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Immunohistochemical evaluation of keratin 20
expression in intestinal metaplasia types I to III

M J Schwerer, K Baczako

Abstract
Aims-To investigate differences in ex-
pression of keratin 20, a cytoskeletal
protein in gastrointestinal epithelial cells,
in completely differentiated intestinal
metaplasia (type I) and incomplete meta-
plasia (types II and III).
Methods-Gastric biopsy specimens from
66 patients with intestinal metaplasia were
analysed immunohistochemically. Ex-
pression of keratin 20 was quantified as
the percentage ofimmunoreactive cells on
the tips, the upper, and deep foveolae.
Results-In all specimens keratin 20 was
found on the tips and in the upper foveolae
of intestinal metaplasia. Keratin 20 was
not observed in the deep foveolae. No dif-
ferences were seen between the antrum
and the body. Expression patterns were
comparable between types I and III. In
type II, however, lower immunoreactivity
was found. Both the differences between
types I and II as well as between types II
and III were significant (p < 0.05).
Conclusions-Keratin 20 is expressed in
metaplastic mucosa as a result of intesti-
nal differentiation. Positive staining found
exclusively in juxtaluminal cells occurs
only in mature cells containing keratin 20.
Lowered immunoreactivity in type II
compared with types I and III indicates
the different nature of type II intestinal
metaplasia. Further studies are needed to
shed light on the basic fundamental
mechanism responsible for this.
(i Clin Pathol 1996;49:791-794)
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The gastric mucosa is a polar organised tissue
formed from a glandular part, a stem cell com-
partment near the isthmus, as well as surface
epithelium. It comprises distinct areas-the
foveolae and the tips.' It is formed from high,
slender cells secreting abundant neutral, peri-
odic acid Schiff positive mucins.' 2 In chronic
gastritis several changes occur in the gastric
mucosa.3 ' Intestinal metaplasia is one of the
most common, occurring in up to 25% of
biopsy specimens showing chronic gastritis in

developed countries.57 It is characterised by
intestinal features which are morphological-
goblet cells-as well as histochemical, such as
acidic mucins and/or the occurrence of brush
border enzymes such as alkaline phos-
phatase.' 8`10 According to these markers, dif-
ferent types of intestinal metaplasia have been
classified using conventional histochemistry."
Only type I is completely differentiated; types
II and III show incomplete differentiation."

Recently, metaplastic and neoplastic
changes in the stomach have increasingly been
assessed using immunohistochemisty.'2-15 Only
antigens present in all types of intestinal meta-
plasia, however, were described in these
studies. Reliable markers for the immunohisto-
chemical distinction between types I to III have
not yet been evaluated. The expression of kera-
tin 20 as a 46 kilodalton component of
intermediate filaments in gastrointestinal epi-
thelial cells'6 was investigated in types I to III
intestinal metaplasia especially with regard to
the difficulty of gaining reliable markers for
appropriate distinction.

Methods
Gastric biopsy specimens from 66 patients (37
men, 29 women; age range 35-72 years;
median 57 years) with chronic gastritis and
intestinal metaplasia were analysed. At least
four biopsy specimens from both the antrum
and the body were studied from each patient.
Routine histology included haematoxylin and
eosin staining as well as Warthin-Starry silver
staining. Gastritis was classified according to
the Sydney classification system.'7 In each case
Helicobacter pylori colonisation of the epithe-
lium was confirmed. Specimens showing ul-
cers, dysplasia, or carcinoma were excluded
from the study. Sections were further examined
using the periodic acid Schiff reaction, and
alcian blue, pH 2.5, staining/high iron diamine
staining. '9

CLASSIFICATION OF INTESTINAL METAPLASIA
Intestinal metaplasia was classified as types I,
II, and III. Type I (completely differentiated) is
characterised by goblet cells secreting acidic
mucins, Paneth cells, and mature, non-mucous
secreting absorptive cells. Type II (incomplete
differentiation) shows goblet cells with acidic
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Table 1 Cells positive for keratin 20 (%) in type I intestinal metaplasia (median). No
difference was found between the antral and body regions

Antrum (n = 28) Body (n = 31)

Goblet cells Enterocytes Goblet cells Enterocytes

Tips 100 100 100 100
Upper foveolae 63 71 84 75
Deep foveolae 0 0 0 0

Figure 1 Keratin 20 in complete intestinal metaplasia
(type I). Note abundant immunoreactivity both on the tips
and in the upperfoveolae. There was no positive staining in
the deep foveolae.

mucins, the absence of Paneth cells, and
absorptive cells, but it has columnar mucous
cells secreting non-sulphated mucins. Type III
(incomplete differentiation) resembles type II,
but is characterised by the columnar mucous
cells secreting abundant sulphomucins.57 11

Type I was seen in 31, type II in 19, and type
III in 16 specimens. Biopsy specimens were
classified by two observers. Differences be-
tween their independent reports were resolved
by consensus.

IMMUNOHISTOCHEMISTRY
Specimens were further analysed by immuno-
histochemical staining of keratin 20. Sections
were dried at 37°C for eight hours and
dewaxed in xylene and rehydrated with graded
alcohol and distilled water. Antigen retrieval
was done using pronase in combination with
microwave oven heating.20 21 Following incuba-
tion for 10 minutes in phosphate buffered
saline (PBS) at pH 7.4, endogenous peroxidase

was blocked irreversibly using 1% (v/v) hydro-
gen peroxide (by dilution from 100 vol) in 70%
(v/v) aqueous methanol for five minutes. This
was followed by washing with PBS and incuba-
tion with avidin and biotin (Vector Laborato-
ries Inc., Burlingame, California, USA) and
with horse serum albumin (Vector) for 10 min-
utes. After incubation with the antibody IT-Ks
20.8 (Progen, Heidelberg, Germany) for one

hour, sections were washed with PBS and
coated with the avidin-biotin-peroxidase-
complex (Vectastain Elite ABC kit, mouse IgG;
Camon Labor-Service GmbH, Wiesbaden,
Germany) for 10 minutes. After washing with
PBS, staining was performed with chromogen
3-amino-9-ethylcarbazol (AEC, with 0.1 M
acetate buffer solution, pH 5.2, and 30 %
hydrogen peroxide; Sigma Chemical Co.,
Deisenhofen, Germany) for 10 minutes. Each
incubation was carried out in the dark chamber
at 37°C. Finally, the sections were counter-
stained with Mayer's haemalum, washed with
tap water, and mounted in glycerin gelatine.

Negative controls were stained using normal
horse serum at the same dilution.
For positive controls, specimens from three

adenocarcinomas of the colon as well as corre-
sponding, tumour-free intestinal mucosa, lo-
cated at least 10 cm distant from the tumour,
were used. Positive staining with IT-Ks 20.8
was seen both in neoplastic and non-neoplastic
mucosa.22

Expression of keratin 20 was quantified as
the percentage of immunoreactive cells on the
tips, the upper, and deep foveolae. Goblet cells
(types I to III), enterocytes (type I), and
columnar cells (types II and III) were exam-
ined, respectively. Specimens from the antrum
and the body were investigated in individual
groups.

Statistics were compiled using the Wilcoxon
test for non-matched pairs. Significance was
set at p < 0.05.23

Results
Keratin 20 was found in all specimens of intes-
tinal metaplasia. Immunoreactivity was re-
stricted to the tips and the upper foveolae. In
the deep foveolae positive staining was not
seen. No differences were found between the
antrum and the body.

Positive staining was observed in 100% of
the cells on the tips (table 1). In the upper
foveolae the median immunoreactivity of the
cells ranged from 63% to 84% (fig 1).

In type III, expression rates were comparable
with those of type I: 100% immunostaining on
the tips, and in the upper foveolae 48.5-62% of

Table 2 Cells positive for keratin 20 (%) in types II and III intestinal metaplasia (median). In type II expression rates were significantly lower compared
with types 1 and III (see table 1)

Type II intestinal metaplasia Type III intestinal metaplasia

Antrum (n = 19) Body (n = 16) Antrum (n = 16) Body (n = 13)

Goblet cells Columnar cells Goblet cells Columnar cells Goblet cells Columnar cells Goblet cells Columnar cells

Tips 69 52 58 71 100 100 100 100
Upper foveolae 25 36 23.5 38 62 48.5 56 51
Deep foveolae 0 0 0 0 0 0 0 0
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Evaluation of keratin 20 expression in intestinal metaplasia
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Figure 2 Keratin 20 in intestinal metaplasia showing incomplete differentiation. In type II (A) expression rates were
significantly lower than in types III (B) and type I (fig 1).

cells. In type II, however, lower immunoreactiv-
ity was found. This type showed median expres-
sion rates from 52% to 71% on the tips, and
23.5% to 38% in the upper foveolae (table 2).
The differences on the tips and in the upper

foveolae between types I and II were significant
(p < 0.05; only goblet cells tested).
The difference on the tips between types II

and III was significant for both goblet cells and
columnar cells (p < 0.05) (figs 2A and 2B),
and for the goblet cells in the upper foveolae
(p < 0.05), For the columnar cells signifi-
cance was not achieved in the upper foveolae.

Discussion
We found keratin 20 in all intestinal metaplasia
specimens. In general, the expression of
specific keratins is closely related to certain
pathways of epithelial differentiation.2 26 As
reported by Moll et al,'6 22 keratin 20 is
abundantly expressed in both the stomach and
intestinal surface epithelium. Hence, our ob-
servation of keratin 20 identifies intestinal
metaplasia as one variant of gastrointestinal
epithelial differentiation.

Immunoreactivity was restricted to the tips
and the upper foveolae. In the deep foveolae,
however, positive staining was not found. In
the gut epithelium immature cells continuously
migrate from the stem cell compartment, start-
ing at the deep portions and rising up to the
tips.27 Cellular maturation takes place during
this process. Terminal differentiation is
achieved as the cells reach the tips.27 Our
observations imply that keratin 20 is expressed
exclusively in mature cells. This agrees with
recent reports of small intestinal mucosa both
in animals and humans.28 30 This mechanism is
the same in both the antrum and the body: no
differences were seen between intestinal meta-
plasia in these locations.

Only type I intestinal metaplasia shows com-
plete differentiation.5-7 " We observed an

abundance of keratin 20 in this type. Morpho-
logically and histochemically, it resembles
small intestinal mucosa," in which keratin 20 is
the major cytoskeletal protein in surface
epithelial cells.6 28-30 Our findings suggest that
abundant keratin 20 expression is another
similarity between small intestinal mucosa and
type I intestinal metaplasia.
Types II and III intestinal metaplasia display

incomplete differentiation.5 " In type III,
which is characterised by columnar cells
secreting sulphomucins," we found that kera-
tin 20 expression was similar to type I. As
reported by Nardelli et al, 3' type III does not
resemble adult intestine, but fetal duodenum.
In fetal development keratin 20 can already be
detected in the intestine of the 11 week old
fetus.32 Our finding of keratin 20 correlates
with the suggestion that type III reflects the
level of fetal differentiation.
The development of gastric cancer entails a

stepwise process, including complete intestinal
metaplasia (type I), followed by incomplete
metaplasia (type III), and finally dysplasia and
carcinoma."" In general, keratin expression is
highly conserved during malignant transfor-
mation."6 22 25 26 Recently keratin 20 was found
in gastric carcinoma.36 Our finding of keratin
20 in types I and III corroborates this model
for stomach carcinogenesis.

In contrast, we found keratin 20 significantly
less often in type II than in other types of intes-
tinal metaplasia. In general, reduced immuno-
reactivity present in type II is not caused by
incomplete differentiation, as indicated by the
difference in types II and III, which are both
incomplete forms."

Keratin 20 immunoreactivity differentiates
one subgroup of incomplete metaplasia (type
II) from the other (type III). Nevertheless, the
basic fundamental mechanisms leading to this
phenomenon remain unclear. These types used
to be classified simply according to histochemi-
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cal features." " Type II is devoid of sulphomu-
cins, but shows columnar cells secreting
neutral, periodic acid Schiff positive mucins."'
Hence our findings confirm the different
natures of types II and III with regard to cellu-
lar differentiation-namely intermediate fila-
ment formation.16 22 25 Unlike other immuno-
histochemical markers,"2'15 which were found
in all types of intestinal metaplasia, keratin 20
staining can differentiate between individual
types of incomplete intestinal metaplasia. Thus
our results add to those of recent studies,
which applied new techniques for the subtle
distinction between types I and III intestinal
metaplasia.37 38 Dysplastic intestinal metaplasia
serves as a marker for increased cancer risk.33-35
38 39 Until now, however, mainly type III was

investigated with regard to chronic disease and
malignant progression.38 39 Further studies will
be necessary to clarify the different nature of
types I, II and III intestinal metaplasia and
their precise roles in the development of
chronic gastritis.
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