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Targeting a novel apoptotic pathway in human disease
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Abstract

Apoptotic pathways have always been regarded as a key-player in preserving tis-
sue and organ homeostasis. Excessive activation or resistance to activation of cell
death signaling may indeed be responsible for several mechanisms of disease, includ-
ing malignancy and chronic degenerative diseases. Therefore, targeting apoptotic
factors gained more and more attention in the scientific community and novel strate-
gies emerged aimed at selectively blocking or stimulating cell death signaling. This
is also the case for the TMEM219 death receptor, which is activated by a circulat-
ing ligand, the Insulin-like growth factor binding protein 3 (IGFBP3) and induces a
caspase-8-dependent apoptosis of the target cells. Interestingly, stimulation of the
IGFBP3/TMEM219 axis exerts an anti-proliferative effect, while blockade of the
TMEM219 deleterious signal protects TMEM219-expressing cells of the endocrine
pancreas, lung, and intestine from damage and death. Here, we summarize the most
updated reports on the role of the IGFBP3/TMEM219 apoptotic axis in disease condi-
tions, including intestinal disorders and diabetes, and we describe the advancements
in designing and testing novel TMEM219-based targeting approaches in emerging
potential clinical applications.
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investigation.[!] Indeed, controlling the homeostasis of tissue specific

cells and their lifecycle is highly desirable to prevent tissue degen-

There is a growing body of evidence showing that targeting apoptotic
pathways and cell death factors may be relevant in several disease con-
ditions, with new cell death mechanisms (e.g., autophagy-dependent
cell death, mitochondrial permeability transition pore-mediated
necrosis, parthanatos, NETosis, and ferroptosis) being under extensive

Abbreviations: FADD, Fas associated death domain; IGFBP3, insulin-like growth factor

binding protein 3; IGFBP3-R, insulin-like growth factor binding protein 3 receptor; IGF-I,
insulin-like growth factor 1; ISCs, intestinal stem cells; T1D, type 1 diabetes; T2D, type 2
diabetes; TMEM219, transmembrane protein 219.

eration and dysfunction. While it is clear that targeting cell death
mechanisms has a significant impact in tumorigenesis and in cancer

therapeutic applications,!2]

it is now becoming evident that several
immune-mediated diseases associated with the loss of functional
specific functional cell subsets may benefit as well from the design
of therapeutic strategies aimed at preventing cell death.[!] Biological
systems work with redundant mechanisms, which tend to protect
organs and tissues from the unwanted activation or inhibition of cell

death pathways, particularly in healthy conditions.[1! Whether certain
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TABLE 1 Summary of the studies conducted on the IGFBP3/TMEM219 axis
Target molecule Disease condition Notes Reference
IGFBP3-R Cancer cells Identification of IGFBP3-R as an apoptotic factor (3]
IGFBP3-R Asthma Blockade of IGFBP3/IGFBP3-R signal is relevant in asthma 101
IGFBP3 Various disease Novel ligands for IGFBP3 (4]
IGFBP3 and TMEM219 Diabetic entheropathy Dysregulation of the IGFBP3/TMEM219 signal in intestinal disorders [13]
TMEM219 Lung disease, melanoma TMEMZ219 is an alternative binder of IL-13Ralpha2-Chi3I1 complex [9]
IGFBP3 and IGFBP3-R Pancreatic ductal adenocarcinoma Downregulation of IGFBP3/IGFBP3-R in PDAC 171
TMEM219 Cancer TMEM219 is an autophagy activator (8]
IGFBP3 and IGFBP3-R Cancer Anti-tumor and anti-metastatic effect of IGFBP3/TMEM219 signal tél
IGFBP3 and TMEM219 Type 1 and type 2 Diabetes Dysregulation of the IGFBP3/TMEM219 signal in diabetes (14]

Abbreviations: IGFBP3-R, IGFBP3 receptor

disease conditions may disrupt these compensatory mechanisms and
abnormally activate a single path, is a matter of investigation. Here we
provide an example of a cell death pathway, the IGFBP3/TMEM219
signaling, which controls the homeostasis of TMEM219-expressing
cells in endocrine pancreas and in the gastrointestinal tract, the
dysregulation of which is associated with disease conditions such as
intestinal diseases, diabetes, and tumorigenesis.

THE IGFBP3/TMEM219 AXIS MEDIATES CELL
APOPTOSIS AND DEATH

In 2010 Ingermann and colleagues(3! first described a novel apop-
totic pathway, in which the insulin-like growth factor binding protein
3 (IGFBP3) induced cell death in an in vitro model through the bind-
ing with a novel receptor, the IGFBP3-R, in an IGF-| independent
manner (Table 1). The IGFBP3-R was next recognized as the death
receptor TMEM219 (Table 1), which mediates cell apoptosis by acti-
vating the Caspase cascade, particularly acting on Caspase 8 and
FADD as major downstream signaling partners.[3] The relevance of
the IGFBP3 independent proapoptotic action was further explored in
other in vitro models, and IGFBP3 stimulation was demonstrated to
have a tumor suppressor effect.!45] This generated a potential novel
therapeutic to block cell proliferation in disease processes.[67] Also,
TMEM219 has been recently described as an autophagy activator in
vitro, thereby acting as a potential regulator in balancing proliferation
and cell death.[8] Moreover, TMEM219 was also studied as a poten-
tial interactor for the Chi3l1/IL-13Ralpha2 signaling pathway in lung
disease (Table 1), in which silencing or absence of TMEM219 were asso-
ciated with decreased tissue injury and oxidative-induced apoptosis..?!
However, the role of IGFBP3 as natural ligand of TMEM219 has not
been explored in this setting, nor it was demonstrated whether trig-
gering TMEM219 with IGFBP3 ligation had any effect in accelerating
the disease condition in lung disease or prevented cell prolifera-
tion. More importantly, manipulation of abnormal signaling such as
IGFBP3/TMEM219, represents an important therapeutic opportunity,
regardless of whether it is to block or stimulate it, that merits further

investigation.

THE IGFBP3/TMEM219 AXIS IN CANCER

The relevance of the IGFBP3/TMEM219 axis in cancer has been
recently and extensively reviewed,[4¢! and it was emphasized that
IGFBP3 may exert an anti-proliferative effect through the binding with
TMEM219, which in turn may be responsible for an IGFBP3-mediated
tumor suppressing action. However, expression of TMEM219 and
IGFBP3 was found to be extremely variable in different types of can-
cer cells originated from various organs and tissues. In analyzing the
gene expression pattern of TMEM219, this appeared upregulated in
kidney and urinary cancer, in breast and thyroid carcinoma, while it was
downregulated in lung and colorectal cancer.6! This may also suggest
that the IGFBP3/TMEM219 signal may represent a therapeutic target

in some but not all types of tumors.

THE IGFBP3/TMEM219 AXIS IN INTESTINAL
DISEASES

Intestinal diseases have been viewed as multifaceted disorders with
multiple and complex etiology and pathogenesis. Abnormal prolifera-
tion of epithelial cells has been frequently associated with colorectal
disease of malignant origin,!?% while degeneration of the intestinal
mucosa has been regarded as major mechanism behind an heteroge-
nous group of intestinal disorders, regardless of whether there is a
toxic, immune, inflammatory, infectious cause, in which the integrity
of the intestinal barrier appears highly compromised.[1] With the
observation that an overlap exists in initial signs and symptoms, a
novel physio-pathological perspective is now reconciling both condi-
tions by focusing on the disruption of the intestinal crypts’ homeostasis
and of their regenerative potential, thus unveiling intestinal stem cells
as novel players.[12] Interestingly, alterations in Intestinal Stem cells
(ISCs) and in mucosa regeneration have been associated with intesti-
nal diseases that include metabolic disorders, infectious pathologic
conditions, and inflammatory mediated diseases.[ 12! In particular, our
group came across a defect that ISCs exhibited in the large intestine
of patients with long-standing type 1 diabetes who also suffered of
severe gastrointestinal symptoms such as diarrhea, stypsis, abdominal
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pain, and fetal incontinence.[13] As diabetes may target all organs and
tissues, including vessels, nerves, kidneys, heart, skin and eyes, an
effect on the gastrointestinal tract was expected. What was unex-
pected was the mechanisms whereby the intestinal mucosa was dam-
aged, which relied primarily on a defect in the ISCs existence and func-
tion. While hyperglycemia was initially thought to be the major player,
an unbiased proteome analysis revealed that IGFBP3 was elevated in
the circulation in patients suffering of diabetic enteropathy, and that
the IGFBP3 receptor TMEM219 was expressed on 1SCs.[13] Indeed,
when bound to its ligand a negative signaling was generated through
TMEM219 into the target cells, which ultimately led to their apoptosis.
This was associated with a loss of ISCs and their regenerative abilities,
which in turn facilitated the disruption of the mucosa barrier integrity
and then halted the crypts’ turnover. As a proof-of-concept of the role
that the IGFBP3/TMEM219 axis has in controlling ISCs homeostasis
and function, we pharmacologically blocked the TMEM219-mediated
signaling with a recombinant protein designed based on the TMEM219
extracellular domain and capable of quenching IGFBP3, and demon-
strated a re-establishment of the self-renewal abilities of ISCs in vitro
and in vivo.13! These findings may open a novel path in the field
of intestinal disorders, and we suggest to test the relevance of this

pathway and its targeting also in other intestinal disease conditions.

THE IGFBP3/TMEM219 AXIS IN DIABETES

Numerous factors play a significant role in mediating beta cell injury
and loss in diabetes and they are mainly immune-related when con-
sidering type 1 diabetes (T1D), or they are more often associated to
metabolic and inflammatory processes in relation to type 2 diabetes
(T2D). Despite this, a beta cell toxicity is evident in both T1D and T2D,
which may suggest to look at a common path detectable in both types
of disease. Our group recently published that the IGFBP3/TMEM219
signaling may be responsible for mediating beta cell loss and dysfunc-
tion in both T1D and T2D patients.[24] Indeed, we demonstrated that
the signaling is dysregulated in both T1D and T2D conditions, with
the circulating ligand IGFBP3 being elevated in pre-diabetes and dia-
betes, and the death receptor TMEM219 being expressed in human
islets and in beta cells.[14! Moreover, blockade of the TMEM219 dele-
terious signaling within beta cells prevented beta cell death in vitro
and restored insulin-related gene expression, while in vivo in murine
models of T1D and T2D it was able to prevent diabetes onset and
progression.[14! Overall, these findings demonstrate that the manipu-
lation of the IGFBP3/TMEM219 axis aimed at blocking the negative
signal delivered to the target cells by using the newly generated ecto-
TMEM219 inhibitor, successfully protected the beta cell mass and
reduced beta cell death, thereby opening a new therapeutic option in
the field. These results also added some new insights to the diabetic
community, as targeting apoptotic pathways involving beta cells is an
emerging area of research and designing approaches aimed at promot-
ing beta cell survival may also facilitate the development of beta cell

replacement strategies.

CONCLUSION

Targeting cell death and apoptotic pathways is emerging as a novel field
of application for disease modifying approaches and novel death factor
and pathways are being explored. Due to the relevance that these path-
ways have in controlling tissue homeostasis and cell lifecycle, particular
care must be taken when designing a stimulator or an inhibitor. More-
over, the cell target, whether it is an immune cell or a tissue-specific
cell, needs to be as selective as possible, given the redundancies of
these systems in biological functions and potential off-target effects.
Whether the pathway is physiologically active, or it is triggered under
certain stimulation/circumstances, including a disease condition, is also
of great relevance to understand the result of manipulating such sig-
naling. This ultimately confirms the biological relevance that all these
cell death mechanisms have in controlling the regenerative potentials
of tissues and organs, which is still a completely unexplored field of

investigation in chronic degenerative diseases.
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