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The full Feulgen hydrolysis profiles of healthy and malignant oral epithelial cells were compared by
measuring the staining density of nuclei using microdensitometry after varying hydrolysis times.
Malignant nuclei contained significantly increased levels of acid-labile DNA. The relative amounts of
the rapidly hydrolysable fraction were compared after 5 min hydrolysis for exfoliating epithelial cells
from healthy oral mucosa, healing chronic ulcers and squamous cell carcinomas. Although the latter
exhibited a wide range of values, analysis of variance showed significant differences (P < 0.05) between
healthy control and ulcer groups compared to oral carcinoma. The relative proportion of highly acid-
labile DNA in malignant nuclei showed a significant positive correlation with mitotic score (P<0.01)
but no significant correlation with nuclear area. It was concluded that since the susceptibility of DNA
to acid hydrolysis probably reflects functional differences in nuclear activity between cells, estimation

of the highly acid-labile fraction may have diagnostic and/or prognostic value.
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INTRODUCTION

ESTIMATION OF the DNA content of tumour cells by Feulgen
cytophotometry or flow cytometric analysis has been widely
used in tumour pathology and several studies have suggested
that DNA ploidy may have prognostic implications. For
squamous cell carcinoma of the head and neck, for example,
aneuploidy is associated with an unfavourable prognosis [1-6].
However, up to about half of oral squamous cell carcinomas
may be diploid [1-3, 6, 7] and the emergence of aneuploid cell
lines appears to be a relatively late event in the natural history
of oral squamous cell carcinoma [1-3]. The DNA ploidy level
may, therefore, merely reflect the clinical staging rather than
having intrinsic prognostic significance [8]. In addition,
abnormalities of nuclear DNA content do not appear to
correlate well with dysplasia in the oral mucosa [7, 9-11] or
with the detection of field changes in oral cancer patients [12].
For these reasons estimation of nuclear DNA content has
limitations as a prognostic indicator in oral cancer and
precancer.

In contrast to quantifying DNA, other studies have
investigated the dynamics of the Feulgen hydrolysis reaction
[13, 14]. The physical parameters can be controlled but the
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rate at which the reaction proceeds depends on the degree of
binding and condensation of the DNA within the chromatin.
This is a function of cell biology and may reflect the biological
state of the cell. In particular, a more acid-labile form of DNA
has been identified in some malignant cells [15-18]. However,
we have been unable to find reference to the Feulgen
hydrolysis profiles of oral squamous cell carcinoma. The aims
of this study were, therefore, to determine full hydrolysis
profiles for normal and malignant oral epithelial cells and to
assess their clinical application by testing whether, after only
brief hydrolysis, it was possible to differentiate between
chronic inflammatory oral ulcers and oral squamous cell
carcinoma in cytological material.

MATERIALS AND METHODS
Full Feulgen hydrolysis profiles

To determine the full hydrolysis profiles of normal and
malignant oral epithelium, samples of exfoliating cells were
obtained using a metal spatula from 10 subjects with clinically
healthy buccal mucosa and from the margins of the malignant
ulcer for 10 patients with biopsy-proven oral squamous cell
carcinoma.

Slides were prepared using the techniques described by
Millett er al. [16] and Mays [17]. Briefly, each sample was fixed
as a suspension in acetic alcohol (1:3). After centrifuging, a
drop of cell suspension was placed on each of nine glass slides
and allowed to dry in air. One slide from each series was
stained routinely by the Papanicclaou method for morphologi-
cal assessment. The other slides were hydrolysed at room
temperature in 5 M hydrochloric acid for various times (5 min
intervals up to 20 min then 10 min intervals up to 60 min) for
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plotting the hydrolysis curves. After hydrolysis the slides were
rinsed in 1 M hydrochloric acid and immersed, in the dark,
into freshly prepared Schiff reagent for 1 h.

For each slide the optical density of 20 randomly selected
nuclei was measured by a microdensitometer and the results
expressed as the relative absorbance in machine units. The
data were analysed using the summary measures approach as
recommended by Matthews et al. [19] for the analysis of serial
measurements. The total and mean amounts of absorbance per
subject were compared between the cancer and control groups.

Short Feulgen hydrolysis profiles

To determine whether differences in the amounts of highly
acid-labile DNA could be detected between healthy and
diseased mucosa, samples of exfoliating oral epithelial cells
were obtained from the right and left buccal mucosae of 6
subjects with clinically healthy mucosa and from the ulcer
margin and a clinically healthy contralateral site for 10 patients
with chronic non-specific oral ulcers (i.e. present longer than
10 days). Samples of exfoliating cells from oral squamous cell
carcinomas were obtained from the 10 patients used for the full
hydrolysis profiles and from a further 6 patients. From each of
the 16 patients an additional smear from a clinically healthy
site was taken as a control for comparison.

Paired samples from the lesion and from the healthy control
site (or from right and left buccal mucosae for the clinically
healthy group) were processed at the same time using the same
batch of reagents. They were subjected to 5 min hydrolysis at
room temperature in 5 M hydrochloric acid and analysed as
before. Since the paired samples were collected over a period
of time the ratio of the relative absorbance of lesional and
control nuclei (or between right and/or left buccal mucosae for
the clinically healthy group) was used for comparative
purposes. This minimised any proportionality error that
might be introduced by variation in hydrolysis kinetics or
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dye—substrate affinity associated with different batches of
reagents.

Correlation of absorbance ratio with nuclear area and mitotic
score

Absorbance ratios after short hydrolysis were compared
with nuclear areas and mitotic scores for the oral carcinoma
group. The nuclear areas of 20 randomly selected cells were
measured from a Papanicolaou-stained smear and the mean
nuclear area calculated. The mitotic score was evaluated from
biopsy material and expressed as the total number of mitotic
figures in ten high power fields.

RESULTS

Fuil Feulgen hydrolysis profiles

The full Feulgen hydrolysis profiles for each subject in the
oral cancer (subjects 1-10) and control groups (subjects 11-20)
are shown in Figs 1 and 2, respectively. Both the total amount
of absorbance per subject, measured by the area under the
curve, and the mean amount of absorbance per subject,
measured by averaging each subject over time, were signifi-
cantly higher in the cancer group compared to the control
group (Table 1). The means and standard deviation of
absorbance over time for all subjects in the cancer and control
groups are presented in Figs 3 and 4 for visual comparison with
data from other studies.

Short Feulgen hydrolysis profiles

The ratios of relative absorption of control and test nuclei
for epithelial cells from the margins of chronic inflammatory
and malignant ulcers are presented in Fig. 5. The ratio for the
clinically healthy control group was derived by dividing the
relative absorbance values of paired samples from right and
left buccal mucosae using the lower of the two figures as the
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Fig. 1. Feulgen hydrolysis curves using individual plots of absorbance (y-axis, machine units) over time (x-axis) for cells from 10
patients with oral squamous cell carcinoma.
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Fig. 2. Feulgen hydrolysis curves using individual plots of absorbance (y-axis, machine units) over time (x-axis) for cells from 10
patients with clinically healthy buccal mucosa.

Table 1. Comparison of the total (area under the curve) and mean amounts
of absorbance per subject for cancer and control groups

95¢, C.I. for
Mean (S.D.) P value difference
Total absorbance
Cancer group 2.46 (0.80) 0.024 0.10~1.24
Control group 1.79 (0.29)
Mean absorbance
Cancer group 0.042 (0.013) 0.005 0.0047-0.023

Control group 0.029 (0.0046)
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Fig. 3. Feulgen hydrolysis profile using pooled data for normal
buccal epithelial cells. Means and standard deviations of
absorbance (machine units) plotted against hydrolysis time.

denominator. The data were compared using an analysis of
variance (ANOVA). No significant differences were detected
between control and chronic inflammatory ulcer groups but
both were significantly different (P < 0.05) when compared to
the oral carcinoma group. The relationship of absorbance
ratios to mitotic score and nuclear areas are shown in Figs 6
and 7, respectively. Statistical analysis showed a significant

1

0.06
0.05—
0.04
0.03 |-
0.02 -

Absorbance

0.01

1
0 5

T I I L ]
10 15 20 30 40 50 60

Acid hydrolysis time (minutes)

Fig. 4. Feulgen hydrolysis profile using pooled data for cells

from oral squamous cell carcinomas. Means aniud standard

deviations of absorbance (machine units) plotted against
hydrolysis time.
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carcinomas after 5 min hydrolysis corresponding to highly
acid-labile DNA.
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Fig. 6. Correlation between mitotic score and absorbance
ratio for cells from squamous cell carcinomas after 5 min
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Fig. 7. Correlation between nuclear area and absorbance
ratio for cells from squamous cell carcinomas after 5 min
hydrolysis.

positive correlation with mitotic score (r=0.62, P=0.01) but
no significant correlation was demonstrated with nuclear area
(r=0.01, P=0.95).

DISCUSSION

Acid hydrolysis of DNA in the standard Feulgen reaction
continuously generates aldehyde molecules on the DNA,
increasing the intensity of the staining reaction with Schiff
reagent, but also depolymerises the DNA leading to diffusion
of stainable product from the nucleus [14]. However, by using
5N HCI at room temperature the DNA backbone is cleaved
more slowly than in the standard reaction [16] allowing
subfractions of DNA of differing susceptibilities to acid
hydrolysis to be identified.

The profiles of the full Feulgen hydrolysis curves showed
variation between subjects both in the oral cancer and control
groups but statistical analysis demonstrated that exfoliating
cells from oral squamous cell carcinomas contain significantly
increased amounts of acid-labile DNA compared to controls.
Visual examination of the curves for pooled data from healthy
and malignant cells showed profiles similar to those obtained
for carcinomas at other sites [15-18]. However, comparison of
such data by analysis of mean absorbance at each time interval
is open to statistical criticism. The curve joining the means
may hide variations in the profile for different subjects and
does not take into account the fact that since measurements at
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different times are from the same individual, successive
observations are likely to be correlated: the use of summary
measures to analyse serial measurements avoids these prob-
lems [19]. )

Significantly elevated levels of rapidly hydrolysed DNA in
exfoliating cells from oral carcinomas compared to either
normal controls or cells from the margins of chronic ulcers
were also demonstrated using short hydrolysis only, similar to
the raised levels of acid-labile DNA reported in invasive
cervical cancer and cervical intra-epithelial neoplasia [15,
20-22]. The variation of absorbance levels with time in the
Feulgen hydrolysis profiles represent differences in the
sensitivity of DNA to acid hydrolysis related to the degree of
condensation of the nuclear chromatin. The latter probably
reflects functional differences in nuclear activity between
individual cells {14, 23]. In particular, it has been suggested
that enhanced susceptibility of DNA to acid hydrolysis is a
characteristic of newly synthesised DNA [24, 25] and
increased content of acid-labile DNA appears to be a feature of
rapidly proliferating nuclei [26, 27]. The positive correlation
between mitotic score and absorbance after short hydrolysis
for cells from oral squamous cell carcinomas supports the
latter. However, no such increase was found in cells from the
margins of chronic ulcers where active DN A synthesis and cell
division might be expected. This may be due to sampling error
in that whilst cell proliferation is largely confined to basal and
suprabasal cells it is likely that mainly intermediate and
superficial cells were harvested. Transcriptionally-active
DNA in the form of decondensed euchromatin may also be
more susceptible to acid hydrolysis in comparison to hetero-
chromatin, but nuclear size, as in the present study, does not
appear to be a limiting factor in the Feulgen hydrolysis [27].

Failure to hydrolyse all of the highly acid-labile DNA in the
present study may account, in part, for the spread of
absorbance ratios of the samples from squamous cell carcin-
omas after short hydrolysis and might be overcome by
increasing the hydrolysis time from 5 to 10 min. In addition,
sampling error could be a factor if mainly degenerating cells
with pyknotic nuclei were harvested or if different areas of a
tumour comprised clones of cells with varying functional
activities. Sampling from several areas would help to overcome
these problems. In addition, whether or not the ploidy state of
the tumour influences the amount of dye product produced by
short hydrolysis is unresolved. It has been suggested that the
proportion of rapidly hydrolysable acid-labile DNA in malig-
nant cells does not equate with the total DNA, as estimated in
ploidy studies [22], but others have found that the amount of
reaction product is proportional to DNA content despite
differences in DNA concentration [27].

In conclusion, this study has demonstrated increased
amounts of acid-labile DNA in exfoliating cells from oral
squamous cell carcinomas compared to cells from healthy and
inflamed mucosa. Further studies are required to determine
whether the information has prognostic value or if similar
DNA can be detected in premalignant lesions. The susceptibi-
lity of DNA to hydrolysis could have a role in screening and
cytodiagnosis and in monitoring the response of tumours to
treatment.
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