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Abstract

Rationale—TRPM2 (Transient Receptor Potential Melastatin-2) expressed in endothelial cells
(ECs) is a cation channel mediating Ca2* entry in response to intracellular generation of adenosine
diphosphoribose (ADPR), the TRPM2 ligand.

Objective—Because polymorphonuclear leukocytes (PMN) interaction with endothelial cells
(ECs) generates ROS, we addressed the possible role of TRPM2 expressed in ECs in the
mechanism of transendothelial migration of PMNs.

Methods and Results—We observed defective PMN transmigration in response to LPS
challenge in adult mice in which the EC expressed TRPM2 is conditionally deleted ( 7rom24EC),
PMN interaction with ECs induced the entry of Ca2* in ECs via the EC-expressed TRPM2.
Prevention of generation of ADPR in ECs significantly reduced Ca2* entry in response to PMN
activation of TRPM2 in ECs. PMNs isolated from gp92phox™~ mice significantly reduced Ca2*
entry in ECs via TRPM2 as compared to WT PMNs and failed to induce PMN transmigration.
Overexpression of the ADPR insensitive TRPM2 mutant channel (C1008—A) in ECs suppressed
the Ca?* entry response. Further the forced expression of TRPM2 C1008—A mutant channel or
silencing of PARP-1 in ECs of mice prevented PMN transmigration.

Conclusion—Thus, endotoxin-induced transmigration of PMNs was secondary to TRPM2-
activated Ca2* signaling and VVE-cadherin phosphorylation resulting in the disassembly of
adherens junctions and opening of the paracellular pathways. These results suggest blocking
TRPM2 activation in ECs is a potentially important means of therapeutically modifying PMN-
mediated vascular inflammation.
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INTRODUCTION

The migration of polymorphonuclear neutrophils (PMNSs) across the vascular endothelial
barrier to site of infection constitutes the first line of defense against invading
microorganisms (1). PMN transmigration requires an orchestrated interaction between the
PMNSs and endothelial cells (ECs) relying on the activation of adhesion molecules to initiate
PMN stoppage followed by transmigration (1, 2). PMN transmigration is essential for
sustaining the inflammatory response and killing bacteria until the infection subsides.
Reactive oxygen species (ROS) produced by activated PMNs are important mediators of
bacterial killing and disruption of the vascular endothelial barrier in inflammatory conditions
such as acute respiratory distress syndrome and ischemia/reperfusion injury (1, 2). Oxidants
also increase Ca2* entry across the EC membrane (3), and as Ca?* entry promotes the
formation of inter-endothelial gaps, elevation in intracellular Ca2* is a key factor
contributing to endothelial barrier disruption (3). Studies have also described an important
role of PMNs in breaching the endothelial barrier by the formation of inter-endothelial gaps
secondary to disassembly of actin filaments in ECs (4). These results support the concept
that ECs themselves actively participate in mediating PMN transmigration, although the
underlying signaling mechanisms remain unclear.

Transient receptor potential melastatin (TRPM)2 is a ROS-activated channel belonging to
the trp superfamily family of cation channels. TRPM2, a.k.a TRPC7 and LTRPC-2, is a non-
selective cation channel expressed in mammalian tissue, including endothelial cells, blood
cells such as PMNs, bone marrow cells, brain, spleen, heart, liver, and lungs (5). Expression
of TRPM2 in macrophages and PMNs is important in regulating the bactericidal activity of
phagocytic cells and PMN migration in tissue (6, 7). The binding of the intracellular second
messenger adenosine diphosphoribose (ADPR) or related molecules to the Nudix box
sequence motif (NUDT9-H) in its carboxyl-terminal domain regulates the gating of TRPM2
channel after exposure to oxidants (8—10). Because the Nudix box is homologous with the
pyrophosphatase, NUDT9 ADP-ribose hydrolase, TRPMZ2 is dubbed a “chanzyme”(5).
Hydrogen peroxide (H,05) produced in the cytosol during oxidative stress is also known to
activate ADPR formation in the nucleus and mitochondria (5), and thereby activate TRPM2
(8-10).

Here we studied the possible role of TRPM2 expressed in ECs in directing the trafficking of
PMNSs across the endothelial barrier. Using adult mice in which TRPM2 expression in ECs
is conditionally deleted ( 77pm22E€), we observed markedly reduced PMN transmigration,
vascular inflammation, and mortality in response to endotoxemia as compared to WT mice.
ROS generation by PMNs played a central role in activating the TRPM2 channel in ECs, and
did so in a PARP-1 dependent manner. PARP-1 in ECs was required for the generation of
ADPR. We thus demonstrated the obligatory role of TRPM2 activated Ca2* signaling in ECs
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and disruption of VE-cadherin junctions in mediating PMN transmigration and vascular
inflammation induced by endotoxemia.

Please see online supplement for complete Methods.

Deletion of TRPM2 in ECs (Trpm2I2EC) prevents tissue PMN sequestration, inflammation,
and mortality induced by endotoxemia

To investigate the role of TRPM2 expressed in ECs in recruiting PMNs and mediating
vascular inflammation, we generated tamoxifen inducible EC-specific TRPM2 knockout
mice ( 7rom24EC). Mice carrying floxxed 7rpm2gene were bred with End-SCL-Cre-ER(T)
transgenic mice (11) (Supplemental Data). Tamoxifen treatment of these mice for 5 days
(Img/day i.p.) induced 7rpmZ2depletion in ECs but not in other cell types (Fig. 1A).
Immunostaining of lung tissue from WT (77om2"*) and Trom2"2E€ mice with anti-TRPM2
and anti-CD31 antibodies showed the absence of TRPM2 in ECs (Fig. 1B). We challenged
Trom22EC mice with 10 mg/kg LPS i.p. and measured PMN sequestration by assaying
MPO activity. 7rom24EC mice exhibited significantly reduced MPO activity at 6 h and 24h
post-endotoxin challenge compared to WT mice (Fig. 1C). We used high resolution 2-
photon excitation microscopy to study the infiltration of PMNs in lungs of WT and
Trom2"2EC mice (Fig. 1D & E; Online Fig. I A). In WT mice, we observed a significant
increase in tissue infiltration of PMNs at 6h and 24h post-LPS (Fig. 1D). These responses
were significantly suppressed in 770m24£C mice (Fig. 1E and Online Fig. l1A).
Hematoxylin and eosin staining also showed reduced vascular infiltration of leukocytes in
Trom2"2EC€ mouse lungs at 6h post-endotoxin challenge compared to WT lungs; at 48h
leukocyte infiltration returned to basal levels in both WT and 77pm24E€ mice (Online Fig.
Il C). In mortality studies, 77pm24EC mice were challenged with lethal dose of LPS (20
mg/kg, i.p.). Trom2 AEC mice showed 80% survival compared to WT mice over the 96h
study period (Fig. 1E). Lung microvessels of 770m24EC mice were also resistant to
endotoxin induced hyper-permeability measured by the EBA tracer (Online Fig. 11B), and
there was significantly reduced edema formation in lungs in response to LPS challenge
compared to WT mice (Fig. 1G). Notably, no differences were observed in the levels of
MCP-1 and KC chemokines production in WT and 7r0m24EC after endotoxin challenge
(Online Fig. 111).

PMN interaction with ECs induces Ca2* influx via TRPM2 expressed in ECs

To determine the role of TRPM2 in mediating PMN-activated Ca2* influx in ECs,
HLMVECs were transfected with TRPM2 or PARP-1 siRNA. Depletion of TRPM2 or
PARP-1 in HLMVECs (Fig. 2A) significantly reduced both H,0,- and PMN activated-
induced Ca2* influx. Depletion of TRPM2 in ECs also significantly reduced the H,0,
induced intracellular Ca2* release (Fig. 2B and 2C). We observed that stimulation of mouse
lung microvascular ECs with PMNSs isolated from gp92°"°%-I~ mice or PMNs from WT
mice pretreated with DPI [NADPH oxidase inhibitor (Diphenyliodonium) showed

Circ Res. Author manuscript; available in PMC 2018 October 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mittal et al.

Page 4

significantly reduced Ca2* entry (Fig. 2D). These results thus showed that PMN activation
induced Ca2* entry in ECs is dependent on activation of TRPM2 channel via ADPR
generation in ECs.

PARP-1 mediates generation of ADPR in ECs secondary to PMN activation

To address the mechanism by which TRPM2 expressed in ECs induces vascular
inflammation, we first examined the role of PARP-1 in ECs in generating ADPR, the agonist
responsible for TRPM2 activation (9). The role of PARP-1 was studied by /n vivo silencing
PARP-1 in ECs of mice. Here we observed that liposomal mediated delivery of PARP-1
siRNA in mice, which targets lung ECs (12, 13), suppressed lung MPO activity in response
to LPS (Fig. 3A and 3B); thus indicating that PARP-1 dependent TRPM2 activation in ECs
was responsible for the PMN uptake. We next assessed ADPR generation in ECs and effects
of PARP-1 silencing on ADPR generation in ECs. Maximum ADPR generation in ECs was
observed after 15 min of H,O, stimulation, which plateaued at 30 min with a slight decline
seen 1h (Fig. 3C). Silencing of PARP-1 in HLMVECs abrogated the ADPR generation (Fig.
3D), indicating requirement of PARP-1 in ECs in mediating the generation of ADPR.

ADPR-activation of TRPM2 in ECs signals CaZ* influx and PMN transmigration

To address the role of Ca2* entry via TRPM2 in ECs in mediating PMN transmigration, we
measured Ca?* influx in ECs after transfection of ADPR-insensitive mutant of TRPM2
(C1008—A). The TRPM2 mutant construct was generated by site-directed mutagenesis of
cysteine residue at 1008 position to alanine in the putative pore region of TRPM2 as
described (10, 14). Substitution of cysteine with alanine generated mutant channels that
failed to be activated by ADPR. Transfection of this mutant in HLMVECSs resulted in much
reduced Ca2* entry in response to PMN activation compared to control empty vector (Fig.
4A). We also performed liposome mediated delivery of TRPM2 (C1008—A) mutant (25 pug)
in lung ECs /n vivo (10), and assessed PMN infiltration by H&E staining and lung MPO
activity after i.p. LPS challenge (10mg/Kg) (Fig. 4B). We observed that expression of
TRPM2 mutant in lung ECs of mice prevented LPS induced increase in PMN transmigration
and lung vascular permeability (Fig. 4C and Fig. V).

PMN activation TRPM2 in ECs phosphorylates VE-cadherin at Y731 to disassemble
adherens junctions

Adhesion molecules expressed on the surface of ECs control transmigration of PMNSs (15).
VE-cadherin regulates the opening of endothelial adherens junctions (AJs), and facilitates
PMN transmigration (15, 16). We observed that sSiRNA mediated depletion of TRPM2 in
ECs suppressed the phosphorylation of VE-cadherin at Y731 (the domain critical for VE-
cadherin internalization and disassembly of AJs (15, 16) in response to stimulation with
activated PMNs or addition of H,O5 (Fig. 5A & B). We also observed that silencing of
TRPM2 expression in ECs markedly reduced the phosphorylation of ¢-Srcat Y416 in ECs
(Fig. 5A & 5B). Further, in vivo challenge with LPS in mice suppressed VE-cadherin and ¢-
Src phosphorylation in lungs of 7rom24EC mice (Fig. 5C). We observed no degradation of
VE-cadherin upon LPS stimulation at 6h in 77pm22£€ mice compared to WT mice (Fig.
5C). Moreover, levels of cell adhesion molecules ICAM-1 and VCAM-1 were not altered
between WT and 770m24EC mice on LPS challenge (Fig. 5C).
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To investigate the role of PARP-1 in mediating disassembly of AJs, HLMVECs depleted of
PARP-1 were challenged with H,0, for 30 min. Here we observed that PARP-1 silencing
abrogated H,0O,-induced VE-cadherin and ¢-Src phosphorylation similarly to TRPM2
silencing (Fig. 5D). Moreover, depletion of TRPM2 or PARP-1 in HLMVECs prevented
H»0, induced disassembly of adherens junction as observed by immunofluorescent staining
of VE-cadherin and recording of trans-endothelial electrical resistance (TEER) (Online Fig.
V).

TRPM2 expression in Trpm2/2EC ECs rescues defective PMN migration phenotype

To test whether EC expressed TRPM2 is required for PMN transmigration, HLMVECs
transfected with TRPM2 siRNA to deplete TRPM2 followed by addition of activated PMNs
layered on ECs. TRPM2 silencing in ECs significantly reduced transmigration of PMNs
(Fig. 6A). PMNs isolated from gp92phox™~ mice or WT PMNs treated with DPI also
showed similarly impaired transmigration across WT mouse lung ECs (Fig. 6B). Next, we
performed liposome-mediated delivery of WT-TRPM2 plasmid in lung ECs of Trom24EC
mice followed by measurement of lung MPO activity. Expression of TRPM2 in 7Trom2/4EC
mice rescued the defective PMN sequestration phenotype (Fig. 6C). Moreover, WT mice
reconstituted with gp91phox™~ PMNs showed significantly reduced PMN uptake in lungs
after LPS stimulation (10mg/Kg i.p.) (Fig. 6D), indicating that PMN-generated ROS
activated TRPM2 in ECs to induce PMN transmigration and vascular inflammation.

Activated PMNs mediate P-selectin surface localization through TRPM2 activation in ECs

P-selectin translocates to the EC surface through Ca2* signaling where it plays an essential
role in mediating the initial phase of recruitment of PMNSs (17). To investigate the
involvement of TRPM2 in mediating P-selectin translocation in ECs secondary to activation
of PMNs, HLMVECSs transduced with shRNA to silence TRPM2 expression were
stimulated with fMLP-activated PMNs. HLMVECs transduced with TRPM2 shRNA
showed significantly reduced cell surface P-selectin expression (Fig. 7A). We also
performed immunostaining in endothelial monolayers exposed to fMLP-activated PMNs and
examined cell surface P-selectin expression. Depletion of TRPM2 prevented PMN
activation-dependent EC surface redistribution of P-selectin (Fig. 7B).

DISCUSSION

Studies have shown that adhesive interaction of PMNs with ECs elicits a rise in intracellular
Ca?* concentration and phosphorylation of myosin light chain in ECs, leading to a
contractile dependent mechanism of inter-EC gap formation and PMN transmigration (2).
The PMN-activated transcellular signaling is believed to increase endothelial permeability
and facilitate transmigration of PMNs (2). A more recent study by Barzilae et al., (18)
showed that PMNs use their nuclear lobes to generate gaps between and within ECs and
thereby to cross the EC barrier through rapid turnover of actin filaments as opposed to EC
contraction. Another recent study also showed the role of cation channel TRPC6 in ECs in
mediating an increase in intracellular Ca2* concentration that in turn triggered PMN
transmigration downstream of PECAM interaction between PMNs and ECs (19). An
important aspect of all these findings is that transcellular signaling events emanating from
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PMNs were essential for the PMNSs to migrate across the endothelial barrier. We previously
showed transcellular signaling in which NADPH oxidase activation in PMNs via the
generation of ROS induced the activation of Toll-like receptor expression in ECs (20),
indicating oxidant signaling is an important step initiating a dialog between PMNs and ECs.
Studies showing that PMNSs cross the continuous adherens junctions in ECs by
disassembling actin filaments in ECs through Ca2* signaling in ECs (4) raises key questions
about the role of ROS in mediating PMN transmigration and PMN dependent vascular
inflammation. In the present study, we demonstrated that the interaction of PMNs with ECs
induces a rise in cytosolic CaZ* through the activation of the ROS-sensitive TRPM2 channel
in ECs. Downstream of ROS activation of TRPM2 in ECs, Src was activated in ECs
resulting in the phosphorylation of Y731 residue on VE-cadherin and leading to VE-
cadherin internalization and disassembly of adherens junctions. This thereby promoted PMN
transmigration via the paracellular transendothelial pathway.

TRPM2 is highly expressed in ECs where it plays an important role in regulating key
functions of the endothelium in innate immunity (21-23), endothelial barrier (3, 14, 24), and
EC apoptosis (25). We observed that conditional deletion of TRPM2 in ECs ( Trom2'2E€) of
mice markedly reduced PMN transmigration and sequestration in tissue. Further, deletion of
TRPM2 in ECs enhanced survival in mice in response to lethal dose of LPS as compared to
WT controls. The primary mode of TRPM2 activation is through oxidant-induced generation
of ADPR (9), which is a TRPM2 ligand that functions by binding to the Nudix box domain
(NUDT9-H) in the TRPM2 C-terminal to activate the channel (9, 26)-. Oxidant sensing by
TRPM2 is dependent on the generation of the TRPM2 agonist ADPR (3) secondary to the
activation of poly ADP-ribose polymerase enzyme (PARP-1). We observed that knockdown
of PARP-1 in the endothelium replicated the defective PMN transmigration phenotype seen
in 77pm2"2EC mice. Further overexpression of an ADPR insensitive mutant of TRPM2
(C1008—A)(10), in which ADPR cannot activate the channel, resulted in defective
transmigration of PMNs /n vivo. Interestingly, there was no difference in the levels of
ICAM-1, VCAM-1 and chemoattractants MCP-1 and KC upon endotoxin challenge in WT
and 7rom22EC mice, suggesting that the impaired PMN transmigration response in
Trom2"2EC cannot be explained on this basis. Thus, multiple lines of genetic evidence
provide prima facie evidence for the primary role of EC expressed TRPM2 in mediating
PMN transmigration and thereby in contributing to vascular inflammation.

We observed that oxidants produced by PMNs were indispensable for TRPM2 activation in
ECs. gp91phox™~ PMNs, which did not produce ROS, showed defective PMN
transmigration and tissue sequestration. Thus it appears that oxidants generated by PMNs
are the primary source of ROS required to activate TRPM2 in ECs and thereby
transendothelial PMN migration. Weber et al., (19) described a role of TRPC6 as another #p
channel mediating Ca2* entry in ECs and PMN transmigration downstream of PECAM
homophilic interactions between PMN and ECs. Because PMN transmigration is such a
conserved host-defense response, it is likely that other means of Ca%* entry and signaling are
involved in mediating PMN transmigration to combat infection.

We showed that TRPMZ2 activation in ECs was dependent on oxidants generated by PMNs,
which stimulated intracellular ADPR production via PARP-1 activation. We also showed
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that Ca2* influx downstream of opening of TRPM2 channel induced the activation of ¢-Src
and phosphorylation of VE-cadherin at Y731, the site reported to regulate VE-cadherin
internalization and opening of AJs and leukocyte transmigration (27). Further we observed
that P-selectin translocation to the EC plasma membrane was downstream of TRPM2
activation. This response may also be mediated by ¢-Src dependent tyrosine phosphorylation
of P-selectin (17). These findings together are consistent with the model (Fig. 7B) that PMN
interaction with ECs delivers the transcellular ROS signal that activates TRPM2 dependent
gating of Ca2* in ECs via PARP-1 mediating generation of ADPR. This in turn induces the
activation of ¢-Srcand through an intermediate step involving an unknown kinase
phosphorylates VE-cadherin, resulting in the disassembly of AJs and transmigration of
PMNs. Another crucial TRPM2 Ca2* gating step is the Ca2* signaling-dependent release of
P-selectin from Weibel Palade bodies that induces EC surface localization of P-selectin and
promotes PMN arrest on the EC surface. The significance of P-selectin translocation to the
membrane is unclear. One possibility is that it facilitates PMN interaction with ECs and sets
into motion the amplification of TRPM2 activation in ECs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

H202 Hydrogenperoxide

ADPR Adenosine diphosphoribose

AJ adherens junction

Ca2+ Calcium

Dil-Ac-LDL Acetylated, Dil complex-Low Density Lipoprotein
EBM2 endothelial basal medium 2

fMLP N-formylmethionyl-leucyl-phenylalanine
EC endothelial cell

HLMVECs Human lung microvascular endothelial cells
HBSS Hank’s Balanced Salt Solution

NOX2 Nadph oxidase homolog 2
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NOVELTY AND SIGNIFICANCE
What Is Known?

. Reactive oxygen species (ROS)-mediated calcium (Ca2*) entry in endothelial
cells triggers polymorphonuclear leukocytes (PMN) transmigration to
promote vascular injury.

. Redox-sensitive cation channel TRPM2 expressed in endothelial cells is
activated by ROS.

What New Information Does This Article Contribute?

. Inducible endothelial cell-restricted deletion of TRPM2 prevents endotoxin-
induced neutrophil transmigration and lung vascular injury in mice.

. PMN released ROS activates endothelial TRPM2 to facilitate PMN
transendothelial migration secondary to calcium entry and subsequent
disassembly of endothelial adherens junctions.

TRPM2 (Transient Receptor Potential Melastatin-2) channel expressed in endothelial
cells (ECs) is activated by ROS; however, the role of endothelial TRPM2 in the
mechanism of PMN transmigration is not known. Herein, we showed that PMN
transmigration in response to endotoxin challenge was blocked in adult mice in which the
EC expressed TRPM2 was conditionally deleted. Our results suggest that blocking
TRPM2 activation in ECs is a potentially important therapeutic strategy for treating lung
vascular inflammation.
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Figure 1. Conditional deletion of transient receptor potential melastatin-2 (TRPM2) in
endothelial cells (Trme'AEC) of mice prevents endotoxin induced PMN uptake, inflammatory
lung injury, and mortality

(A) Lung endothelial cells (ECs) isolated from 7rpm24EC mice and total cell lysates were
used for immunoblot (IB) analysis of TRPM2 protein expression. (B) Lung tissue sections
from WT ( 7rom2*'*) and Trom24EC mice were immunostained with anti-TRPM2 and anti-
CD31 antibodies and visualized by confocal microscopy. TRPM2 (Green), CD31 (Red),
DAPI (Blue). Scale bar=100pm. TRPM2 is absent from the intima in 7rom24E€ mice. (C)
WT and 77pm"2EC mice were injected with i.p. endotoxin (LPS) or saline as above, lungs
were collected at indicated time points, and used for measurement of MPO activity. n=5
mice per treatment. (D) /n vivoimaging of PMNs and lung microvessels after LPS
administration in wild-type and 77om24EC mice. Fluorescent-labeled LY6G antibody and
TMR-Dextran were used to stain PMNSs and lung microvascular structures, respectively.
Colors are pseudocolors. Scale bar; 50 pm. (E) Quantitative analysis of PMN density in
microvessels and alveoli (n=3-5 for each plot of wild-type, n=4-5 for each plot of
Trom2"2EC). Fluorescent intensities of PMNSs in field of view were quantified and value of
no LPS condition in wild-type mice was normalized as 1 (Dotted line). * P < 0.05, *** P <
0.005 vs wild-type level. (E) Quantitative analysis of PMN density in alveoli (n=8-11 for
each plot of wild-type, n=7-9 for each plot 7rom2'2£€). Alveoli were outlined and
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fluorescent intensities of PMNs are quantified and the value of no LPS condition in wild-
type mice was normalized as 1 (Dotted line). ** £< 0.01, *** £< 0.005 vs. wild-type level.
(F) Age and weight-matched WT and 7rom24E€ mice were challenged with lethal dose of
i.p. LPS (20 mg/kg, i.p.) and mortality was monitored for 96h. 770m22E€ showed markedly
increased survival compared with WT mice. 7= 10 per group. *p<0.05. (G) WT and
Trom24EC mice were challenged with PBS or 20 mg/kg LPS i.p. Wet and dry lung weights
were recorded to determine edema. 7= 6 /group. *p<0.05.
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Figure 2. Endothelial-expressed TRPM2 is essential for Ca2* influx induced by activation of
polymorphonuclear leukocytes (PMNSs)
(A-C) HLMVECs were treated with either control-siRNA, TRPM2 siRNA, or poly ADP
ribose polymerase-1 siRNA (PARP-1 siRNA) for 48h (A). HLMVECs were then loaded
}:> with FLIPR-5 (fluorescence imaging plate reader) Ca2* sensitive dye for 30 min, followed
5 by stimulation with either H,O5 (300 uM) (B) or fMLP (1uM)-stimulated PMNs (PMN-to-
o . . Y . .
= EC ratio of 5:1) (C). (D) PMNs isolated from gp91phox™~ mice or WT mice treated with
5 indicated concentration of DPI (Diphenyliodonium) were used to measure Ca2* entry in
2 ECS as described above. Experiments were repeated at least twice with each experiment
& comprising of >6 replicates. Representative tracing of Ca2* transients and mean values are
-§ shown as + SEM. *p<0.05 compared to the respective control group.
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Figure 3. Endothelial cell expressed PARP-1 is required for PMN uptake
(A-B) C57BL/6 mice were injected i.v. with either liposomes alone or PARP-1 siRNA (30

ug) for 48h followed by i.p. LPS challenge (10 mg/kg) for 2h. PARP-1 protein expression
reflecting protein present in ECs (A) and MPO activity (B) were then measured in lungs
collected as described in Methods. n=6 mice per group. Data are shown as mean + SEM. (C)
Measurement of ADPR generation in HLMVECs treated with H,O5 for the indicated times.
(D) Measurement of ADPR generation in HLMVECs treated with either control or PARP-1-
SiRNA, and stimulated with indicated concentrations of H,O, for 30 min. Data are from at
least three independent experiments and expressed as mean + SEM. *p<0.05 compared to

the respective control group.
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Figure 4. Expression of ADPR-insensitive TRPM2 mutant (C1008—A) in endothelial cells
impairs ca?* entry and endotoxin-induced PMN uptake

(A-B) HLMVECs were transfected with empty vector or ADPR-insensitive TRPM2 mutant
(C1008—A) plasmid for 24h (A). Cells were then loaded with FLIPR-5 Ca2* sensitive dye
for 30 min, followed by stimulation with H,0, (300 uM). H,0,-induced Ca?* influx was
suppressed in cells expressing the TRPM2 mutant (B). Representative tracing obtained with
each experiment consisting of =6 replicates. (B) C57BL/6 mice were injected i.v. with
liposomes containing empty vector or TRPM2 mutant plasmid for 48h followed by LPS
challenge (10 mg/kg, i.p.) for 24h. Lungs were collected and subjected to immunoblot
analysis of TRPM2 protein expression (B) and MPO activity (C). Expression of TRPM2
mutant suppressed the LPS-induced PMN uptake in lungs as determined by MPO activity
(left panel) and H&E staining. n= 6 mice per group. Data are shown as mean = SEM.
*p<0.05 compared to the respective control group. Scale bar- 100um.
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Figure 5. Endothelial cell expressed TRPM2 is indispensible for PMN-induced VE-cadherin
phosphorylation

HLMVECs were transfected with either control-siRNA or TRPM2-siRNA for 48h, followed
by stimulation with fMLP (1uM)-activated PMNs (A) or H,0, (B) for the indicated times.
Total cell lysates were used for immunoblot analysis. PMN stimulation or treatment with
H,0, induced time-dependent phosphorylation of VVE-cadherin at Tyr-731 within 5 min,
which returned to baseline at 60 min. TRPMZ2 silencing however suppressed PMN-induced
VE-cadherin phosphorylation in HLMVECs. PMN (A) or H,0, (B) stimulation also
induced phosphorylation of active site in ¢-Srcat Tyr-416, which as with VE-cadherin
showed time dependent increase beginning at 5 min after addition of activated PMNs and
returned to baseline by 60 min. This response was suppressed in endothelial cells transfected
with TRPM2 siRNA. Densitometry analysis of n= 3 independent experiments is shown as a
bar graph in the bottom panel. Similar studies as in (A) were also made using lung lysate
from Trom2'2EC mice (C). We observed impaired phosphorylation of VE-cadherin at
Tyr-731 and ¢-Src at Tyr-416. However, the levels of VE-cadherin, ICAM-1 and VCAM-1
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remain unaffected in 77pm22EC compared to WT mice. The densitometry analysis of n= 3
independent experiments is shown as a bar graph in the bottom panel. (D) Studies also
determined the effects of PARP-1 depletion in HLMVECs to address the role of ROS
(H205), known to activate TRPMZ2, in phosphorylating VE-cadherin and ¢-Src. Depletion of
PARP-1 impaired phosphorylation of VE-cadherin at Tyr-731 as well as ¢-Srcat Tyr-416.
Representative image from three independent experiments are shown with B-actin used as
loading control and densitometric analysis of n=3 experiments is shown in the bottom panel.
*p<0.05 compared to the respective control group. $p<0.05 compared to WT group.
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Figure 6. Endothelial cell expressed TRPM2 is responsible for PMN transmigration whereas
expression of TRPM2 in TRPM22EC mice restores defective PMN uptake phenotype

(A) Time dependent transmigration of fMLP (1uM)-activated PMNs in control and TRPM2-
SiRNA treated HLMVECs measured as described in Methods. TRPM2 silencing in
endothelial cells suppressed PMN transmigration. (B) Transmigration of untreated WT
PMNSs, DPI treated PMNSs or gp91phox™~ PMNs across mouse endothelial cells at 6h post-
fMLP stimulation. PMNSs treated with DPI or PMNs from gp91phox™~ mice showed
defective transmigration across mouse endothelial cells. (C) TRPM2 overexpression in
Trom24EC mice using liposomes restored the defective PMN uptake phenotype of
Trom24EC mice. (D) PMNs in WT mice were depleted using Gr-1 antibody (i.p. 100 ug/
mice) and after 24h of i.p. antibody injection, mice were reconstituted with gp91phox™"~
PMNs and were simultaneously injected i.p. LPS for 24h and were then assayed for MPO
activity in lungs. Mice reconstituted with gp92phox™~ PMNs showed defective PMN uptake
in lungs compared to the WT PMNs reconstituted mice. *p<0.05 compared to the respective
control group.
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Figure 7. Activated PMN-dependent P-selectin translocation to endothelial cell surface requires
TRPM2

(A) HLMVECSs transduced with shRNA to silence TRPM2 expression were incubated with
fMLP (1pM)-activated PMNs (WT, 1 EC:5 PMN ratio) for varying times. Cell surface
expression of P-selectin was determined by enzyme linked immunosorbent assay (ELISA)
using tetramethyl-benzidine substrate (results are shown as mean = SEM; n= 3). (B)
Endothelial monolayers layered with fMLP (1uM) -activated PMNs for 5 min, and then
fixed and stained with Alexa 594 mouse IgG/Pselectin (red), Alexa-488 goat IgG/VE-
cadherin (green), and DAPI (blue). Scale bar=20 uM. Each image is representative of three
experiments. Control endothelial cells expressed little surface P-selectin whereas PMN
activation increased P-selectin-expression along cell borders (arrows). Depletion of TRPM2
prevented PMN-elicited cell surface redistribution of P-selectin. (C) Model derived from our
results. PMN interaction with ECs delivers a ROS signal which activates TRPM2-dependent
gating of Ca2* via the generation of ADPR through the catalytic activity of PARP-1. This in
turn results in activation of ¢-Srcand phosphorylation of VE-cadherin through intermediate
steps, the disassembly of AJs and transmigration of PMNSs. Another crucial TRPM2 Ca2*
gating step is the Ca%* signaling dependent release of P-selectin from Weibel Palade bodies,
which induces EC surface localization of P-selectin to promote PMN arrest on EC surface
and thus may fine tune PMN interaction with ECs to amplify PMN dependent TRPM2
activation. *p<0.05 compared to the respective control group.
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