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CD34+ stromal cells/telocytes (CD34+SCs/TCs) can have a role as mesenchymal
precursor cells. Our objective is to assess whether the myofibroblastic stromal cell
response in repair and in desmoplastic reactions in tumors depend on the presence
or absence of resident CD34+SCs/TCs in specific regions/layers of an organ and on
the location of their possible subpopulations. For this purpose, using conventional and
immunohistochemical procedures, we studied specimens of (a) acute cholecystitis, with
early repair phenomena (n: 6), (b) surgically resected segments of colon tattooed with
India ink during previous endoscopic removal of malignant polyps, with macrophage
infiltration and stromal cell reaction (n: 8) and (c) infiltrative adenocarcinomas of colon,
with desmoplastic reaction (n: 8). The results demonstrated (a) stromal myofibroblastic
reaction during repair and tumor desmoplasia in most regions in which resident
CD34+SCs/TCs are present, (b) absence of stromal myofibroblastic reaction during
repair in the mucosa of both organs in which resident CD34+SCs/TCs are absent
and (c) permanence of CD34+SCs/TCs as such, without myofibroblastic response, in
smooth muscle fascicles, nerves, and Meissner and Auerbach plexuses, in which the
CD34+SCs/TCs mainly undergo reactive phenomena. Therefore, the development of
activated αSMA+ myofibroblasts in these conditions requires the presence of resident
CD34+SCs/TCs and depends on their location. In conclusion, the facts support the
hypotheses that CD34+SCs/TCs participate in the origin of myofibroblasts during repair
and tumor stroma formation, and that there is a heterogeneous population of resident
CD34+SCs/TCs with different roles.

Keywords: gallbladder, colon, repair, tumor stroma, CD34+ stromal cells/telocytes

INTRODUCTION

CD34+ stromal cells are present in the connective tissue of multiple anatomical sites. A new
cellular type named telocyte was identified by electron microscopy and described in 2010
(Popescu and Faussone-Pellegrini, 2010; Faussone Pellegrini and Popescu, 2011; Popescu, 2011).
This cell type largely corresponds to the CD34+ stromal cells observed in light microscopy
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(Rusu et al., 2016; Manetti et al., 2019). Several roles have
been hypothesized for CD34+ stromal cells/telocytes
(CD34+SCs/TCs) in (a) the maintenance and modulation
of tissue homeostasis, including organization and control
of the extracellular matrix, structural support, creation of
microenvironments, integration of tissue components, control
and regulation of other cells, and immunomodulation (Faussone
Pellegrini and Popescu, 2011; Popescu, 2011; Popescu and
Nicolescu, 2013; Díaz-Flores et al., 2014, 2016a; Cretoiu
et al., 2016, 2020; Vannucchi et al., 2016) regeneration and
repair (Faussone Pellegrini and Popescu, 2011; Popescu, 2011;
Popescu et al., 2011; Ceafalan et al., 2012; Bani and Nistri,
2014; Díaz-Flores et al., 2015a,b, 2016b; Vannucchi et al.,
2016). In regeneration, CD34+SCs/TCs act on neighboring
parenchymal stem cells, regulating their proliferation and
maturation (Faussone-Pellegrini and Bani, 2010; Popescu, 2011;
Ceafalan et al., 2012; Gherghiceanu and Popescu, 2012; Rusu
et al., 2016; Vannucchi and Faussone-Pellegrini, 2016; Cretoiu
et al., 2017; Manetti et al., 2019). In repair through granulation
tissue, CD34+SCs/TCs play an important role as precursor cells.
Thus, they can change their location, relationship, proliferative
activity, morphology, and immunohistochemical profile. For
example, they can lose CD34 expression and gain alpha-smooth
muscle actin (αSMA) expression, acquiring myofibroblastic
characteristics (Nakayama et al., 2000, 2001, 2003; Barth et al.,
2002a,b, 2004, 2005; Chauhan et al., 2003; Ramaswamy et al.,
2003; Kuroda et al., 2005a,c; Ebrahimsade et al., 2007; Nimphius
et al., 2007; Wessel et al., 2008; Díaz-Flores et al., 2015a,b, 2016b).
The vascular/perivascular niche (da Silva Meirelles et al., 2006,
2015, 2016; Díaz-Flores et al., 2015a,b; Corrêa Bellagamba et al.,
2018) is one of the principal sources of mesenchymal precursor
cells that participate in tissue repair. Among these precursor cells
are CD34+SCs/TCs, which are located around the abluminal
surface of the pericytes and of the vascular smooth muscle cells.
Thus, the CD34-stained vessels show a double-ring appearance
(CD34+ endothelium and CD34+SCs/TCs), owing to two
concentric circles “sandwiching” the unstained media layer
(smooth muscle or pericytic layer) (Pusztaszeri et al., 2006; Lin
et al., 2008, 2010; Díaz-Flores et al., 2015a,b).

Therefore, CD34+SCs/TCs can have multiple functions,
which may depend on the location of their subpopulations
(region-specific roles) (Pieri et al., 2008; Vannucchi et al., 2013;
Díaz-Flores et al., 2016a; Cretoiu et al., 2017). In addition, they
can be absent in some vessels and some regions or layers of
an organ. Consequently, studying the stromal cell population
(CD34+SCs/TCs and myofibroblasts) during repair, including
tumor stroma formation as a special type of repair, in different
areas of an organ, can reveal whether the response depends on (a)
the regional presence or absence of CD34+SCs/TCs (general role
of CD34+SCs/TCs in repair) and (b) the area in which these cells
are located (different role of CD34+SCs/TCs subpopulations
depending on location).

Given the above, the objective of this work is to assess whether
the response of the stromal cell population in repair through
granulation tissue, including tumor stromal formation, depends
on the presence or absence of CD34+SCs/TCs and on their
location within the organ. For this purpose, we study (1) the

normal distribution of CD34+SCs/TCs in the different layers
of the gallbladder and colon, and (2) the stromal cell response
during repair in these organs, including the following processes
(a) acute cholecystitis with initial and specific repair phenomena,
(b) surgically resected segments of the colon after endoscopic
resection of malignant polyps and India ink tattoos, leading
to macrophage infiltration and stromal cell reaction, and (c)
infiltrating colon adenocarcinomas with an important stromal
reaction (desmoplastic reaction).

MATERIALS AND METHODS

Human Tissue Samples
The archives of Histology and Anatomical Pathology of the
Departments of Basic Medical Sciences of La Laguna University,
University Hospital, and Eurofins R© Megalab–Hospiten Hospitals
of the Canary Islands were searched for cases presenting
the process outlined above, of which demonstrative samples
were selected, including acute cholecystitis with initial and
specific repair phenomena (n: 6), surgically resected segments
of colon, following previous resection of malignant polyps
(Parra-Blanco et al., 2006), tattooed with India ink (n: 8)
and infiltrative adenocarcinomas of colon (n: 8), with later
repair phenomena. In addition to confirming the results
in different conditions and organs, an important objective
is therefore to confirm the facts over time. Non-affected
gallbladders and regions of the colon without pathologic
findings (colectomies with a margin longer than 10 cm
from the lesion) were also selected. Ethical approval for
this study was obtained from the Ethics Committee of La
Laguna University (Comité de Ética de la Investigación y de
Bienestar Animal, CEIBA 2020-0382), including the dissociation
of the samples from any information that could identify the
patient. The authors therefore had no access to identifiable
patient information.

Light Microscopy
Specimens for conventional light microscopy were fixed in
a buffered neutral 4% formaldehyde solution, embedded in
paraffin and cut into 3 µm-thick sections. Sections were
stained with Hematoxylin–Eosin (HE), PAS–Alcian Blue and
Masson trichrome.

Immunohistochemistry
Histologic sections, 3 µm-thick, were attached to silanized
slides. After pre-treatment for enhancement of labeling, the
sections were blocked with 3% hydrogen peroxide and then
incubated with primary antibodies (10–40 min). The primary
antibodies (Dako, Glostrup, Denmark) used in this study
were CD34 monoclonal mouse anti-human, clone QBEnd-10,
(dilution 1:50), catalog No. IR632, αSMA monoclonal mouse
anti-human, clone 1A4 (dilution 1:50), catalog No. IR611
and podoplanin monoclonal mouse anti-human, clone D2-40
(dilution 1:50), catalog No. M3619. The immunoreaction
was developed in a solution of diaminobenzidine and the
sections were then briefly counterstained with hematoxylin,
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dehydrated in ethanol series, cleared in xylene and mounted
in Eukitt R©. Positive and negative controls were used.
For the double immunostaining, we used anti-CD34 or
anti-podoplanin antibodies (diaminobenzidine, DAB, as
chromogen) and anti-αSMA (aminoethylcarbazole, AEC,
substrate–chromogen).

Immunofluorescence in Confocal
Microscopy
For immunofluorescence, tissue sections were obtained
as described above. For antigen retrieval, sections were
deparaffinized and boiled for 20 min in sodium citrate
buffer 10 mM (pH 6), rinsed in Tris-buffered saline (TBS,
pH 7.6, 0.05 M), and incubated with the following primary
antibodies diluted in TBS overnight in a humid chamber at
room temperature: mouse monoclonal anti-CD34, code no.
IR63261, Dako (ready to use), and goat polyclonal anti-actin
(1/50 dilution, C-11, sc-1615, Santa Cruz Biotechnology).
For the double immunofluorescence staining, sections were
incubated with the mixture of monoclonal and polyclonal
primary antibodies (mouse monoclonal anti-CD34 and goat
polyclonal anti-actin). The next day, the slides were rinsed in
TBS and incubated for 1 h at room temperature in the dark
with the secondary biotinylated goat anti-rabbit IgG (H+L)
(1:500, Code: 65-6140, Invitrogen, San Diego, CA, United States)
and Alexa Fluor 488 goat anti-mouse IgG (H+L) antibody
(1:500, Code: A11001, Invitrogen), followed by incubation with
Streptavidin Cy3 conjugate (1:500, Code: SA1010, Invitrogen)
for 1 h at room temperature in the dark. Nuclei were detected
by DAPI staining (Chemicon International, Temecula, CA,
United States). After washing in TBS, sections were exposed
to a saturated solution of Sudan black B (Merck, Barcelona,
Spain) for 20 min to block autofluorescence. They were rinsed
in TBS and cover-slipped with DABCO (1%) and glycerol-PBS
(1:1). Negative controls were performed in the absence of
primary antibodies. Fluorescence immunosignals were obtained
using a Fluoview 1000 laser scanning confocal imaging system
(Olympus Optical).

RESULTS

CD34+SCs/TCs in the Normal
Gallbladder
Depending on the gallbladder layer (Figure 1A), the distribution
of CD34+SCs/TCs was as follows: (1) absence in the lamina
propria of the mucosa (Figure 1B) (although some of these cells
were observed underlying the glands in the gallbladder neck),
(2) presence in variable numbers in the other layers (Table 1),
including the fibrovascular connective tissue that separates the
muscle bundles of the muscularis propria (Figures 1C,D and
insert), the perimuscular subserosal layer of connective tissue
(Figure 1D and insert) and the serosa, in which CD34+SCs/TCs
are generally arranged in strands parallel to the serosa surface
(Figure 1E). When present, CD34+SCs/TCs were located in
the perivascular niche (around pericytes) (Figures 1F,G), in

the adventitia of greater vessels (around vascular smooth
muscle cells) (Figure 1H), in the connective interstitium,
and around and within nerves (Figure 1I). They were also
seen in contact with the endothelium or smooth muscle
cells in lymphatic vessels, including capillaries, pre-collectors
(Figure 1J) and collectors, which were relatively frequent in the
gallbladder serosa.

Stromal Cells During Repair in Acute
Cholecystitis
In general, the gallbladders with acute cholecystitis showed
findings of early repair, including vasodilation, edema,
angiogenic phenomena, margination, extravasation and
infiltration of the leukocytes, and an increase in the number,
size and characteristics of stromal cells (hereinafter activated
stromal cells) (Figure 2A). These activated stromal cells were
either CD34+ (CD34+SCs/TCs) or αSMA+ (myofibroblasts)
(Figure 2A and insert). However, the mucosa, when conserved,
did not show activated stromal cells (Figure 2B). An important
population of activated αSMA+ CD34- stromal cells was
observed in the fibrovascular connective tissue that separates
the muscle bundles in the muscularis propria (Figure 2)
and in the perimuscular subserosal layer of connective tissue
(Figures 2A, 3A). Therefore, loss of CD34 expression and gain
of αSMA expression (myofibroblastic phenotype) occurred
in these areas. In the serosa layer, increased CD34+ stromal
cells were observed underlying the perimuscular subserosal
layer (Figure 3A) and between the strands described in normal
conditions. Conversely, the perimuscular subserosal layer
(as aforementioned) and the strands presented numerous
αSMA+ stromal cells (myofibroblastic phenotype). Thus, bands
of cells expressing CD34 or αSMA were seen between the
subserosal limit of the muscularis propria and the serosal surface.
The weak expression of podoplanin that CD34+SCs/TCs
normally present became occasionally intense in stromal
cells (Figure 3B) which conserved their CD34 positivity.
Abundant reactive CD34+SCs/TCs were observed in the
nerves. Occasionally, cells expressing both markers were
seen (Figure 3C).

CD34+SCs/TCs in the Normal Intestinal
Wall
Depending on the intestinal layer, the CD34+SCs/TCs
showed the following distribution: (1) Absence in the mucosa
(Figure 4A), except in the areas underlying the tubular glands
and the muscularis mucosae, where they were present in
variable numbers (Figures 4B,C). (2) Presence in variable
numbers (Table 1) in (a) the submucosa (Figure 4C), including
perivascular niches (around the pericytes), the adventitia of
the largest vessels (around vascular smooth muscle cells),
the interstitium, the nerves and the Meissner plexus, (b) the
muscularis propria, including the muscle fascicles (within and
around them) (Figures 4D–F), nerves and the myenteric plexus
(Figure 4G), close to the c-kit+ interstitial cells of Cajal, and
(c) the serosa, including perivascular niches, adventitia of larger
vessels, interstitium, nerves and adipose tissue.
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FIGURE 1 | CD34+ SCFTs in the normal gallbladder. (A–I) Sections double-stained with anti-CD34 (brown) and anti-αSMA (red). (J) Section stained with anti-CD34
(brown). (A) Panoramic view of gallbladder wall layers, mucosa (m), muscularis propria (mp) (smooth muscle cells: red), perimuscular subserosal layer (psl) and serosa
(s), in which a different distribution of CD34+SCs/TCs (brown) is observed, predominantly in the perimuscular subserosal layer and in strands in the serosa (arrows),
parallel to the serosa surface. (B) Absence of CD34+SCs/TCs in the corium of the mucosa; the endothelial cells are the only cells stained with anti-CD34 (arrows).
Note that CD34+SCs/TCs are also absent in the perivascular spaces, which may or may not contain pericytes. (C,D) CD34+SCs/TCs (arrows) in the muscularis
propria. In panel (D), observe numerous CD34+SCs/TCs (brown, arrow) in the perimuscular subserosa layer (psl). In the insert, smooth muscle cells (αSMA+, red)
and CD34+SCs/TCs (green). (E) Abundant CD34+SCs/TCs (brown, arrows) in parallel strands in the serosa. (F–J) Details of the location of CD34+SCs/TCs in
vessels, nerves, and lymphatics (arrows). Note CD34+SCs/TCs around pericytes in the pericytic microvasculature (F,G, arrows), in the adventitia of an artery (H,
arrow), in a nerve (I, arrow) and in a lymphatic pre-collector (J, arrow). Bar: (A) 160 µm; (B) 20 µm; (C,H–I) 40 µm; (D) 60 µm; (E) 80 µm; (F,G) 10 µm.
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TABLE 1 | Presence/Absence and semiquantification of CD34+SCs/TCs in normal conditions, and CD34+SCs/TCs and αSMA+cells (myofibroblasts) during repair and
tumoral stroma formation.

Gallbladder Colon

Normal
conditions

Repair in
cholecystitis

Normal
conditions

Repair in surgical resected
segments after malignant
polyps removed and India

ink tattoo

Desmoplastic reaction in
Invasive adenocarcinomas

of colon

CD34+SCs/TCs CD34+SCs/TCs αSMA+ cells
(myofibroblasts)

CD34+SCs/TCs CD34+SCs/TCs αSMA+ cells
(myofibroblasts)

CD34+SCs/TCs αSMA+ cells
(myofibroblasts)

Mucosa of both
organs

− − − − − − − +/−

Perimuscular
subserosal layer of
gallbladder
Submucosa of
colon

++ − +++ +++ −− +++ − +++

Muscularis propria ++/− ++ − ++/− ++ − ++ −−

Adventitia of
arteries

++ ++ +/− ++ ++ +/− ++ +/−

Nerves in bath
organs Meissner
and myenteric
plexuses in colon

++ +++ − ++ +++ − +++ −

Serosa +++/− − +++ +++/− − +++ − +++

Stromal Cells in Segments of Colon
Tattooed With India Ink, Following
Previous Resection of Malignant Polyps
We observed an intense infiltrate of macrophages, isolated or
forming small groups, and varying numbers (Table 1) of activated
stromal cells in the segments of colon, following resection of
malignant polyps tattooed with India ink. In the mucosa, the
stromal cell reaction was not evident (Figure 5A). Stromal cells
expressing αSMA (myofibroblastic phenotype) were observed
between the macrophages in the submucosa (Figures 5A–C)
and serosa, CD34+SCs/TCs were not observed in these layers.
However, activated stromal cells remained positive for anti-CD34
and were negative for anti-αSMA in the adventitia of sub-
mucosal and serosal medium sized vessels (Figures 5B,C), and
between (Figure 5D) and within (Figure 5E) the muscle fascicles,
nerves (Figure 5F) and myenteric plexuses (Figure 5G) in the
muscularis layer.

Stromal Cells in Infiltrative Carcinomas
of Colon
Infiltrative adenocarcinomas of the colon showed a desmoplastic
reaction in the submucosa (Figure 6A) and serosa (Figure 6B),
in which numerous elongated stromal cells around the neoplastic
glands presented αSMA expression (myofibroblastic phenotype)
(Figures 6A,B) and were negative for anti-CD34 (Figure 6C). In
the mucosa, the desmoplastic reaction was irregular and scarce
(Figures 6D–G). Thus, activated αSMA+ stromal cells were
absent in some regions of the mucosa (Figure 6D), whereas
αSMA+ stromal cells were seen around the neoplastic glands in
other regions (Figures 6F,G). CD34+SCs/TCs were also absent

around the neoplastic glands in the mucosa (Figure 6E), which
generally were in vicinity to fragmented muscularis mucosa. An
irregular stromal reaction was also observed in the connective
tracts between the muscle fascicles of the muscularis propria,
with presence of activated cells showing αSMA (Figure 7A) and
CD34 (Figures 7B,C) expression. Likewise, CD34+SCs/TCs were
present in the muscle fascicles (Figures 7D,E), nerves (Figure 7F)
and myenteric plexuses (Figure 7G). In the serosa, intimal
thickening was also observed in medium-caliber arteries, with
presence of αSMA myointimal cells (Figure 7H) and adventitial
CD34+SCFTs (Figure 7I).

Common Findings and Their Variations in
the Histological Samples Evaluated
The data described were present in all histological samples
in the groups studied except those of the gallbladder
serosa with acute cholecystitis and the colon mucosa
with invasive carcinoma. In four cases of gallbladder
with acute cholecystitis, the response affected the entire
serosa, and in the other two cases, it was zonal. In the
colon mucosa with invasive adenocarcinoma, the stromal
response was absent in four cases and scarce in the
other four cases.

DISCUSSION

We report that the repair response in different processes
of the gallbladder and colon, including stroma formation
in tumors, depends on the regional presence or absence
of CD34+SCs/TCs (there is no myofibroblast response
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FIGURE 2 | Stromal cells during repair in acute cholecystitis. Double staining with anti-CD34 (brown) and anti-αSMA (red). (A) Panoramic view of the gallbladder wall
showing a high αSMA expression (deep red) in smooth muscle cells of the lamina propria and of vascular media layer, and moderate expression in myofibroblasts
(numerous in the perimuscular serosal layer: psl). Note persistence of CD34+SCs/TCs (brown) in the area of serosa underlying the perimuscular serosa layer. In the
insert, a zone of transition between αSMA+ cells (myofibroblasts, red) and CD34+SCs/TCs (green) is shown by fluorescent immunostaining in confocal microscopy.
(B) Absence of activated stromal cells in the mucosa, whereas αSMA+ activated stromal cells (red) are present between the muscle fascicles (deep red) of the
muscularis propria. In the insert, detail of the vessels (arrows) in the mucosa. Bar: (A) 60 µm, (B) 40 µm; Insert: 20 µm.
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FIGURE 3 | Stromal cells during repair in acute cholecystitis. (A,C) Double staining with anti-CD34 (brown) and anti-αSMA (red). (B) Double staining with anti-αSMA
and anti-podoplanin. (A) αSMA+ activated stromal cells (myofibroblastic phenotype, red) observed in the perimuscular subserosal layer, alternating with a subjacent
band of CD34+ activated stromal cells (brown). (B) αSMA activated stromal cells of a strand of the serosal layer are observed alternating with a band of podoplanin+
cells, which also express CD34 (not shown). Note the presence of a lymphatic pre-collector vessel (LpV) with podoplanin+ endothelial cells (arrow) and groups of
SMCs (red) in its wall. (C) Cells expressing CD34 (brown) and αSMA (red). A capillary is also observed (arrow) Bar: (A,B) 40 µm; (C) 10 µm.
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FIGURE 4 | CD34+SCs/TCs in the normal intestinal wall. Sections stained with anti-CD34. (A) Absence of CD34+SCs/TCs in the chorion of the mucosa underlying
the epithelium (only the endothelial cells express CD34, arrow). (B,C) Varying numbers of CD34+SCs/TCs (brown) in the areas between the base of the mucosa
tubular glands and the muscularis mucosae (mm). A portion of the submucosa with abundant CD34+SCs/TCs (brown) is also observed in panel (C).
(D) CD34+SCs/TCs (brown) are seen within and around the muscle fascicles of the muscularis propria. (E,F) Details of the CD34+SCs/TCs within (E, arrow) and
around (F, arrow) the muscle fascicles. (G) CD34+SCs/TCs in myenteric plexuses (mp). Bar: (A,G) 20 µm; (B–D) 40 µm; (E,F) 10 µm.
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FIGURE 5 | Stromal cells in segments of colon following resection of malignant polyps, tattooed with India ink, and with an intense infiltrate of macrophages.
(A) Activated stromal cells are present in the submucosa and absent in the mucosa. Note that the activated stromal cells in the submucosa (sm) are αSMA+ (red).
Infiltrates of macrophages are also observed in the mucosa and submucosa. (B,C) Absence of stromal cell reaction in the adventitia of large submucosal vessels, in
which the CD34+SCs/TCs (brown, arrows) are conserved. (D,E) Activated CD34+SCs/TCs (brown) in the connective tissue between (D, arrow) and within (E,
arrows) muscle fascicles. (F,G) Presence of CD34+SCs/TCs (brown) in a nerve (F, arrows) and in a myenteric ganglion (G, arrows). (A–D) Double staining with
anti-CD34 (brown) and anti-SMA (red). (E–G) Sections stained with anti-CD34. Bar: (A) 60 µm; (B) 40 µm; (C–F) 20 µm; (G) 15 µm.

where resident CD34+SCs/TCs are absent) and on their
location within the organ (with or without myofibroblast
response). These findings support the hypothesis that

resident CD34+SCs/TCs play an important role as
stromal precursor cells in tissue repair and tumor stroma
formation, and that there is a heterogeneous population of
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FIGURE 6 | Stromal cells in infiltrative carcinomas of colon. (A,B,D,F,G) Sections stained with anti-αSMA. (C,E) Sections stained with anti-CD34. (A,B) αSMA+
stromal cells (brown) are observed around neoplastic glands in the submucosa (A) and serosa (B). (C) Absence of CD34+SCs/TCs around neoplastic glands in the
submucosa. Note that the endothelial cells are the only cells expressing CD34 (arrow). (D–G) Neoplastic glands in the mucosa. The stromal cell reaction is scarce
and irregular with few αSMA+ cells (brown) (D,F,G). CD34+SCs/TCs s are absent (E). Bar: (A) 20 µm; (B–G) 40 µm.

resident CD34+SCs/TCs with different roles. We consider
these issues below.

We have used the term CD34+SCs/TCs because telocytes
identified in electron microscopy largely correspond to CD34+

stromal cells observed in light microscopy (Rusu et al., 2016;
Manetti et al., 2019). However, further studies, including
transmission electron microscopy observation, are required.
Indeed, the advantage of immunohistochemistry in light
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FIGURE 7 | Stromal cells in infiltrative carcinomas of colon. (A,H) Sections stained with anti-αSMA. (B–G,I) Sections stained with anti-CD34. (A) Scarce
αSMA+stromal cells (arrow) around neoplastic glands (g) present in the connective tracts between the muscle fascicles of the muscularis propria. (B,C) Activated
CD34+SCs/TCs (brown, arrow) neighboring neoplastic glands (g) in the muscularis propria. (D–G) activated CD34+SCs/TCs within (D, arrow) and between (E,
arrow) muscle fascicles, a nerve (brown, arrow) and a myenteric plexus (brown, arrow). (H) Intimal thickening formed by αSMA+ cells is observed in an artery of the
serosa. (I) Adventitial CD34+SCs/TCs (brown, arrow) are seen in an artery with intimal thickening. Bar: (A–F,H,I) 20 µm; (G) 10 µm.

microscopy is that it enables the observation of CD34+SC/TCs
in extensive areas, while electron microscopy allows a better
identification of telocytes.

Resident CD34+SCs/TCs are located in multiple
anatomical sites, including vessels (around pericytes in

pericytic microvasculature and in the adventitia of larger
vessels), loose connective tissue, capsules, fibrous tracts,
adipose tissue, cardiac, smooth and skeletal muscle, nerves,
and around glands and skin annexes (Pieri et al., 2008;
Bani et al., 2010; Popescu and Faussone-Pellegrini, 2010;
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Popescu et al., 2011; Nicolescu and Popescu, 2012; Nicolescu
et al., 2012; Vannucchi et al., 2014; Díaz-Flores et al., 2016a).
Conversely, resident CD34+SCs/TCs are not observed in
some organic regions. Examples of organs with or without
CD34+SCs/TCs, depending on the layer examined, are the
gallbladder and the intestine, whose mucosa is devoid of
CD34+SCs/TCs (except occasional presence between the base
of glands and the muscularis propria in the gallbladder and the
muscularis mucosae in the intestine), whereas CD34+SCs/TCs
are present in the other layers. These observations in the
intestine coincide with those of other authors (Nakayama
et al., 2000: Pieri et al., 2008; Vannucchi et al., 2013).
Hinescu et al. (2007) have described interstitial Cajal-like
cells expressing CD117 and CD34 in the lamina propria of the
gallbladder, which can also coincide with subepithelial cells
in the base of the glands near the muscularis propria in the
gallbladder neck.

Given the above, we chose the gallbladder and colon to
study the CD34+SC/TC and myofibroblast response during
repair for the following reasons: these organs contain layers
with or without resident CD34+SC/TCs, with a well-known
CD34+SC/TC distribution, above all in the intestine; and
they present repair phenomena in certain diseases, which
require surgical removal. Another advantage is knowing this
response in situ and in humans. One disadvantage could be
that the study is based on snapshot observations. However,
the observation of repair phenomena at different stages
(initial stage in the gallbladder and more advanced in the
colon) has allowed us to confirm the facts over time.
Indeed, in acute cholecystitis, whose treatment is usually the
urgent laparoscopic removal of the gallbladder, the repair
phenomena were at an early phase. Conversely, following
resection of malignant polyps and India ink tattoo, repair
was more advanced in the colon, in which no urgent
secondary surgical intervention after pathological diagnosis
is the treatment.

The data described were present in most of the histologic
samples with exceptions. The different extension of the lesion in
the serosa of the gallbladder may be related to the intensity of the
process. The variable response in the intestinal mucosa affected
by invasive adenocarcinoma will be discussed below.

That growth and development of activated αSMA+
myofibroblasts were lacking during repair in the mucosa of
the gallbladder and colon, in which CD34+SCs/TCs are absent
(Nakayama et al., 2000; Pieri et al., 2008; Vannucchi et al.,
2013), shows that CD34+SCs/TCs are essential to this process
of myofibroblast development, supporting the hypothesis that
myofibroblasts in repair can originate from CD34+SCs/TCs
(resident CD34+SDs/TCs as precursor cells) (Nakayama et al.,
2001, 2002a,b; Barth et al., 2002a, 2005; Ramaswamy et al., 2003;
Kuroda et al., 2005b; Ebrahimsade et al., 2007; Nimphius et al.,
2007; Wessel et al., 2008; Díaz-Flores et al., 2015a,b, 2016b).

There are numerous studies about cells expressing CD34 with
different phenotypes, mainly in bone marrow and blood samples
(CD34+ hematopoietic cells). We have circumscribed our
observations to resident CD34+SC/TC behavior during repair.
The results demonstrate different responses of CD34+SCs/TCs,

depending on their location, with myofibroblast growth
and development and CD34+SCs/TC disappearance (e.g.,
submucosa and serosa of colon, and perimuscular serosal layer
of gallbladder) or with no myofibroblast development and
persistence of reactive CD34+SCs/TCs (e.g., nerves, ganglia
and smooth muscle fascicles). This CD34+SC/TC behavior
also supports the hypothesis of heterogeneous subpopulations
of CD34+SCs/TCs with different roles (Pieri et al., 2008;
Vannucchi et al., 2013; Cretoiu et al., 2017). Whether or not
these cells with different roles have a different phenotype
requires verification.

Interpretation of the stromal cell response in tumors
depending on location is more difficult, since tumor type may
also influence the response. Thus, although there is a phenotypic
shift from CD34+SCs/TCs toward αSMA+ myofibroblasts in
numerous malignant invasive epithelial tumors (Nakayama et al.,
2000, 2001, 2003; Barth et al., 2002a,b, 2004, 2005; Chauhan
et al., 2003; Ramaswamy et al., 2003; Kuroda et al., 2005a,c;
Nimphius et al., 2007; Wessel et al., 2008), the reaction is not
constant. For example, CD34+SCs/TCs are preserved (reactive
stromal cells are CD34+) in most lobular carcinoma of the
breast, with no transformation into reactive αSMA+ stromal cells
(Ebrahimsade et al., 2007). For this reason, we selected invasive
adenocarcinomas of the colon in which reactive αSMA+ stromal
cells are always present in the layers beyond the muscularis
mucosae (Nakayama et al., 2000).

Our results concur with the study of Nakayama et al.
(2000) on the activated stromal cells (growth and development
of myofibroblasts and loss of CD34+SCs/TCs) in colonic
adenocarcinomas. However, when we considered the stromal
response in specific locations in the colon wall, the permanence
of CD34+SCs/TCs, without myofibroblastic transformation, is
a constant phenomenon in the muscle fascicles, nerves, and
Meissner and Auerbach plexuses. Therefore, the response in
these specific locations is similar to that observed in the repair
processes outlined above, also suggesting the heterogeneity of the
CD34+SCs/TCs. Nevertheless, the presence or not of αSMA+
cells around neoplastic glands in the mucosa is more difficult
to interpret. It could be due to the persistence of pericryptal
cells, normally present in the intestinal mucosa, or to infiltration
of neoplastic glands surrounded by αSMA+ cells from the
submucosa, a question that requires further study.

An important finding in the colonic infiltrating carcinomas
was the frequent intimal thickening in arteries located in
the serosa, which were in proximity to but not in contact
with neoplastic glands. The adventitia participates in
artery remodeling (Shen et al., 2016) and the role of the
adventitial CD34+SCs/TCs in the arterial intimal thickening in
adenocarcinomas of colon also requires further study.

CONCLUSION

We demonstrate that, during repair in the gallbladder and
colon, αSMA+myofibroblasts develop in areas in which resident
CD34+SCs/TCs are present, but not where these cells are
absent. Likewise, αSMA+ cells can or cannot develop depending
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on the regional-specific location of resident CD34+SCs/TCs.
These findings support the hypotheses that myofibroblasts in
repair originate from CD34+SCs/TCs and that subpopulations of
CD34+SCs/TCs have different roles. Further studies are required
in this field, including electron microscopy observation.
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