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Telocytes, a novel mesenchymal cell population, are characterized by their
distinctive long and slender projections known as telopodes and have
garnered significant interest since their formal introduction to the literature in
2010. These cells have been identified in various tissues, including the
gastrointestinal (GI) tract, where they are suggested to play important roles in
maintaining structural integrity, immune modulation, and barrier function.
Inflammatory bowel diseases (IBD), which include Crohn’s disease (CD) and
ulcerative colitis (UC), are characterized by chronic inflammation and fibrosis.
While limited information is available on the fate of telocytes in this group of
diseases, it has been suggested that loss/plasticity of telocytes can be among the
key factors contributing to their pathogenesis. This review focuses on the current
understanding of telocytes, their structural features, and their distribution within
the GI tract under gut homeostasis and IBD. We also discuss the roles of these
cells in immune regulation and intestinal repair. We highlight evidence implicating
telocytes in the pathogenesis of IBD and other chronic inflammatory diseases that
share similar pathophysiological processes with IBD. Lastly, we discuss the
current challenges in gut telocyte biology and the potential therapeutic
implications of telocytes in IBD.
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1 Introduction

Telocytes, a previously unappreciated population of mesenchymal cells characterized by
their distinctive long and slender projections known as telopodes, were formally introduced
to the scientific literature by Dr. Popescu and Dr. Faussone-Pellegrini in 2010 (Popescu and
Faussone-Pellegrini, 2010a). Previously, these cells were referred to as “interstitial Cajal-like
cells” due to their morphological similarities to the interstitial cells of Cajal, which are
known for their role in gut motility. Since the seminal publication by Popescu and
Faussone-Pellegrini, the interest in telocytes has grown steadily over the last decade,
resulting in 643 Pubmed-indexed publications at the time of this writing.

Telocytes have been identified in several tissues, including the central and peripheral
nervous systems, heart, respiratory tract, urinary tract, and GI tract, among others (Varga
et al., 2019). Changes in telocyte number and phenotype have been observed in chronic
inflammatory (Ibba-Manneschi et al., 2016) and fibrotic diseases (Wei et al., 2022) as well as
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during neoplastic transformation (Aleksandrovych and Gil, 2021).
More recently, telocytes have been suggested to play a role in the
pathogenesis of IBD.

IBD, which includes Crohn’s disease (CD) and ulcerative colitis
(UC), is a relapsing and remitting group of multi-factorial chronic
inflammatory diseases with increasing prevalence worldwide (Wang
et al., 2023). Although the exact etiology of IBD remains unclear,
over the years, it has become apparent that genetic predisposition,
environmental exposure, alterations in the gut microbiome,
impaired intestinal barrier function, and immune dysregulation
play key roles in the development of these diseases (Guan, 2019;
Mehandru and Colombel, 2021).

Because of their multifaceted roles in gut homeostasis, which
include maintenance of the stem cell niche (Rosa et al., 2021a),
providing structural support (Pieri et al., 2008), regulation of gut
motility (Banciu et al., 2022), and modulation of the immune system
(Zhang and Tian, 2023), telocytes are thought to be involved in the
development of IBD. However, our understanding of the role of
telocytes in IBD is still in its nascent stages. In this review, we will
describe what is known about intestinal telocytes, their functions in
the maintenance of gut homeostasis, their role in the development of
IBD, and their potential as novel therapeutic targets.

2 Telocyte structure and location in the
GI tract

The telocyte nucleus has been described as oval-shaped and
contains moderately dense chromatin (Faussone Pellegrini and
Popescu, 2011). The surrounding cytoplasm is scarce in volume and
contains few rough/smooth endoplasmic reticulum cisternae, a small
Golgi apparatus, and somemitochondria. A defining feature of telocytes
is the presence of one to five long, thin, monolithic prolongations
known as telopodes, measuring tens to hundreds of micrometers in
length. The telopodes are comprised of podomeres, thin segments
measuring less than 200 nm in diameter; podoms, which are dilated
regions containing endoplasmic reticulum and mitochondria; and
caveolae (Shoshkes-Carmel, 2024). The number of telopodes dictates
the shape of the cell body; one results in a piriform shape, two a spindle,
three a triangular, and four a stellate (Popescu and Faussone-
Pellegrini, 2010b).

Intestinal telocytes display different morphology and
distribution depending on their location in the intestinal wall,
which comprises of mucosa, submucosa, muscularis propria,
subserosa, and serosa. In the mucosal lamina propria of normal
ilea, telocytes were initially reported to surround glandular crypts
(Milia et al., 2013). However, more recent reports suggest that
telocytes are present throughout the ileal mucosa and interface
with several cell types including epithelial cells, immune cells,
smooth muscle cells, fibroblasts, nerve bundles, and blood vessel
(Shoshkes-Carmel, 2024). By contrast recent work by Cadinu et al.
(2024) suggested that under colonic homeostasis mucosal telocyte
located mostly in subepithelial space at the top of the crypts. In the
muscularis mucosae, telocytes are numerous, oriented parallel to
each other, and display two long, thin telopodes, giving them a
spindle shape (Milia et al., 2013).

In the submucosal layer, telocytes display two or three telopodes
and roundish cell bodies, are numerous, and form an almost

continuous layer bordering the circular muscularis propria. They
are concentrated around blood vessels, closely encircling the
adventitial layer, and are found among vascular smooth muscle
cells. Networks of telocytes wrap around lymphatic vessels (Milia
et al., 2013). The muscularis propria consists of two muscle layers,
inner circular and outer longitudinal; between them lies the
myenteric plexus, a group of ganglia that innervates the GI tract
and facilitates peristaltic movement (Shahrestani, 2024). Within this
layer, telocytes have been found to be distributed around and within
the circular and longitudinal muscle layers and in the myenteric
plexus. They display triangular or stellate cell bodies with three to
four telopodes running around muscle fibers; some are embedded in
connective tissue between and running parallel tomuscle bundles. In
the myenteric plexus, telocytes, along with interstitial cells of Cajal
(ICC), form a network which encircles the ganglia; the telopodes
facilitate intermingling between neurons and glia (Milia et al., 2013).

In the subserosa, like in the muscularis propria, telocytes run in
connective tissue. They were also found to be wrapped around blood
vessels and neurons and located among adipocytes (Milia
et al., 2013).

3 Cellular markers and animal models
for studying telocytes

Much of the challenge in telocyte biology is the identification
of appropriate telocyte markers (Table 1). Several groups have
considered FoxL1, PDGFRα, CD34, and Gli1 as intestinal
telocyte markers (Shoshkes-Carmel, 2024). Additionally,
CD81 has been used in conjunction with the previously
described markers to differentiate telocytes from other
mesenchymal populations (McCarthy et al., 2020; Kraiczy
et al., 2023; Pærregaard et al., 2023; Cadinu et al., 2024).
However, on their own, these markers lack specificity. These
markers are expressed by other types of cells, including stem cells
and other mesenchymal cells; this complicates the definitive
identification and functional characterization of telocytes
(Tippett et al., 2013; Levy, 2014; Kramann et al., 2015;
Miyashita et al., 2020; Muhl et al., 2020; Diaz-Castro et al.,
2021; Zurzu et al., 2021).

Additionally, markers that have been used for telocyte
identification have also varied depending on their location in the
GI tract. For example, subepithelial intestinal telocytes were
identified by combining the markers PDGFRα and FoxL1
(McCarthy et al., 2020; Kraiczy et al., 2023). On the other hand,
telocytes in the tongue lamina propria and striated muscle were
found to be CD34 and PDGFRα positive (Rosa et al., 2019).

Furthermore, different markers have been used to identify
telocytes within the different layers of the intestinal wall
(Figure 1). While this has not been systematically shown in the
GI tract, in the human bladder, Vannucchi et al. (Vannucchi et al.,
2014) identified three different types of telocytes using
immunohistochemistry and transmission electron microscopy
techniques (TEM). The first subtype was
PDGFRα+calreticulin+CD34−c-kit-α-SMA- and was found in the
more superficial aspect of the suburothelium (Vannucchi et al.,
2014). Deeper in the suburothelium, a second telocyte subtype was
found with similar markers, except for α-SMA positivity (Vannucchi
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et al., 2014). These telocytes were identified to be distinct from
myofibroblasts based on their TEM characteristics. In the
submucosa and detrusor layers, a third type of telocyte was
found to be calreticulin+ but negative for all the other markers,

including PDGFRα (Vannucchi et al., 2014). The variability in
marker expression across different tissue types add another layer
of complexity in understanding telocyte biology (Ahmed and
Hussein, 2023).

TABLE 1 Characteristics of gastrointestinal telocyte markers.

Marker Species in which telocytes were
studied

Structure/Function Other cell types that express
marker

CD34 Human (Pieri et al., 2008; Milia et al., 2013; Manetti
et al., 2015), Mouse (Stzepourginski et al., 2017)

Transmembrane phosphoglycoprotein involved in
cellular proliferation, lymphocyte adhesion, and
cellular development (Radu et al., 2023)

Hematopoietic stem cells, mesenchymal stem
cells, vascular and lymphatic endothelial cells
(Sidney et al., 2014; Zurzu et al., 2021)

FoxL1 Possibly human (as ‘stromal-2’ group in scRNA-seq
studies by Kinchen et al.) (Kinchen et al., 2018;
Kaestner, 2019), Mouse (Shoshkes-Carmel et al.,
2018)

Forkhead helix-box L1 transcription factor; target of
hedgehog signaling pathway (Katoh and Katoh, 2009)

Hepatic progenitor cells (Shin et al., 2011), lung
fibroblasts (Miyashita et al., 2020)

PDGFRα Human (Vannucchi et al., 2013), Mouse (McCarthy
et al., 2020; Kraiczy et al., 2023)

Platelet-derived growth factor receptor alpha;
receptor tyrosine kinase involved in embryonic
development, cell proliferation, survival and
chemotaxis (Andrae et al., 2008)

Mesenchymal stem cells (Farahani and
Xaymardan, 2015), fibroblasts (Muhl et al., 2020)

Gli1 Mouse (Degirmenci et al., 2018) GLI family zinc finger 1, transcriptional effector of
hedgehog signaling pathway; involved in stem cell
maintenance, fibrosis, development, and cancer
pathways (Avery et al., 2021)

Mesenchymal stem cells in various organs
(Kramann et al., 2015)

CD81 Mouse (McCarthy et al., 2020; Kraiczy et al., 2023;
Cadinu et al., 2024)

Also known as TSPAN28, tetraspanin-28, and
TAPA1; surface membrane protein involved in
immune response

Macrophages and monocytes (Tippett et al.,
2013), lymphoid cells (Levy, 2014), and
astrocytes (Diaz-Castro et al., 2021)

FIGURE 1
The spatial relationships of telocytes and other mesenchymal cells in the gut under homeostasis and IBD relevant inflammation. Longitudinal
representation of gut intestinal villus and colonic crypt show that under homeostasis PDGFRαhighFOXL1+Adamdec1+GREM1low telocytes are mostly
located in the top of the crypts and likely in the subepithelial space of the villi, and number of these cells is dramatically reduced in IBD relevant
inflammation where these telocytes are suggested to be differentiated to IL11highIL1β+MMP3+ IAFs within the crypt. Under homeostasis LGR5+

telocytes are found at the top of the villus-crypt axis, while their fate and function in IBD remains to be defined. PDGFRαlowCD34+ GREM1+ fibroblasts
found at the base of villi and crypts and suggested to differentiate in IL11lowIGFBP5+ IAFs in IBD relevant inflammation. Gli1+TAGLN+

fibroblasts reported to
be distributed within lamina propria of the intestinal mucosa and based on transcriptome likely to be myo-/fibroblasts, while CD34+ GREM1+/− stromal
cells previously described as telocytes are located across submucosa, muscularis propria and serosa in small intestine and colon. IAF, inflammation
associated fibroblasts. Created in BioRender. Chulkina, M. (2025) https://BioRender.com/b56u896.
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Despite the challenges in utilizing the previously described
markers in identifying telocytes, some have been successfully
used for in vivo studies of telocyte function in murine models.
The Kaestner lab has developed and utilized several variations of the
FoxL1-Cre transgenic mouse to study FoxL1+ telocytes (Sackett
et al., 2007; Shoshkes-Carmel et al., 2018; Kolev et al., 2021). The
Shivdasani lab has used PDGFRα-Cre (Chung et al., 2018) and
PDGFRα-GFP (Hamilton et al., 2003) mice to study PDGFRα+
telocytes (McCarthy et al., 2020; Kraiczy et al., 2023). The Basler
lab has used the Gli1-Cre mouse (Ahn and Joyner, 2004) to study
Gli1+ telocytes in the gut as well (Degirmenci et al., 2018).

4 Telocytes in gut homeostasis and IBD

In general, there is a dearth of studies exploring the role of
telocytes in IBD. In this section, we focus on published reports
examining telocytes in relation to gut barrier maintenance and
repair, and immune system regulation. While our primary
emphasis is on studies involving preclinical IBD models and
tissues from IBD patients, we also include research on telocyte
roles in pathways involved in IBD pathogenesis and in other diseases
with similar pathophysiology.

4.1 Role of telocyte in the maintenance of
the epithelial barrier and stem cell niche

Telocytes have been shown to be important in the maintenance
of gut barrier function. In a murine preclinical model of IBD,
disruption of BMP signaling in FoxL1+ telocytes results in
worsened clinical and histologic severity of acute dextran sulfate
sodium (DSS) colitis (Reyes Nicolás et al., 2021). These mice
exhibited impaired intestinal barrier with abnormal goblet cell
maturation and dysregulation of mucin production resulting in
increased susceptibility to bacterial mucosal invasion. In another
study by the same group, disruption of BMP signaling in FoxL1+

telocytes resulted in dysregulated biodynamics of the extracellular
matrix and disruption of the colonic collagen network, a process
relevant to IBD-associated fibrosis (Pomerleau et al., 2023). In both
acute and chronic DSS colitis murine models, CD34+GP38+α-SMA-

pericryptal telocytes have been shown to facilitate intestinal healing
and repair through expression of GREM1 (Stzepourginski et al.,
2017). There is some conflict, however, whether these cells are to be
regarded as telocytes or trophocytes (McCarthy et al., 2020) or if
there is the existence of plasticity between these subpopulations of
mesenchymal cells.

Telocytes have been demonstrated to play critical roles in
supporting the intestinal stem cell niche (Kolev and Kaestner,
2023). Depletion of FoxL1+ telocytes in adult mice resulted in
grossly shorter small and large intestines (Aoki et al., 2016).
These mice exhibited significantly shortened villi and shallower
colonic crypts. Depleting FoxL1+ telocytes also resulted in abrupt
cessation of proliferation of both epithelial stem- and trans-
amplifying progenitor populations. Subepithelial FoxL1+ telocytes
have been shown to be important sources of Wnt ligand (Shoshkes-
Carmel et al., 2018). Blocking Wnt secretion in these cells by
conditionally knocking out the porcupine gene (PORCN) in

FoxL1+ telocytes resulted in rapid cessation of Wnt signaling in
intestinal crypts. Similarly, selective disruption of Wnt signaling in
Gli1+ cells, achieved through conditional knockout of the Wntless
gene in these cells, resulted in compromised colonic barrier due to
impaired stem cell renewal (Degirmenci et al., 2018). Although
Gli1 is recognized as a marker for various stromal cell populations
(Schneider et al., 2017), it has also been also used as a marker for
telocytes (Shoshkes-Carmel, 2024).

An early report by Díaz-Flores et al. (2015) suggested that
human intestinal tissue telocytes identified by CD34 are mostly
located in the muscularis mucosae, submucosa, muscular propria,
and serosa, but are absent in the mucosal lamina propria. This is in
stark contrast with a previous report by Milia et al. (2013) which
reported the presence of CD34+ telocytes in the ileal lamina propria.
Indeed, recent studies using a combination of PDGFRα and
FoxL1 as markers of telocytes demonstrated the presence of these
cells along the entire crypt-villous axis in the enteric mucosa
(McCarthy et al., 2020; Kraiczy et al., 2023). These telocyte
populations have been shown to be heterogenous and suggested
to provide different signaling factors depending on their location
(McCarthy et al., 2020; Kraiczy et al., 2023; Bahar Halpern et al.,
2020). FoxL1-expressing PDGFRαhi telocytes have been found to be
concentrated at the crypt-villous junction and are an important
source of BMP, which allows for the Wnt-BMP gradient to form in
the crypt-villous axis (McCarthy et al., 2020; Kraiczy et al., 2023). In
a recent study, Lgr5+ villous tip telocytes have been shown to be an
important signaling source of noncanonical Wnt ligand, and their
ablation resulted in long-term altered expression of villous tip genes
such as adenosine deaminase (ADA), EGFR, and Fos (Bahar
Halpern et al., 2020). These villous tip telocytes are important in
regulating epithelial differentiation and endothelial polarization.

In addition to being important sources of BMP/Wnt signaling
ligands, telocytes provide structural support to the organs in which
they are present. In the gut, CD34+ telocytes, previously referred as
interstitial Cajal-like cells, were found in the muscularis propria,
extending from the stomach to the colon (Pieri et al., 2008). The cells
form a complex network by connecting smooth muscles, ICC, nerve
bundles, and stem cell niches. These are hypothesized to maintain
normal peristalsis in the GI tract and prevent structural deformation
(Wei et al., 2022). In the developing mouse heart, telocytes guide
myocardial precursors to form the correct three-dimensional tissue
pattern (Bani et al., 2010). In human bladders obtained from
cystectomy, Vannucchi et al. (2014) found telocytes that were
suspected to form a three-dimensional scaffold that allows for
normal bladder wall distention and relaxation without resulting
in bladder deformation.

4.2 Role of telocytes in immune regulation
and IBD-relevant intestinal inflammation

Thus far, the role of telocytes in modulating intestinal
inflammation is unclear. Telocytes are suggested to function as
immune modulators (Zhang and Tian, 2023), and their loss or
change likely contributes to inflammation in the gut (Milia et al.,
2013; Díaz-Flores et al., 2015). Using acetic acid-induced colitis in
rats as an IBD-relevant model, Arafat et al. (2021) showed that
nanocurcumin treatment results in an increased number of
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intestinal CD34+ telocytes, identified in situ based on positivity for
CD34 and mesenchymal marker vimentin, and significantly
attenuated the severity of this experimental model of colitis.
Despite this, the specific mechanisms involved in the decrease of
population of these cells and how this contributes to inflammation
remain unknown.

In a recent spatial transcriptomics-based study, Cadinu et al.
(2024) mapped the biogeography and trajectories of fibroblasts
throughout the course of acute DSS-induced murine colitis.
Using state of art multiplex error-robust fluorescence in situ
hybridization (MERFISH), the authors examined the cellular
remodeling that occurs in the colon during different stages
(homeostasis, early acute inflammation, peak acute inflammation,
and recovery phase) of a DSS-induced murine colitis model (Cadinu
et al., 2024). In this work, four different major fibroblast subsets were
identified using the markers CD34, PDGFRα, Gli1 that were
previously ascribed to telocytes. Notably, during homeostasis, two
distinct CD34+ fibroblast populations, fibro 6 and fibro 7, were
identified in the colonic mucosa and submucosa, respectively. These
subsets were dramatically reduced during acute inflammation. The
CD34+ fibro 6 subset was mostly seen at the base of the colonic crypt
and found to express Wnt2b, Col15α1, and GREM1 (Cadinu et al.,
2024). The CD34+ fibro 7 subset was enriched in the submucosa and
expressed Pi16, Ackr4, C3, and GREM1. Both the fibro 6 and fibro
7 subsets expressed low levels of PDGFRα (PDGFRαlow) and were
linked to the CD81+PDGRFαlow GREM1-producing cells referred to
as trophocytes (McCarthy et al., 2020).

Another telocyte marker, Gli1, was assigned to fibro 13, which
was distributed through the mucosal lamina propria (Cadinu et al.,
2024). Similar to the CD34+ fibroblast subsets, the Gli1+ fibro
13 population is also largely present during homeostasis and
their population tends to decrease during inflammation. This
fibroblast population expressed Tagln, Gli1, and other integrins
and, as such, were thought to be myofibroblasts (Cadinu et al., 2024).

Under homeostasis, the fibro 2 subset, identified as PDGFRαhigh,
was found at the top of colonic crypt. These cells expressed
Adamdec1, Wnt5a, Bmp2, Bmp5, Bmp7, assigning them to the
previously termed “crypt-top fibroblasts” or “telocytes” (Cadinu
et al., 2024). Previously, this subset was also linked to
PDGFRαhigh Adamdec1high fibroblasts that also express the
telocyte-linked marker FoxL1 (Shoshkes-Carmel et al., 2018;
Jasso et al., 2022).

The four fibroblast subsets characterized by Cadinu et al. that
express markers thought to be associated with telocytes (i.e., CD34,
Gli1, and PDGFRα) are present at the early stage of acute colitis;
these subsets were dramatically reduced at the peak of acute
inflammation in DSS colitis (Cadinu et al., 2024). Based on its
geographic distribution and transcriptomic changes, Cadinu et al.
suggested that PDGFRαlow CD34+GREM1+ fibro 6 give rise to a
subset of crypt-base enriched IL-11low inflammation-associated
fibroblasts (IAFs) marked by expression of Igfbp5, GREM1,
Col18α1, and Mmp2 (Cadinu et al., 2024). This population of
IAFs start to appear at the initiation of inflammation and
become most abundant at the peak inflammation phase of acute
colitis. By contrast, the Adamdec1+PDGFRαhigh fibro 2 population
appears to give rise to a population of IAFs with high levels of IL-11,
IL-1β, IL-1rl1, Mmp3, Mmp10, Mmp13, and Plau (Cadinu et al.,
2024). This IL-11high IAFs derived from fibro 2 only appears during

the peak inflammatory stage of acute DSS colitis and is largely
undetectable at the beginning of inflammation. Interestingly, in the
context of chronic colonic inflammation, Jasso et al. (2022)
previously showed (scRNAseq analysis) that in chronic DSS
colitis, several fibroblast subsets expressed the IL-6 family
cytokine IL-11 and the receptor subunits IL-11ra and IL-6th
(Jasso et al., 2022). As such, the authors suggested a putative role
for the IL-6 cytokine family in the intercommunication between
different fibroblast subsets, as well as with endothelial cells (Jasso
et al., 2022). The fate of the CD34+ fibro seven and Gli1+ fibro
13 subsets are less clear in this murine model of colitis (Cadinu
et al., 2024).

While Cadinu et al. (2024) work highlights the transcriptomic
changes in telocytes during inflammatory stress, little is known
about how these changes in gene expression affect intestinal telocyte
morphology. Interestingly, recent work by Emeish et al. (2023)
examining intraepithelial and stromal telocytes in common carps
during salinity-induced stress demonstrated that these telocytes
undergo cellular hypertrophy with increased secretory vesicles
and changes in mitochondrial shape. In addition, CD34+ adipose
tissue telocytes in elastofibrolipoma, a benign fibrotic tumor, display
a bead or globular structure when located between mature
adipocytes (Díaz-Flores et al., 2020). By contrast, telocytes in
elastofibrolipoma appear bulky and have a variable number of
telopodes (Díaz-Flores et al., 2020). Thus, it is likely that the
transcriptomic changes observed in intestinal telocytes during
IBD-relevant inflammatory stress would be accompanied by
morphological changes as well.

In addition to transcriptomic studies, various groups have also
explored the cellular and molecular mechanisms by which telocytes
regulate the immune system. Using immunohistochemistry and
TEM techniques, Ji et al. (2021) showed that PDGFRα+ cells
which the group identified as telocytes, directly interact with
macrophages in the intestinal muscularis propria of both mouse-
and human-derived tissue. The importance of this interaction has
not been explored in the context of IBD; however, in a mouse model
of periodontitis, an inflammatory disease characterized by the
pathologic increase in the expression of TNF-α, IFN-γ, and IL-6
similar to IBD, telocytes have been shown to promote a shift in
macrophage polarization from the pro-inflammatory M1 state to a
tissue-remodeling M1/M2 state via the HGF/c-Met signaling
pathway (Zhao et al., 2022). In this murine model of
periodontitis, telocytes were defined as CD34+CD31− cells that
express hepatocyte growth factor (HGF), which was reported to
bind to c-Met receptors on periodontal macrophages, resulting in
decreased expression of iNOS and increased expression of Arginase
one in macrophages, consistent with a transition from an M1-to an
M2-like state (Zhao et al., 2022). Importantly, in IBD, aberrant
intestinal macrophage polarization is thought to contribute to
disease development and resistance to therapy (Du et al., 2021).

4.3 Role of telocyte in the intestinal repair:
Potential role in IBD-associated fibrosis

There is burgeoning data showing that loss of telocytes or
impairment in telocyte function contributes to the development
of fibrosis. Decrease or complete loss of CD34+ stromal cells
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identified as telocytes has been reported in various diseases
associated with fibrotic complications, such as systemic sclerosis
(Manetti et al., 2013), heart failure (Richter and Kostin, 2015), liver
fibrosis (Fu et al., 2015), gynecologic diseases (Varga et al., 2018; Xu
et al., 2023), and IBD.

While the nature of the decrease in CD34+ telocyte number and
how this contributes to the development of fibrosis remain unclear,
these cells have been suggested to counteract fibrosis by HGF-
mediated inhibition of the TGF-β1/Smad signaling pathway in
the rat model of renal fibrosis (Zheng et al., 2018) and by
enhancing mesenchymal to epithelial transition during the
process of decidualization in endometrium (Zhang F.-L. et al., 2020).

In IBD, fibrosis is believed to be secondary to chronic
inflammation and is characterized by the excessive deposition of
the extracellular matrix (D’Alessio et al., 2022). In CD, fibrosis can
occur throughout all layers of the intestinal wall (D’Alessio et al.,
2022); meanwhile, in UC, fibrosis is proposed to be limited to the
colonic mucosa, but this requires better characterization (Gordon
et al., 2018).

In disease-affected areas of ileal CD, Milia et al. (2013) reported
that the number of CD34+PDGFRα+ telocytes inversely correlated
with the severity of CD-associated fibrosis. In this study, full
thickness ileal specimens obtained from patients with and
without CD were compared in situ. Telocytes, identified by
CD34 and PDGFRα, were markedly decreased in areas of
intestinal fibrosis. Further, at the myenteric plexus, the loss of
telocytes paralleled the loss of ICC. Similar findings were
demonstrated by Arslan et al. who used CD34 as a surrogate
marker of telocytes and quantified in situ CD34 positive staining
in surgically-resected ileal tissue from patients with stricturing and
inflammatory CD (Arslan et al., 2022). In areas of stricturing CD,
fewer CD34+ telocytes were observed compared to unaffected areas
of the small intestine. Like CD, a decreasing number of CD34+

telocytes also correlated with the presence of fibrotic changes in UC
(Manetti et al., 2015). In UC with minimal fibrotic changes, the
number of telocytes are decreased in both the muscularis mucosa
and submucosa. Moreover, telocytes were rarely found or even
completely absent in the myenteric plexus of patients with
advanced fibrotic UC. Despite these recent publications
describing telocytes in IBD, the cause of the decreased number of
telocytes, their fate, and their exact functional contribution to
fibrosis in IBD is not known. Although further experimental
validation (through lineage tracing experiments, for example,) is
needed, Diaz-Flores et al. (2015) suggest that telocytes in inflamed
appendicitis, diverticulitis, and CD tissue lose CD34 positivity and
differentiate into α-SMA+ myofibroblasts. In addition, loss of
telocytes in patients with IBD has been suspected to be the
pathologic mechanism responsible for gut dysmotility observed in
this disease (Banciu et al., 2022).

While most of the work on understanding the function of
telocytes as it relates to fibrosis remains descriptive, a recent
study using a chronic DSS murine colitis model suggests the
importance of IL-11-producing fibroblasts in IBD-relevant
fibrosis (Jasso et al., 2022). Interestingly, in an acute DSS colitis
model utilized by the same group, Adamdec1 was found to be critical
for colonic repair (Jasso et al., 2022). Adamdec1 was also reported to
be highly expressed by PDGFRαhigh telocytes (Cadinu et al., 2024),

suggesting that these cells may be important in profibrotic
remodeling in IBD.

5 Telocytes as novel therapeutics in
immune-mediated and
fibrotic diseases

Over the years, it has become increasingly clear that the
mesenchymal cell population recently identified as telocytes have
unique roles in tissue repair, immune regulation, and maintenance
of structural integrity. These functions position them as promising
candidates for developing treatment approaches aimed at mitigating
fibrosis and modulating the immune response. Although there have
been no studies exploring therapeutic roles for telocytes specifically
in IBD, telocyte transplantation has been investigated in several
other preclinical models of inflammatory and fibrotic diseases and
found to alleviate their target disease phenotypes.

In a rat model of myocardial infarction, intramyocardial
injection of cardiac CD34+c-Kit+ telocytes resulted in decreased
infarction size and improved myocardial function (Zhao et al.,
2013). Using a unilateral ureteral obstruction-induced renal
fibrosis in a rat model, Zheng et al. (2018) demonstrated that
tail-vein administration of cultured CD34+c-Kit+ telocytes
resulted in disease attenuation as evidenced by reduced renal
collagen accumulation and decreased expression of profibrotic
genes. In a mouse model of lipopolysaccharide (LPS)-induced
skin wound formation, intradermal injection of CD34+c-Kit+

PDGFRα+ telocytes resulted in decreased wound healing delay
and reduced inflammatory responses (Wang et al., 2020). Co-
transplantation of CD34+ telocytes and mesenchymal stem cells
have also been demonstrated to improve lung injury scores in a
mouse model of LPS-induced lung injury. This combined treatment
led to a statistically significant decrease in lung injury when
compared to treatment with either cellular therapies alone
(Zhang D. et al., 2020). Apart from telocyte transplantation,
telocyte-derived products have also been shown to alleviate
preclinical models of disease. In a mouse model of LPS-induced
endometrial fibrosis, intrauterine injection of telocyte-derived
exosomes decreased uterine fibrosis and enhanced mesenchymal-
to-epithelial transition (Chen et al., 2023).

6 Discussion

The emerging understanding of telocytes and their roles in tissue
homeostasis, particularly in the gastrointestinal tract, highlights
their potential role in the pathogenesis of IBD. However, the
functional significance of telocytes and if the functions of these
cells vary based on their location in the intestinal wall (i.e., lamina
propria versus muscularis propria) and along the length of the gut
(i.e., in stomach telocytes versus colonic telocytes) remains to be
defined. The recent work by Cadinu et al. (2024) taken together with
the previous finding by McCarthy et al. (2020) suggest that there
may be some plasticity between subpopulations of mesenchymal
cells, including telocytes, trophocytes and IAFs during IBD-
associated inflammation. To this end, single-cell multi-omic
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mapping of telocytes in the gut as well as lineage tracing experiments
need to be done in the future.

The challenge with the aforementioned approach is related to
the lack of uniformity and consensus in the markers used to identify
telocytes. While FoxL1, PDGFRα, CD34, and Gli1 have been used to
identify telocyte in the gut (Shoshkes-Carmel, 2024); these markers
were also found to be expressed by other types of cells including stem
cells and other mesenchymal cells, which complicates the definitive
identification and functional characterization of telocytes (Table 1)
(Tippett et al., 2013; Levy, 2014; Kramann et al., 2015; Miyashita
et al., 2020; Muhl et al., 2020; Diaz-Castro et al., 2021; Zurzu et al.,
2021). As such, it remains debatable if telocytes are a distinct
differentiated subset within mesenchymal cells or another
transcriptomic stage of fibroblasts to the changes in the intestinal
microenvironmental cues. Indeed, Cadinu et al. (2024) showed that
CD34, PDGFRα, and Gli1 likely define different subsets of
fibroblasts.

The GREM1-producing Gli+GP38+ pericryptal telocytes
identified by Degirmenci et al. (2018) are likely the same
GREM1-producing PDGFRαlow trophocytes identified by
McCarthy et al. (2020). These trophocytes were also subsequently
described by Jasso et al. (2022), Pærregaard et al. (2023), and Cadinu
et al. (2024) among others. These PDGFRαlow trophocytes are
differentiated from another PDGFRαlow fibroblast subset based on
their CD81 expression. Both of these PDGFRαlow subsets are also
CD34+. Whether these CD34+PDGRαlow fibroblast subsets, such the
CD81+ trophocytes and CD81− fibroblasts, should be classified as
telocyte subtypes is currently uncertain. Much of the early studies on
telocytes focus on the use of the CD34 marker (Faussone Pellegrini
and Popescu, 2011; Milia et al., 2013; Manetti et al., 2015; Ibba-
Manneschi et al., 2016). In addition, in other organs, such as skin
and lungs, CD34 positivity is still often associated with telocytes
(Rusu et al., 2020; Díaz-Flores et al., 2021).

More recently, PDGFRαhighFoxL1+ fibroblasts present at crypt-
tops and villous tips are more likely to be referred to as telocytes in
the intestinal stroma literature (Shoshkes-Carmel et al., 2018; Bahar
Halpern et al., 2020; McCarthy et al., 2020; Kraiczy et al., 2023;
Cadinu et al., 2024). Interestingly, recent study by Pærregaard et al.
(2023) suggested that this population of cells comprise functionally
distinct subpopulations of cells originated from an Fgfr2-expressing
stromal cells. These studies altogether suggest that some of the
populations previously identified as telocytes are not uniform and
may comprise several different fibroblast subpopulations. These
fibroblast subpopulations also appear to be highly plastic instead
of being terminally differentiated and may acquire or lose functions
depending on microenvironmental cues that are present. The
potential roles of these different stromal cell populations and
their fate/plasticity during pathogenesis of IBD remain to be defined.

Over the last decade, considerable progress has been made in
understanding the role of stromal cells often referred to as telocytes in
gut barrier function. Disruption of Wnt and BMP signaling pathways
in FoxL1+ telocytes has been shown to impair these functions, leading
to compromised barrier integrity and abnormal tissue dynamics
(Reyes Nicolás et al., 2021; Pomerleau et al., 2023). However, it
remains to be seen how Wnt/BMP signaling in telocytes protect
against “leaky” gut (Camilleri, 2019) and how these disruptions in
telocyte function can potentially exacerbate IBD symptoms by
allowing increased microbial translocation and perpetuating

chronic inflammation. The correlation between the loss of telocytes
and the presence of fibrosis in IBD and other diseases suggests that
these cells are likely to play a protective role against the development
of fibrosis (Wei et al., 2022). The inverse correlation between the
number of telocytes and fibrosis severity, as reported in studies
involving CD and UC, suggests that telocyte depletion or trans-
differentiation into other subsets of mesenchymal cells, likely
inflammation-associated fibroblasts (IAF), may contribute to or
exacerbate the inflammatory and fibrotic processes observed in
these diseases (Milia et al., 2013; Manetti et al., 2015).

The field of telocyte biology is only in its early stages when it comes
to understanding how telocytes interact with other cell types that are
known to be key players in IBD-associated chronic inflammation and
fibrosis, such as epithelial cells, fibroblasts, smooth muscle cells, and
capillary wall cells. For example, through telopodes, telocytes are
suggested to form direct cell-cell contact with various epithelial cells,
endothelial cells, and fibroblasts (Song et al., 2022; Fu et al., 2023).
However, the overall role and mechanisms by which telocytes regulate
the responses of other cells in chronic inflammation and fibrosis is far
from understood and, indeed, some findings remain contradictory. In a
different study, skin telocytes were shown to inhibit the release of
inflammatory factors and promote migration of epithelial cells in
in vitro and in vivo models of skin injury (Wang et al., 2020).
However, in another study of dermal fibrosis, telocytes were also
suggested to be a source of α-SMA+ myofibroblasts, a recognized
contributor to fibrosis (Rosa et al., 2021b). In models of pulmonary
fibrosis, telocytes are shown to suppress excessive activation of
fibroblasts and endothelial cells by regulating their proliferation,
differentiation, and matrix production, potentially reversing excessive
collagen deposition (Zheng et al., 2024). Similar findings were noted in
liver fibrosis (Wei et al., 2022). Indeed, in models of myocardial
infarction and renal fibrosis, there is some evidence that telocyte
transplantation contributes to the reduction of extracellular matrix
deposition and enhances recovery of organ function (Wei et al.,
2022). The role of telocytes in regulating capillary wall cells,
including endothelial cells, during IBD also requires further
investigation. A recent study suggests that telocytes may facilitate
angiogenesis during tissue development and repair through
expression of VEGF which promotes endothelial proliferation and
migration (Soliman, 2021). From a smooth muscle interaction
standpoint, intestinal telocytes have been suggested to control
smooth muscle contraction in the GI tract (Shoshkes-Carmel, 2024).
Nonetheless, the mechanisms by which telocytes regulate activity of
other major cellular players in chronic inflammation and fibrotic
stricture formation in IBD remain to be elucidated.

The role of telocytes in immune regulation, particularly their
interaction with macrophages, suggests a broader
immunomodulatory function that could be leveraged for therapeutic
purposes. While Ji et al. (2021) have previously shown that PDGFRα+
telocytes form cell-to-cell contacts with macrophages in the intestinal
muscle layers, the nature andmechanisms of these interactions between
macrophages and telocytes in other layers of the intestinal wall during
homeostasis and IBD remain to be defined. The ability of telocytes to
influence macrophage polarization via the HGF-Met pathway from an
inflammatory (M1) state toward a tissue-remodeling phenotype (M1/
M2) in a preclinical model of periodontitis (Zhao et al., 2022) hints at
the potential of telocyte-macrophage interactions in IBD and its
associated fibrosis. Future studies will need to elucidate the impact
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of telocyte-macrophage interactions on IBD-associated chronic
inflammation and fibrosis.

Further, because telocytes are suspected to transdifferentiate
into IAF, it is unclear if telocyte transplantation will add more fuel to
fire as the transplanted telocytes potentially become more sources of
IAF precursors. Alternatively, these transplanted telocytes could
potentially revert the transcriptomic programming of IAFs back into
their resting state and halt IBD-associated inflammatory and fibrotic
processes. Our understanding of the immunoregulatory function of
telocytes in the context of gut homeostasis and IBD is still in its
infancy. Further work is needed to elucidate the mechanisms by
which telocytes influence immune responses, inflammation, and
IBD-associated fibrosis. This will involve not only the identification
of specific markers and signaling pathways but also the development
of models to study telocyte function in vitro and in vivo.

In conclusion, our knowledge of telocyte fate, plasticity, and
function during gut homeostasis and IBD-relevant inflammatory
stress remains in its nascent stages. Their multifaceted roles in
maintaining the gut barrier and regulating innate immune
responses and potentially protective role against fibrosis make
them an attractive novel therapeutic target for IBD. Approaches
such as enhancement/restoration of telocyte function or
administration of telocyte-derived products should be considered
as new strategies to manage fibrosis and inflammation in IBD.

Author contributions

RP: Conceptualization, Supervision, Writing–original draft,
Writing–review and editing. CM: Writing–original draft,

Writing–review and editing. MC: Visualization, Writing–original
draft, Writing–review and editing. IP: Conceptualization, Funding
acquisition, Supervision, Writing–original draft, Writing–review
and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Department of Defense Peer Reviewed
Medical Investigator Award W81XWH-22-1-0434; CCF Research
Fellowship award #1051062.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Ahmed, A., and Hussein, M. (2023). Telocytes in cutaneous biology: a reappraisal.
Actas Sifiliogr. 114 (3), 229–239. doi:10.1016/j.ad.2022.08.029

Ahn, S., and Joyner, A. L. (2004). Dynamic changes in the response of cells to positive
hedgehog signaling during mouse limb patterning. Cell 118 (4), 505–516. doi:10.1016/j.
cell.2004.07.023

Aleksandrovych, V., and Gil, K. (2021). Telocytes in the tumor microenvironment.
Tumor Microenviron. Nov. Concepts 1329, 205–216. doi:10.1007/978-3-030-73119-
9_11

Andrae, J., Gallini, R., and Betsholtz, C. (2008). Role of platelet-derived growth factors
in physiology and medicine. Genes and Dev. 22 (10), 1276–1312. doi:10.1101/gad.
1653708

Aoki, R., Shoshkes-Carmel, M., Gao, N., Shin, S., May, C. L., Golson, M. L., et al.
(2016). Foxl1-expressing mesenchymal cells constitute the intestinal stem cell niche.
Cell. Mol. gastroenterology hepatology 2 (2), 175–188. doi:10.1016/j.jcmgh.2015.12.004

Arafat, E. A., Marzouk, R. E., Mostafa, S. A., and Hamed, W. H. (2021). Identification
of the molecular basis of nanocurcumin-induced telocyte preservation within the colon
of ulcerative colitis rat model. Mediat. Inflamm. 2021, 7534601–7534613. doi:10.1155/
2021/7534601

Arslan, M. E., Brar, R., Goetz, L., Karamchandani, D., Mikula, M. W., Hodge, K., et al.
(2022). Inflammation and tissue remodeling contribute to fibrogenesis in stricturing
Crohn’s disease: image processing and analysis study. J. Pathology Transl. Med. 56 (5),
239–248. doi:10.4132/jptm.2022.05.18

Avery, J. T., Zhang, R., and Boohaker, R. J. (2021). GLI1: a therapeutic target for
cancer. Front. Oncol. 11, 673154. doi:10.3389/fonc.2021.673154

Bahar Halpern, K., Massalha, H., Zwick, R. K., Moor, A. E., Castillo-Azofeifa, D.,
Rozenberg, M., et al. (2020). Lgr5+ telocytes are a signaling source at the intestinal villus
tip. Nat. Commun. 11 (1), 1936. doi:10.1038/s41467-020-15714-x

Banciu, D. D., Creţoiu, D., Creţoiu, S. M., Banciu, A., Popa, D., David, R., et al. (2022).
Telocytes’ role in modulating gut motility function and development: Medical
hypotheses and literature review. Int. J. Mol. Sci. 23 (13), 7017. doi:10.3390/
ijms23137017

Bani, D., Formigli, L., Gherghiceanu, M., and Faussone-Pellegrini, M. S. (2010).
Telocytes as supporting cells for myocardial tissue organization in developing and adult
heart. J. Cell. Mol. Med. 14 (10), 2531–2538. doi:10.1111/j.1582-4934.2010.01119.x

Cadinu, P., Sivanathan, K. N., Misra, A., Xu, R. J., Mangani, D., Yang, E., et al. (2024).
Charting the cellular biogeography in colitis reveals fibroblast trajectories and
coordinated spatial remodeling. Cell 187 (8), 2010–2028.e30. doi:10.1016/j.cell.2024.
03.013

Camilleri, M. (2019). Leaky gut: mechanisms, measurement and clinical implications
in humans. Gut 68 (8), 1516–1526. doi:10.1136/gutjnl-2019-318427

Chen, T.-Q., Wei, X.-J., Liu, H.-Y., Zhan, S.-H., and Yang, X.-J. (2023). Telocyte-
derived exosomes provide an important source of Wnts that inhibits fibrosis and
supports Regeneration and repair of endometrium. Cell Transplant. 32,
09636897231212746. doi:10.1177/09636897231212746

Chung, M.-I., Bujnis, M., Barkauskas, C. E., Kobayashi, Y., and Hogan, B. L. (2018).
Niche-mediated BMP/SMAD signaling regulates lung alveolar stem cell proliferation
and differentiation. Development 145 (9), dev163014. doi:10.1242/dev.163014

D’Alessio, S., Ungaro, F., Noviello, D., Lovisa, S., Peyrin-Biroulet, L., and Danese, S.
(2022). Revisiting fibrosis in inflammatory bowel disease: the gut thickens. Nat. Rev.
Gastroenterology and Hepatology 19 (3), 169–184. doi:10.1038/s41575-021-00543-0

Degirmenci, B., Valenta, T., Dimitrieva, S., Hausmann, G., and Basler, K. (2018).
GLI1-expressing mesenchymal cells form the essential Wnt-secreting niche for colon
stem cells. Nature 558 (7710), 449–453. doi:10.1038/s41586-018-0190-3

Diaz-Castro, B., Bernstein, A. M., Coppola, G., Sofroniew, M. V., and Khakh, B. S.
(2021). Molecular and functional properties of cortical astrocytes during peripherally
induced neuroinflammation. Cell Rep. 36 (6), 109508. doi:10.1016/j.celrep.2021.109508

Díaz-Flores, L., Gutiérrez, R., García, M., González, M., Sáez, F., Aparicio, F., et al. (2015).
Human resident CD34+ stromal cells/telocytes have progenitor capacity and are a source of
αSMA+ cells during repair. Histol. Histopathol. 30, 615–627. doi:10.14670/HH-30.615

Díaz-Flores, L., Gutiérrez, R., García, M. P., González-Gómez, M., Carrasco, J. L.,
Alvarez-Argüelles, H., et al. (2020). Telocytes/CD34+ stromal cells in pathologically
affected white adipose tissue. Int. J. Mol. Sci. 21 (24), 9694. doi:10.3390/ijms21249694

Frontiers in Cell and Developmental Biology frontiersin.org08

Panganiban et al. 10.3389/fcell.2024.1452258

https://doi.org/10.1016/j.ad.2022.08.029
https://doi.org/10.1016/j.cell.2004.07.023
https://doi.org/10.1016/j.cell.2004.07.023
https://doi.org/10.1007/978-3-030-73119-9_11
https://doi.org/10.1007/978-3-030-73119-9_11
https://doi.org/10.1101/gad.1653708
https://doi.org/10.1101/gad.1653708
https://doi.org/10.1016/j.jcmgh.2015.12.004
https://doi.org/10.1155/2021/7534601
https://doi.org/10.1155/2021/7534601
https://doi.org/10.4132/jptm.2022.05.18
https://doi.org/10.3389/fonc.2021.673154
https://doi.org/10.1038/s41467-020-15714-x
https://doi.org/10.3390/ijms23137017
https://doi.org/10.3390/ijms23137017
https://doi.org/10.1111/j.1582-4934.2010.01119.x
https://doi.org/10.1016/j.cell.2024.03.013
https://doi.org/10.1016/j.cell.2024.03.013
https://doi.org/10.1136/gutjnl-2019-318427
https://doi.org/10.1177/09636897231212746
https://doi.org/10.1242/dev.163014
https://doi.org/10.1038/s41575-021-00543-0
https://doi.org/10.1038/s41586-018-0190-3
https://doi.org/10.1016/j.celrep.2021.109508
https://doi.org/10.14670/HH-30.615
https://doi.org/10.3390/ijms21249694
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org
https://doi.org/10.3389/fcell.2024.1452258


Díaz-Flores, L., Gutiérrez, R., García, M. P., González-Gómez, M., Rodríguez-
Rodriguez, R., Hernández-León, N., et al. (2021). Cd34+ stromal cells/telocytes in
normal and pathological skin. Int. J. Mol. Sci. 22 (14), 7342. doi:10.3390/ijms22147342

Du, Y., Rong, L., Cong, Y., Shen, L., Zhang, N., and Wang, B. (2021). Macrophage
polarization: an effective approach to targeted therapy of inflammatory bowel disease.
Expert Opin. Ther. Targets 25 (3), 191–209. doi:10.1080/14728222.2021.1901079

Emeish, W. F., Abd-ElHafeez, H. H., Alghamdi, A. A., Ahmed, M., Khalifa, M. O., El-
Mansi, A. A., et al. (2023). Morphological changes in intraepithelial and stromal
telocytes in Cyprinus carpio in response to salinity stress. Sci. Rep. 13 (1), 19987.
doi:10.1038/s41598-023-43279-4

Farahani, R. M., and Xaymardan, M. (2015). Platelet-derived growth factor receptor
alpha as a marker of mesenchymal stem cells in development and stem cell biology. Stem
cells Int. 2015 (1), 362753. doi:10.1155/2015/362753

Faussone Pellegrini, M. S., and Popescu, L. M. (2011). Telocytes. Biomol. Concepts 2
(6), 481–489. doi:10.1515/BMC.2011.039

Fu, H., Liu, X., Shi, L., Wang, L., Fang, H., Wang, X., et al. (2023). Regulatory roles of
Osteopontin in lung epithelial inflammation and epithelial-telocyte interaction. Clin.
Transl. Med. 13 (8), e1381. doi:10.1002/ctm2.1381

Fu, S., Wang, F., Cao, Y., Huang, Q., Xiao, J., Yang, C., et al. (2015). Telocytes in
human liver fibrosis. J. Cell. Mol. Med. 19 (3), 676–683. doi:10.1111/jcmm.12542

Gordon, I. O., Agrawal, N., Willis, E., Goldblum, J. R., Lopez, R., Allende, D., et al.
(2018). Fibrosis in ulcerative colitis is directly linked to severity and chronicity of
mucosal inflammation. Alimentary Pharmacol. and Ther. 47 (7), 922–939. doi:10.1111/
apt.14526

Guan, Q. (2019). A comprehensive review and update on the pathogenesis of
inflammatory bowel disease. J. Immunol. Res. 2019, 7247238. doi:10.1155/2019/7247238

Hamilton, T. G., Klinghoffer, R. A., Corrin, P. D., and Soriano, P. (2003). Evolutionary
divergence of platelet-derived growth factor alpha receptor signaling mechanisms.Mol.
Cell. Biol. 23 (11), 4013–4025. doi:10.1128/mcb.23.11.4013-4025.2003

Ibba-Manneschi, L., Rosa, I., and Manetti, M. (2016). Telocytes in chronic
inflammatory and fibrotic diseases. Telocytes Connect. Cells 913, 51–76. doi:10.1007/
978-981-10-1061-3_4

Jasso, G. J., Jaiswal, A., Varma, M., Laszewski, T., Grauel, A., Omar, A., et al. (2022).
Colon stroma mediates an inflammation-driven fibroblastic response controlling
matrix remodeling and healing. PLoS Biol. 20 (1), e3001532. doi:10.1371/journal.
pbio.3001532

Ji, S., Traini, C., Mischopoulou, M., Gibbons, S. J., Ligresti, G., Faussone-Pellegrini, M.
S., et al. (2021). Muscularis macrophages establish cell-to-cell contacts with telocytes/
PDGFRα-positive cells and smooth muscle cells in the human and mouse
gastrointestinal tract. Neurogastroenterol. and Motil. 33 (3), e13993. doi:10.1111/
nmo.13993

Kaestner, K. H. (2019). The intestinal stem cell niche: a central role for Foxl1-
expressing subepithelial telocytes. Cell. Mol. gastroenterology hepatology 8 (1), 111–117.
doi:10.1016/j.jcmgh.2019.04.001

Katoh, Y., and Katoh, M. (2009). Hedgehog target genes: mechanisms of
carcinogenesis induced by aberrant hedgehog signaling activation. Curr. Mol. Med.
9 (7), 873–886. doi:10.2174/156652409789105570

Kinchen, J., Chen, H. H., Parikh, K., Antanaviciute, A., Jagielowicz, M., Fawkner-
Corbett, D., et al. (2018). Structural remodeling of the human colonic mesenchyme in
inflammatory bowel disease. Cell 175 (2), 372–386. doi:10.1016/j.cell.2018.08.067

Kolev, H. M., and Kaestner, K. H. (2023). Mammalian intestinal development and
differentiation–the state of the art. Cell. Mol. Gastroenterology Hepatology 16, 809–821.
doi:10.1016/j.jcmgh.2023.07.011

Kolev, H. M., Tian, Y., Kim, M. S., Leu, N. A., Adams-Tzivelekidis, S., Lengner, C. J.,
et al. (2021). A FoxL1-CreERT-2A-tdTomato mouse Labels subepithelial telocytes. Cell
Mol. Gastroenterol. Hepatol. 12 (3), 1155–1158.e4. doi:10.1016/j.jcmgh.2021.05.009

Kraiczy, J., McCarthy, N., Malagola, E., Tie, G., Madha, S., Boffelli, D., et al. (2023).
Graded BMP signaling within intestinal crypt architecture directs self-organization of
the Wnt-secreting stem cell niche. Cell Stem Cell 30 (4), 433–449.e8. doi:10.1016/j.stem.
2023.03.004

Kramann, R., Schneider, R. K., DiRocco, D. P., Machado, F., Fleig, S., Bondzie, P. A.,
et al. (2015). Perivascular Gli1+ progenitors are key contributors to injury-induced
organ fibrosis. Cell stem cell 16 (1), 51–66. doi:10.1016/j.stem.2014.11.004

Levy, S. (2014). Function of the tetraspanin molecule CD81 in B and T cells. Immunol.
Res. 58, 179–185. doi:10.1007/s12026-014-8490-7

Manetti, M., Guiducci, S., Ruffo, M., Rosa, I., Faussone-Pellegrini, M. S., Matucci-
Cerinic, M., et al. (2013). Evidence for progressive reduction and loss of telocytes in the
dermal cellular network of systemic sclerosis. J. Cell. Mol. Med. 17 (4), 482–496. doi:10.
1111/jcmm.12028

Manetti, M., Rosa, I., Messerini, L., and Ibba-Manneschi, L. (2015). Telocytes are
reduced during fibrotic remodelling of the colonic wall in ulcerative colitis. J. Cell. Mol.
Med. 19 (1), 62–73. doi:10.1111/jcmm.12457

McCarthy, N., Manieri, E., Storm, E. E., Saadatpour, A., Luoma, A. M., Kapoor, V. N.,
et al. (2020). Distinct mesenchymal cell populations generate the essential intestinal
BMP signaling gradient. Cell stem cell 26 (3), 391–402. doi:10.1016/j.stem.2020.01.008

Mehandru, S., and Colombel, J.-F. (2021). The intestinal barrier, an arbitrator turned
provocateur in IBD. Nat. Rev. Gastroenterology and Hepatology 18 (2), 83–84. doi:10.
1038/s41575-020-00399-w

Milia, A. F., Ruffo, M., Manetti, M., Rosa, I., Conte, D., Fazi, M., et al. (2013). Telocytes
in Crohn’s disease. J. Cell Mol. Med. 17 (12), 1525–1536. doi:10.1111/jcmm.12177

Miyashita, N., Horie, M., Suzuki, H. I., Saito, M., Mikami, Y., Okuda, K., et al. (2020).
FOXL1 regulates lung fibroblast function via multiple mechanisms. Am. J. Respir. cell
Mol. Biol. 63 (6), 831–842. doi:10.1165/rcmb.2019-0396OC

Muhl, L., Genové, G., Leptidis, S., Liu, J., He, L., Mocci, G., et al. (2020). Single-cell
analysis uncovers fibroblast heterogeneity and criteria for fibroblast and mural cell
identification and discrimination. Nat. Commun. 11 (1), 3953. doi:10.1038/s41467-020-
17740-1

Pærregaard, S. I., Wulff, L., Schussek, S., Niss, K., Mörbe, U., Jendholm, J., et al.
(2023). The small and large intestine contain related mesenchymal subsets that derive
from embryonic Gli1+ precursors. Nat. Commun. 14 (1), 2307. doi:10.1038/s41467-
023-37952-5

Pieri, L., Vannucchi, M. G., and Faussone-Pellegrini, M. S. (2008). Histochemical and
ultrastructural characteristics of an interstitial cell type different from ICC and resident
in the muscle coat of human gut. J. Cell. Mol. Med. 12 (5b), 1944–1955. doi:10.1111/j.
1582-4934.2008.00461.x

Pomerleau, V., Nicolas, V. R., Jurkovic, C.-M., Faucheux, N., Lauzon, M.-A., Boisvert,
F.-M., et al. (2023). FOXL1+ Telocytes in mouse colon orchestrate extracellular matrix
biodynamics and wound repair resolution. J. Proteomics 271, 104755. doi:10.1016/j.
jprot.2022.104755

Popescu, L., and Faussone-Pellegrini, M. S. (2010a). TELOCYTES–a case of
serendipity: the winding way from interstitial cells of Cajal (ICC), via interstitial
Cajal-like cells (ICLC) to TELOCYTES. Wiley Online Library.

Popescu, L. M., and Faussone-Pellegrini, M. S. (2010b). TELOCYTES - a case of
serendipity: the winding way from interstitial cells of Cajal (ICC), via interstitial Cajal-
like cells (ICLC) to TELOCYTES. J. Cell Mol. Med. 14 (4), 729–740. doi:10.1111/j.1582-
4934.2010.01059.x

Radu, P., Zurzu, M., Paic, V., Bratucu, M., Garofil, D., Tigora, A., et al. (2023).
CD34—structure, functions and relationship with cancer stem cells. Medicina 59 (5),
938. doi:10.3390/medicina59050938

Reyes Nicolás, V., Allaire, J. M., Alfonso, A. B., Pupo Gómez, D., Pomerleau, V.,
Giroux, V., et al. (2021). Altered mucus barrier integrity and increased susceptibility to
colitis in mice upon loss of telocyte bonemorphogenetic protein signalling. Cells 10 (11),
2954. doi:10.3390/cells10112954

Richter, M., and Kostin, S. (2015). The failing human heart is characterized by
decreased numbers of telocytes as result of apoptosis and altered extracellular matrix
composition. J. Cell. Mol. Med. 19 (11), 2597–2606. doi:10.1111/jcmm.12664

Rosa, I., Marini, M., and Manetti, M. (2021a). Telocytes: an emerging component of
stem cell niche microenvironment. J. Histochem. and Cytochem. 69 (12), 795–818.
doi:10.1369/00221554211025489

Rosa, I., Romano, E., Fioretto, B. S., Guasti, D., Ibba-Manneschi, L., Matucci-Cerinic,
M., et al. (2021b). Scleroderma-like impairment in the network of telocytes/CD34+
stromal cells in the experimental mouse model of bleomycin-induced dermal fibrosis.
Int. J. Mol. Sci. 22 (22), 12407. doi:10.3390/ijms222212407

Rosa, I., Taverna, C., Novelli, L., Marini, M., Ibba-Manneschi, L., and Manetti, M.
(2019). Telocytes constitute a widespread interstitial meshwork in the lamina propria
and underlying striated muscle of human tongue. Sci. Rep. 9 (1), 5858. doi:10.1038/
s41598-019-42415-3

Rusu, M. C., Hostiuc, S., Fildan, A. P., and Tofolean, D. E. (2020). Critical review: what cell
types are the lung telocytes? Anatomical Rec. 303 (5), 1280–1292. doi:10.1002/ar.24237

Sackett, S. D., Fulmer, J. T., Friedman, J. R., and Kaestner, K. H. (2007). Foxl1-Cre
BAC transgenic mice: a new tool for gene ablation in the gastrointestinal mesenchyme.
Genesis 45 (8), 518–522. doi:10.1002/dvg.20315

Schneider, R. K., Mullally, A., Dugourd, A., Peisker, F., Hoogenboezem, R., Van
Strien, P. M., et al. (2017). Gli1+ mesenchymal stromal cells are a key driver of bone
marrow fibrosis and an important cellular therapeutic target. Cell stem cell 20 (6),
785–800. doi:10.1016/j.stem.2017.03.008

Shahrestani, J. (2024) Neuroanatomy, Auerbach plexus, in StatPearls. Treasure Island
(FL) ineligible companies,in Disclosure: Joe M Das declares no relevant financial
relationships with ineligible companies.

Shin, S., Walton, G., Aoki, R., Brondell, K., Schug, J., Fox, A., et al. (2011). Foxl1-Cre-
marked adult hepatic progenitors have clonogenic and bilineage differentiation
potential. Genes and Dev. 25 (11), 1185–1192. doi:10.1101/gad.2027811

Shoshkes-Carmel, M. (2024). Telocytes in the Luminal GI tract. Cell Mol.
Gastroenterol. Hepatol. 17 (5), 697–701. doi:10.1016/j.jcmgh.2024.02.002

Shoshkes-Carmel, M., Wang, Y. J., Wangensteen, K. J., Toth, B., Kondo, A., Massasa,
E. E., et al. (2018). Subepithelial telocytes are an important source of Wnts that supports
intestinal crypts. Nature 557 (7704), 242–246. doi:10.1038/s41586-018-0084-4

Sidney, L. E., Branch, M. J., Dunphy, S. E., Dua, H. S., and Hopkinson, A. (2014).
Concise review: evidence for CD34 as a common marker for diverse progenitors. Stem
cells 32 (6), 1380–1389. doi:10.1002/stem.1661

Frontiers in Cell and Developmental Biology frontiersin.org09

Panganiban et al. 10.3389/fcell.2024.1452258

https://doi.org/10.3390/ijms22147342
https://doi.org/10.1080/14728222.2021.1901079
https://doi.org/10.1038/s41598-023-43279-4
https://doi.org/10.1155/2015/362753
https://doi.org/10.1515/BMC.2011.039
https://doi.org/10.1002/ctm2.1381
https://doi.org/10.1111/jcmm.12542
https://doi.org/10.1111/apt.14526
https://doi.org/10.1111/apt.14526
https://doi.org/10.1155/2019/7247238
https://doi.org/10.1128/mcb.23.11.4013-4025.2003
https://doi.org/10.1007/978-981-10-1061-3_4
https://doi.org/10.1007/978-981-10-1061-3_4
https://doi.org/10.1371/journal.pbio.3001532
https://doi.org/10.1371/journal.pbio.3001532
https://doi.org/10.1111/nmo.13993
https://doi.org/10.1111/nmo.13993
https://doi.org/10.1016/j.jcmgh.2019.04.001
https://doi.org/10.2174/156652409789105570
https://doi.org/10.1016/j.cell.2018.08.067
https://doi.org/10.1016/j.jcmgh.2023.07.011
https://doi.org/10.1016/j.jcmgh.2021.05.009
https://doi.org/10.1016/j.stem.2023.03.004
https://doi.org/10.1016/j.stem.2023.03.004
https://doi.org/10.1016/j.stem.2014.11.004
https://doi.org/10.1007/s12026-014-8490-7
https://doi.org/10.1111/jcmm.12028
https://doi.org/10.1111/jcmm.12028
https://doi.org/10.1111/jcmm.12457
https://doi.org/10.1016/j.stem.2020.01.008
https://doi.org/10.1038/s41575-020-00399-w
https://doi.org/10.1038/s41575-020-00399-w
https://doi.org/10.1111/jcmm.12177
https://doi.org/10.1165/rcmb.2019-0396OC
https://doi.org/10.1038/s41467-020-17740-1
https://doi.org/10.1038/s41467-020-17740-1
https://doi.org/10.1038/s41467-023-37952-5
https://doi.org/10.1038/s41467-023-37952-5
https://doi.org/10.1111/j.1582-4934.2008.00461.x
https://doi.org/10.1111/j.1582-4934.2008.00461.x
https://doi.org/10.1016/j.jprot.2022.104755
https://doi.org/10.1016/j.jprot.2022.104755
https://doi.org/10.1111/j.1582-4934.2010.01059.x
https://doi.org/10.1111/j.1582-4934.2010.01059.x
https://doi.org/10.3390/medicina59050938
https://doi.org/10.3390/cells10112954
https://doi.org/10.1111/jcmm.12664
https://doi.org/10.1369/00221554211025489
https://doi.org/10.3390/ijms222212407
https://doi.org/10.1038/s41598-019-42415-3
https://doi.org/10.1038/s41598-019-42415-3
https://doi.org/10.1002/ar.24237
https://doi.org/10.1002/dvg.20315
https://doi.org/10.1016/j.stem.2017.03.008
https://doi.org/10.1101/gad.2027811
https://doi.org/10.1016/j.jcmgh.2024.02.002
https://doi.org/10.1038/s41586-018-0084-4
https://doi.org/10.1002/stem.1661
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org
https://doi.org/10.3389/fcell.2024.1452258


Soliman, S. A. (2021). Telocytes are major constituents of the angiogenic apparatus.
Sci. Rep. 11 (1), 5775. doi:10.1038/s41598-021-85166-w

Song, D., Zhang, D., and Zheng, Y. (2022). Significance and perspectives of telocytes
in lung diseases. Clin. Transl. Discov. 2 (4), e144. doi:10.1002/ctd2.144

Stzepourginski, I., Nigro, G., Jacob, J.-M., Dulauroy, S., Sansonetti, P. J., Eberl, G., et al.
(2017). CD34+ mesenchymal cells are a major component of the intestinal stem cells
niche at homeostasis and after injury. Proc. Natl. Acad. Sci. 114 (4), E506-E513–E513.
doi:10.1073/pnas.1620059114

Tippett, E., Cameron, P. U., Marsh, M., and Crowe, S. M. (2013). Characterization of
tetraspanins CD9, CD53, CD63, and CD81 in monocytes and macrophages in HIV-1
infection. J. Leukoc. Biol. 93 (6), 913–920. doi:10.1189/jlb.0812391

Vannucchi, M. G., Traini, C., Guasti, D., Giulio, D. P., and Faussone-Pellegrini, M. S.
(2014). Telocytes subtypes in human urinary bladder. J. Cell. Mol. Med. 18 (10),
2000–2008. doi:10.1111/jcmm.12375

Vannucchi, M. G., Traini, C., Manetti, M., Ibba-Manneschi, L., and Faussone-
Pellegrini, M. S. (2013). Telocytes express PDGFR α in the human gastrointestinal
tract. J. Cell. Mol. Med. 17 (9), 1099–1108. doi:10.1111/jcmm.12134

Varga, I., Klein, M., Urban, L., Danihel Jr, L., Polak, S., and Danihel Sr, L. (2018).
Recently discovered interstitial cells “telocytes” as players in the pathogenesis of uterine
leiomyomas. Med. hypotheses 110, 64–67. doi:10.1016/j.mehy.2017.11.003

Varga, I., Polák, Š., Kyselovič, J., Kachlík, D., Danišovič, Ľ., and Klein, M. (2019).
Recently discovered interstitial cell population of telocytes: distinguishing facts from
fiction regarding their role in the pathogenesis of diverse diseases called
“Telocytopathies”. Medicina 55 (2), 56. doi:10.3390/medicina55020056

Wang, L., Song, D., Wei, C., Chen, C., Yang, Y., Deng, X., et al. (2020). Telocytes inhibited
inflammatory factor expression and enhanced cell migration in LPS-induced skin wound
healing models in vitro and in vivo. J. Transl. Med. 18, 60–14. doi:10.1186/s12967-020-02217-y

Wang, R., Li, Z., Liu, S., and Zhang, D. (2023). Global, regional and national burden of
inflammatory bowel disease in 204 countries and territories from 1990 to 2019: a
systematic analysis based on the Global Burden of Disease Study 2019. BMJ open 13 (3),
e065186. doi:10.1136/bmjopen-2022-065186

Wei, X.-j., Chen, T.-q., and Yang, X.-j. (2022). Telocytes in fibrosis diseases: from
current findings to future clinical perspectives. Cell Transplant. 31,
09636897221105252. doi:10.1177/09636897221105252

Xu, T., Zhang, H., and Zhu, Z. (2023). Telocytes and endometriosis. Archives Gynecol.
Obstetrics 307 (1), 39–49. doi:10.1007/s00404-022-06634-w

Zhang, D., Song, D., Shi, L., Sun, X., Zheng, Y., Zeng, Y., et al. (2020a).
Mechanisms of interactions between lung-origin telocytes and mesenchymal
stem cells to treat experimental acute lung injury. Clin. Transl. Med. 10 (8),
e231. doi:10.1002/ctm2.231

Zhang, F.-L., Huang, Y.-L., Zhou, X.-Y., Tang, X.-L., and Yang, X.-J. (2020b).
Telocytes enhanced in vitro decidualization and mesenchymal-epithelial transition
in endometrial stromal cells via Wnt/β-catenin signaling pathway. Am. J. Transl.
Res. 12 (8), 4384–4396.

Zhang, Y., and Tian, H. (2023). Telocytes and inflammation: a review. Medicine 102
(46), e35983. doi:10.1097/MD.0000000000035983

Zhao, B., Chen, S., Liu, J., Yuan, Z., Qi, X., Qin, J., et al. (2013). Cardiac telocytes
were decreased during myocardial infarction and their therapeutic effects for
ischaemic heart in rat. J. Cell. Mol. Med. 17 (1), 123–133. doi:10.1111/j.1582-4934.
2012.01655.x

Zhao, J., Birjandi, A. A., Ahmed, M., Redhead, Y., Olea, J. V., and Sharpe, P. (2022).
Telocytes regulate macrophages in periodontal disease. Elife 11, e72128. doi:10.7554/
eLife.72128

Zheng, L., Li, L., Qi, G., Hu, M., Hu, C., Wang, S., et al. (2018). Transplantation of
telocytes attenuates unilateral ureter obstruction-induced renal fibrosis in rats. Cell.
Physiology Biochem. 46 (5), 2056–2071. doi:10.1159/000489445

Zheng, Y., Cai, S., Zhao, Z., Wang, X., Dai, L., and Song, D. (2024). Roles of telocytes
dominated cell–cell communication in fibroproliferative acute respiratory distress
syndrome. Clin. Transl. Discov. 4 (2), e277. doi:10.1002/ctd2.277

Zurzu, M., Nicolescu, M. I., Mogoantă, L., Pantea, S., and Rusu, M. C. (2021).
Telocytes and lymphatics of the human colon. Life 11 (10), 1001. doi:10.3390/
life11101001

Frontiers in Cell and Developmental Biology frontiersin.org10

Panganiban et al. 10.3389/fcell.2024.1452258

https://doi.org/10.1038/s41598-021-85166-w
https://doi.org/10.1002/ctd2.144
https://doi.org/10.1073/pnas.1620059114
https://doi.org/10.1189/jlb.0812391
https://doi.org/10.1111/jcmm.12375
https://doi.org/10.1111/jcmm.12134
https://doi.org/10.1016/j.mehy.2017.11.003
https://doi.org/10.3390/medicina55020056
https://doi.org/10.1186/s12967-020-02217-y
https://doi.org/10.1136/bmjopen-2022-065186
https://doi.org/10.1177/09636897221105252
https://doi.org/10.1007/s00404-022-06634-w
https://doi.org/10.1002/ctm2.231
https://doi.org/10.1097/MD.0000000000035983
https://doi.org/10.1111/j.1582-4934.2012.01655.x
https://doi.org/10.1111/j.1582-4934.2012.01655.x
https://doi.org/10.7554/eLife.72128
https://doi.org/10.7554/eLife.72128
https://doi.org/10.1159/000489445
https://doi.org/10.1002/ctd2.277
https://doi.org/10.3390/life11101001
https://doi.org/10.3390/life11101001
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org
https://doi.org/10.3389/fcell.2024.1452258

	Telocytes in inflammatory bowel diseases: contributions to pathology and therapeutic potentials
	1 Introduction
	2 Telocyte structure and location in the GI tract
	3 Cellular markers and animal models for studying telocytes
	4 Telocytes in gut homeostasis and IBD
	4.1 Role of telocyte in the maintenance of the epithelial barrier and stem cell niche
	4.2 Role of telocytes in immune regulation and IBD-relevant intestinal inflammation
	4.3 Role of telocyte in the intestinal repair: Potential role in IBD-associated fibrosis

	5 Telocytes as novel therapeutics in immune-mediated and fibrotic diseases
	6 Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


