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Feulgen-hydrolysis profiles in cells exfoliated from the
cervix uteri: a potential aid in the diagnosis of
malignancy
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SUMMARY By varying the time of hydrolysis for the Feulgen reaction, done under conditions that
protect the backbone of the DNA, it is possible to distinguish three species of DNA that are charac-
terised by their lability to acid hydrolysis. The most labile DNA was found, in greatest proportions,
in malignant cells; this may be helpful in diagnostic cytology. The fact that the cytologically normal
cells, in grade V smears, also show this labile DNA may well facilitate cytological screening even in
those smears that contain very few neoplastic cells.

In the search for functional tests to complement the
conventional cytological screening for cervical and
endometrial cancers1 2 our interest has turned to the
nature of chromatin in the "malignant" cell nucleus.

It isnowknownthat chromatin is a complexofDNA
with various proteins. The degree of protein-binding
is thought to be dependent on a number of factors
including the level of metabolic activity in the cell and
the stage of the cell in the mitotic cycle.34 The pos-
sibility of distinguishing these different "species" of
DNA by their lability to acid hydrolysis and subse-
quent Feulgen staining has been suggested.5-8
The Feulgen reaction9 depends upon the prior

hydrolysis of DNA by acid to unmask aldehyde
groups in the DNA, which in turn react with Schiff's
base to give an intensely coloured dye. Prolonged
treatment with acid will cleave the DNA-backbone,
rendering the DNA soluble. The rate at which DNA
is hydrolysed depends on the degree of binding and
therefore on the compactness of the DNA within the
chromatin.10-12

Feulgen hydrolysis profiles of cells in which one
might expect to find more transcriptionally-active
DNA-for example, embryonic cells,5 viral infected
cells,7 and malignant cells,6 13 show evidence of more
acid-labile DNA.
The possibility of usingDNA hydrolysis profiles to

distinguish between malignant and non-malignant
abnormalities of the cervix has been investigated. To
facilitate these studies, we found it useful to hydrolyse
at lower temperatures than those used in previous
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studies because, under these conditions, the DNA
backbone is cleaved more slowly.14 For this reason,
hydrolysis with 5 N hydrochloric acid at room
temperature15 has been used.

Material and methods

Cervical and vaginal irrigation samples were
obtained with a bellows cytopipette containing
normal physiological saline. The cytopipette was
manufactured by Lerner laboratories to a design by
OAN Husain and J Ladinsky which affords an 8 ml
wash of the cervix and vagina through four apertures
in its bulbous tip in contrast to the 2 ml output of the
Davis pipette16 (Fig. 1).

After centrifugation (300 g for 5 min) a drop of the
cell deposit was placed on a glass slide which had
been coated with bovine albumin; the cells were
smeared over the surface and left to dry in air.

Samples were collected from 19 benign cases
(modified Papanicolaou grades2 I and II), nine
patients with moderate to severe dysplasia (grade
I), 19 patients with obvious carcinoma-in-situ
(grade IV) and 10 patients with invasive carcinoma
of the cervix (grade V). Routine cervical smears, col-
lected at the same time as the research samples,-were
stained by the Papanicolaou'7 method and used to
establish the cytological grades.
For all patients in grade V and all but three of

grade IV, there was also histological confirmation.

METHODS
The smears were fixed in acetic-alcohol (25:75) for 10
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Fig. 1 Bellows cytopipette. The bellows action permits
full evacuation of the 8&5 ml contents through the four
apertures compared with the Davis pipette (below) with a
2 mlfull squeeze output through one aperture where a

full salvage return never occurs.

min and then left to dry in air. They were then dipped
briefly in 1 N hydrochloric acid at room temperature
(20°C) and transferred to 5 N hydrochloric acid,
again at room temperature, for various periods of
time (5, 10, 15 min; then at ten-minute intervals up
to 70 min). At each time-interval, one slide was
removed, rinsed in 1 N hydrochloric acid and
immersed, in the dark, in Schiff's reagent for 1 h. It
was then washed in three changes of bisulphite-water
(2:1 vol/vol, 0-5% solution of potassium metabi-
sulphite to 1 N hydrochloric acid). After rinsing in
distilled water, the cells were dehydrated in 70%
absolute alcohol, cleared in xylene and mounted in
Styrolite.

In general, 20 structurally normal nuclei and, when
possible, up to 20 abnormal nuclei were measured
from each slide. Abnormal nuclei were chosen by
their malignant characteristics-that is, large size and
irregular chromatin pattern. The measurements were
made by means of a Vickers M85 scanning and
integrating microdensitometer at 550 nm, with a
x 40 objective and a scanning spot-size of 0 5 p,m
diameter in the plane of the specimen. For all
measurements a mask which had a diameter of20 ,um
was used. This was sufficiently large to encompass
the larger malignant nuclei; the clear field around the
smaller normal nuclei would not introduce any
error.18 The results were expressed as the relative
absorption, as recorded by the microdensitometer.

Student's t test was used to analyse the results.

Results

The Feulgen-hydrolysis profiles of the amount of
Feulgen reaction measurable after each period of
hydrolysis in cells from grades I and II showed two
main peaks (Fig. 2). The first was maximal at about

Fig. 2 Feulgen hydrolysis profile obtainedfrom cells
from a benign (grade I) sample. The bars represent the
standard error of the mean. The broken line indicates
how the area occupied by each peak has been
apportioned.

20 min of hydrolysis and the second was maximal at
about 60 min. (These we have called peaks 2 and 3
respectively.) In some, a small deviation from the
smooth graph was present after 5 min of hydrolysis.
In contrast, in the graphs derived from the malignant
cells there was a prominent peak in the profile which
was maximal after 5 min of hydrolysis-peak 1 (Fig.
3a), as well as clear peaks 2 and 3.
These three features were also apparent, to a lesser

degree, in the cytologically normal cells in the same
smears (Fig. 3b).
The hydrolysis profiles from grade IV specimens

varied, some resembling malignant samples and
others approximating to the non-malignant cells.

REPRODUCIBILITY
To find how reproducible the method was at a given
hydrolysis time, five slides were prepared from each
of four different normal samples. They were hydro-
lysed for the same time, stained and then measured.
The coefficient of variation for each of the four
samples was 5/%, 5-8%, 4 7%, and 6-9%.

STATISTICAL SIGNIFICANCE OF PEAKS
The significance of the peaks obtained was tested by
Student's t test on the cell populations making up the
"peaks" and the "troughs." For example (see Fig.
3a), the mean value of the amount of Feulgen stain in
the cells after 10 min hydrolysis, that is peak 1, was
calculated as 10-1 units with a standard deviation of
+ 3-38 and a standard error of the mean of 0-78. The
mean value for the cells after 15 min hydrolysis, how-
ever, had fallen to 7 9 units with a standard deviation
of ± 2-78 and standard error of the mean of0-72. The
difference between these values in a Student's t test
was just significant (p < 0 025). The mean value for
the Feulgen stain at the next peak, after 20 min hy-
drolysis, was 12-7 with a standard deviation of ± 3-47
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Fig. 3 Feulgen hydrolysis profiles obtainedfrom
(a) cytologically positive cells and (b) cytologically
normal cells in a smearfrom an invasive squamous cell
carcinoma of the cervix. Positive cells are those showing
morphological criteria ofmalignancy-for example,
enlarged nuclei with an irregular chromatin pattern. The
broken lines demarcate the areas occupied by peaks 1, 2
and 3 respectively from the y axis.

and standard error of the mean 0 93. This was signifi-
cantly different from the 15 min value of 7 9 ± 2'78
(p < 0-001). Table 1 shows the results of other t
tests. As a general rule, a difference in the mean value

Table 1 The significance (p) of different percentage
changes in the mean absorption values of "peaks" and
"troughs" on the Feulgen hydrolysis profiles

Mean I Mean 2 % difference p

10-13 7 90 22 <0-025
7 90 12-69 37 < 0-001
3-99 1-99 50 < 0 001
1-99 3-75 47 <0005
4-21 3 03 28 <0-001
6-29 549 13 <0001
4-75 4-33 9 NS
4-98 4-29 14 NS
7-63 7-37 3 NS

Level of significance determined by Student's t test.
NS = not significant.

of the stain intensity of 15% or more was required
for the peak to be statistically significant.

Area under peaks

Normal v malignant cells The area occupied by each
peak was measured by planimetry of the curves

produced by extrapolation (Fig. 3a). This method is
frequently used in spectroscopic analysis of partially-
superimposed absorption curves. The value for the
area was then expressed as a percentage of the total
Feulgen stain (total area of the profile).

Initially the combined areas of peaks 1 and 2 were

calculated and the results for the normal grades were
compared with those from the positive cells in the
malignant cases. The mean value for the 19 specimens
from the benign grades was 14 1 units with a standard
error of ± 1'25; the equivalent value from grade V
cases was 29-2 ± 3<15 (Table 2). The difference was
highly significant in Student's t test (p < 0 001).

Table 2 Cytologically malignant cells, from grade V
smears, compared with normal cells(from benign cases):
the statistical evaluation of the proportional areas

occupied by the first two peaks considered together or

individually

% area Grade No of Mean SEM p
under peaks cases

Peaks
I and 2 1, II 19 14-11 1-25

<0-001
v 10 29-25 3 15

Peak I I, II 18 2-72 0 51
< 0 005

v 9 6-32 1 00
Peak 2 1, II 18 11 70 1-16

< 0 005
v 9 21-70 2-80

Level of significance determined by Student's t test.

When the same analysis was made for the area
occupied by peaks 1 and 2 separately (Table 2), the
results for grades I and II were 2-7 ± 0-51 for peak 1
and 11 7 + 1-16 for peak 2. In contrast, for grade V
specimens the proportional area under peak 1 was
6'32 ± 1-00 and for peak 2, 21V7 ± 2-80. The
difference between the peak 1 values was significant
(p < 0{005) as also was the difference between the
peak 2 values (p < 0 005).

Structurally normal cells The combined propor-
tional areas of peaks 1 and 2 from structurally nor-

mal cells from all grades were plotted in the form ofa
scattergram (Fig. 4). It is apparent that these peaks
are a higher proportion of the total DNA in the
malignant cases than in the normal grades. The
results of grades III and IV vary.
When the mean value for the proportional area

under peaks 1 and 2 in the normal samples (14.1
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the area occupied by peak 1 alone, again in appar-
ently normal cells (2-7 ± 0-51 for grade I and II
samples and 5 2 ± 0 59 for grade V), gave a signifi-
cant difference (p < 0 005), as also did the analysis of
peak 2 alone (1P7 ± 1P16 for grade I and It samples
and 21-1 ± 1-98 for grade V samples; p < 0 001).

Discussion

30.
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Fig. 4 Scattergram showing the coml
proportional area (relative absorption)
for individual cases plotted against the
grade.

Table 3 Cytologically normal cells, fi
smears, compared with normal cells (fr
the statistical evaluation of the proport
occupied by the first two peaks conside
individually

% area Grade No of Mean
under peaks cases

Peaks
I and 2 I, 11 19 14-11

V 10 2655
Peak 1 1, II 18 2-72

V 10 5 15
Peak 2 1, II 18 11-70

V 10 21-07

Level of significance determined by Student's

* The use of Feulgen-hydrolysis profiles clearly
*0.0 differentiates between the malignant (grade V) and

. non-malignant samples on the basis of the lability of
* the DNA to hydrolysis, as represented by the first

. . and second peaks.
From the results of work done by Solomons8 it is

possible that peak 2 is associated with newly-
* synthesised DNA since this peak was found in

transformed, but not in the untreated, normal
. lymphocytes. It is assumed that this newly-

*.. synthesised DNA, not yet fully incorporated into the
tightly-bound chromatin structure, would not be as
protected as the stable "original" DNA (peak 3).
This view is supported by the work of Trusal et al.7
They found that the DNA, newly synthesised as a

* result of viral infection, was more susceptible to acid
hydrolysis than was the original host chromatin.
The "peak 1 DNA" is also present in increased

amounts in both "normal" and "positive" cells from
IV v some cases of carcinoma-in-situ and dysplasia,

e although the scattergram (Fig. 3) does show a wide
5ined spread of results from both these grades. As it is now
ofpeaks I and 2 generally thought19 20 that perhaps no more than one
ir cytological in three cases of carcinoma-in-situ may represent a

condition that will progress to invasive cancer, it
would be of interest to determine whether there is a

rom grade V correlation between the incidence of a prominent

.om benign cases): first peak and the potential to progress to invasive
tional areas

'red together or cancer.
In summary there are two facets of these results.

The first is the finding of a more labile DNA in
SEM p malignant cells: this may be useful to give functional

amplification in a suspect smear. The second is of
1-25

potentially more practical advantage for the auto-
< 0 001 mation of cervical cancer screening.21 If the first peak

2-19 can, in fact, be identified in the cytologically normal
051 <0005 cells in a malignant sample, it would not be necessary
0.59 to search for the often scarce positive cells.
1-16

<0-001
1 98

t test.

units ± 1 25) was compared (Table 3) with the mean
value for the proportional area of the apparently
normal cells in the malignant, grade V samples (26'6
units ± 2-19), the difference was highly significant in
the t test (p < 0001). The same analysis, made for
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