
Summary. Aims. The subepithelial myofibroblasts 
(SEMFs) and the subepithelial band of macrophages 
(SEBM) are major components of the colonic mucosa 
barrier. Although their role in homeostasis is widely 
recognized, their contribution to disease states is largely 
unknown. Our aim was to explore histological 
characteristics of SEMFs and SEBM in collagenous and 
ischemic colitis in order to identify specific changes in 
distinct mucosa backgrounds lacking significant 
inflammation. 
      Methods. SEMFs, SEBM and lamina propria (LP) 
macrophages were identified immunohistochemically by 
alpha smooth muscle Actin and Cluster of 
Differentiation 68 respectively in 38 colonic biopsies [14 
collagenous colitis (CC), 14 ischemic colitis (IC), 10 
normal mucosa]. 
      Results. In CC, SEMFs were rarely detectable in the 
collagenous band while aSMA-negative pericryptal 
fibroblast-like cells appeared. In lower LP 
interconnecting SEMFs processes were formed. SEBM 
was preserved in areas with a collagenous layer up to 20 
μm. In thicker layers, it was fragmented and gradually 
disappeared in parallel with engulfment of enlarged 
macrophages. LP macrophages were usually increased. 
In IC, slight SEMFs changes preceded discernible 
epithelial alterations. Rounding, disintegration and 
extinction of SEMFs constituted successive alterations 
coinciding with crypt shrinkage and denudation. SEBM 
displayed total or almost total abolishment in areas with 
crypt damage but also in sites with minimal changes and 
in adjacent normal mucosa. 
      Conclusion. Our findings provide evidence of 
impairment of both mucosa barrier constituents in CC 
and IC. In CC, histological alterations are closely related 
to the collagenous layer which seems to affect SEMFs 

differentiation and migration as well as SEBM integrity. 
The early extinction of SEBM in IC is indicative of its 
high sensitivity to hypoxia and hypoperfusion. 
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Introduction 
 
      The intestinal mucosa barrier is a complex, 
multilayered structure, whose integrity is crucial for the 
defense, repair and functional properties of the mucosa. 
Besides the epithelium, major components of the mucosa 
barrier also include the pericryptal and subsurface 
subepithelial sheath of fibroblasts/myofibroblasts and 
the subepithelial band of macrophages residing in the 
upper region of the lamina propria (LP) beneath the 
surface epithelium. The intricate role of these cell types 
is justified both by their topography and their specialized 
functions (Andoh et al., 2005; Rubio et al., 2018). 
      The subepithelial myofibroblasts (SEMFs) are 
pericryptal mesenchymal cells with a myofibroblast 
phenotype located underneath the basement membrane. 
They express α-smooth muscle actin (α-SMA) and 
vimentin and differ from pericytes by the absence of 
desmin expression (Mifflin et al., 2011; Roulis and 
Flavell, 2016). It is widely accepted that they belong to 
a syncytium together with the blood vessel-surrounding 
pericytes which extends throughout the LP (Joyce et al., 
1987; Powell et al., 1999; Andoh et al., 2005). In 
ultrastructural studies in the 70's-90's, mesenchymal 
cells along the crypt and in the subepithelial area were 
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referred to as “pericryptal fibroblasts” and fibrocytes. 
Structural changes of “pericryptal fibroblasts” 
supported their migration from an undifferentiated cell 
at the lower part of the crypt to a fibroblast-like cell at 
the upper part. It is hypothesized that the subepithelial 
pericryptal cells, later recognized as myofibroblasts, 
lose α-SMA staining as they migrate in the 
aforementioned superficial mucosa regions and 
transform to fibroblasts (Widgren et al., 1988; Mifflin et 
al., 2011). These fibroblast-like cells are α-SMA 
negative, platelet-derived growth factor receptor-αþ 
positive and express weakly vimentin, while their 
specific functions are still a matter of investigation 
(Roulis and Flavell, 2016). The occasionally observed 
α-SMA positive subsurface cells represent pericytes 
being also present in the entire LP (Mifflin et al., 2011). 
There is evidence that myofibroblasts form the stem cell 
niche at the crypt base (Mifflin et al., 2011) and seem to 
be involved in intestinal epithelial cell differentiation 
(Halttunen et al., 1996; Powell et al., 1999). 
      Activated colonic SEMFs are known to have 
proinflammatory and repairing effects as indicated by 
upregulation of molecular pathways and secretion of 
growth factors, and extracellular matrix components 
(Powell et al., 1999; McKaig et al., 1999; Rogler et al., 
2001; McKaig et al., 2002; Andoh et al., 2005). 
Moreover, SEMFs contribute to adaptive immune 
response acting as antigen presenting cells (Saada et al., 
2006) and to the preservation of colonic mucosa 
tolerance (Pinchuk et al., 2011). 
      The subepithelial band of macrophages (SEBM) 
constitutes the second line of mucosa defense. 
Macrophages, members of the innate immune system, 
exert bactericidal functions as phagocytes and clear 
apoptotic cells, contributing to the maintenance of 
intestinal homeostasis (Ruder and Becker, 2020). These 
indigenous macrophages do not express certain innate 
receptors, but they possess several recognition receptors 
which help them to distinguish commensal from harmful 
bacteria (Zhou et al., 2016; Ruder and Becker, 2020). 
Although highly phagocytic, they express a rather anti-
inflammatory profile, thus avoiding inflammatory 
reactions to bacterial intrusion in the intestine under 
normal conditions (Smythies et al., 2005; Ruder and 
Becker, 2020). 
      Although the role of both SEMFs and SEBM in 
homeostasis is widely recognized, their contribution to 
disease states is still largely unknown. Data regarding 
SEMF functional properties derive mainly from in vitro 
experiments on isolated cells. Their investigation in 
colonic injury has been the subject of a limited number 
of studies referring in particular to inflammatory bowel 
disease (IBD) (Lawrance et al., 2001; Andoh et al., 
2002, 2005; McKaig et al., 2002) and collagenous colitis 
(CC) (Hwang et al., 1986; Balázs et al., 1988; Aigner et 
al., 1997; Powell et al., 1999) while studies addressing 
histopathological alterations in other colonic lesions are 
missing. Similarly, the study of the pathophysiological 
role of SEBM has been focused almost exclusively on 

IBD (Rubio et al., 2018). 
      The present study aims to explore the histological 
characteristics of the SEMFs and SEBM in collagenous 
and ischemic colitis (IC) in order to identify specific 
changes reflecting their behavior in distinct mucosa 
backgrounds lacking significant inflammation. 
  
Materials and methods 
 
      The examined material consists of 38 colon biopsies 
from 38 adult patients. In 14 cases the histological 
diagnosis was CC (6 males, 8 females; median age 73 
years with chronic watery diarrhea) and in the other 14 
IC (8 males, 6 females; median age 77 years). An 
additional 10 cases with normal colonic mucosa served 
as controls (5 males, 5 females; median age 62 years). 
All cases were anonymized and permission for scientific 
use of patient data was obtained by the Research Ethics 
and Deontology Committee, NKUoA.  
      Biopsies were obtained both from right and left 
colon of each patient, fixed in buffered formalin, 
embedded in paraffin, cut in 4 μm sections and 
examined initially on histochemical stains, Hematoxylin-
Eosin and Masson Trichrome for collagen depiction. The 
diagnosis of CC was based on segmental subepithelial 
collagen band thickness >10μm (Freeman 2005), 
assessed on camera captured images. Sections with 
diagnostic features of CC and IC were further processed 
for immunohistochemical analysis. 
      SEMFs were identified by immunohistochemical 
expression of α-SMA (clone 1A4, DAKO) and 
macrophages by Cluster of Differentiation 68 (CD68) 
immunostaining (clone PG-M1, DAKO). α-SMA 
positive SEMFs were assessed around the crypt wall 
(pericryptal) and beneath the surface epithelium. SEMFs 
processes with or without interconnections were also 
registered. 
      PG-M1 positive SEBM was recorded as continuous 
or fragmented. Fragmentation was further estimated as 
focal, patchy or extensive. Concerning its width, SEBM 
was assessed as normal, thickened, attenuated or 
abolished. Dispersed macrophages in the rest LP were 
counted and the number >40 macrophahes per high 
power field (HPF) was considered increased. 
 
Results 
 
Histology 
 
      In the CC group the width of the collagenous layer 
ranged between 13 and 60 μm. Entrapped capillaries and 
inflammatory cells were seen, while a small number of 
intraepithelial lymphocytes were occasionally present. 
      In IC group, 7 cases showed mild and 7 moderate 
changes, occasionally with foci of severe damage. Cases 
showing total mucosa necrosis were not included in the 
study. In 8 IC cases, collagen deposition was seen in the 
LP, namely 4 in the upper third, 3 in the upper half and 1 
in the whole mucosa. 
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Immunohistochemical evaluation of normal mucosa 
 
      SEMFs surrounded 4/5 of the crypt length up to a 
distance of 10 μm from the mucosa surface. Directly 
beneath the surface epithelium solitary α-SMA-positive 
cells were rarely encountered and only in 2 cases were 
focally in close contact. The pericryptal rim of SEMFs 
was complete in 6 and incomplete in 4 cases. Cell 
processes were usually not discernible except very few 
in the lower mucosa. 
      The SEBM was invariably continuous between 20 
and 40 μm in width while in 2 cases it was focally οr 
segmentally attenuated. Low numbers of macrophages 
(<40/HPF) were seen in all other regions of the LP. 
      Immunohistochemical findings in normal mucosa 
are depicted in Figure 1. 
 
Immunohistochemical evaluation of CC 
 
      Pericryptal α-SMA-positive SEMFs almost totally 

disappeared in the region of the collagenous band while 
the few residual cells were usually enlarged. In lower 
crypt segments surrounded by non-collagenized stroma, 
SEMFs were often enlarged and characterized by the 
formation of cell processes interconnecting neighboring 
crypts and capillaries. The absence of pericryptal SEMFs 
was considered reliable, only when the collagenous band 
exceeded in depth the upper 1/5 of the crypt taking into 
consideration that in normal mucosa this part of the 
crypt may be devoid of α-SMA-positive pericryptal 
cells. Transition crypt zones exhibited partial loss and 
enlargement of SΕMFs, while prominent cell processes 
with interconnections of crypts and vessels and 
occasional network formation were also seen. In crypt 
parts with diminished or missing SΕMFs, α-SMA-
negative fusiform pericryptal cells, most probably 
fibroblasts, were visible. SEMFs changes in CC are 
depicted in Figure 2A.  
     SEBM was preserved in all cases in areas with a 
col lagenous layer  up to  20μm width,  showing 
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Fig. 1. Normal mucosa. A. pericryptal rim of a-SMA positive SEMFs. a-SMA. B. SEBM. PGM1. A, x 100; B, x 40.

Fig. 2. Collagenous colitis. Α. Collagen band: Total loss of a-SMA positive SEMFs. Few a-SMA negative fibroblast-like cells (arrows). a-SMA. Β. 
Collagen band >20μm: SEBM disintegration with incorporation of a small group of macrophages in the collagen deposits (arrow). Enlarged 
macrophages in LP. PGM1. A, x 200; B x 100.



segmental thickening or attenuation. It was localized 
underneath the collagenous band most often retaining 
its continuity. In areas with thicker collagenous layer 
(>20μm), the band of macrophages was fragmented 
showing gradual incorporation and disintegration 
within the collagen deposits in the form of enlarged 
macrophages arranged in small groups or randomly 
distributed (Fig. 2B). In the rest LP macrophages 
were numerical ly  increased (>40/HPF) in  the 
majority of the cases (11/14) and often enlarged 
(9/14). 
 
Immunohistochemical evaluation of IC 
 
      In all cases, prominent configuration of pericryptal 
SEMFs was an initial change in crypts without epithelial 
changes. Shrinkage and rounding in a bead-like manner 
constituted successive alterations in parallel with mucin 

depletion and narrowing of the crypt epithelium and 
stroma fibrosis (Fig. 3A). Partial or total disintegration 
was seen together with further narrowing and flattening 
of the epithelium while extinction was encountered in 
partially or totally denuded crypts. Cell processes with 
interconnections were rarely seen. Inflammatory 
infiltrates were mild with participation of neutrophils. 
      SEBM was totally or almost totally abolished in 
areas with conspicuous crypt damage with or without 
collagen deposition (Fig. 3B). In mucosa with mild 
ischemic injury, there was total or subtotal loss while in 
sites showing minimal changes as well as in neighboring 
normal-looking mucosa SEBM was thinned, rarefied or 
absent. The number of macrophages in LP was <40/HPF 
while in the most severe cases they almost disappeared. 
      Due to similar findings among the cases of each 
diagnostic category, the results are pooled together in 
Table 1. 
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Fig. 3. Ischemic colitis. Moderate mucosal damage. A. SEMFs shrinkage and bead-like rounding, partial or total disintegration and loss. a-SMA. B. 
Abolishment of SEBM. Few macrophages in LP. PGM1. x 100.

Table 1. Immunohistochemical findings in Collagenous and Ischemic colitis regarding SEMFs and SEMB.

SEMFs SEBM

Collagenous 
Colitis

Collagen band ≤20 μm
Almost total disappearance 
Enlargement of few residual

Preserved underneath collagen band 
Segmental thickening or attenuation

Collagen band >20μm
Fragmented 

Gradual incorporation in the collagen band

Transition zone
Partial loss 

Often enlargement 
Cell processes formation

Not applicable

Lower crypt segments
Often enlargement 

Cell processes formation
Not applicable

Ischemic Colitis

Minimal Prominent configuration Thinned, rarefied or absent

Mild Shrinkage and bead-like rounding Total or subtotal loss

Moderate-Severe Partial or total disintegration Total loss

SEMFs subepithelial myofibroblasts; SEBM subepithelial band of macrophages.



Discussion 
 
      Our study focused on the investigation of integrity 
and behavior of the subepithelial barrier components, 
SEMFs and SEBM, in the colonic mucosa of patients 
with CC and IC, in search of early and advanced 
histological alterations.  
      In normal colonic mucosa SEMFs formed a 
pericryptal rim which generally did not reach the crypt 
orifice. This finding is consistent with the proposed 
model of SEMF differentiation towards a fibroblast 
phenotype as they migrate to the upper region of the 
crypt (Kaye et al., 1968; Mifflin et al., 2011). Moreover, 
the recorded attenuated and fenestrated fibroblastic 
sheath beneath the surface epithelium justifies the lack 
of a subsurface myofibroblast layer noted in our cases 
while the detected solitary α-SMA-positive cells under 
the surface epithelium probably represent pericytes 
(Mifflin et al., 2011). The SEBM was well preserved, 
occasionally showing focal or segmental attenuation as 
has already been described (Rubio et al., 2018). 
      In CC pericryptal SEMFs invariably disappeared in 
the site of the collagenous band whereas in the crypt 
segments in the lower collagen free mucosa, they were 
partially missing and often enlarged. In contrast to 
normal mucosa, multiple α-SMA-positive cell processes 
were discernible forming interconnections between 
crypts and intercryptal vessels. To the best of our 
knowledge, the absence of SEMFs in relation to the 
collagenous band and the prominence of interconnecting 
cell processes have not been mentioned before. Most 
studies in CC have dealt with the synthetic and 
degradation activities of SEMFs as well as with the 
composition of the collagen band (Widgren et al., 1988; 
Aigner et al., 1997; Günther et al., 1999; Powell et al., 
1999; Pardi and Kelly, 2011; Münch et al., 2012). Only 
in one report, a decreased number and increased size of 
“pericryptal fibroblasts” was noted on light microscopy 
(Hwang et al., 1986). The disappearance of pericryptal 
myofibroblasts has also been described in Crohn’s 
disease raising the possibility of a trans-differentiation 
phenomenon towards a fibroblastic phenotype in 
response to proinflammatory cytokines (Francoeur et al., 
2009). Our findings provide further evidence of SEMF 
differentiation and migration derangement indicated by 
loss of α-SMA expression when they abut the 
collagenous layer, and by the concomitant appearance of 
pericryptal fibroblast-like cells. The frequent 
enlargement of preserved SEMFs and the formation of 
interconnecting processes may represent reactive 
changes. 
      In regard to SEBM, histological evaluation revealed 
its preservation in mucosa areas with a collagenous layer 
up to 20 μm in width showing variation in thickness as 
in normal conditions. In regions with thicker collagenous 
layer, SEBM was fragmented whereas engulfment and 
gradual disintegration could be observed within the 
collagen deposits in parallel with macrophage 
enlargement. LP histiocytes were in almost all cases 

numerically increased and often enlarged. Literature data 
regarding the relationship of SEBM with the thickness of 
the collagenous band are missing. In the survey of 
Nishida et al no significant quantitative differences were 
found regarding CD68 positive macrophages in the 
upper part of the LP between IBD patients, CC patients 
and controls, having disregarded the existence of SEBM 
(Nishida et al., 2002). In IBD, the number of 
macrophages was found to be both increased and 
reduced while fragmentation or total abolishment of 
SEBM was observed in patients with ulcerative colitis 
and Crohn’s disease in remission (Rubio et al., 2018). 
      In IC, slight SEMFs changes preceded discernible 
epithelial alterations implying higher sensitivity to 
hypoxia. Shrinkage and rounding constituted successive 
alterations while disintegration and extinction were seen 
in parallel with crypt shrinkage and denudation. In 
addition, a striking sensitivity of SEBM to ischemia was 
demonstrated as we observed total or almost total 
extinction not only in areas with established crypt 
damage but also in sites with minimal changes and in 
adjacent normal looking mucosa. 
      A negative impact on mucosa defense is excepted 
considering the early disappearance of SEBM. Intestinal 
macrophages under normal conditions are constantly 
replenished from peripheral-blood monocytes recruited 
from the bone marrow (Wang et al., 2019). It is 
reasonable to suggest that in ischemic states migration of 
blood monocytes to gut mucosa is impeded due to 
reduced blood flow. Moreover, the reduction or cessation 
of chemokine production, such as MCP-1 (Monocyte 
chemoattractant protein-1), one of the key chemokines 
that regulate migration and infiltration of monocytes/ 
macrophages by damaged SEMFs should be considered 
a synergistic factor (Roulis and Flavell, 2016). 
      However, further evidence should be gained by 
future studies focusing on SEMFs and SEBM structural 
and functional alterations, their relation to the 
microenvironment and their impact on epithelial barrier 
function. The investigation of adhesion molecules, 
chemokines and growth factors could potentially provide 
more specific information. Finally, the identified 
histological differences between CC and IC may bear 
significance for the differential diagnosis, especially in 
cases of CC with markedly thickened collagenous band 
and surface epithelium detachment.  
      In conclusion, our findings suggest impairment of 
both mucosa barrier constituents in CC and IC. In CC 
histological alterations are closely related to the 
collagenous layer, which seems to affect SEMFs 
differentiation and migration as well as SEBM integrity. 
The early extinction of SEBM in IC is indicative of its 
high sensitivity to hypoxia and hypoperfusion. 
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