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Expression of proliferating cell nuclear antigen in
hyperplastic polyps, adenomas and inflammatory
cloacogenic polyps of the large intestine

N J Carr, J M Monihan, U C Nzeako, L A Murakata, L H Sobin

Abstract
Aims-To compare proliferating cell
nuclear antigen (PCNA) immunoexpres-
sion in hyperplastic polyps, adenomas,
and inflammatory cloacogenic polyps of
the human colon and rectum using
paraffin wax embedded tissue.
Methods-The monoclonal antibody
PC10 was used to demonstrate PCNA
immunoreactivity in 88 polypoid lesions
from 68 patients. Cases in which
immunoexpression was completely
absent were excluded, leaving 32 hyper-
plastic polyps, 31 adenomas, and seven
inflammatory cloacogenic polyps for
analysis. Labelling indices for the upper
and lower third of each lesion and
for adjacent normal mucosa were calcu-
lated.
Results-The upper third labelling
indices for adenomas were substantially
higher than those for hyperplastic polyps
or normal mucosa, whereas those for the
upper thirds of hyperplastic polyps and
normal mucosa did not differ greatly.
The differences between the lower third
samples were not significant. In 16 (50%)
hyperplastic polyps positive cells per-
sisted onto the luminal surface. Some
adenomas showed the most intense stain-
ing and the highest labelling indices in
the upper third, with strong staining of
surface cells; this pattern was not seen in
the other lesions. The inflammatory
cloacogenic polyps did not show a con-
sistent pattern ofimmunoexpression.
Conclusions-Differences in cell kinetics
between adenomas, hyperplastic polyps,
and normal mucosa may be shown in
formalin fixed, paraffin wax embedded
tissue using PC10 as a marker ofprolifer-
ative activity. PCNA expression also
persists into the upper portions of hyper-
plastic polyps. Assuming that hyper-
plastic polyps are hypermature lesions
with a slower rate of cell migration, this
finding suggests that there may be an
alteration in PCNA protein metabolism.
(7 Clin Pathol 1995;48:46-52)
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Previous studies comparing the cell kinetics of
hyperplastic polyps and adenomas of the large

intestine used techniques requiring fresh tis-
sue."3 The aim of this study was to compare
patterns of proliferative activity in these
lesions in routinely processed tissue using
proliferating cell nuclear antigen (PCNA)
immunoexpression. We also wished to deter-
mine whether PCNA immunoexpression in
colorectal polypoid lesions might be of use
for differential diagnosis in cases not readily
classified on routine histological stains. For
example, inflammatory cloacogenic polyps,
reactive lesions believed to form part of the
spectrum of the mucosal prolapse syn-
drome,4 6 may mimic adenomatous lesions
histologically.67 Therefore, in addition to
cases of hyperplastic polyp and adenoma, we
examined a group of inflammatory cloaco-
genic polyps as an example of a type of lesion
which is proliferative and reactive in nature
rather than neoplastic, but which may be diffi-
cult to distinguish from adenoma morpho-
logically.
PCNA is found in both prokaryote and

eukaryote species and co-localises with triti-
ated thymidine in the nucleus of replicating
cells.8 The PCNA gene product is a 36 kilo-
dalton nuclear non-histone protein which
appears to be highly conserved throughout
evolution9 10 and is believed to be a co-factor
for DNA polymerase.'01" PCNA expression
correlates well with other measures of prolif-
erative activity91'-19 and monoclonal antibod-
ies that recognise PCNA are suitable for
assessing cell proliferation in archival tis-
sue.8-10 17 20 PCNA is also involved in the repair
of damaged DNA (that is, nucleotide excision
and repair) and is associated with chromatin
at all stages of the cell cycle after ultraviolet
irradiation both in vivo and in vitro.1' To
reveal PCNA, we used a mouse monoclonal
antibody, PCI0, which reacts with this anti-
gen in normal and neoplastic tissues following
formalin fixation and embedding in paraffin
wax. 9 10 20

Methods
Cases diagnosed as adenoma, hyperplastic
polyp, or inflammatory cloacogenic polyp
between 1983 and 1993 were retrieved from
the files of the Armed Forces Institute of
Pathology (AFIP), Washington DC, USA.
Demographic details were obtained from the
case notes in accordance with the AFIP
Human Use Committee and the statutes
of the Privacy Act. We selected 88 lesions
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from 68 patients: 40 hyperplastic polyps, 41
adenomas, and seven inflammatory cloaco-
genic polyps on the basis that adequate mater-
ial was available for study. The presence of
atypia in the epithelium of the inflammatory
cloacogenic polyps had led the contributing
pathologists to raise the possibility of a neo-
plastic lesion. Formalin fixed, paraffin wax
embedded tissue was available in each case.
Slides were stained with haematoxylin and
eosin to confirm the diagnoses and each lesion
was classified according to the criteria of the
World Health Organisation.7

Immunohistochemical studies were per-
formed as follows: sections were deparaf-
finised at 60°C for 30 minutes, rinsed four
times with xylene, four times with ethanol,
and once with a solution of 50 ml 30% hydro-
gen peroxide in 450 ml methanol. The tissue
was incubated overnight in a 10% solution of
horse serum in phosphate buffered saline
(PBS). The primary antibody, PC10 (Dako,
Glostrup, Denmark), was diluted 1 in 40 and
applied to the sections for 30 minutes. The
slides were rinsed with PBS, incubated twice
with 10% horse serum in PBS for 10 minutes
each, and rinsed with PBS again. The sec-
ondary antibody, a horse anti-mouse serum
(Vector Labs, Burlingham, California, USA)
diluted 1 in 800, was then applied for 30 min-
utes, rinsed with PBS, followed by application
of an avidin biotin complex supplied in kit
form (Vectastain kit, Vector Labs). The slides
were incubated in 0-016% diaminobenzidine
in PBS with 400 ml 30% hydrogen peroxide
in 500 ml PBS for 15 minutes and were then
rinsed with deionised water. The slides were
counterstained with Gill's haematoxylin and
mounted. Positive and negative controls were
used for each set of slides.
The test slides were then examined to

determine the pattern of immunoreactivity in
each lesion. The following variables were
specifically assessed: (i) the labelling index of
the lower third of the lesion; (ii) the labelling
index of the upper third of the lesion; and (iii)
the presence or absence of positive cells on
the surface of the lesion. The labelling index
was calculated by giving the proportion of
cells exhibiting positive nuclear immuno-
reactivity in each zone as a percentage. This
calculation may be expressed as a mathemati-
cal formula:

I = lOOp/t

where I = labelling index; p = number of posi-
tive cells counted; and t = total number of
cells counted (both positive and negative).
Slides showing normal mucosa away from the
lesion were further assessed to determine the
labelling indices in the lower and upper thirds
of histologically normal crypts. To achieve
this, we performed counts in crypts which
appeared normal and were located at least 2
mm away from the nearest abnormal epithe-
lium. The number of test slides per lesion var-
ied from one to three and the total number of
cells counted per slide varied from 300 to
1000 for the hyperplastic polyps and adeno-

mas, 500 to 2000 for the inflammatory cloa-
cogenic polyps, and a further 300 to 800 cells
in the slides with normal mucosa.
To determine the appropriateness of using

parametric tests for our data, each labelling
index sample was tested for goodness-of-fit to
the Gaussian distribution, using d'Agostino's
test of Normality.2' Results of this test for the
upper and lower thirds of normal mucosa,
hyperplastic polyps, and adenomas did not
show a significant departure from the
Gaussian distribution. An assumption of
Normality was therefore considered valid, and
the Student's t test for independent samples
was used to assess the significance of differ-
ences between the samples under study with
respect to labelling indices.
To determine whether the proportion

of hyperplastic polyps showing positive
immunostaining on the luminal surface was
significantly different from the same propor-
tion in normal mucosa, the x2 test with conti-
nuity correction was used. Because of the
relatively small size of our sample, a
Contingency Table Randomisation Test22 was
used to assess whether there was a significant
correlation between the pattern of immuno-
reactivity observed in our sample of adenomas
and the type of adenoma (that is, tubular,
tubulovillous, or villous). All p values stated
are two-tailed probabilities; a p value of
< 0 05 was considered significant.
The reliability of the labelling indices was

tested by estimating the interobserver varia-
tion on a random sample of 20 cases each
examined independently by three patholo-
gists. The estimator of reliability, r, between
these observers was determined using
repeated measures analysis of variance as
described by Winer.2" The statistic r is a num-
ber between zero and one, with zero indicat-
ing no agreement between observers and one
indicating perfect agreement.'4

Results
A few cases showed a complete absence of
PCNA immunoexpression. These lesions,
eight (20%) hyperplastic polyps and 10 (24%)
adenomas, were excluded from the analysis.
The remaining lesions were as follows: 32
hyperplastic polyps from 24 patients (mean
age 56 years, range 38 to 78 years;
male:female ratio 15:9), 31 adenomas from
29 patients (mean age 63 years, range 30 to
78 years; male:female ratio 20:9) and seven
inflammatory cloacogenic polyps from seven
patients (mean age 55 years, range 38 to 71
years; male:female ratio 4:3). Normal mucosa
was assessed in a total of 23 cases: eight
patients with hyperplastic polyps, 14 patients
with adenomas, and one patient with an
inflammatory cloacogenic polyp (mean age 67
years, range 46 to 77 years; male:female ratio
12:8). None of these patients was a known
case of a polyposis syndrome.
The r value calculated using analysis of

variance was 0-83, indicating good agreement
between observers in this study and exceeded
the 0-75 cut off value suggested by Brambilla
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Table 1 Labelling indices for normal mucosa, hyperplastic polyps and adenomas

Type of lesion Position Mean LI (%o) Median LI (Oo) Range

Normal Upper third 22-3 15-5 0 to 59
mucosa (n = 23) Lower third 53-8 49 0 5 to 91
Hyperplastic Upper third 27-5 25-5 1 to 59
polyps (n = 32) Lowerthird 52-9 51-0 9 to 93
Adenomas Upper tiird 57-8** 53 0 19 to 97
(n = 31) Lower third 59 9 63-0 15 to 96

LI = labelling index; n = number of lesions analysed. **p < 0-001 when compared either with
mean LI for upper third of nornal mucosa or mean LI for upper third of hyperplastic polyps.

et al24 as the minimum useful reliability
requirement.
Normal mucosa away from the lesions

showed the most intense staining in the lower
third (fig 1). The number of positive cells and
the intensity of the staining decreased pro-

Figure 2 Immunohistochemical reaction for PCNA in a hyperplastic polyp. The lower
third shows the strongest PCNA immunoreactivity, but positive cells are also present in the
upper portions.

gressively towards the luminal surface, but in
eight (35%) cases a positive nuclear signal
persisted in cells on the luminal surface (six of
these eight cases had adenomas and the
remaining two had hyperplastic polyps). The
labelling indices reflected these observations
and are presented in table 1.

Hyperplastic polyps and adenomas showed
a greater variation in immunoexpression
between different areas than normal mucosa.
This variability within sections was taken into
account when determining the optimum
number of cells to count. We also noted that
cautery artefact abolished immunoexpression
of PCNA and areas exhibiting thermal
changes were excluded from analysis.

Hyperplastic polyps displayed the most
intense positive staining in their lower por-
tions (fig 2). The number of positive cells and
the intensity of the positive nuclear signal
diminished on nearing the luminal surface.
This observation, reflected in the labelling
indices, was analogous to the distribution of
staining in normal mucosa. In 16 of the
hyperplastic polyps immunoreactive cells were
present on the luminal surface.
The adenoma group included lesions cate-

gorised as tubular (16 lesions), tubulovillous
(10 lesions), and villous (five lesions). We
classified eight as having mild dysplasia, nine
as having moderate dysplasia, and 14 as hav-
ing severe dysplasia. We observed two main
patterns of immunoreactivity. In the first the
most intense staining and the highest labelling
indices were seen in the lower portions of
the lesions, with a progressive decrease in
positive signal on nearing the surface (fig 3A).
This pattern was qualitatively similar to that
observed in the normal mucosa and the
hyperplastic polyps, and was seen mainly in
lesions with mild or moderate dysplasia. The
second pattern was characterised by the most
intense staining and the highest labelling
indices being found in the upper third. In
these cases there was consistent strong stain-
ing of a high proportion of cells on the
surface of the lesions (fig 3B). Moreover, all
lesions showing this pattern were classified as
moderately or severely dysplastic. The first
pattern was seen alone in 17 lesions, the sec-
ond in six lesions, and both patterns in differ-
ent areas in eight lesions. Comparison with
the haematoxylin and eosin stained slides
showed that the areas with the highest
labelling indices corresponded to the areas
showing the highest grade of dysplasia in a
particular lesion. Of the adenomas, 30 (97%)
showed a positive nuclear signal in cells on the
luminal surface.

Inflammatory cloacogenic polyps did not
show a consistent pattern of immunoexpres-
sion. Two cases exhibited strong immuno-
reactivity throughout, with no appreciable
difference between upper and lower portions
(fig 4). Both of these cases had positive cells
on the surface. Three lesions showed a pat-
tern of immunoreactivity resembling normal
mucosa-that is, the highest labelling index
was in the lower third. One of the cases had
positive cells on the surface. The remaining

Figure 1
Immunohistochemical
reaction for PCNA in
normal mucosa. The
positive nuclear signalfor
PCNA is strongest in the
lower third of the crypts.
This specimen showed an
adenoma elsewhere.
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Figure 3 A: Immunohistochemical reaction forPCNA in a tubular adenoma. In this lesion the PCNA labelling index in
the lower third is greater than that in the upper third. B: Tubular adenoma showing strong PCNA immunoreactivity in
the upper portions and on the surface. The labelling index in the upper third is greater than in the lower third.
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Figure 4 Inflammatory cloacogenic polyp. A: Haematoxylin and eosin stained section exhibits an eroded surface together
with inflammatory cells in the lamina propria. The glands are irregular and the epithelium shows marked reactive
changes. Many of the glands are surrounded by slips ofsmooth muscle. B: PCNA immunostaining of this lesion
demonstrates widespread immunoreactivity.

two cases showed patchy staining with no
obvious overall pattern. The labelling index
and intensity of staining appeared to be great-
est in areas of inflammatory/regenerative
atypia, but there was no obvious correlation
with the presence or absence of surface ero-
sion. When all seven lesions were considered
as a group, the mean labelling index of the
lower third was 65% (range 18 to 85%) and

the mean labelling index of the upper third
was 35% (range 0 to 82%).

Comparison of the upper third labelling
indices showed that the indices for adenomas
were significantly higher than those for hyper-
plastic polyps or normal mucosa (p < 0 00 1 in
each case), whereas the indices for the upper
thirds of hyperplastic polyps and normal
mucosa did not differ significantly (p > 0 05).
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Tabk 2 Number ofadenomas showing each of the three types of immunoreactivity based
on intensity ofstaining and labelling indices (greatest staining in lower third, greatest
staining in upper third, and mixed pattern)

Pattern of immunoreactivity
n (%/6)

Type of
adenoma Lower > upper Upper > lower Mixed Total

Tubular 11 (69) 4 (25) 1 (6) 16 (100)
Tubulovillous 5 (50) 1 (10) 4 (40) 10 (100)
Villous 1 (20) 1 (20) 3 (60) 5 (100)
Total 17 (55) 6 (19) 8 (26) 31 (100)

A contingency table randomisation test did not detect a significant correlation between the type
of adenoma and pattern of immunoreactivity (p > 0 05).

The differences between the lower third sam-
ples were not significant in any of the data sets
(p > 0 05).

In 16 of 32 (50%) hyperplastic polyps there
was a positive signal in cells on the luminal
surface. This was a higher proportion than in
normal mucosa, in which eight of 23 (35%)
had positive cells on the surface. However, the
x2 test did not show a significant difference
between these proportions (p > 0 05).
We obtained a subjective impression that

the intensity of the staining reaction corre-
lated positively with the degree of dysplasia,
but there was no statistically significant rela-
tion between the pattern of immunoreactivity
and the type of adenoma (tubular, tubulovil-
lous, or villous). The distribution of cases
used in this analysis is presented in table 2.

Discussion
Although the antibody used, PC I0, is suitable
for use with formalin fixed, paraffin wax
embedded tissue, the type and duration of fix-
ation may effect PCNA immunoreactivity in
clinical material.8 1018 25 26 Moreover, low levels
of PCNA may be present throughout the cell
cycle.10 These considerations suggest that the
results of staining for PCNA should be inter-
preted cautiously. We believe that loss of
immunoreactivity caused by fixation factors is
the most likely explanation for those cases
that showed no PCNA immunoexpression at
all. The patchy nature of the positive signal in
many of the slides may also be attributed to
such factors, although biological variability in
PCNA expression from place to place within a
lesion may also be important in some cases.

In the normal mucosa maximum PCNA
expression was localised to the lower portions
of the crypts. This observation is consistent
with previous studies which showed that the
proliferative zone in normal colonic epithe-
lium is located in the lower part of the crypts;
the methods used included tritiated thymidine
incorporation,27 30 tritiated thymidine, uridine,
and leucine in combination,3' bromodeoxyun-
dine uptake,' Ki67 immunoreactivity,32 33 and
PCNA immunoreactivity.'7 34 These studies
generally found no evidence of proliferation in
the upper third of the crypt or in the surface
epithelium of normal intestine. However,
extension of proliferative activity towards the
surface has been found in macroscopically
normal mucosa away from lesions in patients
with large bowel adenomas, familial polyposis

syndromes and carcinomas,28 35-39 and in ani-
mal models of colonic oncogenesis.' 28 This
effect has been demonstrated by PCNA in
one previous study40 but not in another.4' In
our material, consisting of normal crypts near
the lesions but over 2 mm away from the clos-
est abnormal mucosa, we regularly observed
PCNA immunoexpression in the upper third
of the crypts. In a proportion of our speci-
mens, namely two of eight hyperplastic polyp
cases and six of 14 adenoma cases, positive
cells were present on the luminal surface.

All hyperplastic polyps in our study were
positive for PCNA immunoexpression in the
upper third and half showed immuno-
reactivity on the surface. When our data for
normal mucosa and hyperplastic polyps were
compared, neither the labelling indices nor
the numbers of positive cells on the surface
were significantly different. These findings are
in keeping with those of Pignatelli et al,34 who
demonstrated occasional PCNA positive cells
in the upper third of hyperplastic polyps,
although they contrast with a previous study
using in vitro bromodeoxyuridine incorpora-
tion which found evidence of proliferation
confined to the lower two thirds of the crypts. I

The finding of PCNA positive cells in the
upper third or surface, or both, of these
lesions could be explained by the relatively
long half life of the PCNA protein.4 According
to this hypothesis, an increased rate of migra-
tion from the proliferative zone towards the
surface would result in immunoreactivity per-
sisting to a higher level in the crypt. In the
case of hyperplastic polyps, however, this
hypothesis conflicts with evidence from elec-
tron microscopy studies and from tritiated
thymidine uptake in organ cell culture, which
show that maturation occurs lower in the
crypt compared with normal colonic mucosa
and that the rate of cell migration is slower
than normal.342 According to such evidence,
hyperplastic polyps represent hypermaturity
of the epithelium. Assuming the cells in
hyperplastic polyps migrate towards the sur-
face more slowly than normal, then our find-
ings could be explained by PCNA
immunoreactivity persisting for longer in
hyperplastic polyp cells than in normal crypt
cells. Possibilities include a corresponding
increase in the duration of S phase or an
increase in the half life of PCNA. It is of note
that PCNA expression is not always associ-
ated with cell proliferation in experimental
models, suggesting that PCNA is a necessary
but not a sufficient requirement for DNA syn-
thesis.'0 Growth factors may regulate the sta-
bility ofPCNA messenger RNA (mRNA) and
protein expression, raising the possibility that
changes in growth factor concentration or
binding, or both, may be involved in changes
in PCNA metabolism in hyperplastic polyps.9 10

Patterns of immunoreactivity could be
divided into two main types in the adenomas.
The first type showed the greatest PCNA
expression in the lower third. The second
type, characterised by the highest labelling
indices in the upper third, may correlate with
the "phase II" lesion of Lipkin,28 in which a
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net accumulation of proliferating cells at the
luminal surface occurs. This concept is sup-
ported by studies of the adenoma-carcinoma
sequence which show a shift in the site of the
proliferating cell population towards the sur-
face. 128 32 33 35 36 43 In some adenomas evidence
of proliferation may be confined entirely to
the luminal third of the crypt,' 2 28 43 44 although
this feature was not observed in this study. A
previous study of PCNA immunoreactivity in
large intestinal tubular adenomas reported
that, although PCNA immunoreactive cells
were found throughout the lesions, most
immunoreactivity was seen in the crypt
bases.34 This study also demonstrated a corre-
lation between overexpression of p53
immunoreactivity and the PCNA labelling
index. Our subjective impression that the
more dysplastic areas of the lesions were asso-
ciated with increased PCNA positivity is in
keeping with the results of other studies in
which proliferative activity has been corre-
lated with dysplasia.' 19 28 29 41
No consistent overall pattern of immuno-

reactivity was observed in the inflammatory
cloacogenic polyps apart from a tendency to
increased immunoreactivity in areas of reac-
tive or regenerative atypia, although the num-
ber of lesions was too small for any firm
conclusions to be drawn. Nevertheless, one
may speculate from our findings that PCNA
labelling indices alone are unlikely to be of
value in the differential diagnosis of inflam-
matory cloacogenic polyps. It seems likely
that some of the PCNA expression occurring
in these lesions is a result of its role in the
repair of damaged DNA,10 as inflammatory
cloacogenic polyps such as those used in this
study are frequently found at the site of active
inflammation and epithelial regenerative
change.

In conclusion, PCNA immunoexpression
was used to assess cell proliferation in rou-
tinely processed colorectal tissue; qualitative
and quantitative differences were observed
when adenomas were compared with hyper-
plastic polyps and adjacent normal mucosa.
However, the great variability of PCNA
expression suggests that it may be difficult to
apply it to problems of differential diagnosis
in the type of clinical material used in this
study. PCNA expression persists into the
upper portions of hyperplastic polyps, raising
the possibility that the metabolism of PCNA
protein may be altered in the hypermature
epithelium of these lesions.
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