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Refinements in oral exfoliative cytology may make it a suitable screening technique for the early
diagnosis of oral cancer. In this study DNA range profiles were combined with keratin expressionin an
attempt to improve the diagnostic accuracy of oral exfoliative cytology. Smears were taken from 33
biopsy-proven oral cancers and the contralateral normal site. For DNA range profiles the smears
underwent Feulgen hydrolysis, with DNA distribution being assessed using the Vickers M85
microdensitometer. For keratin expression a panel of antikeratin antibodies were applied. The smears
for keratin expression were then graded on a three-point scale. Abnormal DNA range profiles were
observed in 23 of 33 smears taken from oral cancers and in two smears from normal oral mucosa
(sensitivity 70%, specificity 909, positive predictive value 90%). The simple epithelial keratins 8 and
19 were identified in the majority of oral cancer smears. The sensitivity of keratin 19 was greater
(90%). However, keratin 8 was the most useful keratin marker associated with malignancy (sensitivity
629, specificity 100%, positive predictive value 1009,). The combination of simple keratin expression
and DNA content improved the cancer detection rate beyond that obtainable with DNA range profile

alone.
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INTRODUCTION
ORAL EXFOLIATIVE cytology enjoyed much attention in the
1950s and 1960s eventually falling from favour due largely to
the subjective nature of its interpretation [1]. It was found that
the classification used by Papanicolaou for cervical smears
could not be so easily transcribed to oral smears.

In the last decade interest in oral exfoliative cytology has
once again emerged following the application of various
quantitative techniques [2, 3]. Mean nuclear and cytoplasmic
area values for a range of oral mucosal lesions have been
plotted on a scattergram [4]. When a discriminant line was
superimposed on the scattergrams it was found that smears
from oral cancers frequently fell above the line, i.e. displayed a
reduced cytoplasmic area and/or increased nuclear area [4].
This observation would be considered suspicicus and promote
biopsy.
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A further method of quantitation which has been applied to
oral smears is DNA cytophotometry [5]. The integrated
optical density of Feulgen-stained nuclei was assessed and
DNA range profiles obtained using a microdensitometer.
Abnormal DNA range profiles of oral cancers have frequently
been obtained using this method [4, 6] although diploid DNA
oral cancers are known to occur [7-9]. Thus, a DNA range
profile alone is unlikely to detect every oral cancer. The
combination of mean nuclear and cytoplasmic area values
together with DNA range profiles has led to an increase in the
diagnostic sensitivity of oral cytology. However, further
refinements are necessary, not least in the search for a marker
of malignancy that is readily identifiable and whose assessment
is not too time consuming. If it is to become part of a screening
programme then ideally a cytological smear should be easily
processed using existing equipment and not require additional
expenditure. Quantitative cytology, being a simple and
acceptable diagnostic test both to clinicians and patients, can
be repeatedly utilised each time a patient is seen and, therefore,
provides an ideal method for screening patients for the early
detection of oral malignancy.

In an attempt to improve the diagnostic sensitivity of
cytology further we decided to combine assessment of DNA
range profiles with an assessment of keratin expression.
Keratins are intermediate filament proteins found in the
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Table 1. Range of keratin monoclonal antibodies used for immunoperoxidase staining

Keratin Commercial
Name Dilution reactivity Reference source
LP34 lin 10 K1, K5, K6, K18 Lane ez al. [19] Dako
AES8 1in 50 K13 Dhouailly er al. [20] ICN
LH1 Undiluted K10 Lane er al. [19], Seralab

Leigh er al [21]

LP2K 1in5 K19 Stasiak ez al. [22] Amersham Int
CAMS5.2 Undiluted K8 (+K7) Makin ez al. [23] Beckton-Dickinson

cytoplasm of all epithelial cells [10]). There are at least 30
different keratins whose expression alters with the state of
tissue differentiation [11, 12].

In a preliminary communication, we reported the compari-
son of cytokeratin profiles in smears taken from oral cancers
and the contralateral normal site. Keratins are usually
conserved during malignant transformation when all other
identifying criteria of the cell origin may have been lost
[10, 13], hence the reason for using these markers. The
application of immunocytochemical techniques to cytology
has not been as widely used as in diagnostic histopathology
(14, 15].

Although individual keratins could be identified there was
no Kkeratin that was expressed by all cancers when not
expressed in normal cells [16]. Therefore, it was proposed to
combine keratin profile with DNA range profiles as a potential
screening procedure for oral cancer for those in high-risk
communities [17).

MATERIALS AND METHODS

Smears were collected from 33 biopsy-proven oral cancers
and the contralateral normal site of Caucasian patients
attending the Dundee Dental Hospital and Dundee Royal
Infirmary. Two smears were processed for DNA assessment
and four smears for keratin expression as detailed below. All
smears were collected using a cytobrush (Medscand, Colgate
Medical, U.K.) and fixed immediately using a spray fixative
(Vale Smear fix, Vale Labs, U.K.).

Assessment of nuclear Feulgen DN A content

Following the use of the spray fixative each smear was
immersed in methanol: formalin: acetic acid (85:10:5) for 1 h,
and was then washed in running tap water for a further hour
[18]. Hydrolysis in 5 N HCI was then carried out at 25°C, in an
agitated water bath for 80 min followed by rinsing in distilled
water. Schiff’s reagent was applied for 45 min (according to
the method of de Tomasi) washing of the smear in running tap
water for 5 min and dehydration through 959, to absolute
alcohol and xylene completed the staining process.

The Feulgen reaction depends upon the prior hydrolysis of
DNA by acid, to unmask aldehyde groups in the DNA, which
in turn reacts with Schiff’s base to produce an intensely
coloured dye, the amount of dye present in the nuclei being
proportional to the DNA content.

The DNA content was analysed using a Vickers M85
microdensitometer. A total of 50 randomly-selected cells were
measured, with the result that 50 values, registered in arbitrary
integrated optical density units, were recorded for each smear.

These values were then displayed as a DNA distribution
histogram (DNA range profile) for each specimen.

Cytokeratin expression

Smears for immunocytochemistry were stored at —70°C for
up to 6 months until required. Table 1 displays the range of
monoclonal antibodies used to characterise the cytokeratin
profile (together with dilutions and source). Goat serum was
used as the negative control. A standard protocol was followed
using avidin-biotin visualisation (Vectastain, Vector Labs,
Peterborough, U.K.). Briefly, the smears were thawed, fixed in
acetone (1009, ) for 5 min, then air-dried at room temperature.
After incubation with the antibodies shown, the peroxidase
label distribution was visualised using diaminobenzidine
tetrahydrochloride (DAB) substrate., The smears were then
lightly counterstained with Mayer’s haematoxylin, dehyd-
rated and mounted in DPX.

The presence of a particular keratin was assessed on a three-
point scale according to the number of brown (positive) cells
present: O0=no cells positive; 1=few cells positive among
many negative cells; 2=most cells positive. All smears were
graded by one author. Intra-observer error was randomly
checked to assess reproducibility. The entire area exposed to a
particular antikeratin antibody was scanned for the presence of
positively-stained cells.

RESULTS

The age range for the 33 cases was from 32 to 86 years (mean
68 years), with 19 males and 14 females. 6 patients admitted to
smoking more than 10 cigarettes a day, and 18 patients
admitted to both smoking and increased alcohol intake (greater
than four units a day). 9 patients had never smoked nor taken
excessive regular amounts of alcohol. The following intra-oral
sites were involved: buccal mucosa 7 cases, floor of mouth
(including ventral tongue) 17 cases, palate 7 cases and gingiva 2
cases.

The results of the DNA range profiles were expressed as
either diploid or abnormal (signifying marked variation from
the normal diploid state). Keratin expression was graded as
described above. Smears from normal and malignant mucosa
of all 33 individuals were tested with the antibodies listed in
Table 1. In a few cases some smear samples had insufficient
cells for the test to be scored, accounting for the lower total
sample number in parts of Table 2. The resuits are shown in
Table 2. The sensitivity, specificity and positive predictive
value for each keratin and for DNA range profile alone are
given in Table 3. Slight differences in total numbers of smears
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Table 2. Analysis of keratin expression by DNA profile for smears of
normal and malignant oral mucosa

Keratin DNA content
K8 K19 K13 K10
N A N A N A N A

Normal mucosa

0 31 2 18 1 6 1 24 2

1 0 0 6 0 8 0 1 0

2 0 0 4 1 14 1 0 0
Malignant mucosa

0 3 9 1 2 2 7 4 12

1 3 10 17 4 12 2 5

2 3 4 4 3 2 3 2 1

N, normal diploid; A, abnormal DNA range profile; 0, no cells positive
to keratin; 1, few cells positive to keratin; 2, most cells positive to
keratin.

occurred occasionally, when no cells were present for assess-
ment.

It can be seen that whilst normal mucosal smears were
invariably diploid, nine of the smears from the oral cancers
were also diploid. No particular keratin profile was associated
with an abnormal DNA profile, although most diploid smears
from the oral cancers were found to have some cells expressing
the simple epithelial keratins.

DISCUSSION

Previous results have indicated that clinically normal
mucosa in healthy patients displays a diploid DNA range
profile [2]. Furthermore, smoking, deficiency states and the
menstrual cycle do not produce abnormal DNA range profiles
[24, 25]. Of the various influences on normal oral mucosa
studied so far only radiotherapy has been associated with a
deviation from the diploid state of normal oral mucosa [25].
Even then values returned to the usual diploid state within 6
weeks of completion of treatment. Thus, abnormal DNA
range profiles are almost invariably associated with malignant
disease [26].

Abnormal DNA range profiles were observed in two smears
collected from clinically-normal oral mucosa, whilst diploid
DNA range profiles were observed in nine smears from
biopsy-proven oral cancers. Thus these findings are at odds
with our previous report [4]. Whilst two smears from
clinically-normal oral mucosa displayed abnormal DNA range
profiles, these were not the typical polyploid distributions that
are seen in smears from malignant mucosa [4]). Approximately
five cells out of the total of 50 appeared to be abnormal, hence
an abnormal DNA range profile was recorded. Whether this is
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indicative of a field change is uncertain, but it is most
interesting to note that both these cases expressed the keratin
K19. This is matched by a smear graded 2 for K19 in 1 of
the 2 cases, and could provide support for Lindberg and
Rheinwald’s hypothesis [27] that K19 is a marker of pre-
malignancy. The other case, where an abnormal DNA range
profile was detected in normal mucosa, did not express either
keratins K8 or K19 but did get a recurrence, from which she
did not survive. She was 84 years old and abstained from both
alcohol and tobacco. Thus an abnormal DNA range profile
from clinically normal oral mucosa, although extremely rare,
may be very significant.

Diploid DNA range profiles, from cells in an oral cancer, are
to be expected [7-9], yet until recently all our smears from oral
cancers had displayed abnormal DNA range profiles. To
ensure a successful diagnosis, the quality of the smear is
extremely critical. If the lesions were small and situated
posteriorly in the mouth then the combination of controlling
salivary flow, gaining access and trying to avoid smearing the
surrounding ‘normal’ mucosa, may have proved impossible.
Thus, surrounding normal cells rather than tumour cells may
have been harvested.

The majority of smears were processed for keratin ex-
pression within 2 weeks of collection. However, initial smears
had been stored for up to 6 months. We have previously shown
that such smears can be stored for at least 1 year, at —70°C,
without a profound loss of keratin immunoreactivity [27].

The sensitivity of using DNA profile alone was found to be
70",. When keratin profiles were considered together with
DNA range profiles, K8 and K19 were strongly associated
with malignancy, particularly when combined with an abnor-
mal DNA range profile (see Table 3 for statistical analysis). A
surprising number of normal mucosal smears detected K19
(11 of 30) refiected in the lower specificity rate when compared
to keratin 8 or DNA range profile alone. Although the
potential for K19 to be a marker for malignancy is debatable
[28-30], the combination of an abnormal DNA range profile
and K19 expression using exfoliative cytology strongly
suggests malignant disease (positive predictive value 959%;).
For K10 and K13 no obvious link was seen to a particular
DNA state. The main disadvantage of K10 was its low
sensitivity. However, there was a trend towards the identifica-
tion of K10 in malignant tumours from non-cornifying sites
{where K10 is rarely expressed).

The value of combining DNA range profiles with keratin
expression is illustrated in Tables 2 and 3 where six of the nine
diploid oral cancer smears were found to contain cells
expressing K8, something which did not arise in the diploid
normal mucosal smears. If one equates the expression of K8 in
squamous epithelium as indicative of malignancy (since
keratin 8 has been reported to be absent from keratinocytes in
normal and benign oral mucosa of cancer-free individuals

Table 3. Statistical analysis of each keratin (K) by DN A profile ( percentage values)

K8 K19 K13 K10 DNA
N+A N A N+A N A N+A N A N+A N A only
Sensitivity 62 66 60 90 87 90 70 75 68 38 50 50 70
Specificity 100 100 100 63 64 50 23 21 100 96 96 100 90
Positive predictive
value 100 100 100 70 40 95 47 21 94 90 80 100 90

N, normal diploid DNA range profile; A, abnormal DNA range profile; N + A, DNA results combined.
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[31-35], and yet has been identified in some oral cancers [11,
30, 32, 35, 36]), then its identification within oral smears of
clinically suspicious lesions would strongly suggest malignant
disease (positive predictive value 959%). In this study,
combining the two parameters together, resulted in correct
identification of a malignant tumour in 29 of 33 cases.

In conclusion, the results outlined in this study suggest that
oral cancer detection rate could be substantially improved by
combining the assessment of DNA range profiles and keratin
expression in oral mucosal smears, and warrants continued
investigation.
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