incu-
bated overnight at 37°C.5 The tubes were
centrifuged briefly and incubated for 8 min-
utes at 95°C. One set of samples was used for
PCR and an identical set was further extract-
ed by three phenol/chloroform and isoamyl
alcohol extractions.6 The unstained control
samples were treated with the proteinase
K/digestion buffer only.
The primer sequences for human fi actin

gene were, respectively, 5'-ATCATGTTTG-
AGACCTTCAACACCCC-3' and 5'CATC-
TCTTGCTCGAAGTCCAGGGCGA-3'.
These sequences flank a 317 base pair region
in the genomic DNA. The guanine, cytosine
content of the sequence amplified was 59 3%.
The primer sequences for human TGF flu
were, respectively, 5'-ATCCTGTCCAAG-
CTGCGGCTCGCCAG-3' and 5'-CGA-
AAGCCCTCAATTTCCCT CCACG-3'.
These sequences flank a 500 base pair region
in the genomic DNA and the guanine, cyto-
sine content of the sequence amplified is
60A4%.
The 40 amplification cycles comprised 1

minute of denaturation at 95°C, 2 minutes of
annealing at 58°C (ft actin) or at 60 °C (TGF
fil), and 3 minutes of extension at 72°C. The
PCR was carried out in the total volume 100
,ul containing Taq polymerase (2-5 U),
dNTPs (2-5 mM each), primers (300 nM),
10 pul of 10 x reaction buffer (100 mM
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TRIS-HCl, ph 8-3, 500 mM KCl, 15 mM
MgCl,, 0-01% gelatine). PCR products were
separated by agarose-gel electrophoresis
(1 2% agarose stained with 0.5 ,ug/ml ethidi-
um bromide in TAE buffer).
The corresponding gel was photographed

using the orange filter (Agfa-Gevaert), lens
aperture f/il for 1 minute (figure) and fluo-
rescent filter (IF 550, Olympus), lens aper-
ture f/8 for 1 minute, respectively (not
shown).

Results and discussion
The figure shows the amplified segment of
the /3 actin gene and the TGF /1 gene isolat-
ed from stained and unstained smears. The /3
actin gene (317 base pair) segments amplified
from an unstained smear (positive control)
and from a stained smear are shown in tracks
2 and 3, respectively. The band in track 3
appeared somewhat greenish. When the gel
was photographed with the fluorescent filter
the band in track 3 was intensely green (not

1 2 3 4 5 6 7

blectropnoreszs uoj i-w ammpssjeu / vose ptrJrujragmen
of the human actin gene and of the 500 base pair
fragment of the human TGF /I1 gene isolatedfrom
unstained cytological smears and smears stained according
to the Papanicolaou method (photographed with orange
filter).

Line 1 DNA standard, 142 base pair ladder; lines 2
and 4 actin and TGF /3I, respectively, from unstained
smears; lines 3 and 5 actin and TGF /31, respectively,
from stained smears; line 6 DNA free EA dye (1 in 100
dilution); line 7 DNA standard, ,2lHind III.

shown). The photograph taken using an
orange filter (figure) differentiated /3 actin
from a fluorescent component in the EA dye.
Track 4 (figure) shows the amplified part of
the 500 base pair TGF /31 gene from the
unstained smear, and track 5 shows that from
the stained smear. Track 6 shows fluores-
cence originating from the EA stain (diluted 1
in 100) without DNA. The TGF /B1 fragment
amplified from the stained smear migrated
free of green fluorescence indicating that
there was no interaction between the dye and
DNA. This showed that the staining process
did not affect DNA protein interactions, but,
the greenish fluorescent dye was purified with
the DNA in amounts sufficient for easy
detection. From the physical characteristics of
the dyestuffs used in preparation of
Papanicolaou stained smears only eosin emits
greenish light under ultraviolet excitation.
No detectable DNA bands were seen with

PCR products obtained from stained smears
that had not been extracted with phenol/
chlorophorm before PCR.

In conclusion, we isolated and amplified
DNA from Papanicolaou stained smears pre-
pared for cytological examination. The proce-
dure did not eliminate all the dye, but the
residual amounts did not interfere with the
PCR. We believe that the existing archival
smears could be used for retroactive studies,
for example, to study DNA viruses or gene
mutations.
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