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Glial cells are abundant in the CNS and play diverse roles in the regulation of neuronal activity, vascular function,
and gliotransmitter release, whereas pathologically activated glial cells have been reported to disturb brain function in
conjunction with Ca2* signaling, however there is no enough explanation for a unique Ca?* entry. Transient receptor
potential (TRP) superfamily comprises a group of non-selective cation channels that open in response to divergent
stimuli in their environment. Although TRP channels are widely distributed in the mammalian brain, their roles remain
to be elucidated. Here we provide an overview of the roles of TRP channels in pathophysiological processes, especially
focusing on TRPC3 and TRPV4 channels in glial cells. Using rat cortical astrocytes, we found that TRPC3 was upregu-
lated by thrombin via Ca%™ signaling through TRPC3 itself. Thrombin also upregulated S100B, a marker of reactive as-
trocytes, and increased cell proliferation, both of which were inhibited by Ca?* signaling blockers and specific knock-
down of TRPC3 using siRNA, suggesting that TRPC3 contributes to the pathological activation of astrocytes in part
through a feed-forward upregulation of its own expression. Moreover, we found that TRPV4 stimulation by its agonist
40-PDD suppressed LPS-induced microglial activation while TRPV4 mRNA was downregulated in LPS-treated cul-
tured rat microglia. These results suggest that TRP channels play pivotal roles in the process of astrocytic and microglial
activation.
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#&#&, MO NF-xB &2 L TR Z 5 Z &
L7z [Figs. 1(D-F)]. &5z, ZORHEEKIEH
X TRPC3 258 Ca>t ¥ 1 F IV ADHEETH
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Fig. 1. Mechanisms Underlying Thrombin-induced Upregu-
lation of TRPC3 Expression in Rat Cortical Astrocytes

A, Thrombin-induced upregulation of TRPC3 expression in rat cortical
astrocytes. Typical bands for TRPC3 were detected in serum-starved rat cor-
tical astrocytes with or without application of 1 U/ml thrombin for 20 h (n=
3-5, **p<0.01 vs. control). B, Effects of synthetic agonist peptide for
PAR-1 (PAR1-AP; SHLLR-NH,) and synthetic negative agonist peptide for
PAR-1 (PAR1-NCP; FSLLR-NH,) on TRPC3 upregulation (n=4, *p<
0.05 vs. control) . C-I, Effects of 5 ug/ml actinomycin D (Act. D) and 5 ug/
ml cycloheximide (CHX) (C), PD98059 (ERK pathway inhibitor, D),
SP600125 (JNK pathway inhibitor, E), SN50 (NF-xB inhibitor, F), BAP-
TA-AM (G), 2-APB (H), and pyrazole-3 (I) on TRPC3 upregulation (n=
3-7, **p<0.01 vs. control, *p<0.05, #p<0.01 vs. thrombin alone) . Throm-
bin and each drug were applied together for 20 h. TRPC expression is
represented as the ratio of the intensity of the TRPC band to that of the actin
control band.

MmN Ca?t X b7 K& 3), pyrazole-3 (Hr#l
TRPC3 [HEH) ORI XD EFICHH I N
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[Fig. 2(A)]. Z ORI AIEMIL TRPC3 231
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2-APB, CPA } U\ pyrazole-3 D iRANIC & 0 BEF 1T
il =7z [Fig. 2(A)]. S 5ITsiRNA Z2H W T
TRPC3 Z R i1Z knockdown UL /=7 A hOH A1
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L7 [Fig. 2(C)]. ZDORIZHBWT TRPC3 &5
Ca2t ¥ 1 F I ADHFEIKTH 5 BAPTA-AM,
2-APB, CPA, pyrazole-3 Z[RIIRFICHRIML 7= & 2 A1
FEAE B E ICHIfl S Nz [Fig. 2(C)]. X 51
siRNA % i\ T TRPC3 % 4 B /12 knockdown L
7 A bhotAa NTIE, @O 10%FBS &4 T i
BULBEENEEICHH SN TEY, £REMFES
£F thrombin BEHICEX DFEFHINS T A oo
B S BHE IR S e [Fig. 2(D)]. DLk
DOFER K D, thrombin FFH T A b OH o N EFEHE
§fild TRPC3 12 & D feed-forward 72kt % /- L CHil
FEINTNDZEEZRBL TNS.

7 A hOHA MIIEEIZEY, EORREE R
WKALIEDZENHLGNTNS. D 7 X Ot A
~ 2 I E SR T 2 BEEIRS R T 5 L2l 2 MiE L
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Fig. 2. TRPC3 Mediates Thrombin-induced Activation of
Rat Cortical Astrocytes

A-B, Ca?" signaling mediated by TRPC3 increases thrombin-induced
S100B expression in rat cortical astrocytes. A, Effects of 1 U/ml thrombin,
thrombin and 3 um BAPTA-AM, thrombin and 50 um 2-APB, thrombin and
30 um CPA and thrombin and 10 um pyrazole-3 on S100B expression (n=3-
5, **p<0.01 vs. thrombin alone). Thrombin and each drug were applied
together for 20 h. B, Summarized data on S100B expression of astrocytes
transfected with a scrambled siRNA or TRPC3 siRNA in the absence or
presence of thrombin (1 U/m) for 20 h (n=3-4). C-D, Effects of inhibitors
for TRPC3-mediated Ca2* signaling (C) and specific knockdown of TRPC3
(D) in thrombin-induced cellular proliferation. Cell proliferation was calcu-
lated as a percentage of control by setting the value of untreated cells to 0%
and the value of cells grown in EMEM containing 10% fatal bovine serum
for 72h to 100% in an MTT assay [n=5-8, *p<{0.05, ***p<0.001 vs.
thrombin alone (C), **p<0.01, ***p<0.001 vs. scrambled siRNA control
and ##p<0.001 vs. TRPC3 siRNA control (D)].
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Fig. 3. Schematic of the Pathological Role of TRPC3 in
Thrombin-activated Astrocytes

Stimulation of PAR-1 by thrombin induces the phosphorylation of ERK
and JNK, the activation of NF-xB, and new synthesis of TRPC3 protein.
Thrombin also activates TRPC3-mediated Ca2?* signaling, which could form
a positive feedback loop for TRPC3 upregulation. Eventually, thrombin-in-
duced, TRPC3-dependent Ca2* signaling induces quiescent astrocytes to
become reactive astrocytes, which results in astrocytic actin rearrangement,
excessive cell proliferation, S100B upregulation, and finally astrogliosis.
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Fig. 4. Activation by Lipopolysaccharide (LPS) Results in
the Down-regulation of TRPV4 Function in Rat Microglia

Morphological changes of vehicle-treated (control; A) and LPS-treated
(LPS; B) cultured microglia. LPS (100 ng/ml) was applied for 24 h. C, LPS
(24 h) -induced down-regulation of TRPV4 mRNA as assessed by quantita-
tive RT-PCR. D, 40-PDD, a selective agonist of TRPV4, fails to generate
[Ca2*]; responses in LPS-activated microglia while it evokes [Ca2'];
responses in control microglia.
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32. 3700 ) TOEHEBRICKTS
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B 2T 5772012, LPSICKDEREIN D
207 PIEMHLOFRIEICK T S TRPV4 ¥ I
Z K 40-PDD OIERIZDWTHE L7z, XU HIT,
LPS % % TNF-« i §ft &8 K126 3 % 40-PDD DO 1fE
Az L 72kE, 40-PDD IZAEICZEDHEAZH
#lL 7= [Fig. 5(A)]. = OMHIEMIL siRNA %
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Fig. 5. Stimulation of TRPV4 Results in Inhibition of
Microglial Activation

A, Inhibitory effect of TRPV4 selective agonist 4a-PDD at 10 um on
LPS-induced TNF-a release and its reverse by specific knockdown of TRPV4
in cultured microglia. Each drug was simultaneously applied with LPS (100
ng/ml) for 24 h. TNF-« release into the media was colorimetrically analyzed
using the ELISA method. **p<0.01 vs. LPS alone (control siRNA). B,
Concentration-dependent inhibitory effect of 4o-PDD on LPS-induced NO
accumulation in cultured microglia. Each drug was simultaneously applied
with LPS (100 ng/ml) for 72 h. The nitrite accumulation was detected
colorimetrically using the Griess reaction, ***p<(0.001 vs. control, p<0.05,
#:p<0.001 vs. LPS alone, n=5. Concentration-dependent inhibitory effect
of TRPV4 agonist 4a-PDD (C) and its reverse by TRPV channels blocker
ruthenium red (RuR; 10 um) (D) on galectin-3, a microglial activation mar-
ker, upregulation in LPS-induced microglia. ***p<(0.001 vs. control, #:p<_
0.001 vs. LPS alone.
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