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INTRODUCTION
The number of people diagnosed with diseases of the gastro-
intestinal tract is increasing every year all over the world [1]. 
UC in terms of prevalence is significantly inferior to other 
gastroenterological diseases. However, due to severity of the 
course, frequency of complications and mortality, it is a leader 
in the structure of diseases of the gastrointestinal tract [2].

The endoscopic method of research (colonoscopy) plays 
a decisive role in UC diagnosis [3]. Despite its effectiveness 
and diagnostic accuracy in identifying intestinal pathology, 
colonoscopy has a number of disadvantages (invasiveness, 
risk of complications, pain and discomfort) [4]. Often 
during a colonoscopy, we take a targeted biopsy from vari-
ous parts of the large intestine, followed by its examination 
by a pathologist [5].

In UC, colonobioptate examination has not only diag-
nostic, but also prognostic value [6]. The morphological 
diagnosis of UC sometimes causes certain difficulties even 
for the most experienced pathologists. Despite the available 
arsenal of modern morphological research methods, certain 
diagnostic difficulties also arise in the differential diagnosis 
of UC with various pathological conditions including IBS.

Differential diagnosis of UC and IBS is difficult due to the 
common clinical manifestations, pathophysiological mech-
anisms, etc. The existing diagnostic difficulties have caused 
disagreements among scientists regarding the relationship 
between UC and IBS. Most scientists believe that UC and 
IBS are different pathological conditions of the large in-
testine. Some scientists defend the concept of recognizing 
UC and IBS as different forms of the same disease. There is 
also a high incidence of UC against the background of IBS, 
frequent persistence of IBS-like symptoms after achieving 
remission of UC, possible «superimposing» of one disease 
on the course of another [7].

All of the above actualizes the need for a continuous 
search for morphological criteria that would allow ac-
curate and correct UC and IBS diagnostics, including a 
differential one.

THE AIM
The aim is to establish diagnostic and differential-diagnostic 
criteria for UC and IBS based on a complex morphological 
(histological, histochemical, immunohistochemical) study.
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ABSTRACT
The aim is to establish diagnostic and differential-diagnostic criteria for UC and IBS based on a complex morphological (histological, histochemical, immunohistochemical) study.
Materials and methods: In this study, it was used autopsy and biopsy material – fragments of the mucous membrane of the large intestine. The material was divided into 5 
groups. The first group (G 1) included autopsy material from 6 cases, in which, during autopsies and microscopic examination, we found no general pathological processes in the 
gastrointestinal tract. The second group (G 2) included biopsy material from 34 patients with diagnosed UC of the 1st activity degree. The third group (G 3) included the biopsy 
material of 27 patients with UC of the 2nd degree of activity. The fourth group (G 4) included biopsy material from 19 patients, diagnosed with UC of the 3rd degrees of activity. The 
fifth group (G 5) included biopsy material from 82 patients with clinically diagnosed IBS. Histological, histochemical, immunohistochemical, statistical research methods were used.
Results: There are characteristic morphological changes in the mucous membrane of the large intestine in UC of varying degrees of activity, such as changes in the architectonics 
of crypts of varying severity; presence of erosive and ulcerative defects. Inflammatory and desquamative-dystrophic changes take place in the epithelial layer adjacent to erosive 
and ulcerative defects. The number of goblet cells of crypts decreases and the size of vacuoles in goblet cells reduces. The intensity of mucin secretion contained in the vacuoles 
of the goblet cells lowers; there is a partial or complete loss of pericryptal myofibroblasts; the proliferative potential of the intestinal crypts epithelium activates.
Conclusions: Differential diagnostic criteria, revealed by the author, improve the morphological diagnosis of UC and IBS, optimizing the tactics of managing patients with this 
colorectal pathology.

  KEY WORDS: ulcerative colitis, irritable bowel syndrome, morphological differential-diagnostic criteria

Wiad Lek. 2021;74(3 p.I):381-387

ORIGINAL ARTICLE



Pavlo P. Snisarevskyi

382

MATERIALS AND METHODS
In this study, we used autopsy and biopsy material – frag-
ments of the mucous membrane of the large intestine. The 
material was divided into 5 groups. G 1 included autopsy 
material from 6 cases, in which, during autopsies and mi-
croscopic examination, we found no general pathological 
processes in the gastrointestinal tract. G 2 included biopsy 
material from 34 patients with diagnosed UC of the 1st 
activity degree. G 3 included the biopsy material of 27 
patients with UC of the 2nd degree of activity. G 4 included 
biopsy material from 19 patients, diagnosed with UC of 
the 3rd degrees of activity. G 5 included biopsy material 
from 82 patients with clinically diagnosed IBS. In patients 
of groups 2-4, UC was diagnosed based on clinical data, 
results of colonoscopy, and colonobioptates examination.

The resulting material, fixed in a 10% solution of neutral 
formalin (pH 7.4) for 24-48 hours, was treated according 
to the generally accepted technique and embedded in par-
affin. From paraffin blocks on a rotary microtome HM 325 
(Thermo Scientific, USA), serial sections with a thickness 
of 2-3 μm were made, stained with hematoxylin and eosin. 
To determine the morpho-functional state of the goblet 
cells, we performed the PAS reaction. 

Immunohistochemical study was performed using rabbit 
monoclonal antibodies (MCA) to Ki-67 (clone SP6) and 
murine MCA to alpha-smooth muscle actin (clone 1A4). 
An Ultra Vision Quanto HRP detection system was used 
for visualization. The MCA and the imaging system were 
manufactured by Thermo Fisher Scientific (USA).

Microscopic examination and photoarchiving were 
performed using light optical microscope Axio Imager. A2 
(Сarl Zeiss, Germany) with data processing system with 
magnified lenses ×5, ×10, ×20, ×40, binocular nozzle 1.5 
and glasses 10 with ERc 5s camera, light optical micro-
scope Primo Star (Carl Zeiss, Germany) with AxioCam 
105 camera.

The obtained digital data were processed, using the 
program Statistica 10.0. Central trends in the groups 
were compared on averages, using the nonparametric 
Mann-Whitney U test. Differences were considered sig-
nificant at p<0.05, taking into account the Bonferroni 
correction [8].

RESULTS AND DISCUSSION
In G 1, while studying microspecimens stained with hema-
toxylin and eosin, it was found focal desquamative changes 
in the epithelium of the colon mucosa in 1 case (16.7%). 
The revealed desquamation of the epithelial layer is due, 
from our point of view, to its artifactual change, occurring 
during the histological processing of the material.

Observational microscopy of the slides in G 2 in the 
epithelium of the mucous membrane of the colon in all 
cases revealed moderate inflammatory, degenerative and 
desquamative changes. In 29 cases (85.3%) they were 
combined with formation of multiple superficial erosions, 
the depth of which reached the surface parts of the lamina 
propria of the mucous membrane (fig. 1).

In G 3, in 22 cases (81.5%), we found multiple erosions in 
the mucous membrane, superficial in places, deep in some 
of the visual fields. Deep erosions led to defects that spread 
to the entire thickness of the lamina propria of the mucous 
membrane. In 5 cases (18.5%), erosive and ulcerative changes 
were detected in the mucous membrane. The depth of the 
ulcers reached the muscle plate of the mucous membrane 
or the submucosa (fig. 2). It was determined pronounced 
inflammatory, dystrophic and desquamative changes at the 
edges and at some distance from the erosive and ulcerative 
defects in the epithelium of the mucous membrane in all cases.

Observational microscopy in G 4 in the mucous 
membrane showed erosive changes in 10 cases (52.6%), 
erosive and ulcerative in 9 cases (47.4%). In the epithelial 
layer, which was adjacent to these defects, in all cases, 
pronounced inflammatory and desquamative-dystrophic 
changes were determined.

Thus, with UC of varying degrees of activity, charac-
teristic morphological changes in the mucous membrane 
of the colon are erosive and ulcerative defects, as well as 
inflammatory and desquamative-dystrophic changes in 
the epithelial layer. Other scientists have also noted similar 
morpho-functional changes [9].

In the study, it was also revealed an increase in erosive-ul-
cerative, inflammatory, desquamative-dystrophic changes 
from G 2 to G 4 in the epithelial layer of the colon mucosa.

In UC, the processes of apoptosis and necrosis are the 
leading in the formation of erosive and ulcerative defects 
in the mucous membrane of the large intestine. Scientists 
have shown an increase in the processes of apoptosis as the 
course of UC increases with the subsequent dominance of 
necroinflammatory changes in colonocytes [10].

In all cases in G 5, it was revealed moderate inflamma-
tory and degenerative changes in the epithelial layer in 
the mucous membrane of the colon. In 20 cases (24.4%), a 
combination of inflammatory, dystrophic and desquama-
tive changes was found in the epithelium of the mucous 
membrane (fig. 3).

Comparing the results, obtained in G 2-5, we noted that 
in IBS compared with UC of varying degrees of activity 
in the mucous membrane of the colon, firstly, erosive and 
ulcerative changes were not detected; secondly, in all cases 
less pronounced inflammatory and dystrophic changes 
were found in the epithelium, which in some cases were 
combined with desquamative changes.

Complex epithelial barrier of the colon, as is known, 
allows you to maintain tolerance to commensal microflo-
ra and food agents, effectively protecting the body from 
pathogens [11]. Damage of the epithelial barrier, revealed 
in the study in the wall of the large intestine in IBS and 
UC, upsets this balance and leads to the development of 
inflammation.

The first barrier of the large intestine, protecting the 
internal medium of the body from bacteria and damaging 
factors, is the mucus, produced by the goblet cells. As we 
know, goblet exocrinocytes are abundant in crypts. The 
mucus, produced by these cells, prevents the adhesion 
and invasion of microorganisms, not interfering with the 
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transport of nutrients, serves as a substrate for the attach-
ment and nutrition of the commensal microflora, acts as 
a lubricant, facilitating the passage of the chyme through 
the intestines [11].

We used the PAS reaction in this research to study mor-
pho-functional features of goblet cells.

In G 1 in all cases when staging the PAS reaction the gob-
let cells contained a large vacuole with mucin. The nuclei 
of the goblet cells were small, hyperchromic and basally 
pushed back. In all cases, mucin had pronounced staining.

In G 2, compared with G 1, the number of cases with 
unchanged sizes of vacuoles in goblet cells decreased 
(p<0.05) (22, 64.7%) and cases with focal decrease in the 
size of vacuoles appeared (12, 35.3%) (fig. 4). The intensity 
of mucin staining in this group decreased compared to G 1, 
as evidenced by a decrease (p<0.05) in the number of cases 
with pronounced staining (8, 23.6%) and the appearance 
of cases with weak (13, 38.2%) and moderate (13, 38.2%) 
staining. In the intestinal glands, the intensity of mucin 

staining changed in 8 cases (23.5%) in their superficial 
parts, in 12 cases (35.3%) in 2/3 of their thickness, in 6 
cases (17.7%) in the entire their thickness.

In the G 3, compared with G 1, the number of cases 
with unchanged in size vacuoles (9, 33.4%) decreased 
(p<0.05), and also there were cases in which vacuoles 
decreased in size focal (10, 37.0%) or diffusely (8, 29.6%). 

Fig. 1. G 2. Superficial erosive defect in the mucous membrane of the colon. 
Stained with hematoxylin and eosin, × 50.

Fig. 2. G 3. Ulcerative defect in the mucous membrane of the colon. Stained 
with hematoxylin and eosin, × 100.

Fig. 3. G 5. Moderate inflammatory, dystrophic and desquamative changes 
in the epithelium of the colon mucosa. Stained with hematoxylin and 
eosin, × 200.

Fig. 4. G 2. Focal decrease in the size of vacuoles with mucin in goblet 
cells, unevenly pronounced decrease in the intensity of mucin staining. 
PAS reaction, × 200.
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In this group, compared with G 1, the intensity of mucin 
staining changed (the number of cases with its pronounced 
staining decreased (p<0.05) (7, 25.9%), there were cases 
with no staining (2, 7.4%), weak (14, 51.9%) or moderate 
(4, 14.8%) staining). The intensity of mucin staining in 1 
case (3.7%) changed in the surface parts of the crypts, in 
6 cases (22.2%) – in their 2/3 of the thickness, in 13 cases 
(48.2%) – in their entire thickness.

In G 4, in 4 (21.1%) and 8 (42.1%) cases, vacuoles of 
goblet cells of crypts, respectively, focal and diffusely de-
creased in size, compared with G 1 decreased the number 
of cases with unchanged sizes of vacuoles (7, 36.8%). In 4 
cases (21.1%) a negative PAS reaction was detected, and 
weak and moderate staining of mucin in 12 (63.2%) and 
3 (15.7%) cases. Changing intensity of mucin staining 
was determined in 1 case (5.3%) in the superficial parts 
of the intestinal glands, in 3 cases (15.8%) – in 2/3 of the 
thickness of the glands, and in 15 cases (78.9%) – in the 
entire their thickness.

Fig. 5. G 5. Decreased intensity of mucin staining in goblet cell vacuoles. 
PAS reaction, × 100.

Fig. 6. G 3. Focal or diffuse decrease in the number of pericryptal myo-
fibroblasts. Immunohistochemical reaction with MCA to alpha-smooth 
muscle actin, × 100.

Fig. 7. G 5. Evenly spaced pericriptal myofibroblasts. Immunohistochemical 
reaction with MCA to alpha-smooth muscle actin, × 100.

Fig. 8. G 3. Expression of the Ki-67 proliferation marker by the epithelium of the 
intestinal glands. Immunohistochemical reaction with MCA to Ki-67, × 100.

Fig. 9. G 5. Expression of the proliferation marker Ki-67 by the epithe-
lium of the intestinal glands. Immunohistochemical reaction with MCA 
to Ki-67, × 400.
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In G 5 the sizes of goblet cell vacuoles in all cases were 
similar to G 1. The intensity of mucin staining in this group 
was weak, moderate and pronounced, respectively, in 15 
(18.3%), 21 (25.6%) and 46 (56, 1%) cases (fig. 5). There 
were fewer cases with a pronounced intensity of mucin 
staining in this group (p<0.05), compared with G 1. A 
change in the intensity of mucin staining in the intestinal 
glands in 18 cases (22.0%) was noted in their superficial 
parts, in 10 cases (12.2%) – in 2/3 of the thickness of the 
glands, in 8 cases (9.7%) – in the entire their thickness.

Summarizing the results of the given PAS reaction, it 
becomes obvious that a decrease in the size of vacuoles 
in the goblet cells of crypts, as well as their number, and a 
decrease in the intensity of mucin staining, contained in 
the vacuoles of goblet cells, are morphological changes in 
the mucous membrane of the large intestine characteristic 
of UC. With an increase in UC activity (from G 2 to G 4), 
a decrease (focal or diffuse) in the size of vacuoles as well 
as in the number of goblet cells was noted. The intensity of 
mucin staining decreased up to its complete disappearance, 
as evidenced by a negative PAS reaction. It was also noted 
that there was a decrease in the intensity of mucin staining 
in UC of the 1st  degree of activity, mainly in the superficial 
parts of the intestinal glands and in their two-thirds of the 
thickness; UC of the 2nd degree of activity – in 2/3 of the 
thickness or throughout the entire thickness of crypts, in 
UC of the 3rd degree of activity – throughout the entire 
thickness of the crypts.

In our earlier studies, in the works of other scientists, a 
decreasing number of goblet cells and inhibition of mucus 
production was also revealed in the mucous membrane of 
the colon in active UC [12, 13].

In IBS, the size of the vacuoles containing mucin in the 
goblet cells, as well as the number of goblet cells, did not 
change in the mucous membrane of the colon. The mu-
cin-forming function of the goblet cells suppressed, when 
staging a PAS reaction, leading to lower intensity of mucin 
staining, more pronounced in the superficial parts of the 
intestinal glands.

Thus, in IBS, compared with UC, the number of goblet 
cells and the size of vacuoles with mucin, containing in 
these cells, do not change in the mucous membrane of the 
colon; there is a less pronounced decrease in the intensity 
of mucin staining.

When setting an immunohistochemical reaction with 
MCA to alpha-smooth muscle actin in the mucous mem-
brane of the large intestine in G 1, it was revealed evenly 
spaced pericryptal myofibroblasts. These cells were clear, 
uniform and had pronounced cytoplasmic brown stain-
ing. Myofibroblasts formed a kind of coupling around the 
intestinal glands. The latter, as we know, provides control 
over the self-maintenance of crypts [14]. In G 2-4, there 
was focal or diffuse absence of pericryptal myofibroblasts 
(fig. 6). In G 5 it was determined features of alpha-smooth 
muscle actin expression similar to G 1 (fig. 7).

When calculating the relative number of pericryptal 
myofibroblasts, a decrease (p<0.05) of this indicator was 
revealed in G 2-4 (G 2 – (74.4±2.74)%, G 3 – (61.6±2.67)%, 

G 4 – (50.8±3.81)%) compared with G 1 ((95.3±2.74)%). 
From G 2 to G 4, the indicator of the relative number of 
pericryptal myofibroblasts decreased (p<0.05). In G 5, 
the indicator of the relative number of pericryptal myo-
fibroblasts did not differ significantly (p>0.05) from the 
control indicator.

Thus, in UC, in contrast to IBS, there is a partial or com-
plete loss of pericryptal myofibroblasts, and the intensity of 
their expression decreases. With an increase in the degree 
of UC activity, there is a decrease (p<0.05) in the number 
of pericryptal myofibroblasts in the mucous membrane of 
the large intestine.

The deficiency of pericryptal myofibroblasts leads to the 
fact that the epithelium in crypts proliferates and grows 
without their participation. As a result, the architectonics of 
the crypts disrupts, which is a pathognomonic histological 
characteristic of the UC. Our survey microscopy revealed 
a violation of the crypt architectonics in all cases of G 2-4. 
The severity of this histological finding increased from 
G 2 to G 4. In G 5, the intestinal glands had histological 
features similar to G 1.

In our study in G 2-4, we found accumulations of my-
ofibroblasts/fibroblasts in the lamina propria or in the 
muscle lamina of the mucous membrane, as well as in the 
submucosa against the background of partial or complete 
disappearance of pericryptal myofibroblasts. Groups of 
myofibroblasts/fibroblasts often localized at sclerosis loci. 
As is known, excessive activation of the morpho-functional 
state of myofibroblasts leads to the overproduction of con-
nective tissue fibers, which contributes to the shortening, 
thickening of the intestinal wall and, in the future, can lead 
to disruption of the anatomical structure [15].

An immunohistochemical study with the Ki-67 prolif-
eration marker in all groups revealed its expression by the 
epithelium of the intestinal glands. In G 1 the expression 
of this marker was observed mainly in the basal areas of 
the crypts, with the relative number of Ki-67-positive 
cells being (35.6±0.95)%. In G 2-4, the reaction with the 
proliferation marker increased as compared with G 1. This 
is evidenced by its predominant expression in 2/3 of the 
thickness or in the entire crypt thickness (fig. 8), as well as 
an increase (p<0.05) in the relative number of Ki-67-pos-
itive cells (G 2 – (51.9±0.96)%, G 3 – (51.2±1.38)%, G 4 
– (53.0±1.31)%). 

In G 5, the expression of the proliferation marker was 
determined mainly in 2/3 of the thickness of the intesti-
nal glands (fig. 9). The indicator of the relative number of 
Ki-67-positive cells increased (p<0.05), compared with G 
1 and amounted to (52.7±0.56)%.

It is interesting to note that the expression of the prolifer-
ation marker Ki-67 in crypt epithelial cells did not depend 
on the degree of UC activity and it was not different in IBS 
and UC of various degrees of activity. Previously identified 
chronic inflammation in varying degrees of severity in the 
mucous membrane of the colon in UC and IBS, as well as 
an increase in the proliferative potential of crypt epithelial 
cells, from our point of view, can serve as a background for 
colorectal cancer. The starting point for the realization of 
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oncological changes, as we know, are the epithelial cells of 
the intestinal mucosa [16, 17].

At present, there are at least four main pathways of colon 
cancer carcinogenesis – transformation of adenoma into 
carcinoma, Lynch syndrome, development of cancer «de 
novo», transformation of chronic colitis. Carcinogenesis 
of the «inflammatory» type is as follows: inflammatory 
changes progress to latent dysplasia, then to mild and 
severe dysplasia, which transforms into cancer [18].

Equally pronounced features of crypt epithelium pro-
liferative activity in UC and IBS, identified by author, 
should develop oncological alertness both in doctors and 
in patients. The authors of Rome IV Criteria recommend 
colonoscopy for patients with IBS over 50 years of age with 
«anxiety symptoms» and a family history of colorectal can-
cer [19]. Our results indicate the need to revise the above 
recommendations for colonoscopy in patients with IBS.

CONCLUSIONS
1. There are characteristic morphological changes in the 

mucous membrane of the large intestine in UC of varying 
degrees of activity, such as changes in the architectonics 
of crypts of varying severity; presence of erosive and 
ulcerative defects. Inflammatory and desquamative-dys-
trophic changes take place in the epithelial layer adjacent 
to erosive and ulcerative defects. The number of goblet 
cells of crypts decreases and the size of vacuoles in goblet 
cells reduces. The intensity of mucin secretion contained 
in the vacuoles of the goblet cells lowers; there is a par-
tial or complete loss of pericryptal myofibroblasts; the 
proliferative potential of the intestinal crypts epithelium 
activates.

2.  Severity of erosive-ulcerative changes in epithelium 
increases with rising UC activity; changes in the architec-
tonics of crypts become more noticeable. Inflammation 
and desquamative-dystrophic changes in the epithelial 
layer intensifies. The number of goblet cells and the size 
of vacuoles in these cells decrease. The intensity of mu-
cin staining in the vacuoles of the goblet cells decreases 
until its complete disappearance as well as the number 
of pericryptal myofibroblasts, while the proliferative 
activity of the crypt epithelium remains unchanged.

3.  In IBS, there are inflammatory and dystrophic changes 
in the epithelium in the mucous membrane of the colon, 
sometimes combined with desquamative changes; the 
intensity of mucin staining in the goblet cell vacuoles 
decreases; the proliferative potential of crypt epithelial 
cells grows.

4.  In the mucous membrane of the large intestine in IBS, 
compared with UC, the architectonics of crypts is not 
disturbed, erosive and ulcerative changes are not deter-
mined. Less pronounced inflammatory and dystrophic 
changes in the epithelium sometimes combine with 
desquamative changes. The number of goblet cells and 
the size of the vacuoles with mucin that contain these 
cells do not change. There is a less pronounced decrease 
in the intensity of mucin staining; the number of peric-

ryptal myofibroblasts corresponds to the physiological 
norm. The proliferative activity of crypt epithelium does 
not differ in IBS and UC of varying degrees of activity.

5.  In the mucous membrane of the large intestine in UC of 
varying degrees of activity and IBS, it was established an 
activation of the proliferative potential of the epithelial 
cells of the intestinal glands, which should generate 
equally pronounced oncological alertness in doctors and 
patients. The revealed features of the proliferative activity 
of the crypt epithelium in patients with IBS actualize the 
need to revise the recommendations of the Rome IV 
criteria regarding colonoscopy in these patients.

6.  Differential diagnostic criteria, revealed by the author, 
improve the morphological diagnosis of UC and IBS, 
optimizing the tactics of managing patients with this 
colorectal pathology.
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