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Short Report

Isolation of DNA from archival Papanicolaou
stained cytological smears using a simple
salting-out procedure

M Poljak, J Barlic, K Seme, T Avsic-Zupanc, A Zore

Abstract
DNA from archival Papanicolaou stained
and unstained cytological smears was suc-
cessfully isolated using a simple, rapid
and inexpensive salting-out procedure.
The quality of DNA was controlled by
polymerase chain reaction (PCR)
amplification of segments of the human
P-globin, human P-actin and human
papillomavirus LI genes. Only negligible
differences in amplification efficiency
were observed between DNA isolated from
stained and unstained smears. The salt-
ing-out procedure is a more rapid method
for the isolation of DNA than phenol-
chloroform extraction and may be used
in instances where fresh or cryopreserved
clinical specimens are not available.
(J Clin Pathol: Mol Pathol 1995;48:M55-M56)
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Recent introduction of the polymerase chain
reaction (PCR) has stimulated interest in the
use of archival clinical specimens for molecular
analyses. Common archival clinical material in
pathology laboratories includes Papanicolaou
stained glass slide smears. Methods for suc-

cessful isolation of DNA from this material
have been reported previously.' 2 However,
cumbersome and laborious procedures with the
hazardous organic solvents phenol and chloro-
form are necessary for this purpose. Here, we

describe a simple, rapid and inexpensive pro-
cedure for the isolation of DNA from archival
Papanicolaou stained smears, permitting ef-
ficient PCR amplification.

Methods
Cells from the posterior fornix of the vagina,
cervix, and cervical canal were collected, fixed,
and stained with Papanicolaou's stain using a

standard method.3 Slides used in this study had
been stored at room temperature for one to 10

years.
DNA was isolated simultaneously from Pa-

panicolaou stained and unstained archival
smears from the same patient. Two different
procedures for DNA isolation were used. In

the first procedure extraction of DNA was
accomplished using the phenol/chloroform/
isoamyl alcohol protocol as described by Gall
et al. In the second the coverslips were removed
by boiling, and smears were then washed twice
with xylene (30 minutes) and three times in
absolute ethanol (five minutes). The dried
smears were then scraped into a sterile Ep-
pendorf tube using a new razor blade and
incubated at 56°C for two hours in 150pd
digestion buffer (50mM Tris-HCl, 1 mM
EDTA, 1% Tween 20, 1% Nonidet P-40) con-
taining 800 jig/ml proteinase K. Proteins were
removed using a modified previously described
method4: 60 ,ul saturated NaCl (approximately
6 M) were added to each tube and shaken
vigorously for one minute, followed by cent-
rifugation at 3000 x g for 20 minutes. Su-
pernatant containing DNA was transferred to
another Eppendorf tube, and the DNA was
precipitated with two volumes of absolute eth-
anol at - 20°C for 40 minutes. Samples were
then centrifuged for 10 minutes at 6000 x g,
the precipitate was air-dried and dissolved in
20 gi TE buffer (1OmM Tris-HCl, 0-2mM
EDTA, pH 7A4).
The quality ofDNA preparation was checked

by amplification of segments of the human [3-
globin gene (268 base pairs), using the GH20
(5'-GAAGAGCCAAGGACAGGTAC-3') and
PCO4 (5'-CAACTTCATCCACGTTCACC-
3') primers, and the human P-actin gene (317
base pairs), using primers 5'-ATCATGl-1F-
GAGACCTTCAACACCCC-3' and 5'-CAT-
CTCTTGCTCGAAGTCCAGGGCGA-3'.'5
Briefly, 2 1tl of DNA sample were added to a
100 jl reaction mixture containing 200ptm/l
each deoxynucleotide triphosphate, 10 mmol/l
TRIS-HCI (pH 8 5), 50 mmol/l potassium
chloride and 4 mmol/I magnesium chloride,
50 pmol primers, and 2-5 units of Taq poly-
merase (Perkin-Elmer Cetus Corporation,
Norwalk, Connecticut, USA). The PCR mix-
ture was overlaid with paraffin oil and sub-
jected to 40 amplification cycles using a DNA
Thermal Cycler 480 (Perkin-Elmer Cetus
Instruments Corporation). Each cycle com-
prised one minute of denaturation at 95°C,
one minute of annealing at 55°C (P-globin) or
at 58°C (,-actin), and two minutes of extension
at 72°C. Amplification products (one tenth of
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from patients with cervical high grade squam-
M A B C D E F ous intraepithelial lesions (CIN II and III)

(figure). To confirm the specificity of PCR
products and determine the HPV type, the
PCR products were digested with seven re-
striction endonucleases and analysed by
agarose gel electrophoresis.5 The restriction en-
zyme digestion patterns were found to be
unique mainly for HPV type 16 and in one
case for HPV type 53 (data not shown).

Discussion
Diagnosis and classification of premalignant
and malignant changes in the cervix are based
mainly on cytological examination of Pa-

M A B c D E F panicolaou stained smears. DNA was suc-
cessfully isolated from archival Papanicolaou
stained cervical smears using a modified
phenol/chloroform/isoamyl alcohol method. 12
Our results demonstrate that DNA suitable
for PCR amplification can be obtained from
archival stained smears using a simple and
inexpensive salting-out procedure. This pro-
cedure was originally described for extraction
ofDNA from human nucleated blood cells.4 It
has also been successfully used for the isolation
ofDNA from unstained archival bone marrow
slides.6 To our knowledge, however, isolation
of DNA from stained archival slides using a
salting-out method has not been reported be-

,omparison ofDNA from Papanicolaou stained and fore.
tnstained cervical smears obtained from a patient with a Human papillomavirus are intimately linked
IN II lesion using the salting-out (A) and the phenoll with squamous cell neoplasms of the lower
hloroformlisoamyl alcohol (B) methods. Agarose gel genital tract in both men and women. Thus,
inalysis ofPCR amplified 317 base pair fragments of the development of methods for simple detection
tuman fi-actin gene (lanes A and B), 268 base pair
ragments of the human fi-globin gene (lanes C and D) of HPV infection has a central role in many
ind of the 450 base pair fragments of the HPV Ll gene strategies designed to reduce the risk of cervical
lanes E and F). Lane M, 123 base pair DNA ladder 7l We hope that the method de-
'Gibco-BRL): lanes A, C and E, fi-actin, P-globin and neopasms.
PV Ll, respectively, from archival unstained smears; scribed in this paper for the rapid detection of

anes B, D and F, /3-actin, /3-globin and HPV Ll, HPV infection in archival Papanicolaou stained
espectively, from archival Papanicolaou stained smears. cervical smears will contribute to these efforts.

In conclusion, we isolated DNA suitable for
he reaction) were separated by electrophoresis PCR amplification from Papanicolaou stained
ising a 3% agarose gel prepared with 0-5 x TBE cervical smears using a simple salting-out pro-
)uffer and were visualised by ultraviolet il- cedure. We consider that this procedure is
umination following ethidium bromide stain- useful for retrospective and clinical correlative
ng. studies as well as for routine clinical diagnosis

when fresh or cryopreserved specimens are not
Results available.
Only negligible differences in amplification
efficiency were observed between Papanicolaou
stained and unstained smears from the same
patient (figure). Similarly, no important differ-
ences were found in the quality of DNA pre-
pared using the phenol/chloroform/isoamyl
alcohol method or the salting-out method (fig-
ure).

Additionally, a 450 base pair portion of the
human papillomavirus (HPV) LI region was
successfully amplified, using commercially
available MY09 and MY1 1 HPV L1 primers
(Perkin Elmer, USA) according to a previously
described method,5 from a few Papanicolaou
stained and unstained cervical smears obtained
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