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Stromal cells in the human gut show ultrastructural features
of fibroblasts and smooth muscle cells but not myofibroblasts
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Abstract

The free spindled cells of the lamina propria of the gut have been reported as showing fibroblastic, smooth-muscle and myofibroblas-
tic differentiation. A precise understanding of the differentiation of these cells is essential for appreciating their functions, and this paper
addresses this question using ultrastructural analysis. Histologically normal samples from different areas of the gastrointestinal tract
were studied. Both subepithelial stromal cells, lying immediately beneath the basal lamina, and the deeper interstitial stromal cells, were
studied. Subepithelial and interstitial cells had comparable features, reinforcing the idea that these formed a single reticulum of cells.
Two major cell types were identified. Some were smooth-muscle cells, on the basis of abundant myofilaments with focal densities,
glycogen, an irregular cell surface, focal lamina and multiple attachment plaques alternating with plasmalemmal caveolae. Some cells
had a lesser expression of these markers, especially of myofilaments, and were regarded as poorly differentiated smooth-muscle cells
and descriptively referred to as ‘myoid’. Other cells were fibroblastic to judge by prominent rough endoplasmic reticulum, an absence
of myofilaments and lamina, but presence of focal adhesions. The fibronexus junctions of true myofibroblasts were not seen. The study
emphasises that the smooth-muscle actin immunoreactivity in this anatomical site resides in smooth-muscle cells and not in myofibrob-
lasts, a view consistent with earlier ultrastructural and immunostaining results. The recognition that these cells are showing smooth-
muscle or fibroblastic but not true myofibroblastic differentiation should inform our understanding of the function of these cells.
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Introduction

The stromal or lamina propria cells of the gut lying immediately
beneath the epithelial basal lamina (basement membrane) have
been referred to as pericryptal, intestinal, subepithelial or lamina
propria fibroblasts [1-3]. These subepithelial stromal cells are
regarded as forming a reticulum with phenotypically similar cells,
sometimes descriptively referred to as ‘interstitial’ [4], which lack
close epithelial association [5-8]. This collective stromal cell com-
partment is of interest for two main reasons. The subepithelial
cells may have a collaborative role with epithelium in normal phys-
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iological functioning [9, 10], while both subepithelial and intersti-
tial cells may act as precursors of myofibroblasts, cells with a
major role in gastrointestinal (Gl) carcinogenesis [4, 11]. Early
ultrastructural studies in various species, including man, indicated
a fine structure sometimes with enough rough endoplasmic retic-
ulum (rER) to justify the name, pericryptal or intestinal fibroblast
[1, 2]. Later, Richman et al. [12] described a smooth-muscle ultra-
structure for these cells, and smooth-muscle actin (SMA) and
H-caldesmon were shown to be positive immunohistochemically
[9, 13], confirming a smooth-muscle phenotype.

Recently, a wide range of stromal cells, containing some SMA
as detected immunohistochemically or modest bundles of
smooth-muscle-type myofilaments seen by electron microscopy,
have been described as myofibroblastic [14]. These have included
pericryptal fibroblasts, and this broad definition has led to the
widespread use of the term, intestinal myofibroblast [15]. It is
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Table 1 Clinical data

Case number  Site Age and sex

1 Oesophagus 27 years, male, AIDS, D*
2 Stomach, antrum 28 years, female

3 Stomach, antrum 37 years, female

4 Stomach, antrum 60 years, male HP

5 Duodenum 27 years, male, AIDS, D*
6 Duodenum 36 years, male, AIDS, D
7 Duodenum 27 years, male, AIDS, D*
8 lleum 61 years, male

9 lleum 45 years, male

10 Jejunum 32 years, female

11 Small intestine Not available

12 Small intestine Not available

13 Colon 61 years, male

14 Colon 48 years, male

15 Colon 24 years, male AIDS, RB
16 Colon 56 years, female

17 Rectum 61 years, male

18 Rectum 60 years, female

19 Rectum 63 years, male

20 Rectum 70 years, male

21 Rectum 29 years, male, AIDS, D

*Same patient, with sampling at different times. D: diarrhoea; AIDS:
acquired immunodeficiency syndrome; HP: Helicobacter pylori; RB:
rectal bleeding.

reasonable to argue that understanding the role of these Gl stro-
mal cells in normal physiological functioning and carcinogenesis
would be advanced by a precise understanding of their differenti-
ation. However, as already noted, investigations have suggested
fibroblastic, smooth-muscle and myofibroblastic phenotypes for
these cells. The objective of this paper is to use electron
microscopy to bring some clarification to understanding the
differentiation of these cells, and to promote a more appropriate
terminology than is used at present.

Materials and methods

Specimens and sampling

Histologically normal tissue samples from different areas of the Gl tract
were obtained from two main sources. Some were obtained as endoscopic
biopsies for the investigation of enteric parasites in the clinical context of
diarrhoea, mainly in male AIDS patients. They were fixed in phosphate-
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buffered glutaraldehyde and because no wax-embedded material was
available because of the small size of the biopsies, the normality of histo-
logical structure was judged on the basis of appearances in toluidine-blue-
stained epoxy resin semithin sections. These specimens showed no villous
atrophy. Other specimens were from patients undergoing resection for
adenocarcinoma and were sampled at some distance from the tumour.
They were fixed in histological formalin, and judged to be grossly normal
by their appearances in haematoxylin-and-eosin sections. Specimens from
various Gl sites from oesophagus to rectum were included in the study
(Table 1). The samples available as small endoscopic biopsies were too
small to have a part for wax embedding that would have permitted corre-
lated immunostaining. Therefore, given that the immunophenotype of lam-
ina propria cells was already well established from the literature, the pres-
ent study was restricted to an ultrastructural analysis. All specimens were
obtained under protocols conforming to local institutional ethical criteria
for using human tissues in research.

Electron microscopy technique

After aldehyde fixation, tissues were treated with osmium tetroxide, dehy-
drated in graded alcohols, then propylene oxide, and embedded in epoxy
resin according to conventional procedures. Semithin sections were
stained in toluidine blue for confirmation of normal histological structure
and quality of preservation. Since smooth-muscle differentiation enters
into the phenotypic differential of GI stromal cells, we studied cells specif-
ically away from the Gl musculature. Ultrathin sections from appropriate
blocks were cut on a diamond knife and stained with uranyl acetate and
lead citrate. They were examined and photographed in a Philips CM10 elec-
tron microscope (Philips; FEI, Eindhoven, The Netherlands) fitted with a
Deben AMT LR44 2K x 2K digital camera (Deben, Bury St. Edmunds, UK).

Results

Subepithelial and interstitial stromal cells

The term subepithelial stromal cell is used here for the cells
located close to the basal lamina separating epithelium from the
underlying stroma (lamina propria). There is no precise definition
for these cells, but the following two criteria were used in this
paper, which were felt to be consistent with the definition of
the subepithelial fibroblast, as used by Marsh and Trier [2] for the
adult mouse jejunum, and the pericryptal fibroblast used by Kaye
et al. [1] for rabbit and human colon. First, the term subepithelial
was used for cell processes or cell bodies lying near to and in the
same plane as the basal lamina, such that it was reasonable to
assume that they might have a functional relationship with epithe-
lium (Figs 1-6). The second criterion, which is less precise than
the first, involves distance from the basal lamina. Kaye ef al. [1]
described a layer of three nucleated pericryptal fibroblasts, all of
which were aligned parallel with the epithelial basal lamina, and a
maximum of 6 wm away from it (Fig. 2 in Kaye et al. [1]). Marsh
and Trier [2] also described a layer of 1-3 subepithelial fibrob-
lasts, and their electron micrographic Figure 1 shows a subepithe-
lial fibroblast, which at one point is 6.5 wm away from the basal
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to basal region of epithelium containing goblet cells. Note that there is a
slender cell process (arrow) nearer the epithelium, which also belongs to a
subepithelial stromal cell. Normal colon, case 15. Bar, 2 um.

lamina. In our paper, therefore, we have attempted to retain the
essence of the Kaye, Marsh and Trier definitions with regard to ori-
entation, but have arbitrarily set the distance of 6 wm (as measured
in electron micrographs) as the limit for designating a cell as subep-
ithelial. Elements outside this distance are here designated as
interstitial stromal cells, in keeping with Adegboyega ef al. [4], for
example, who, in studying the colon, used the term, nonpericryptal
interstitial fibroblast, the implication being that these cells are lying

© 2011 The Authors
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Fig. 2. Subepithelial stromal cell process containing prominent rER
(arrows) and showing a short stretch of external lamina (arrowheads).
Normal small intestine, case 11. Bar, 1 um.

in the body of the interstitium, rather than being closely applied to
the basal epithelial surface. At the same time, we do not wish to
make too sharp a distinction between subepithelial and interstitial
cells since, as mentioned above, some authors regard them as par-
ticipating in a single three-dimensional network [5-8].
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Fig. 3. A subepithelial stromal cell showing the concertina-nucleus typical
of a smooth-muscle cell. The cytoplasm contains rER (*) and some periph-
eral myofilaments with focal densities (arrows). Normal duodenum, case
5. Bar, 1 pm.

Using the above criteria, subepithelial and interstitial stromal
cells were seen in all parts of the digestive system studied —
oesophagus, stomach, duodenum, jejunum, ileum, colon and rec-
tum — with the following ultrastructural features. Figures 1-6
show subepithelial stromal cells, while Figures 6A and 7 show
interstitial stromal cells. Often, slender cell processes were found
in both subepithelial and interstitial locations, which had too small
a cytoplasmic volume or cell surface area to show clearly their cel-
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Fig. 4. Subepithelial stromal cell profile showing a stretch of external lamina,
faithfully following the cell surface contour (arrowheads) and containing
modestly developed myofilaments with focal densities (arrow). E: epithe-
lium. Normal duodenum, case 5. Bar 500 nm.

lular differentiation (Figs 1 and 6A). However, slightly coarser
processes showed varying combinations of rER (Fig. 2), limited
stretches of ‘external’ lamina (i.e. incomplete lamina, or “foci’ of
lamina) (Figs 2 and 4) or bundles of myofilaments under the
plasmalemma (Fig. 3). Nuclei varied from showing smooth
contours (Figs 1, 6A and 7) to exhibiting the many irregularities
(concertina-nuclei) (Fig. 3) typical of smooth muscle cells (Table 2).
Other subepithelial cells showed more definite evidence of
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Fig. 5. (A) (top): A subepithelial stromal cell process 300 nm away from the
epithelial basal lamina (arrow) at its closest point, and showing unambiguous
smooth-muscle features — prominent smooth-muscle myofilaments with
focal densities, glycogen, attachment plaques, an irregular cell surface and
foci of lamina (arrowhead). (B) (bottom): Details of lamina (arrowheads) and
glycogen. Normal rectum, case 21. Bar, 1 wm (A) and 500 nm (B).

© 2011 The Authors
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Fig. 6. (A) (top): Cell processes and a nucleated cell profile. Closest to the
epithelium (~80 nm) are slender subepithelial stromal cell processes of
indeterminate nature (arrows). Next, in terms of distance from the epithe-
lium, is a slender cell process (*) showing smooth-muscle features (many
myofilaments and multiple attachment plaques). This is ~1.3 wm from the
basal lamina at its nearest and so by definition is subepithelial. Then, there
is a cell process ~5 wm away from the basal lamina, and is also therefore,
by definition, subepithelial: it is of fibroblastic appearance — no lamina or
filaments, but focal adhesions (circles). Finally, at the bottom of the figure
is an interstitial stromal cell, ~10 pwm distant from the basal lamina, with
unambiguous smooth-muscle features (prominent myofilaments and
attachment plaques, arrowheads). (B) (bottom): Details of Figure 6A showing
lamina (arrowhead), myofilaments and plasmalemmal caveolae (arrow) of
the smooth-muscle type subepithelial stromal cell and the focal adhesions
(circles) of the fibroblastic subepithelial stromal cell process. Normal
colon, case 15. Bar, 1 um.
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Table 2 Comparative ultrastructural features of fibroblasts, smooth-
muscle cells and myofibroblasts*

Smooth-

Fibroblast Myofibroblast
muscle cell
Roygh OTREIZETS Abundant Scarce Abundant
reticulum
sl Epicon Present Absent Present
granules
Smooth-muscle S'e!“"’“
) T Absent Abundant peripheral
myofilaments
bundles
External lamina Absent Present Absent
Focal adhesion® Present Absent Absent
Fibronexus Absent Absent® Conspicuous
Nuclear irregularity Smooth Irregular Mostly smooth
Gallsiieee Smooth S|l 9 Smooth
irregularity irregularities

*Granulation tissue and tumour stromal myofibroblasts.

TWith focal densities.

*Also and originally called subplasmalemmal linear densities [40].
SPresent in aortic smooth-muscle cells but extremely attenuated [41].
'"See, for example, references [33, 42].

smooth-muscle differentiation — more abundant myofilaments
with focal densities, glycogen, a more irregular cell surface, focal
lamina and multiple attachment plaques alternating with plas-
malemmal caveolae (Figs 5 and 6). Other subepithelial stromal
cells had a cytoplasm dominated by rER cisternae, and lacking
cytoplasmic myofilaments and cell-associated lamina, but had
focal adhesions, thereby suggesting a fibroblastic phenotype.

Interstitial stromal cells had the same ultrastructural features
as subepithelial cells, showing either the myofilaments, attach-
ments plaques and lamina of smooth-muscle cells (Fig. 6A) or the
rER and focal adhesions of fibroblasts (Fig. 7). All the subepithe-
lial and interstitial cells lacked an observable association with
vessels, and were therefore not countenanced as pericytes. Further,
all of them were solitary cells, in the sense of not being part of a
smooth-muscle bundle or layer. Finally, no fibronectin fibrils or
fibronexus junctions, regarded as important ultrastructural mark-
ers of myofibroblastic differentiation [16, 17], were identified.

Discussion

Early ideas on the nature of stromal or lamina propria cells lying
close to the GI basal lamina, particularly studied in colon and var-
iously called pericryptal or subepithelial fibroblasts [1, 2], were
based on ultrastructural studies. These revealed a varying appear-
ance, sometimes nondescript but sometimes characterized by
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Fig. 7. An interstitial stromal cell with the appearance of a fibroblast — rER
(arrows) and focal adhesions (circle). Normal colon, case 15. Bar, 1 pm.

prominent rER, the hallmark in free spindled stromal cells of the
fibroblast. Later, the demonstration of SMA and H-caldesmon [9,
13] and further ultrastructural observations [12] suggested a
smooth-muscle phenotype, with H-caldesmon in particular being
regarded as a highly specific smooth-muscle cell marker not
found in granulation tissue or tumour stromal myofibroblasts
[18-20]. These conflicting interpretations appeared to be resolved
by the introduction of the term, subepithelial (intestinal) myofi-
broblast, in a study of the rat [7] and taken up and promoted by
Powell and colleagues [14, 15]. The main point of the present
study and our argument is that cells with the ultrastructural fea-
tures of myofibroblasts are absent from normal Gl stroma.

True myofibroblasts (those of granulation tissue and tumour
stroma) were originally defined by electron microscopy [21-23] in
studies that predated those of investigators who expanded the
term myofibroblast to other somewhat different cells: the term
‘myofibroblast’, therefore, has precedence for granulation tissue
and tumour stroma. Building on these early studies of Gabbiani
and colleagues, there is now a comprehensive histological,

© 2011 The Authors
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immunohistochemical and ultrastructural definition for the myofi-
broblast [24-28], which allows distinction from several other
mesenchymally derived cells with which the myofibroblast has
some overlapping features (Table 2). True myofibroblasts have
been argued as having inter alia SMA and extra-long domain A
(EDA) fibronectin, but not desmin: the latter, despite often being
cited as a myofibroblast marker in the literature, is only expressed
in rare cells in granulation tissue and tumour stromal myofibrob-
lasts [29], such that it cannot justifiably count as a good myofi-
broblast marker [27]. True myofibroblasts also have prominent
rER, peripheral smooth-muscle myofilaments and the cell-to-
matrix adhesional specialization known as the fibronexus [16, 17,
24-28] (Table 2). Morphological electron microscopy observa-
tions and immuno-ultrastructural studies for fibronectin and col-
lagen type IV [17] suggest that lamina is not a component of the
true myofibroblast surface (discussed in [26]).

This comprehensive definition contrasts with a broader defini-
tion using slightly different criteria that is widely used in the litera-
ture, and based very largely on a flattened or spindle-cell morphol-
ogy in combination with SMA immunostaining or the presence of
modest numbers of peripheral actin filaments [14, 25]. This broad
definition applies to a wide range of cells of diverse anatomical site,
function and especially ultrastructure — true granulation tissue
myofibroblasts, pericytes, interstitial contractile cells of the lung,
interstitial cells of Cajal, astrocytes, mesenchymal cells of placental
villi, thecal cells of ovary, Leydig cells and, importantly for the pres-
ent discussion, pericryptal (subepithelial) fibroblasts [14, 25]. It is
undoubtedly convenient to have a term ‘myofibroblast’ for all these
cells, but a definition encompassing such anatomical and functional
diversity cannot, in our opinion, deliver the precision required for
the detailed investigation of the mechanisms of normal physiologi-
cal cell function and tumour formation in which these cells probably
participate [30]. The value of ultrastructure is that it can indeed
make a distinction between many of these cells (Table 2).

In the present context, electron microscopy shows that the Gl
subepithelial and interstitial stromal cells exhibit a somewhat
complex differentiation, including fibroblastic and smooth-muscle
but not myofibroblastic phenotypes. Some appear to be fibroblas-
tic on the basis of presence of rER, absence of lamina and pres-
ence of focal adhesions. However, one cannot exclude the possi-
bility that these are very poorly differentiated smooth-muscle cells
which, although lacking ultrastructural features of smooth-
muscle, may harbour submicroscopic levels of smooth-muscle
proteins: a precedent is in the lamina propria cells of the human
uterine cervix which have a fibroblastic appearance but neverthe-
less stain for the muscle marker, desmin [31]. Nonetheless, on the
basis of current information, it is reasonable to designate these
cells as ‘fibroblasts’. The postulate of fibroblastic cells in this
anatomical locality is consistent with Adegboyega’s description of
SMA-negative fibroblasts in the normal colonic interstitium [4].

However, we also show strong evidence for true smooth-muscle
differentiation, as indicated by prominent smooth-muscle myofil-
aments with focal densities, glycogen, attachment plaques alter-
nating with plasmalemmal caveolae and lamina — all classical
markers of smooth-muscle cell ultrastructure [26, 32, 33]. It is

© 2011 The Authors
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true that some cells (Fig. 3) had fewer myofilaments than expected
in a fully differentiated smooth-muscle cell as found in the muscu-
laris mucosae, for example, but we believe that there are almost
certainly different populations of cells in different anatomical loca-
tions, which are essentially smooth-muscle in nature, but showing
varying levels of smooth-muscle differentiation. Some of the pla-
cental villus stromal cells, for example, stain for desmin and have
a well-formed lamina, suggesting smooth-muscle differentiation:
however, they have few myofilaments indicating a less than com-
plete level of differentiation [34]. Some authors will prefer the
term ‘myoid’ for the GI cells showing an incomplete smooth-
muscle phenotype [35] and we also have found this terminology
acceptable.

Perhaps the most important point that our results emphasise
is that in no cells in the 21 samples from different regions of the
gut from oesophagus to rectum were the fibronectin fibrils or
fibronexus junctions of true myofibroblasts [16, 17, 26-28]
observed. In addition, these myofibroblastic features have never
been seen in the literature. In one of the few recent in vivo studies
[36], the irregular surface and the faint lamina of smooth-muscle
are seen. We therefore emphasise that the SMA immunoreactivity
in the free stromal cells of the Gl tract resides in smooth-muscle
cells and not true myofibroblasts. This is consistent with earlier
more limited ultrastructural observations [12] and the published
immunostaining results of non-myofibroblastic H-caldesmon and
desmin [13, 37], which suggest true smooth-muscle rather than
myofibroblastic differentiation. We therefore advocate abandoning
such terms as ‘intestinal myofibroblast’, in favour of general terms
such as Gl stromal or lamina propria cell, or more specific terms
such as fibroblast, smooth-muscle or myoid cell. These more pre-
cise terms will surely help our understanding of cell function.

In the context of understanding cell function in the gut, it is,
finally, of considerable interest to speculate on the nature of the
fibroblastic cells described here in relation to the concept of telo-
cytes [38], formerly referred to as Interstitial Cajal-Like Cells [39].
These cells have been distinguished from fibroblasts on the basis
of a number of features [39], but notably their exceptionally long
slender processes (‘telopodes’) [38], an example of which is
arguably present in our Figure 6B. However, telocytes share some
features of fibroblasts — e.g. rER [38, 39] — and the relationship of
fibroblastic stromal cells to telocytes in the gut is clearly a subject
for further research.
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