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Increased PCNA /cyclin index correlates with severity
of duodenitis defined by histological criteria
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Abstract. The proliferative activity of crypt epithelial
cells was studied in 64 duodenal biopsies using immuno-
histochemistry and proliferating cell nuclear antigen
(PCNA)/cyclin monoclonal antibodies in alcohol-fixed
paraffin-embedded sections. A positive correlation be-
tween duodenitis as defined by histological criteria and
increased mean percentage of PCNA positive crypt cell
nuclei (PCNA index) was found. The mean PCNA index
in normal mucosa was 11.84+2.7% (mean + SD), in
mild (grade 1) duodenitis 17.3+3.9%, in moderate
(grade 2) 30.6 +6.9%, and in severe (grade 3) duodenitis
41.14+8.5%. The inclusion of PCNA index, which is eas-
ily measured in paraffin-embedded sections, in the exist-
ing histopathological grading systems of duodenitis may
improve their clinical relevance.
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Introduction

One reason for the poor correlation between the existing
histopathological grading systems for duodenitis and the
clinical features associated with this disease, may be that
the degree of proliferative activity of mucosal epithelial
cells is not taken into account. Whitehead et al. (1975)
noted that epithelial changes in duodenitis reflected a
change in cell turnover in the mucosa. This can be in-
ferred from the increased mitotic activity seen in the
crypts, the tendency of immature cells to move closer
to the surface and a decrease in the goblet cell popula-
tion. However, objective and reproducible assessment
of these variables is difficult in routine sections. Prolifer-
ative activity of cells can be assessed by counting mi-
toses, by autoradiography with incorporation of tritiated
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thymidine (Lipkin 1987) by flow cytometry or by im-
munocytochemistry using cell cycle specific monoclonal
antibodies that preferentially label proliferating cells
(Gerdes 1990). For most such antibodies frozen sections
are required, so they are less useful in the routine pathol-
ogy laboratory. Antibodies to proliferating cell nuclear
antigen (PCNA) have the advantage that they can be
applied to paraffin sections, provided the tissue has been
appropriately fixed (Hall et al. 1990). PCNA (Miyachi
et al. 1978) identical to “cyclin” (Bravo et al. 1982) has
been identified as the DNA polymerase delta accessory
protein. Expression of PCNA/cyclin is associated with
cell proliferation (Hall et al. 1990) and two types of nu-
clear PCNA /cyclin staining are seen: a granular pattern
probably originating from S-phase PCNA, and a more
diffuse nuclear staining mainly restricted to non-S-phase
cells (Van Dierendonck et al. 1991).

Proliferative activity of cells in duodenal biopsies has
not yet been studied with the use of immunohistochemis-
try. In the present study, we evaluated immunocyto-
chemical staining of PCNA/cyclin in duodenal mucosal
biopsies. We compared staining results in normal duode-
nal mucosa and in duodenitis.

Materials and methods

Duodenal biopsies from 64 unselected patients were studied. In
each patient, gastroduodenoscopy was performed in the morning,
after 12 h fasting, using a fibreoptic gastroscope (Olympus XQ20).
One or two biopsies were taken from the duodenal bulb. The biop-
sies were fixed immediately in 75% ethanol for 2 to 6 h and embed-
ded in paraffin. The degree of duodenitis was diagnosed histologi-
cally according to the criteria of Whitehead et al. (1975) on haema-
toxylin and eosin stained paraffin sections. In short, it is based
on an analysis of morphological changes in villi, superficial epitheli-
um, crypts and lamina propria. The increased cellularity of the
lamina propria is the main feature of mild (grade 1) duodenitis.
In moderate (grade 2) duodenitis, there are in addition abnormali-
ties of the superficial epithelium including metaplastic epithelium
of gastric surface mucin-secreting type. The severe (grade 3) duo-
denitis is characterized by the critical feature of erosion of the
abnormal epithelium associated with effacement and loss of villi
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Fig. 1A, B. Biopsy of normal duodenal mucosa. A few PCNA/cyclin positive nuclei are seen in cross-sections through the crypts (arrows)
(A, B). Note that epithelial cells on tip and sides of villi are PCNA/cyclin negative (A). C-D. Severe duodenitis. Numerous PCNA /cyclin
positive nuclei throughout the entire length of the crypts (C) and in cross-sections through the crypts (D). Streptavidin-biotin-complex.

Aand C, x150; B and D, x400

and heavy inflammatory infiltrate (Whitehead et al. 1975). Endo-
scopically and histologically, 16 patients had a normal duodenum
and the remaining 48 had duodenitis. Of these, 11 were ulcer relat-
ed. In 7 of 11 ulcer related cases Helicobacter pylori was found.

Mouse monoclonal PCNA antibody (clone PC10, Medac,
Hamburg, Germany), originally isolated by Waseem and Lane
(1990), was used as the primary antibody for immunocytochemistry
at a ditution of 1:60. Sections were deparaffinized in xylene, trans-
ferred to 100% and 95% ethanol for 3 min each and air-dried.
Sections were incubated for 1 h at room temperature with the pri-
mary antibody and incubated with biotinylated rabbit anti-mouse
second antibody and streptavidin-peroxidase, followed by a sub-
strate-chromogen mixture with aminoethylicarbazole as a chromo-
gen (Histostain-SP Kit, Zymed Laboratories Inc., San Francisco,
Calif., USA). Sections were slightly counterstained with haematox-
ylin.

Results

Well-orientated longitudinal sections through the entire
crypt from the bottom to the tips of neighboring villi

are rare in biopsy specimens; in most cases, Cross-sec-
tions of crypts are seen. Moreover, the point at which
the villus ends and a crypt begins cannot be standardized
(Whitehead et al. 1975). Therefore we decided to count
the number of PCNA labelled cells in all cross-sections
of crypts containing at least one positive cell, using the
method of Hansen et al. (1977). All epithelial cell nuclei
with intensely red, granular staining patterns corre-
sponding to S-phase PCNA (Van Dierendonck et al.
1991) were counted as PCNA/cyclin positive. Nuclei
with weak, diffuse staining were not counted as positive.
The number of cells with labelled nuclei, and the total
number of cells in all cross-sections of crypts containing
one or more PCNA/cyclin positive cells were counted
and the mean PCNA index (the percentage of labelled
cells) was calculated. In all biopsies several sections, not
closer than one in four consecutive sections, were ana-
lysed. Between 500 and 1000 cells were usually counted
per biopsy. Approximately a quarter of the biopsies
yielded an insufficient number of cross-sections through
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Fig. 2. Pathological diagnosis and percentage of PCNA/cyclin posi-
tive cells (PCNA index) in duodenal crypt epithelium; normal mu-
cosa (@); duodenitis ( x )

the crypts and were not included in the study. The Wil-
coxon rank sum test was used for statistical compari-
sons. In normal duodenal mucosa, labelled cells were
present only in the lower and middle crypt and few
PCNA positive crypt cell nuclei were seen in cross-sec-
tions (Fig. 1B). In contrast, in mild and especially in
severe duodenitis the PCNA positive cells were found
throughout the entire length of the crypt (Fig. 1C) and
numerous PCNA positive nuclei were seen in cross-sec-
tions (Fig. 1D). In a few instances of severe duodenitis,
scattered PCNA positive cells were seen at the sides of
villi.

The results are summarized in Fig. 2. There were sig-
nificant increases in the mean PCNA index in non-spe-
cific and ulcer related moderate and severe duodenitis
as compared with normal mucosa. The PCNA index
in histologically normal duodenal epithelium ranged
from 7 to 15% (mean 11.8+2.7%) (mean + SD), in
mild duodenitis from 11 to 25% (mean 17.3+3.9%),
in moderate duodenitis from 20 to 40% (mean 30.6 +
6.9%) and in severe duodenitis from 30 to 55% (mean
41.1+8.5%). All differences were significant. Between
normal epithelium and mild, moderate and severe duo-
denitis (p < 0.005), between mild versus moderate versus
severe duodenitis (p <0.005) and between moderate ver-
sus severe duodenitis (p<0.01). Thus there was a clear
trend towards an increased percentage of labelled nuclei
with increasing severity of duodenitis. There were signifi-
cant differences of mean PCNA index between normal
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Table 1. PCNA index versus histologically defined degree of duo-
denitis

PCNA defined n Histological diagnosis

degree of

duodenitis Normal Mild Duodenitis  Severe
mucosa Moderate

Normal 27 16 11 0 0

<15% PCNA
positive nuclei

Moderate 21 0 17 4 0
16-29% PCNA
positive nuclei

Severe 16 0 0 5 11
>30% PCNA
positive nuclei

mucosa and moderate and severe duodenitis. However,
between normal mucosa and mild duodenitis or moder-
ate and severe duodenitis considerable overlap was not-
ed. In almost 50% of cases diagnosed histologically as
mild duodenitis the PCNA index was within the range
of normal mucosa. Also in roughly half of the biopsies
with moderate duodenitis, the PCNA index was within
the lower value of the range of severe duodenitis. Taking
15% of PCNA positive cells as the highest cut-off level
for normal duodenal mucosa and 30% as the lowest
level for severe duodenitis, we divided all cases into three
categories defined by their PCNA index : normal mucosa
(<15% PCNA positive cells), moderate duodenitis (16—
29%) and severe duodenitis (>30% PCNA positive
cells) (Table 1).

There were no differences in the mean PCNA index
in ulcer related duodenitis when compared with non-
specific duodenitis; however the numbers are too small
to permit statistical analysis. There were 3 cases of se-
vere, 1 of moderate and 7 of mild ulcer related duodeni-
tis. The mean PCNA index was 39.3 and 17.1 in severe
and mild ulcer related duodenitis when compared with
41.8 and 17.3 in non-specific duodenitis. The 3 ulcer
related cases of severe duodenitis were also positive for
H. pylori. Among ulcer related cases with mild duodeni-
tis three were positive for H. pylori (mean PCNA index
18.6 versus 17.2 for H. pylori negative cases).

Discussion

In this study immunohistochemistry with antibodies to
PCNA has been used to reveal proliferative activity of
crypt epithelial cells in biopsies of normal human duode-
nal mucosa and duodenitis. We found a clear link be-
tween the grade of duodenitis and the percentage of
PCNA positive cells in the crypts in alcohol-fixed, paraf-
fin-embedded duodenal biopsies. Therefore we propose
that the PCNA index (the percentage of PCNA positive
cells in the crypts) be used as an additional criterion
to assess the grade of duodenitis. We do not advocate
PCNA index as the sole criterion for histopathological
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diagnosis of duodenitis, although Table 1 does show that
one can stratify duodenitis fairly well by the PCNA in-
dex. Future studies are needed to determine whether this
variable improves the clinical relevance of existing histo-
logical grading systems of duodenitis.

Studies of cell proliferation in human duodenal mu-
cosa have been difficult to perform because of a need
for radioautography after in vitro labelling with tritiated
thymidine (Lipkin 1987; MacDonald et al. 1964). One
could not expect such methods to be of use for routine
diagnosis in a surgical pathology laboratory. Neverthe-
less, in three reports published to date on epithelial cell
proliferation in human duodenal biopsies using tritiated
thymidine and autoradiography (Bransom et al. 1981;
Gorelick et al. 1983, Bransom et al. 1984) an increased
proliferation index in crypt epithelial cells in duodenitis
when compared with normal mucosa, has been noted.
However, there is disagreement whether this occurs both
in ulcer and non-ulcer related duodenitis (Bransom et al.
1981) or only in the latter (Gorelick et al. 1983). We
found an increased PCNA index in both. In one report
lower levels of tritiated thymidine incorporation were
found in ulcer related duodenal mucosa (Zagorulko and
Puzyrev 1974). Similarly, in experimental animal models,
decreased proliferation in duodenal ulcers (Jarvis et al.
1973) and a correlation between the severity of duodeni-
tis, no matter whether ulcer related or non-specific, and
the increased number of thymidine labelled nuclei was
found (Smedley and Wastell 1988; Smedley et al. 1990).
This parallels the findings in gastritis, where severity of
chronic gastritis was also correlated with an increased
proliferation index as measured by tritiated thymidine
incorporation (Hansen et al. 1977) or by immunohisto-
chemistry with Ki67 antibody on frozen gastric biopsies
(Niedobitek et al. 1988). Thus our results and the evi-
dence in the literature, indicate that increased prolifera-
tion rate of epithelial cells is one way in which duodenal
or gastric mucosa respond to injury. Although our
values for the labelling index are higher than those in
autoradiography studies in human biopsies, the trend
for increased rate of proliferation of crypt epithelial cells
with increased grade of duodenitis remains the same.
Similarly, higher values for labelling indices of gastric
mucosa were obtained by immunohistochemistry with
Ki67 antibody on frozen gastric biopsies (Niedobitek
et al. 1988) than by autoradiography (Hansen et al.
1975). It has also been shown that the fraction of PCNA
positive cells revealed by immunohistochemistry is high-
er than the fraction of thymidine or bromodeoxyuridine
labelled cells (Galand and Degraef 1989; Garcia et al.
1989).

Se)veral histological grading systems for duodenitis
have been proposed (Beck et al. 1965; Whitehead et al.
1975; Lance et al. 1978; Greenlaw et al. 1980; Jenkins
et al. 1985) but none takes into account the proliferation
index of the epithelial cells in crypts. They are based
on analysis of such histological criteria as the extent
of mononuclear cell infilrate in the lamina propria, and
changes involving villous processes, mucous secretion,
superficial epithelium and crypts. Our findings provide
an objective means by which to analyse cell proliferation

in routine duodenal biopsies. We found that as the histo-
logical grade of duodenitis increased so did the percent-
age of PCNA positive proliferating cells in duodenal
crypts. There is some overlap between the percentages
of proliferating cells seen in normal mucosa and in mild
duodenitis as well as in moderate and severe duodenitis.
It may be that within the mild and moderate categories
of duodenitis there is a genuine scatter of PCNA index.
However, it may also be that Whitehead’s mild and mod-
erate categories need to be redefined, perhaps with the
help of the PCNA index. It is not clear whether all cases
of mild duodenitis as defined by Whitehead’s histologi-
cal criteria really belong to this group since the correla-
tion with clinical symptoms is poor and there is no other
objective point of reference. It has already been sug-
gested that some cases which would be classified as mild
duodenitis according to the Whitehead classification may
in fact represent the extreme within the range of appear-
ances of normal mucosa (Roca et al. 1975; Jenkins et al.
1985). However, some biopsies with high PCNA index
may have severe duodenitis although no erosion is seen
(this is required for the diagnosis of severe duodenitis
in Whitehead’s classification, Whitehead et al. 1975).
Such a view is supported by reports on animal models
of duodenitis and on human duodenal biopsies which
showed that uicers formed in mucosa with the fastest
rates of mucosal cell renewal (Smediey et al. 1990), and
that erosions and ulcers arose when the crypts passed
into ““high output failure” and were unable to compen-
sate for further epithelial cell loss (Bransom et al. 1981).
In any case, since ulcers formed in duodenal mucosa
with the fastest rates of proliferation (Smediey et al.
1990). PCNA index may serve to define a group of pa-
tients with duodenitis with a high risk of developing
ulcers or erosion.

Millions of cells are lost daily in the normal intestinal
mucosa, therefore any change in the normal proliferate
events may affect intestinal function profoundly. The
rates of cell proliferation may be influenced by various
factors present in the micro-environment of the cell pop-
ulation (Bullough 1962). For instance, inflammatory
changes may induce increased functional and physical
cell destruction which in turn may stimulate cells in the
upper region of the crypt, where usually cells undergo
maturation and differentiation, to undergo further pro-
liferation. It is apparent from our results that even in
mild and moderate duodenitis there is response of epi-
thelium of the crypts in the form of an increased prolifer-
ation rate. In searching for a histological grading of duo-
denitis which correlates with clinical symptoms, infor-
mation on the proliferation of epithelial cells in crypts
and villi should be included. With monoclonal anti-
bodies to PCNA /cyclin which work in paraffin sections
one can measure proliferative activity of epithelial cells
in duodenal biopsies routinely and use the PCNA index
as a diagnostic criterion.
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