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Endosialin, alternatively named tumor endothelial marker 1 (TEM1) or CD248, is a bulk transmembrane glycoprotein
expressed both in developing and adult tissues undergoing active physiological or pathological angiogenesis. Endosialin is
often overexpressed in tumors, particularly in stromal cells and in vessels-covering pericytes, and its transcription is induced
by hypoxia via HIF-2 transcription factor. Based on the expression pattern, molecular characteristics and phenotypes of genetic
models, endosialin has been proposed to function as a receptor implicated in sprouting angiogenesis, vasculogenesis and/or
pruning of vessels. Here we provide an overview of the recent knowledge linking endosialin to diverse aspects of angiogenesis.
Based on data-mining, our experimental data and available literature, we suggest that endosialin cross-talks with both pro- and
anti-angiogenic signals and ECM components, and participates in dynamic vascular remodeling, which facilitates tumor growth.
Tumor-selective targeting of endosialin may therefore contribute to improvement of existing anti-angiogenic therapies.
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Endosialin, also designated tumor endothelial marker
(TEM1) or CD248, was first identified as an antigen associated
with tumor endothelium [1, 2] and its enhanced expression
was found in blood vessels of various tumors [3]. In addition,
endosialin was identified in cultured human fibroblasts and
neuroblastoma cell lines [1]. In contrast, normal healthy blood
vessels of adult individuals, as well as other tissues, display
weak endosialin expression [1, 4, 5]. Subsequent studies have
shown that endosialin is a marker of activated mesenchymal
cells forming the stroma of human tumors and is likely to
influence their migration and proliferation [3].
The precise role of endosialin in the organism is not fully
understood, however, based on its expression pattern, it is
considered for a potential target in anti-cancer therapy.
Molecular characteristics of endosialin
The intronless human gene for endosialin is localized on
the long arm of the chromosome 11 (11q13). Its open reading

frame is 2274 bp long and encodes a type I transmembrane
protein of 757 amino acids [2]. In silico analysis identified
endosialin as a precursor sequence for the eukaryotic cell
surface protein, which likely underwent a process of domain
shuffling during the evolution. The structure of endosialin
suggests that it is a C-type lectin-like protein, with the structure comprising several segments of different functions. The
N-terminal portion (aa 1-20) of the protein corresponds to
the signal peptide required for the transport into the endoplasmic reticulum. The signal peptide is followed by five
globular extracellular domains (aa 30-360) and a C-terminal
segment (aa 361-757) [2]. The extracellular segments were
identified as a C-type lectin domain (CTLD, aa 29-157),
a Sushi/SCR/CCP domain (aa 176-230) and three EGF-like
domains (aa 235-350). The latter two EGF domains may be
Ca2+-binding. The C-terminal half of the protein comprises
three domains: a low-complexity region – the sialomucinlike sequence (aa 361-685), a hydrophobic transmembrane
region (aa 686-706) and, finally, a proline-rich short cy-
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toplasmic tail (aa 707-757) [2]. The cytoplasmic tail of
endosialin contains a putative PDZ binding domain [6].
PDZ domains are involved in a number of protein-protein
interactions and act as adaptor molecules that hold receptor
and signaling molecules in large complexes and participate
in signaling events [7].
The structure of endosialin is similar to at least two other
proteins, thrombomodulin (CD141) and C1qRp (CD93)
protein [2, 8, 9]. The N-terminal half of the endosialin (aa
1-360) has 39% sequence homology with the precursor
protein of the human thrombomodulin (CD141) – a receptor responsible for blood coagulation. In addition, this part
shares 33% homology with the human complement receptor
C1qRp. The homologous region comprises the CTLD domain, Sushi domain and EGF domain. There are three EGF
repeats in the endosialin, six in thrombomodulin and five
in the C1qRp receptor [2, 8, 9]. There is also some similarity
between C1qRp receptor and endosialin in the cytoplasmic
tail; the C1qRp receptor was shown to contain a PDZ domain,
which is involved in the interaction with GIPC protein and
this interaction seems to be involved in the modulation of
phagocytosis [10]. Despite the relatively low sequence identity between the three orthologs, the positions of the cysteine
residues, which are critical for the formation of the disulfide
bridges, are conserved [2]. Based on the structural similarity
of these three proteins, it was suggested that endosialin plays
the role of a receptor [11].
Endosialin is highly O-glycosylated in most human cell
types and is sensitive to O-sialoglycoprotein endopeptidase,
which suggests that it is a sialomucin-like molecule [11]. The
presence of O-glycosylation and sialic acid was shown by
Rettig et al. [1], who identified three forms of endosialin. The
mature form of the protein with MW of 165 kDa (p165) can
be stripped of the sialic acid to yield a partially glycosylated
form with MW of 120 kDa (p120). The third form, the core
protein with no posttranslational modifications, has the molecular weight of 80.9 kDa. The putative glycosylation sites
were identified in the CTLD domain on the Thr60 and in the
series of Ser/Thr residues in the region of aa 400-669 [2].
Endosialin expression in tissues
The first studies identified endosialin as a marker of tumor
endothelium [1]. It was later shown, however, that endosialin
is primarily expressed by fibroblasts, pericytes and smooth
muscle cells, but not by human umbilical vein cells (HUVEC),
primary blood vessel endothelial cells, cells of lymphatic endothelium or epithelial cells [3, 12].
MacFadyen and colleagues [12] have characterized endosialin as a marker of stromal fibroblasts, cells that are responsible
for the synthesis and remodeling of extracellular matrix. The
expression of endosialin was later detected in pericytes of central nervous system in mouse embryos, as well as in pericytes
and fibroblasts of mouse lymphoid tissue [13, 14]. Immunohistochemical analysis showed expression of endosialin mostly
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in cells of mesenchymal origin, while in cells of healthy tissues
only low level of endosialin was found. Endosialin expression
was detected also in mesenchymal stem cells originating from
bone marrow [15].
Further confirmation that endosialin is not a marker of
cancer cells, but is expressed by supportive tissue came from
the comparison of endosialin expression in various tumorassociated cells and tumor cell lines using RT-PCR. High
level of endosialin expression was detected in different parts
of tumor-surrounding stroma both in vivo and in vitro. With
only few exceptions, endosialin is not expressed in cancer
cells [3].
The colocalization of endosialin and the marker of pericytes NG2 by means of immunohistochemistry and confocal
microscopy proved that endosialin expression is enhanced
in tumor-associated pericytes [16]. Endosialin is considered
a marker of pericytes in glioma vasculature, as it is not detected
in normal brain tissue. Glioblastomas, the most aggressive
types of gliomas, express endosialin in high levels [17]. In
addition, the expression of endosialin was detected also in
vasculature and stroma of metastatic brain lesions [18]. Moreover, the expression of endosialin was detected on the cellular
surfaces in several neuroblastoma cell lines [1, 19].
Similar to glioblastomas, the endosialin expression in
carcinomas is mostly stromal and perivascular. In sarcomas, endosialin may be expressed by some malignant cells,
perivascular cells and cells of tumor stroma. Newer studies
have shown that endosialin is expressed in a specific type of
tumor cells, which have the characteristics of stem cells and
a highly aggressive phenotype. These cells were designated
side populations (SP) and were identified in sarcomas and
carcinomas [20]. The tumor cell lines of epithelial origin, e.g.
cells derived from cervical carcinoma (HeLa) or fibrosarcoma
(e.g. HT1080), do not express endosialin [1, 3, 19].
In nonpathological conditions, the endosialin expression
seems to be dynamically regulated during the embryonic
development of CNS, spleen, thymus and lymphatic nodes,
and the expression ceases during the postnatal development
[13, 14]. In a healthy adult organism, endosialin is expressed
in tissues in need of active angiogenesis, e.g. in corpus luteum,
granular tissue, during wound healing, or in the stromal compartment of endometrium [4, 21, 22], and on the surface of
naïve CD8+ T-lymphocytes, as it probably negatively regulates
their proliferation, ensuring they remain in the quiescent
state [23].
Genevestigator analysis-based concise overview of the
expression pattern of endosialin in normal and tumor tissues is shown on Fig. 1. Since this analysis is based on RNA
microarray metadata [24], it generally exhibits overall medium
transcription levels in various tissue types (Fig. 1A). However,
closer look into the particular cell types shows high expression
in cells of mesodermal origin (like bronchial smooth muscle
cells, lung or dermal fibroblasts, and breast stromal cells) but
not in epithelial cells, in accordance with the data from immunohistochemistry (Fig. 1B).
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Figure 1. (A) Overview of endosialin expression in normal and corresponding tumor human tissues according to data from Genevestigator analysis.
Lighter shades mean lower endosialin expression whereas darker shades mean higher endosialin expression. Bronchus and lung, skin, and breast normal tissues as well as pancreatic tumors are characterized by heterogeneous expression of endosialin (shown by light/dark boxes). (B) For tissues with
heterogeneous expression, more detailed expression pattern associated with specific types of cells was extracted from Genevestigator analysis output.

Regulation of endosialin expression
Both pericytes and stromal fibroblasts play important roles in
tumor angiogenesis through paracrine signaling, ECM remodeling and cell-cell communication with endothelium. Because
angiogenesis in growing tumors and in developing embryo is
stimulated by low oxygenation, it was suggested that hypoxia
influences endosialin expression. This idea was confirmed by
experiments on human cell lines expressing endosialin, namely
placental fibroblasts FIB-3 and glioblastoma cell line 42-MGBA. An elevated level of endosialin was detected following 24h
incubation under hypoxic conditions (2% O2) in comparison
with normoxic cells [25]. Subsequent in silico analysis of endosialin gene and its promoter confirmed the presence of several
hypoxia-responsive elements (HRE) in the promoter region of
endosialin. The co-transfection experiments in HeLa cells using endosialin promoter and an expression vector encoding for
HIF-1α or HIF-2α showed that HIF-2α binds to the endosialin
promoter at the position -976/-969 upstream of the transcription
start and has a significant effect on its activity. HIF-1α, however,
is also involved in the regulation of endosialin expression under
hypoxic conditions, possibly through cooperation with other
transcription factors [25].
A small subgroup of genes regulated by HIF-2α contains in
the promoter region at least one HRE close to the binding site

of the ETS transcription factor (EBS, ETS binding site), allowing thus for interaction between HIF-2α and a member of the
ETS transcription factor family [26]. Two EBS were identified
in the promoter region of endosialin, both of which are located
less than 80 bp downstream of HRE -976/-969, at the positions
-935/-919 and -907/-891. Subsequently, an interaction was
confirmed between the ETS family protein Ets-1 and HIF-2α
in the regulation of endosialin expression [25].
The expression of endosialin in cell culture is influenced by
the cell density in mouse-cell models expressing endosialin
[5]. Ohradanova et al. confirmed the density effect in human
cells and found that it may be partially mediated by pericellular hypoxia, which occurs in cells growing to high density
[25, 27]. The regulation of endosialin expression in densely
growing cells is likely mediated by the transcription factor
SP1, as its inhibition by mithramycin A decreases the densityinduced expression of endosialin. The cell density can affect
the endosialin expression under both normoxic and hypoxic
conditions [25].
As evident from the above paragraphs, the human endosialin promoter has been explored only in one published
study, so there remains a lot of space for further investigations. In silico analysis using MatInspector shows presence of
several interesting binding sites for important transcription
factors that participate in oncogenic signaling and/or ang-
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Figure 2. Nucleotide sequence of endosialin promoter with potential binding sites for transcription factors. Detailed analysis of 601 bp proximal promoter sequence was performed with MatInspector. Transcription factors were selected according to the matrix similarity and only those with score
higher than 0.85 were taken into account. Arrow indicates the position of transcription start site. Transcription factors, which were already shown to
regulate endosialin promoter activity [24], are highlighted on the black background.

iogenesis [28], including HES1 (activated by Notch), MAZ
(MYC-associated), CREB, EGR1 etc. (Fig. 2). Interestingly,
our recent unpublished experiments with HeLa cells stably
transfected with endosialin promoter-driven luciferase revealed that endosialin transcription can be induced by several
pro-angiogenic growth factors, including EGF, PDGF-BB and
basic FGF, and that the transactivation is further increased by
hypoxia and serum starvation, conditions typical for tumor
microenvironment. However, transcription factors and their
binding sites mediating these effects remain to be dissected.
Thus, functional studies of regulatory elements acting in the
context of endosialin promoter are clearly warranted to better understand conditions and events behind the endosialin
expression. Even less is known about the endosialin regulation
at post-transcriptional and posttranslational levels.
Functional implications of endosialin
Functions of proteins are often deduced from their molecular structure. The extracellular domain of endosialin with
its C-type lectin domain and three EGF repeats is similar to

selectins and may therefore function in cell-cell interactions
[29, 30]. In contrast, the cytoplasmic tail contains a PDZ domain and is presumably responsible for the transduction of
the extracellular signals into the cell [2, 6]. Transgenic animals
expressing endosialin with the deletion of the cytoplasmic tail
develop significantly smaller tumors following subcutaneous
injection of fibrosarcoma cells T241 than the wild type animals [6]. Thus, the cytoplasmic tail of endosialin seems to be
important for the growth of some tumor types.
Based on the endosialin expression in embryonic and
tumor tissues, where the formation and reorganization of
blood vessels occurs at a high rate, endosialin may be involved
in angiogenesis and may thus represent an important target
of antiangiogenic tumor therapy [1, 5]. However, in spite of
the original expectations that endosialin plays a role in the
embryonic development [5], the development of both wild
type (WT) and knock-out (KO) animals is comparable. The
KO animals lacking endosialin have fully developed and
functional vasculature and normal wound healing. Following subcutaneous implantation, the tumor growth is normal
as well. In contrast, tumors implanted abdominally grow
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significantly slower in KO mice than in the WT animals, the
number of small blood vessels is increased and the invasiveness of the tumors is decreased [31]. Maia and colleagues
[6] obtained similar result in KO mice with a different genetic background and different tumor-inducing cells. As the
growth-reduction was detected in only certain tumor tissue
context, it raises the question of the influence of the factors in
the tumor microenvironment. Actually, endosialin is a cellsurface protein with a bulk extracellular domain that can
interact with the components of extracellular matrix (ECM)
[32], namely with collagen types I and IV, and fibronectin
via the CTLD domain. In addition, expression of endosialin
leads to enhanced adhesion of cells to fibronectin as well as
to increased cell migration through matrigel in comparison
to cells not expressing endosialin. Enhanced cell migration
may be the result of the increased activity of matrix metalloproteinase 9, which is expressed to higher levels in the
presence of endosialin [32]. Loss-of-function experiments
showed that the decrease of the endosialin expression following siRNA treatment is accompanied by the decrease of
fibroblasts’ migration and proliferation [3].
Endosialin is primarily expressed by the mural cells of
blood vessels, i.e. pericytes and vascular smooth muscle cells
(vSMC) [3, 12]. Pericytes communicate with endothelial cells
through common basement membrane and via paracrine cellcell signaling. These mutual interactions between pericytes
and endothelial cells are required for survival and maturation of vessels [33]. The proliferation of pericytes is highly
dependent on the presence of PDGF-BB, which is secreted
by endothelial cells. This growth factor binds to the receptor
PDGFR-β, which is expressed on the surface of pericytes.
Silencing of endosialin expression in the presence of PDGFBB results in impaired pericyte proliferation; the presence/
absence of endosialin, however, has no effect on the expression
of PDGFR-β or its autophosphorylation after the interaction
with the ligand. Instead, it seems that the signalization affecting
pericyte proliferation is regulated by endosialin by means of
regulation of PDGFR-β-induced phosphorylation of the MAP
kinase ERK1/2. One of the first downstream components of
this signaling pathway is the transcription factor c-fos, which
is involved in the proliferation of pericytes [34]. Since proliferation of pericytes is associated with newly forming vessels
and is important for sprouting angiogenesis/vasculogenesis,
these data support a role for endosialin in these pro-angiogenic
processes. In line with this assumption, endosialin-deficient
mice show a PDGFR-β-dependent defect in capillary sprouting
during skeletal angiogenesis [35].
Nevertheless, further functional studies of endosialin using
a postnatal retinal model of endosialin-lacking KO mice [30]
suggest that, in this model, loss of endosialin has no major
effect on vascular sprouting and pericytes recruitment, but is
rather associated with selective vessel regression, leading to
increased density of the vasculature [42]. Moreover, endosialin binding to endothelium-associated basement membrane
components induces endothelial apoptosis and detachment.
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These data suggest that endosialin participates in vascular patterning, which is critical for optimal blood feeding of the tissue
as discussed below. Actually, it is now increasingly accepted
that tumor growth depends on properly functioning vascular
network, which has to be dense enough to supply oxygen
and nutrients to all tumor areas, with lumens able to lead the
blood through vessels, with optimal pericytes coverage to be
non-leaky but flexible to react by sprouting to requirements of
expanding tumor mass, and at the same time lacking excessive
shunts leading the blood through short paths and generating
ischemia and hypoxia [36]. Thus, angiogenesis is now perceived
not only as the phenomenon of vessel formation, but also as
the process of their remodeling and pruning. Indeed, animal
models indicate that endosialin may contribute to different
facets of angiogenesis, and this view is supported also by the
molecular studies as described below.
Additional experiments aiming to uncover endosialin function showed that this protein is also a marker of mesenchymal
stem cells [15] and is a negative regulator of bone formation
in mice [37]. Endosialin knock-out mice had higher bone
mass than the wild type animals. This finding may be helpful
in search for the treatment of rheumatoid arthritis. Recently,
endosialin was found to play a role in fibrogenesis and hepatocyte proliferation during liver injury via a PDGF-related
mechanism [38, 39].
Downstream effects of endosialin
Another insight into the possible function of endosialin
in angiogenesis was obtained through analyzing effects of
its overexpression in cancer HeLa cells that do not express
endogenous endosialin. The cells were transfected with the
phCMV1-TEM1 plasmid carrying the endosialin gene or its
deletion variants as described earlier [25, 40]. Relative levels
of genes implicated in angiogenesis were analyzed using the
Human Angiogenesis RT2 Profiler (Qiagen) according to
the manufacturer’s instructions. Expression of endosialin in
HeLa cells led to the transcriptional up-regulation of genes
mostly involved in cell-cell communication, adhesion and
motility (Fig. 3). The group of most induced genes consists
predominantly of cytokines and chemokines (such as CCL2,
IL-6, IL-8), angiogenic growth factors and receptors (angiopoetin 2, ANGPT-like 3 and 4, IL-1β, EGF, TGF-β receptor,
Ephrin-A3, Neuropilin 1), and ECM components (COL1A8).
The list includes also the Notch4 receptor, which is normally present on vascular endothelial cells and participates
in control of vascular sprouting and branching [41]. The
genes down-regulated in the presence of endosialin include
matrix metallopeptidase 9 and tissue metallopeptidase inhibitor TIMP, both of which were found to be involved in
the regulation of angiogenesis [42, 43]. Interestingly, one of
the downregulated genes codes for the ligand of the Notch4
receptor, protein Jagged-1, which was proposed to stimulate
angiogenesis [44]. Several additional angiogenic modulators
also show decreased expression, including TGFA, FGF1,
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Figure 3. Effect of endosialin overexpression on transcription of angiogenesis-related genes evaluated by RNA array analysis. Overexpression of
endosialin in HeLa cells stimulates expression of various factors involved in angiogenesis. The graph shows genes downregulated (A) or upregulated
(B) in the presence of endosialin.

THSB2, COL4A3, etc). The list of the genes differentially
expressed due to endosialin expression contains both proand anti-angiogenic molecules suggesting that endosialin
may potentially be involved in diverse, even counteracting
aspects of angiogenesis, in accord with the data from studies
of genetic animal models.
Not surprisingly, we found that the effects on expression of
most genes were mediated by the biggest sialomucine domain
(Fig. 4). However, several genes, including Notch4, JAG1, IL6,
CHD5, CCL2 and AKT1 remained differentially expressed in
the absence of any of the extracellular domains of endosialin.
It is thus possible that regulation of these genes depends on
the cytoplasmic tail of endosialin, since this is the only domain
present in all deletion variants and its importance for the full
functioning of the protein was experimentally proven both
in vitro and in vivo. Mouse embryonic fibroblasts prepared
from animals lacking the cytoplasmic tail of endosialin have
significantly reduced transcript levels of PIGF and its receptor
as well as of the VEGF receptor 1 [45]. It was also suggested
that the cytoplasmic tail of endosialin may transmit signals
and link tumor growth to blood vessel density [6].
Genes co-expressed with endosialin
Information on possible functional aspects of endosialin
can be also extracted through data-mining approaches, such as

analysis of Genevestigator and GeneFriends databases, which
combine results from tens of thousands of microarrays [24,
46]. Searches for genes co-expressed with endosialin in healthy
and/or cancerous tissues revealed a spectrum of molecules,
expression of which is positively correlated with endosialin
expression (Supplemental Table 1). These include mostly
components of ECM (such as fibrillar collagens I, III, V, XIII,
networking collagen VI, fibrillin, fibulin, vasorin), enzymes
involved in ECM stiffness and remodeling (pro-collagen peptidases, LOX and LOX-like1,2, MMP2, MMP14, cathepsin K)
as well as growth factors and receptors involved in paracrine
signaling, cell-cell or cell-ECM adhesion, migration/invasion
(angiopoetin-like 2, integrins, PDGFR-β, IFGBP4/6). Many of
these molecules have been implicated in angiogenesis and/or
in epithelial-mesenchymal transition – processes that critically
contribute to cancer progression and are strongly affected by
ECM composition and dynamics [47, 48, 49].
Endosialin as a therapeutic target
All these complex molecular relationships of endosialin and
its expression in both physiological and pathological conditions call for very careful design of strategies of its diagnostic
and therapeutic targeting. Recent studies propose several
approaches including tumor immune-PET applications [50],
endosialin-specific DNA vaccination targeting tumor vascula-
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Figure 4. (A) Changes in expression profile of angiogenesis-related transcripts in endosialin deletion variants. Description of genes and functions of
encoded proteins was adopted from GeneCards®, The Human Gene database (www.genecards.org). (B) Domain structure of endosialin and deduced
downstream targets of signalling through individual domains. CTLD (C-type lectin domain), S (sushi domain), EGF (epidermal growth factor-like
domain), MUCIN (sialomucin domain), TM (transmembrane region), CYT (cytoplasmic domain).
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ture [51], and cytotoxic immunotherapy with anti-endosialin
humanized antibody ontuxizumab (MORAb-004) or with
antibody-drug conjugate [52, 53]. Although the efforts towards
clinical applications are only in the early stage of pre-clinical
and/or clinical development, they show promising results with
preliminary observations of antitumor activity, good safety
profile and pharmacokinetics [54].
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Conclusion
Recent knowledge related to (i) endosialin expression in
tissues undergoing active vessel formation and remodeling,
and in cell types participating in these processes, (ii) regulation by hypoxia and growth factors, (iii) downstream effects
on cellular expression program typical for diverse aspects of
neovascularization and vessel regression, (iv) interactions
and co-expressions with ECM components modulating these
processes, all-in-all supports the close functional link of endosialin to angiogenesis. However, similarly to the angiogenic
process itself, encompassing many seemingly controversial
situations, e.g. cell proliferation versus death, vessel sprouting versus regression, lumenization versus shunting, the
role of endosialin appears to be rather complex, connected
to both pro- and anti-angiogenic steps. This is underlined
by the experimental and bioinformatic data on crosstalk of
endosialin with molecules that participate in both sides of the
dynamic angiogenesis. This suggests that the actual functioning of endosialin is highly context-dependent and its deeper
understanding will require thinking in terms of cooperation
with other molecules in the concrete microenvironmental
conditions. Endosialin is definitely worth further investigations in order to build rationale for its effective anti-cancer
therapeutic targeting.
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