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Abstract
AIM: Our aims were to determine the normal limits of
subepithelial basement membrane (SEBM) thickness in order
to more accurately diagnose collagenous colitis in the
population from southern Turkey and to investigate into links
between SEBM thickness and age, and sex.

METHODS: The study included 100 patients (mean age
50.0±13.3 years; male, 34; female, 66) with miscellaneous
gastrointestinal symptoms, and normal colonic mucosal
appearance in colonoscopic evaluation. Biopsies were taken
from five different regions of the colon. SEBM was measured
with a calibrated eyepiece on specimens prepared with
specific stains for collagen. Intensity of inflammatory cells
was graded semiquantitatively. Differences in SEBM thickness
among the different colon regions, and relationships between
SEBM thickness and age, sex, and density of inflammatory
cells were statistically evaluated.

RESULTS: The cecum and rectum showed the largest
amounts of infiltrate. None of the specimens showed histologic
findings of collagenous colitis. The SEBM thicknesses
measured for each case ranged from 3-20 µm. The biggest
thickness was observed in rectal mucosa (median value: 10 µm).
Cecum and ascending colon showed similar SEBM thickness
(median value: 5 µm). SEBM thickness was not correlated
with patient age or sex, but was positively correlated with
the intensity of inflammatory cells in each colon segment.

CONCLUSION: In this patient group from southern Turkey,
SEBM was thickest in the rectum. Our results indicate that,
in this population, SEBM thickness is not correlated with
age or sex, but is positively correlated with severity of
inflammation. The findings also support the concept that
measuring SEBM thickness at one segment in the colon is
inadequate and may be misleading.
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INTRODUCTION
Lindstrom introduced the term “collagenous colitis” to
describe a colon biopsy that showed hyalinized substance,
known as a collagen band, between the transition zone of the
subluminal basement membrane and the lamina propria[1-8].
The English literature contains approximately 200 reports of
this condition[7]. Collagenous colitis is most often diagnosed
in middle-aged women[3,6-10]. In some patients this condition is
associated with autoimmune diseases, such as diabetes mellitus,
primary biliary cirrhosis, rheumatoid arthritis, and gluten-
sensitive enteropathy[3]. Some of the cases linked with histories
of smoking, or antibiotic or non-steroidal anti-inflammatory
drug (NSAID) ingestion[1,3,6,7,9,11].
      In healthy adults, the subepithelial basement membrane
(SEBM) of the colon consists of collagen types I and IV,
laminin, and fibronectin. The thickness of this layer varies
from 0 to 7 µm[3,5-7,12], and is slightly greater in the settings of
hyperplastic polyps, colonic diverticulum, and congenital
megacolon[3,6]. In this study, we investigated SEBM thickness
in biopsies from five different colonic sites in patients from
the southern Anatolia region of Turkey. One of our aims was
to determine the normal limits of SEBM thickness in this region
in order to more accurately diagnose collagenous colitis in the
population. Another objective was to investigate into links
between SEBM thickness and age, and sex.

MATERIALS AND METHODS
The study included 100 patients who were admitted to our
gastroenterology clinic with non-specific symptoms, such as
chronic constipation, diarrhea, and abdominal distension and
discomfort. Only two individuals had experienced short episodes
of diarrhea. All the participants gave their informed consent for
diagnostic colonoscopy. The protocol was carried out in
accordance with the Helsinki Declaration as revised in 1989.
       Each individual underwent colonoscopy and biopsies were
collected from five different regions of the colon: the cecum,
the ascending, transverse, and descending colon, and the
rectum. Two biopsies were obtained from each segment. The
specimens were fixed in 40 g/L neutral buffered formaldehyde,
embedded in paraffin, and stained with hematoxylin-eosin,
and slides were examined under the light microscope. Each
slide was assessed for type of inflammation, intensity of
inflammatory cells, superficial epithelial damage, cryptitis,
and crypt abscesses. The finding of few lymphocytes, plasma
cells, eosinophils, macrophages and scattered mast cells in
lamina propria is considered to be normal in histopathological
examination. Taken such a scene as normal (grade 0), intensity
of inflammatory cells was graded on a three-tier scale. The
predominant cell type (lymphocyte, eosinophil, or neutrophil)
in the inflammatory infiltrate was also noted.
       All the specimens were also histochemically prepared with
periodic acid-Schiff (PAS), Masson’s trichrome, and crystal
violet stains. A calibrated eyepiece was used to measure SEBM
thickness on the sections stained with Masson’s trichrome at
×400 magnification. On every slide, we measured the thickest



part of the SEBM in non-tangential areas of tissue section that
were distant from the crypts. The SEBM thickness for each
segment in each patient was recorded. Also, for each patient,
two of the same biopsied regions were randomly selected and
the average SEBM thickness for these two sites was recorded.
PAS stain was used to demonstrate intestinal parasites and
fungi, and crystal violet was used to reveal the presence of
amyloid. Differences among SEBM thickness in the different
colon regions, and relationships between SEBM thickness and
age, and sex were statistically evaluated. The data of SEBM
thickness are reported as medians (ranges). Comparisons
between median values of SEBM thickness belonging to each
colon segment were performed using Mann-Whitney U test.
The relationships between SEBM thickness and demographic
parameters (age and sex), and SEBM thickness and intensity
of inflammation were tested with Spearman’s correlation.
P values <0.05 were considered statistically significant.

RESULTS
The mean age in the study group was 50.0±13.3 yr (range,
18-82 yr). Of the 100 patients, 34 were men and 66 were
women. In 93 of the cases, the mucosa appeared normal on
colonoscopy. Of the 7 cases with abnormal findings, 3 showed
mildly hyperemic mucosa, 2 exhibited colonic diverticula, 1
had a polyp, and 1 had a superficial ulcer. In the biopsy
specimens, eosinophils were as numerous as lymphocytes in
the inflammatory infiltrates. The cecum and rectum showed
the largest amounts of infiltrate. In most cases, the
inflammatory infiltrate in the rectal biopsies contained
lymphocytes, plasmocytes, and neutrophils. None of the
specimens showed amyloid deposition, intraepithelial
lymphocytosis, epithelial vacuolization, desquamation, mucin
loss, pseudostratification, or focal neutrophilic cryptitis.
      The range and median SEBM thickness in each of the five
colon segments are summarized in Table 1. The median SEBM
thickness for the separate segments differed. The largest
thickness was observed in rectal mucosa. The difference between
rectum and transverse colon did not reach statistical significance,
but there was a trend towards greater thickness in rectum. Cecum
and ascending colon showed similar SEBM thickness. SEBM
thickness was not correlated with patients’ age or sex, but was
positively correlated with intensity of inflammatory cells in each
colon segment (Table 2). The thickness measured for each case
ranged from 3-20 µm (Figure 1). In 1 of the 2 individuals with
colonic diverticula, the SEBM in the descending colon and
rectum was greater than 10 µm thick. In the 1 patient who had
a polyp, the SEBM thickness in the rectum was 12 µm. In 2
cases, SEBM thickness was 15-20 µm in all segments of the
colon. Both these individuals (a 50-year-old male and a 69-
year-old woman) had long histories of chronic constipation
and intermittent ingestion of NSAIDs. The colon biopsies in
these 2 cases showed mild eosinophil infiltration.

Table 1  The median values of SEBM thickness in various co-
lon segments

   SEBM thickness (µm)
Colon segment

          Median             Range

Cecum   5* 3-12
Ascending colon   5*b 3-20

Transverse colon   8aω 3-20
Descending colon   8bad 3-20

Rectum 10dω 3-20

*: NS, bP=0.001, a: SEBM was thicker in transverse colon com-
pared to descending colon P=0.04, dP<0.001, ωP=0.07.

Table 2  The Spearman’s correlation coefficients for the rela-
tionship between SEBM   thickness and severity of inflamma-
tion in various colon segments

Colon segment Correlation coefficient (r)        P

Cecum     0.499 <0.0001
Ascending colon     0.642 <0.0001
Transverse colon     0.699 <0.0001
Descending colon     0.620 <0.0001
Rectum     0.553 <0.0001

Figure 1  Photomicrograph of colonic mucosa showing normal
SEBM (3-4 µm) just beneath the surface epithelium (Masson’s
trichrome ×400).

DISCUSSION
The main histopathological criteria for collagenous colitis
include the characteristic findings of a thick, continuous,
hypocellular, eosinophilic, linear fibrous band beneath the
surface epithelium, as well as intraepithelial lymphocytosis,
epithelial vacuolization, and desquamation[1,3,5-7,11]. One of the
difficulties in diagnosing collagenous colitis is that different
sources cite different SEBM thickness as one of the main
criteria for diagnosis[9]. Thus, sampling error is a probable cause
of under diagnosis in collagenous colitis. Some investigators
consider thickness >10 µm to be diagnostic, whereas others
use >15 µm, and still others >30 µm[3,5-7,11]. The SEBM
thickness documented in cases of collagenous colitis in the
English literature range from 11.5 to 60 µm[6,13-18]. In a study
of 564 patients conducted in 1982, the authors identified >10 µm
in thickness as abnormal[14]. In a series of 33 patients with
collagenous colitis, Tanaka et al[9] observed that 82% exhibited
>10 µm in SEBM thickness in at least one area of the left colon.
The rectum appeared normal in 72% of these cases, and only
three patients showed a collagen band in the cecum. Tanaka et al
used <7 µm as the criterion for normal SEBM thickness, and
identified mucosal inflammation and SEBM thickness >10 µm
as diagnostic criteria for collagenous colitis[9].
      SEBM thickness in the healthy population in the various
studies in the literature ranges from 0 µm to 7 µm[3,6,15]. In
some of these investigations, estimates of SEBM thickness in
the general population were derived from autopsy series[6,14].
In a series of 457 patients that included adenocarcinoma, polyp,
and megacolon cases as well as autopsy cases, Gledhill and
Cole were only able to determine SEBM thickness in 190 of
the subjects (6). In this group, SEBM thickness was <10 µm
in 171 cases, between 10-15 µm in 12 cases, and >15 µm in
7 cases. Six of the 7 patients with collagen band thickness >15 µm
and 6 of the 12 patients with thickness between 10-15 µm had
diarrhea. The maximum SEBM thickness recorded by Gledhill
and Cole was 80 µm, and the average in the 190 patients was
22.5 µm. Consistent with our study, the authors found that
SEBM thickness >10 µm was associated with non-specific
colitis, colonic diverticula, and epithelial polyp; however, they
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presented no data related to inflammation[6]. All the cases in
our study exhibited SEBM, that is, no 0 µm values were
recorded. The lowest value of SEBM thickness we observed
was 3 µm, and the intensity of inflammation predominant in
the tissue section with SEBM thickness of 3 µm was 0-1.
Gledhill and Cole found that SEBM thickness was not
correlated with age or sex[6], similar to our results.
      Our aims in this study were to determine the normal limits
of SEBM thickness in the southern Anatolia region of Turkey,
and to investigate for possible links between SEBM thickness
and age, and sex. Studies of collagenous colitis patients in
Europe and the United States have revealed substantially
different SEBM thickness in these geographic regions. The
nutritional habits of people in south and southeast Anatolia
differ from those in Europe and the United States. The main
nutritional sources in southern Turkey are animal protein and
wheat products. The prevalence of parasitic infection, and
particularly amebiasis, is very high in this area. In one study
of 35 172 patients with diarrhea who were from south and
southeast Anatolia, 26.4% had amebiasis (19). The same
authors investigated infectious diseases transmitted by drinking
water in a study that was conducted between 1994 and 1995
in southern Turkey. The results showed 7 281 new amebiasis
cases during this 1-yr period, and revealed a rise in incidence
of up to 41% during the summer[20]. In our study, histological
examination revealed colonic amebiasis in only 3 of 100 cases.
In these 3 patients, rectal SEBM thickness ranged from
10-12 µm and the rectal biopsies all showed an eosinophil-rich
inflammatory response.
     Patients with collagenous colitis show different SEBM
thickness in different segments of the colon. Most studies have
shown that this collagenous layer is thicker in the distal colon
than in the proximal regions[3,5-7,11]. Research has also revealed
that patients with collagen deposition of at least 15-µm in
thickness in more than 30% of multiple colon biopsies
eventually develop the clinical syndrome[1,3]. In our study, the
SEBM was thickest in the rectum, followed by the transverse
colon, descending colon, ascending colon, and cecum,
respectively. The same sequence did not apply to intensity of
inflammation, i.e, cecum was the second site exhibiting
relatively higher count of inflammatory cell after rectum
compared to other sites. This discordance may be explained
by the absence of morphometric analysis, which could give
more specific result about the count of inflammatory cells than
routine light microscopic evaluation. Inflammatory response,
parasitic infection such as amebiasis, and nutritional factors
are all elements that potentially contribute to increased
basement membrane thickness. Two of our patients with SEBM
thickness between 12-15 µm in any colonic segment exhibited
polyp and colonic diverticula, respectively. In 2 other cases
with 15-20 µm SEBM thickness, there was a history of NSAID
treatment but no history of diarrhea. The colon biopsies from
the latter 2 patients showed moderate inflammatory response
with eosinophils predominant in the infiltrate.
     In summary, of the five colon segments studied in this
patient group from southern Turkey, SEBM was thickest in
the rectum. Our results indicate that, in this population, SEBM
thickness is not correlated with age or sex, but is positively
correlated with intensity of inflammation. This study provides
more evidence that SEBM thickness varies according to
geographic region, and that these differences may be culture-
related. The findings also suggest that measuring SEBM
thickness at one segment of the colon is inadequate and may

be misleading. The mean SEBM thickness for the separate
colon segments differ, similar to established characteristics of
collagenous colitis. The histopathological diagnosis of
collagenous colitis should be made by measuring collagen band
thickness in at least 3 or more non-tangential areas that are
distant from the crypts. In addition to collagen band thickness,
diagnosis of this condition must be based on characteristic
clinical and histologic findings. The latter include superficial
desquamation, intraepithelial lymphocytosis, and epithelial
vacuolization.
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