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Role of H2O2-activated TRPM2 calcium channel in oxidant-induced 
endothelial injury 
Claudie M. Hecquet; Asrar B. Malik 
Department of Pharmacology and Center for Lung and Vascular Biology, University of Illinois College of Medicine, Chicago, Illinois, USA  

Summary 
The transient receptor potential (melastatin) 2 (TRPM2), is an 
oxidant-activated non-selective cation channel that is widely ex-
pressed in mammalian tissues including the vascular endothe-
lium. Oxidative stress, through the generation of oxygen meta-
bolites including H2O2, stimulates intracellular ADP-ribose 
formation which, in turn, opens TRPM2 channels. These channels 
act as an endogenous redox sensor for mediating oxidative 
stress/ROS-induced Ca2+ entry and the subsequent specific 
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Ca2+-dependent cellular reactions such as endothelial hyper-
permeability and apoptosis. This review summarizes recent find-
ings on the mechanism by which oxidants induce TRPM2 acti-
vation, the role of these channels in the signalling vascular en-
dothelial dysfunctions, and the modulation of oxidant-induced 
TRPM2 activation by PKCα and phospho-tyrosine phosphates 
L1. 
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Introduction  
Tissue damage caused by oxidative stress has a role in a number 
of pathophysiological conditions including neurodegenerative 
disorders (Alzheimer’s and Parkinson’s diseases), diabetes mel-
litus, atherosclerosis, autoimmune disease, ischaemia/reper-
fusion injury (1–3). The vascular endothelium regulates the pas-
sage of macromolecules and circulating cells from blood to tis-
sues and is a major target of oxidant stress. Reactive oxygen 
species (ROS) generated at sites of inflammation and injury are 
important mediators of vascular barrier dysfunction, increase 
endothelial barrier permeability and edema formation (4–7), 
and, therefore, play a critical role in the pathophysiology of sev-
eral vascular diseases and disorders.  

Oxidants increase Ca2+ permeability of the cell membrane, 
which is recognised to promote interendothelial gap formation 
(8–10). Among the members of the transient receptor potential 
(TRP) superfamily potentially responsible for oxidative damage 
and cell death in the endothelium (11–13), we identified the criti-
cal role of transient receptor potential melastatin (TRPM) chan-
nel 2 (3, 14). TRPM2, first named TRPC7 and later LTRPC-2 
(15), is a voltage-independent, calcium-permeable non-selective 
cation channel that confers susceptibility to cell death through 

the activation of caspases and poly-adenine dinucleotide phos-
phate[ADP]-ribose polymerase (14). The channel is ubiqui-
tously expressed in mammalian tissues including the brain (16, 
17), pancreatic beta-cells (18), peripheral blood cells such as 
neutrophils (19), bone marrow, heart (13, 20), lungs (3, 13, 20, 
21) and vascular endothelium (3, 13). Recently, we have estab-
lished the role of TRPM2 in mediating hydrogen peroxide 
(H2O2)-induced Ca2+ entry and endothelial hyper-permeability 
in cultured pulmonary artery endothelial cells (3). In this review, 
we will emphasize on the oxidative pathways that mediate 
TRPM2 activation, and their biological relevance. TRPM2 is 
likely to be a key player in signaling endothelial cell injury or cell 
death in response to oxidative stress.  

TRPM2 channel, structure and function  
The basic channel structure 
Functional TRPM2 molecules are tetramers. The channel protein 
consists of six putative transmembrane spans with the pore form-
ed by loops between the fifth and sixth segments (20). The N-ter-
minal cytosolic tail of about 700 amino acids contains calmodu-
lin-binding domains that mediate Ca2+ regulation of TRPM2 ac-
tivity (22–24), a high affinity binding site for protein kinase 
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C-alpha (PKCα) and two PxxP motifs implicated in protein-pro-
tein interactions (24). The N-terminal part of TRPM2 is thus 
likely to be crucial for the proper interaction with essential regu-
latory cytosolic components, assembly of the channel units and 
membrane trafficking (24). A region of high coiled coil character 
in the C-terminus may also play a role in ion channel subunit 
multimerisation or in recruitment of regulatory proteins (25). 
After being exposed to oxidants, TRPM2 gating is induced by the 
binding of the intracellular second messenger adenosine diphos-
phoribose (ADP-ribose) or related molecules to a nudix-box se-
quence motif (NUDT9-H) (26–28) in its C-terminus domain 
(ADP-ribose) (27, 30, 31). Since the nudix-box has significant 
homology with a pyrophosphatase, NUDT9 ADP-ribose hydro-
lase (17, 27, 29–34), TRPM2 was dubbed a “chanzyme”. 
TRPM2 NUDT9-H displays a high binding affinity for ADP-ri-
bose but a weak enzymatic activity (30, 31). However, enhancing 
the enzymatic activity of the nudix box abolishes the ADP-ribose 
gating of TRPM2, pointing to the requirement of prolonged sub-
strate binding rather than degradation (29–31).  

Whole-cell current measurements show a linear current-volt-
age relationship for TRPM2 cationic currents with a reversal po-
tential at 0 mV indicating that TRPM2 functions as a non-spe-
cific cation permeable ion channel. While highly permeant to 
Na+ and K+, TRPM2 also shows considerable permeability to 
Ca2+ with a permeability ratio PCa:PNa of about 0.6–0.7 (17, 
29). Ca2+ permeability is functionally important as it causes sub-
stantial increase in cytosolic Ca2+ concentration and ensuing 
Ca2+-dependent cellular response upon TRPM2 stimulation. The 
single channel properties of TRPM2 are unique as the channel 
exhibits extremely long opening times with a single channel con-
ductance of 58–76 pS (17, 19, 27, 29). 

TRPM2 channel variants 
Subunit composition of TRPM2 tetrameric complexes is a factor 
in regulation of the channel opening. Several physiological 
splice variants of TRPM2 have been described: In addition to 
full-length functional TRPM2 (TRPM2-L), TRPM2-ΔN lacking 
the amino acids 538–557 in the N-terminus (31) and TRPM2-ΔC 
missing the amino acids 1292–1325 (nudix-box sequence motif) 
in the C-terminal (32) isoforms have been identified in human 
hematopoietic cells. Another variant of approximately, lacking 
the N-terminal 214 amino acid residues but still maintaining ox-
idant-induced Ca2+ influx activity, was shown to be particularly 
expressed in human brain (SSF-TRPM2) (35). The short splice 
variant TRPM2-S (22) lacks the entire carboxyl terminus of the 
long variant including the putative Ca2+-permeable pore, and 
functions in a dominant-negative fashion to inhibit TRPM2-L 
activity (22, 36). Thus, TRPM2-S is an important isoform of 
TRPM2 that may influence channel activity, vascular endothelial 
injury (3) and cell death induced by oxidative stress that activates 
TRPM2-L (24).  

Structural elements and amino acid residues engaged 
in TRPM2 activation 
The structural elements determining the TRPM2 channel acti-
vation are not fully understood. There is indeed increasing inter-
est in identifying the amino acids residues of the pore loop in-
volved in oxidant-induced TRPM2 activation and Ca2+ permea-

bility. Mei (37) demonstrated the requirement of two conserved 
cysteine residues (at positions 996 and 1008) in the putative pore 
region of the human TRPM2; a substitution of either cysteine 
residue by alanine or serine abolished TRPM2 activation by 
ADP-ribose while not affecting the protein expression, traffick-
ing or membrane localization, and the ability of TRPM2 to inter-
act with neighboring subunits that is required for channel as-
sembly. The same group of investigators recently depicted the 
crucial role of three additional pore residues in the channel func-
tion, the glutamate 960, the glutamine 981 and the aspartate 987, 
and established their contribution in defining the Ca2+ per-
meation properties of the TRPM2 channel. Although a substitu-
tion of either residues by alanine led to a loss of the channel prop-
erties, substitution of the aspartate residue 987 by a glutamate 
showed a much greater permeability to Ca2+ (38). In agreement 
with studies previously published by Mederos Y. Schnitzler (39), 
incorporation of a glutamate residue in place of glutamine at 
position 981 also substantially increases Ca2+ permeability of the 
TRPM2 (38, 39). 

Oxidative pathways leading to generation of 
ADP-ribose and subsequent activation of TRPM2 

TRPM2 channels participate in signaling oxidative stress-in-
duced Ca2+ entry and thereby eliciting Ca2+ -dependent cellular 
processes. Although most investigators can demonstrate an indi-
rect action of oxidants on TRPM2 through ADP-ribose gener-
ation, direct action of oxidants on TRPM2 has been also pro-
posed for neutrophil granulocytes, as the TRPM2-ΔC splice vari-
ant lacking the C-terminal NUDT9-H domain was stimulated by 
H2O2 but did not respond to ADP-ribose (31, 32, 40, 41).  

ADP-ribose generation during oxidative stress (Fig. 1) 
Oxidants, applied externally or produced in the cytosol during 
oxidative stress (14, 32), stimulate ADP-ribose formation in the 
nucleus and mitochondria (28, 42). In vascular endothelial cells, 
ROS may be generated in significant amount as a consequence 
of mitochondrial dysfunction. Pathologies in which endothelial 
mitochondrial oxidative stress plays a key role include athero-
sclerosis (43), ischaemia-reperfusion injury (44, 45) and acute 
hypoxia. The free radical intermediates produced in the cytosol 
during oxidative stress include superoxide anion (O2

- ), H2O2, ni-
tric oxide (NO), and a more damaging compound, hydroxyl rad-
ical (OH.). These radicals contribute to DNA oxidation and dam-
age, which initiate poly-ADP ribose polymerase (PARP)-me-
diated ADP-ribose generation. PARP binds to single-stranded 
and double-stranded DNA breaks and catalyses the breakdown 
of NAD into nicotinamide and poly(ADP-ribose) to initiate 
DNA repair mechanisms (22, 28, 44). Free ADP-ribose is then 
generated from poly(ADP-ribose) degradation by a poly(ADP-
ribose) glycohydrolase (PARG) (28). Although H2O2 and O2

- ac-
tivate PARP, they may act through conversion to OHÉ.  

Alternative supply of ADP-ribose may results from the direct 
hydrolysis of NAD+ into nicotinamide and ADP-ribose or indi-
rectly through cyclic ADP-ribose (cADP-ribose) formation. This 
reaction is catalyzed by NAD+ glycohydrolases (NADases) that 
are not only located at cell surface, but also in mitochondria and 
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the nucleus (46–48). Nevertheless, as confirmed by our findings, 
oxidative stress-mediated activation of the PARP/PARG path-
way remains, however, the major source of free ADP-ribose pro-
duction in endothelial cells (3). H2O2-mediated Ca2+ entry 
through TRPM2 in pulmonary artery endothelial cells was re-
duced by at least 65 % in cells treated with a PARP inhibitor to 
prevent ADP-ribose agonist formation, either the 3,4-dihy-
dro-5-[4-(1-piperidinyl)butoxyl]-1(2H)-isoquinolinone (DPQ) 
or the 3-aminobenzamide (3-AB) (3). 

TRPM2 gating by ADP-ribose or related molecules  
The channel opening is induced by the binding of ADP-ribose to 
the nudix-box sequence motif in its intracellular C-terminus do-
main. Besides ADP-ribose, second messengers 2'-O-acetyl-
ADP-ribose (49), cyclic ADP-ribose (cADP-ribose) and nico-
tinic acid adenine dinucleotide phosphate (NAADP) also di-
rectly gate the TRPM2 channel (37, 50–52), but requires higher 
concentrations than ADP-ribose to activate the channel. Their 
gating mechanisms are unknown, even though they are likely re-
lated to those of ADP-ribose (31, 50). Although patch-clamp 
studies suggest that nicotinamide adenine dinucleotide (NAD) 
also can directly induce opening of TRPM2 (14, 29), other evi-
dence suggests this is secondary to conversion to or contami-
nation by ADP-ribose (27, 28, 32, 53).  

Synergistic gating behavior of TRPM2  
Intracellular Ca2+ acts as a mandatory and dose-dependent 
modulator and cofactor of TRPM2 gating by ADP-ribose (54), as 
demonstrated for several other members of the TRP family. Ca2+ 
does not lead to channel activation by itself. However, it dramati-
cally shifts the concentration-response curve to ADP-ribose to 
the left (27). Tong (23) identified calmodulin as the Ca2+ sensor 
responsible for Ca2+-dependent activation of TRPM2 (23). 
Through co-immunoprecipitation and mutagenesis studies, he 
indeed showed a direct interaction of calmodulin with the calmo-
dulin binding motifs (also called calmodulin IQ-like motifs) in 
the N terminus of TRPM2 (23). Thus, oxidant-induced Ca2+ 
entry through TRPM2 enhances interaction of calmodulin with 
TRPM2, providing a positive feedback enhancement of TRPM2 
activation. 

Other TRPM2 co-factors include cADP-ribose, NAADP, 
NAD and H2O2 (41, 55). While cADP-ribose and NAADP can 
gate the TRPM2 channel by themselves at high micromolar 
range, they rather work at lower concentrations to synergize with 
ADP-ribose and potentiate TRPM2 activation (50, 55). Thus, 
NAADP and cADP-ribose generated in cells during oxidative 
stress regulate the efficacy and the sensitivity of TRPM2 chan-
nels in conjunction with internal Ca2+ (55). Interestingly, the 
channel is also temperature sensitive with the body temperature 
acting as ‘an endogenous co-activator’ for TRPM2 (56, 57). 

Figure 1: Schematic representation of cellular pathways lead-
ing to ADP-ribose formation and subsequent TRPM2 activation 
during oxidative stress. The major sources of ADP-ribose include mi-
tochondria and the nucleus. Dotted lines indicate minor pathways or re-
lationships not generally accepted. Oxidants, generated extracellularly in 
setting such as sepsis or intracellularly as a result of mitochondrial ox-
idative stress, result in DNA damage and activation of the poly(ADP- 
ribose) polymerase. In the nucleus, formation of AD-ribose polymers is 
evoked after stimulation of PARP which are then hydrolyzed to ADP- 

ribose by poly(ADP-ribose) glycohydrolases. NAD conversion to ADP-
ribose or cADP-ribose catalyzed by NADase and ADP-riboses cyclases 
inside the cell, including in mitochondria and the nucleus, provides addi-
tional sources of ADP-ribose. Upon gating by ADP-ribose, Ca2+ entering 
the cell through TRPM2 provides a positive feedback enhancement of 
TRPM2 activation. cADP-ribose, cyclic ADP-ribose; NAD, nicotinamide 
adenine dinucleotide; SOD, superoxide dismutase; AMP, adenosine 
monophosphate. 
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Regulation of oxidant-induced Ca2+ entry and 
ensuing cellular processes by PKCα and PTPL1 
modulation of TRPM2 activation 

PKCα modulation of TRPM2 regulates H2O2-induced 
Ca2+ entry in endothelial cells 
Because TRPM2 is implicated in endothelial dysfunction and 
many pathological states, elucidating the mechanisms of 
TRPM2 activation and regulation has gained significant interest. 
In pulmonary endothelial cells, both forms of TRPM2 
(TRPM2-L and TRPM2-S) are expressed (Fig. 2); therefore, the 
control of their physical interaction is an enticing potential regu-
latory mechanism of TRPM2 activity in these cells. Our current 
studies are establishing the role of PKCα in the regulation of 
TRPM2 activation (unpublished data). PKCα regulates major 
endothelial cell functions important to maintenance of microvas-
cular homeostasis including angiogenesis, cell migration and 
microvascular permeability (7, 58). Whether the generated ROS 
oxidize and activate directly PKCα (59) in the endothelium dur-
ing oxidative stress is still to be defined. There is evidence that 
TRPM2 in the endothelial plasma membrane is associated with 
its short isoform (TRPM2-S), which serves as a negative regu-
lator of TRPM2 channel activity (3, 15). We observed that PKCα 
modulates Ca2+ entry through the TRPM2 channel, and interest-
ingly PKCα rapidly co-localizes with TRPM2-S in endothelial 
cells exposed to H2O2. The intracellular N-terminal domain of 
the TRPM2-S protein sequence possesses a high-affinity bind-
ing motif for PKCα; it is therefore likely that PKCα regulates 
TRPM2-induced Ca2+ entry and endothelial injury by PKCα 
phosphorylation of TRPM2-S. Studies are needed to investigate 
the contribution of PKCα in the control of TRPM2 activity by 
using a mutagenesis approach and PKCα-deficient mice. PKCα 
through the modulation of TRPM2 activation may regulate ROS-
induced lung vascular hyper-permeability and injury.  

Regulation of TRPM2-evoked Ca2+ entry by the tyrosine 
phosphatase PTPL1  
In addition to PKCα, the phospho-tyrosine phosphatase L1 
(PTPL1) also regulates oxidant-induced TRPM2 activation. A 
study by Zhang (60) showed a rapid tyrosine phosphorylation of 
TRPM2-L after stimulation with H2O2, which is important for its 
activation and function. Conversely, TRPM2-L dephosphory-
lation by the widely expressed PTPL1 resulted in channel inacti-
vation. Thus, modulation of TRPM2 function by tyrosine phos-
phorylation may be another mechanism through which PTPL1 
protects the cells against oxidative damage, and mediates resis-
tance to cell death (60). 

Relevance of oxidative stress-induced TRPM2 
activation in the endothelium 

TRPM2 as an oxidative stress sensor in the 
endothelium 
There is increasing awareness of the contribution of TRPM2 in 
signaling oxidant-induced vascular endothelial injury; for in-
stance, TRPM2 may be a factor in the development of athero-
sclerosis, which is initiated by mitochondrial dysfunction-in-
duced ROS generation and subsequent endothelial injury (7, 42). 
TRPM2 has been identified in the heart vessel and pulmonary ar-
tery endothelium where it acts as an oxidant sensor and may play 
a key role in the activation of leukocytes, vascular endothelial 
permeability and injury (3, 13). 

Poteser (61) described an interesting mechanism by which 
oxidants induced association of the TRPC3 and TRPC4 subunits 
to form a redox-sensitive cation channel and induce Na+ and 
Ca2+ entry into porcine aortic endothelial cells through mechan-
isms that are dependent on phospholipase C. We later identified 
in human pulmonary artery endothelial cells another TRP chan-
nel, the TRPM2, as being responsible for mediating the effects of 
oxidants on the endothelium by mechanisms that involve pro-
duction of the second messenger ADP-ribose (3). As illustrated 
in Figure 3, exposure of endothelial cell monolayers to sub-lytic 
concentrations of H2O2 (100 µM) induced an increase in intracel-
lular Ca2+ by stimulating Ca2+ entry without provoking 
Ca2+-store depletion. Ca2+ entry was entirely blocked by TRPM2 
silencing, overexpression of TRPM2-S isoform or a treatment of 
the cells with specific TRPM2 blocking antibodies, while 
TRPC4 silencing did not modify it (3).  

Role of TRPM2 in inflammation and oxidant-induced 
vascular hyper-permeability 
Oxidants generated at sites of inflammation and injury, by acti-
vation of neutrophils adherent to endothelial cells during sepsis, 
induced increase in vascular permeability (4–7). Although it was 
long believed that the resulting ROS would directly damage the 
vascular endothelium, we provided evidence of the TRPM2 
channel contribution in H2O2-induced increase in cytosolic Ca2+ 
and subsequent reduction of transendothelial resistance (3). The 
critical role of TRPM2 in the mechanism of endothelial barrier 
disruption following oxidative stress was demonstrated by sup-
pressing endogenous TRPM2 expression and function by vari-
ous means; that is, by small interfering RNAs, a specific TRPM2 

Figure 2: TRPM2-L and -S expression in human pulmonary ar-
tery endothelial cells. Western blot showing endothelial expression 
of TRPM2-S and two TRPM2-L variants (of 140 and 170 kDa), and their 
decrease by TRPM2 silencing. The 140 kDa long variant is still unknown. 
Interestingly, the short striatum form (SSF-TRPM2) in which the N-ter-
minal 214 amino acid residues of the TRPM2-L are removed has a mo-
lecular weight of 140 kDa. 
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blocking antibody, overexpression of TRPM2-S isoform (Fig. 4), 
and poly-ADP-ribose polymerase inhibitors that prevent gener-
ation of ADP-ribose (3, 26, 36, 42). All of these interventions 
abolished H2O2-induced Ca2+ influx via TRPM2 channels and 
the resulting increase in endothelial permeability.  

Oxidative stress is initiated by the products of activated lung 
macrophages and infiltrated neutrophils (4, 27). Specifically, 
oxidant stress through the production of oxygen metabolites 
such as H2O2, and chemotactic cytokines, also called chemo-
kines, increases endothelial adhesivity of neutrophils and vascu-
lar endothelial permeability, both critical factors governing tis-
sue edema formation and neutrophil extravasation (7, 62–64). 
Chemokine expression is inducible and is responsible for the re-
cruitment of inflammatory cells to sites of infection or injury 

(65, 66). The recent work by Yamamoto (67) illustrates the func-
tional role of monocyte TRPM2 channels in mediating chemo-
kine production and neutrophil-induced lung injury. Specifi-
cally, H2O2 evokes Ca2+ influx through TRPM2 to activate 
Ca2+-dependent tyrosine kinase Pyk2 and amplify Erk signaling 
via Ras GTPase. This elicits nuclear translocation of nuclear fac-
tor-kappaB essential to increase the production of the chemo-
kines. Thus, TRPM2-elicited Ca2+ influx controls the oxidant-in-
duced signaling cascade responsible for chemokine production, 
which in turn increases endothelial adhesivity of neutrophils and 
generation of ROS, and thus aggravates endothelial inflam-
mation and injury (67). In chronic inflammation, the continued 
production of ROS by neutrophils causes extensive tissue dam-
age.  

Figure 3: H2O2-induced Ca2+ entry occurs entirely via TRPM2 
channels in endothelial cells. Ca2+ mobilization assays using a Ca2+ 

add-back protocol. Human lung endothelial cells in culture were loaded 
with Fura-2, washed, and transferred to Ca2+-free medium. Left panel: 
H2O2 (100 µM) or control buffer (for baseline) was added at the arrow 
and CaCl2 (2.0 mM) was repleted at the fifth minute. Ionomycin (ion) ad-
dition is shown at the end of tracings. The abscissa indicates time in sec-

Figure 4: Role of TRPM2 channels in H2O2-induced increase in 
endothelial barrier permeability. Confluent endothelial cell mono-
layers grown on gold microelectrodes were treated with H2O2 (300 
µM), or control buffer (for baseline). Changes in transendothelial electri-
cal resistance (TER), reflecting the paracellular permeability of endothe-
lial monolayers were followed for 4 hours. Left panel: Original TER re-
cordings (each trace is the average of 4 responses). Right panel: Mean 

onds; the ordinate, relative intracellular Ca2+ level. Right panel: Mean ra-
tiometric values (± SEM) for steady-state intracellular [Ca2+] (n=4). In 
untreated cells, addition of H2O2 elicited a marked Ca2+ transient upon 
Ca2+ repletion that were abolished by TRPM2-silencing, a treatment of 
the cells with a specific TRPM2 blocking antibody, or overexpression of 
the short dominant negative TRPM2 isoform (TRPM2-S); therefore, 
Ca2+-repletion transient reflected Ca2+ entry through TRPM2.  

value (± SEM) of peak TER responses to H2O2. H2O2 (300 µM) de-
creased trans-monolayer TER, indicating opening of interendothelial 
junctions. TRPM2-silencing, treatment with a specific TRPM2 blocking 
antibody, and TRPM2-S overexpression attenuated the peak TER re-
sponse to H2O2. Thus TRPM2 channels contribute to H2O2-induced en-
dothelial barrier hyper-permeability. 
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Role of TRPM2 in oxidant-induced endothelial 
apoptosis 
Oxidative stress-induced apoptosis can arise from TRPM2 acti-
vation (14, 42). Whereas low concentrations of ROS are necess-
ary in signalling regulation of fundamental cell activities such as 
cell growth, excessive ROS production and persistent Ca2+ entry 
may tilt the balance toward severe tissue damage and cell death. 
Cell death pathway is initiated by TRPM2-evoked Ca2+ entry, 
followed by caspase activation and PARP cleavage (42). In-
hibition of endogenous TRPM2 function by downregulation 
with a specific siRNA or expression of TRPM2-S inhibited the 
rise in intracellular Ca2+ and enhanced cell viability after expo-
sure to oxidants (42). Oxidant-induced cell death, however, in-
volves additional mechanisms, as blockade of channel opening 
(evidenced by suppression of Ca2+ influx) in TRPM2-L over-
expressing HEK293 does not entirely correlate with protection 
from cell death (56).  

To investigate the role of TRPM2 in oxidant-induced en-
dothelial hyperpermeability (3), we have transduced TRPM2-L 
in human pulmonary endothelial cells to cause overexpression of 
the functional channel (3). Cells transfected by TRPM2-L were 
susceptible to apoptosis; apoptosis was, however, suppressed by 
addition of a caspase 9 inhibitor (Ac-LEHD-CHO) to the medi-
um (3). Overexpression of the full-length TRPM2 enhanced 
H2O2-mediated Ca2+ entry, cationic current, endothelial permea-
bility increase, and cell death compared to the untransfected 

cells. While addition of the caspase inhibitor protected cell vi-
ability, it did not modify TRPM2-evoked Ca2+ entry or hyper-
permeability in response to H2O2. Thus apoptosis does not cause 
oxidant-mediated endothelial hyper-permeability. Nevertheless, 
excessive and sustained exposure to oxidants, as we observed 
with H2O2 concentration over 500 µM, led to cell death and irre-
versible endothelial barrier disruption.  

Conclusions and perspectives 
Vascular endothelial injury, for instance in the setting of sepsis, 
is the result of oxidant generation by endothelial cells themselves 
and neutrophils and other inflammatory cells adherent to 
vessels. The mechanism of oxidant-mediated disruption of en-
dothelial barrier function, in part, is attributable to a rise in intra-
cellular Ca2+ mediated by Ca2+ entry through TRPM2 channels. 
There is no known specific inhibitor of the TRPM2 channel. 
However, because both forms of TRPM2 (TRPM2-L and 
TRPM2-S) are expressed in endothelial cells, the mechanisms 
that regulate their expression or control of their physical inter-
action could be targeted to reduce vascular endothelial injury 
due to oxidant production. Therefore, manipulating TRPM2 
function in the endothelium may provide a useful therapeutic 
strategy for the treatment of endothelial barrier dysfunction and 
vascular inflammation. 
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