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Combined proliferating cell nuclear antigen and
morphometric analysis in the diagnosis of
cutaneous lymphoid infiltrates
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Abstract
Aims: To evaluate the use of morphome-
try in the diagnosis of benign and malig-
nant cutaneous lymphoid infiltrates; and
to determine whether the sensitivity of
detection of cutaneous T cell lymphoma
(CTCL) could be improved by selectively
measuring cells expressing proliferating
cell nuclear antigen (PCNA).
Methods: 44 archival biopsy specimens
were studied. These included cases of
CTCL, non-specific chronic dermatitis,
lichen planus and lupus erthythemato-
sus. PCNA was identified using a stan-
dard immunohistological technique.
Reactive cells were identified using auto-
matic colour discrimination, and the size
and shape were determined interactively.
Similar measurements were made on the
total dermal lymphocyte population.
Results: There was no significant differ-
ence between the proportions of PCNA
reactive cells in any of the diseases stud-
ied. The PCNA positive lymphocytes in
CTCL were larger than those in lupus
erthythematosus and lichen planus and
were more irregular in shape than those
in chronic dermatitis. Differences were

also seen in the total lymphocyte popula-
tion. Plotting cell size and shape(fcircle)
for PCNA cells together allowed CTCL to
be differentiated from the inflammatory
disorders with a sensitivity of 80% and a

specificity of 93%. This was better than
could be achieved using measurements
made on the total cell population.
Conclusions: This technique can be part-
ly automated and could be useful in the
differential diagnosis of cutaneous lym-
phoid infiltrates. The result are also of
some interest in the further understand-
ing of patterns of cell proliferation in skin
associated lymphoid tissue.
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A diagnosis of cutaneous T cell lymphoma
(CTCL) can be difficult to establish. Apart
from the commonly recognised form there
may be a wide range of clinical manifesta-
tions.' Some cases have features which make
them difficult to distinguish from chronic
inflammatory disorders; indeed, cases have
been reported in which there is evidence that
the tumour has evolved from a chronic der-
matitis reaction.4
The histological diagnosis of CTCL

depends mainly on the assessment of nuclear

atypia in the lymphoid population and on pat-
terns of epidermal infiltration.56 Specific histo-
logical criteria are difficult to define rigorously
and multiple biopsy specimens are often
required to establish the diagnosis.7 Immuno-
cytochemical features of value in substantiat-
ing a diagnosis include loss of normal T cell
surface antigens8 or the expression of cell sur-

face markers not normally seen in reactive
lymphocytes in the skin.9-" These methods
are relatively specific but have a sensitivity of
50% or less. Changes in the number or distri-
bution of dendritic cells may be useful in
diagnosis or in the assessment of progno-
sis.'21'4 Monoclonality of T cell populations
can be demonstrated using anti-V region anti-
bodies.'516 This technique is at present limited
by the lack of availability of a full panel of
suitable reagents. Using receptor gene
rearrangement studies,'7-'9 T cell monoclonal-
ity can be shown in cutaneous lymphocytes,
but in early cases the interpretation of the
clinical relevance of small monoclonal popu-
lations of lymphocytes is still clouded by
uncertainty. In some early cases it may be dif-
ficult to extract sufficient T cell DNA. Even
in laboratories which have access to all these
techniques a group of cases remain where a

confident distinction cannot be made between
a cutaneous T cell lymphoma and a chronic
inflammatory reaction.
The aim of this study was to evaluate the

role that measurement of lymphocyte size and
shape could have in the differential diagnosis
of benign and malignant cutaneous lymphoid
infiltrates. CTCL, like many lymphomas,
often contain a considerable number of non-

neoplastic reactive lymphocytes. In the usual
type of CTCL which has a CD4 T cell phe-
notype, the number of CD8 positive cells may
give some indication as to the number of reac-

tive cells present, but clearly non-neoplastic
CD4 positive lymphocytes may also be pre-
sent, and in most cases there is no direct
accurate method of measuring the relative
proportions of neoplastic and reactive cells.
Therefore, the proportion of non-neoplastic
cells is an unknown variable which could
reduce the sensitivity of measurements in dis-
tinguishing CTCL from chronic inflamma-
tion. In an attempt to overcome this cells
expressing the proliferating cell nuclear anti-
gen were measured seperately. It was assumed
that expression of this cell cycle related pro-
tein would be higher in the neoplastic popula-
tion than in the reactive cells and that this
would improve the sensitivity of the tech-
nique.
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Methods
Forty four cases were studied, including
plaque and tumour phase CTCL (n = 15),
lichen planus (n = 10), lupus erythematosus
(n = 5) and non-specific chronic dermatitis (n
= 14). All cases were in the form of paraffin
wax blocks from the departmental archive
and were selected only on the basis of the
adequacy of material both in amount and in
the technical quality. All sections had to be
oriented perpendicular to the skin surface,
had to include full thickness of the epidermis
with adequate underlying dermis to encom-
pass an infiltrate of at least 1000 lymphoid
cells, and be free from fixation or processing
artefact.

Sections (4 ,um), on 3-aminopropyltri-
ethoxysilane coated slides, were air dried at
37°C and stained with PC1O anti-PCNA
(Dako Ltd) at a 1 in 100 dilution using a
standard avidin-biotin method. Diamino-
benzidine (DAB) enhanced with copper sul-
phate was used as the chromogen. Sections of
tonsil acted as a positive control and the
primary antibody was omitted as a negative
control.
The equipment used was a Kontron IBAS

image analysis system linked to a Sony 3CCD
colour video camera mounted on a Lietz
Diaplan microscope. All measurements were
made using the x 40 objective lens.
The method of measurement was devel-

oped for this study and consisted of the
following steps.

1 A digitised image of each section was
stored and automatically corrected for uneven
shading. Using an interactive colour display,
positive brown staining nuclei were selected
and analysed to determine the maximum and
minimum grey levels for each of the red,
green, and blue components of the colour
image. This colour discrimination is, in
effect, a form of spectral analysis of the DAB
reaction pigment. Using these data, the digi-
tised images of all subsequent fields were
automatically processed to highlight in white
all DAB reaction product (fig 1).

2 For each section, PCNA positive cells in
adjacent high power fields (512 x 512 pixel
screen image, x 40 objective) were counted
in a traversing pattern across the infiltrate
perpendicular to the epidermis until at least
1000 dermal lymphocytes had been counted.
The nuclei of those identified as PCNA posi-
tive by the colour analysis, were traced with a
screen cursor which permitted calculation of
the nuclear area, perimeter and fcircle (the
degree of circularity = 4 it x area / perime-
ter2) for each cell. The proportion of cells
expressing PCNA was then calculated.

3 By interactively rescaling the grey levels
of nuclei from a mid-grey to black and
excluding overlapping nuclei on the basis of
size and shape, the nuclei of at least 1000 of
the dermal lymphocytes from each section
were identified in adjacent high power fields
(512 x 512 pixel screen image, x 40 objec-
tive). Nuclear area, perimeter, and fcircle
were then automatically measured from the
identified image. Most of these cells were

PCNA negative (the background lymphocyte
population), but a few PCNA positive cells
were unavoidably included because colour
analysis could not be combined with the
rescaling of grey levels.

4 Using the screen cursor the area of the
section occupied by the infiltrate and the
length of the granular layer were measured at
low power. The density of cells (total and
PCNA positive) in the infiltrate (cells per
high power field) was readily derived from the
recorded measurements. This allowed the
intensity of the dermal infiltrate (area of infil-
trate x cell density/length of the granular
layer) to be assessed. This was calculated for
the total lymphocyte population and for
PCNA positive cells alone.
The measurements of area, perimeter, and

fcircle did not conform to normal distribution
(Kolmogorov-Smirnov test, IBAS statistics
package; Kontron). For purposes of compari-
son between cases the median value was cho-
sen. The difference between medians and the
95% confidence interval of the difference was
calculated for each measurement, comparing
CTCL with each of the other disease groups
(CIA software, BMJ). For comparison
between groups the Mann-Whitney U-test
was used. Approximate p values of significant
differences (p < 0 05) are shown in the table.

Results
PCNA REACTIVITY
The proportions of PCNA positive cells
found in each of the diagnostic groups are
shown in fig 2A. There were no significant
differences between any of the groups. When
this was corrected for the intensity of the
infiltrate (area of infiltrate x cell density/
length of granular layer), significantly fewer
PCNA positive cells were seen in the non-
specific chronic dermatitis group, although
the magnitude of the difference was small (fig
2B). There was no significant difference in
the overall intensity of lymphocyte infiltration
between any of the groups. There was no cor-
relation between the number of PCNA posi-
tive cells and the intensity of infiltration.

CELL SIZE AND SHAPE
The median areas of the PCNA positive cells
are shown in fig 3A. PCNA positive cells in
CTCL had significantly larger areas than
lichen planus and lupus erthythematosus with
little overlap of values between the groups. In
contrast, there was no significant difference
between CTCL and chronic dermatitis. The
distribution of values of cell perimeter (fig
3B) was similar. When fcircle measurements
are compared there was a significant differ-
ence between chronic dermatitis, where the
cells were more circular, and the other three
groups. CTCL did not differ from lichen
planus or lupus erthythematosus (fig 3C).
A direct comparison of measurements

between the PCNA positive and negative
groups was not possible, the former having
been measured interactively and the latter
automatically. The results obtained for the
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Figure1 Photograph of the video screen imagefrom a case ofcutaneous Tcell lymphoma (CTCL) after identification of
PCNA positive staining by colour discrimination. The brown staining is highlighted in white (large arrow). The small
arrow points to a nucleus with relatively little PCNA positivity illustrating the sensitivity of the colour discrimination
function.

total lymphocyte population were similar to

those for the PCNA positive cells in that the
perimeter and area of the cells in CTCL dif-
fered from those in lichen planus and lupus

CTCL CD LP LE

Figure 2 A = comparison of the proportion ofPCNA positive ceUs in CTCL, chronic
dennatitis, lichen planus and lupus erythematosus. In each case at least 1000 cells were
counted. B = values obtained when the proportion ofPCNA positive ceUs was correctedfor
the intensity of the infiltrate (area of infiltrate x cell density /length ofgranular layer). In
this case there was a significant difference between CTCL and chronic dermatitis but the
magnitude of this difference was small.

erthythematosus but not those in chronic der-
matitis. In contrast, there was no significant
difference in the fcircle between CTCL and
CD (figs 4A-C). A summary of the statistical
analysis is shown in the table.
When a combined plot of area and fcircle

of PCNA positive cells was constructed (fig
5A), cases with a median area of >350 pixels
and a median fcircle of <0 905 were almost
entirely from the CTCL group and
accounted for 12 out of 15 (80%) of the
CTCL cases studied. Taking these combined
area and fcircle values as a test of malignancy
of an infiltrate, then the sensitivity was 80%
and the specificity 93%.
When a similar plot of area and fcircle val-

ues for the background cells was constructed
(fig 5B) the best discrimination between
CTCL and the inflammatory disorders was

found when area was >220 and fcircle was <
0-63. Using these conditions, the sensitivity
was 60% and the specificity 79%.

Discussion
In designing this study it was assumed that
PCNA positive cells would be more numer-
ous in CTCL than in the inflammatory disor-
ders. Inflammatory skin disorders show few
of the histological features associated with
lymphocyte proliferation, such as mitotic fig-
ures or the presence of blast cells. This study
shows little difference between the proportion
of PCNA positive cells in CTCL compared
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Figures 3A-C. The
median values of the area,
perimeter, andfcircle of the
PCNA positive cells in
CTCL, chronic dermatitis,
lichen planus, and lupus
erythematosus. Area and
perimeter effectively
differentiate CTCL from
lichen planus and lupus
etythematosus but was not
helpful in distinguishing
CTCL from chronic
dermatitis. In contrast,
PCNA positive cells in
chronic dermatitis has a
signficandy greaterfcircle
(was more circular) than
those seen in CTCL. Area
and perimeter
measurements are in screen
pixels.
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with the three inflammatory conditions, and
there was no correlation between PCNA
reactivity and the intensity of the infiltrate.
There are at least two possible explanations
for these results. PCNA may be identifying
cells in the cell cycle in all of these conditions.
If this were the case it would be an important
observation in the further understanding of
cutaneous inflammation. Several models
describing the function of skin associated
lymphoid cells have been proposed20 21 but
there is uncertainty as to the degree to which
lymphocyte proliferation stimulated by
Langerhans' cell presented antigen occurs in

the skin as opposed to the local lymph node.
The results of this study could be readily test-
ed by pulse labelling biopsy specimens with
bromodeoxyuridine. Perhaps, surprisingly,
few studies of this type using human tissue
seem to have been done. The second possible
explanation of these findings is that the
PCNA being detected is residual protein in
lymphocytes which have left the cell cycle.
There are indications that PCNA can have a
protracted half life of 20 hours.22 Both PCNA
and the unrelated cell cycle marker Ki67 have
been widely studied as prognostic markers in
non-Hodgkin's lymphoma and in many other

Figures 4A-C The
median values of area
perimeter andfcircle
measured in the total cell
population. There was a
significant difference
between the areas and
perimeter ofCTCL and
lichen planus and lupus
erythematosus. The degree
of overlap between the
groups was also less than is
seen in the PCNA positive
cells. There was no
significant difference
between the median fcircle
ofany of the groups. Area
and perimeter
measurements are in screen
pixels.
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Combined PCNA and morphometricanalysis13

Difference between medians (with 95% confidence intervals for the difference) and approximate P values, where
appropriate (Mann-Whitney U test)

CTCL with CTCL with CTCL with
Comparing chronic dermatitis lichen planus lupus erythemutosis

Uncorrected% 3-9(- 10to 66) 0.2(- 3-2to 55) 3-4(- 3-7to 19-1)
PCi 0O positive

Corrected PC1IO 2-65 (0-87 to 8-94) 1-55 (- 1-46 to 30 1) 0-95 (- 9-73 to 40-5)
positive p < 0.01*

Area ofPClIO 26 (- 24 to98) 96 (49 to 152) 117 (66 to 204)
positive cells p< 00l* <00*

Perimeter PClI0 I(-10 to 10-2) 10-4 (3-5 to 13-8) 13-5 (5-4 to 20-8)
positive cells p <OOl0 p <0.01*

Perimeter 0.8 (- 4.2 to 5-0) 6.8 (3-3 to 11-7) 10-6 (2-8 to 15-7)
background cells p < 0.01* p < 001I*

fcircle PC1IO 0-02 (0-01 to 0-03) 0-01 (0 to 0-03) 0-01 (- 0.02 to 0-03)
positive cells p <002

fcircle 0-02 (0-01 to 0-04) 0-005 (0-03 to 0-04) 0-02 (0-07 to 0-05)
background cells

*p <005 after Bonferroni correction for multiple comparison

tumours."' 4 If this explanation is correct then
it emphasises the need for caution in the
interpretation of cell cycle marker studies in
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Figures SAand B show combined plots of area and fcircle for the PCNA positive and
the total cell population, respectively. By selecting the limits for ftircke and area shown in
fig SA (PCNA positive) it was possible to identify the cases ofCTCL with high degree of
specificity (93%o) and sensitivity (80%). The specificity and sensitivity which could be
achieved by measuring the total population were considerably less. Area measurements are
in screen pixels.

routine clinical practice.
In contrast to studies of Ki67 in lym-

phomaS,2'526 PGNA reactivity seemed to be
randomly distributed in the dermal infiltrate.
In one study it was reported that intraepider-
mal Ki67 positive lymphocytes were a specific
feature of CTCL." This pattern was not seen
with PCNA. Although there were too few
intraepidermal lymphocytes in the inflamma-
tory conditions for accurate quantitative com-
parison to be made, it was clear that PCNA
positive intraepidermnal lymphocytes were not
a feature specific for CTCL.

In this study PCNA immunoreactivity was
identified automatically using the colour dis-
crimination function of the image analyser.
Cells identified in this way were easy to count
or interactively to measure. The method
proved highly reproducible but it was appar-
ent that in some cells very small amounts of
reaction product were being detected which
were obscured by the counterstain and would
have been ignored by the unaided observer
(fig 1). This increase in sensitivity would tend
to enhance the detection of small amounts of
residual PCNA in cells which had left the cell
cycle. In theory, however, cells containing
small amounts of antigen could be starting
synthesis of PCNA and entering the cell
cycle. Even eliminating cells with minimal
staining from the study the overall results are
not likely to have been altered as most cells in
all conditions studied were positive by any
reasonable criterion.

It has been reported that PCNA positive
cells are larger than cells which do not
express this marker.2 In this study the size
and shape of the PGNA positive cells were
also disease specific allowing the most of the
cases of CTCL to be differentiated from the
chronic inflammatory conditions. The speci-
ficity and sensitivity which were achieved
were considerably better than those obtained
by measuring all cells in the infiltrate. The
measurement of PGNA positive cells com-
pares favourably with other morphometric
studies of GTCL in its performance as a diag-
nostic test.293
An explanation for the morphometric dif-

ferences between CTGL and the inflamma-
tory condition and the differences in cell size
and shape between chronic dermatitis and
lupus erthythematosus and lichen planus may
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be that the cells measured are part of a differ-
ent lymphocyte subpopulation. Variation in
cell size and shape has been found in cells of
different phenotype.3" Although phenotypes
found in CTCL, which differ from normal
peripheral T cells, are often described as
aberrant and a consequence of neoplastic
transformation, there is no evidence to sug-
gest that these tumours arise from an other-
wise obscure T cell subpopulation, in the
same way that B cell chronic lymphocytic
leukaemia (B-CLL) arises from CD5 positive
B cells. Further investigation of detailed phe-
notypic differences between the inflammatory
conditions may also be of relevance to the
understanding of the pathogensis of these dis-
orders. As this study has shown, it is not sat-
isfactory to compare CTCL with chronic
inflammatory disorders as a single group
when investigating new diagnostic methods.

In the present study the differences in area
and fcircle among disease groups were clearly
relatively small and the value as a discrimina-
tory test will depend on the accuracy with
which the measurements can be made. Both
the interactive and the automatic methods
used in this study have sources of random
variation. These are obvious in the case of
interactive tracing, and to reduce their effect
more than 1000 cells were measured in each
section. Automated measurement can be
affected by slight variation in staining or
section thickness. However, the identified
images used in the automated measurements
were similar to the original digitised video
images and it is therefore unlikely that such
variations were important in this study.
The assumption made at the beginning of

this study, that the PCNA positive population
would contain a larger proportion of lym-
phoma cells, was shown by the numbers of
PCNA positive cells in the reactive infiltrates
to be unjustified. However, the results do
show that selective measurement of the
PCNA positive cell fraction could be a useful
diagnostic test in the differential diagnosis of
cutaneous lymphoid infiltrates. Some
improvement in the degree of automation
could facilitate the application of this type of
method to routine practice. The pattern of
PCNA reactivity and the differences in cell
size and shape which were found indicate the
need for further studies of cell proliferation
and lymphocyte subpopulations in benign
and malignant lymphoid infiltrates. This may
also lead to further refinement in diagnosis.
This work was supported by the Yorkshire Regional Cancer
Organisation.
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