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Functional analysis of calcium channels related to intracellular stress signal
transduction in bipolar disorder

Uemura, Takuji

3,400,000
al CACNALC
“ rs1006737” CRISPR/Cas9 G A
CACNA C
“ TRPC3”
CACNALC SNP rs1006737
CACNALC TRPC3 SNP rs1006737

Our research focus is on the functional interaction among calcium channels
related to intracellular stress signal pathway in bipolar disorder (BD). To confirm the function of
SNP rs1006737 (G-A) located within the CACNALC gene associated with BD, we created SNP rs1006737 AA

cells (CACNALC AA cells) using genome editing technique with CRISPR/Cas9 in human glioblastoma,
YKG-1 cells. Both CACNALC and TRPC3 expression were increased in CACNALC AA cells, compared with the
wild type of YKG-1 cells (WT). Additionally, hydrogen peroxide - stimulated Ca2+ mobilization and
membrane potential were altered in this cell model compared with WT. Our study reveals that genetic
variation in CACNALC affects both CACNALC and TRPC3 expression, intracellular Ca2+ homeostasis and

membrane potential.

CACNALC TRPC3



Ca
Warsh et al. 2004; Uemura et al. 2011
Ca?
Ca? a CACNAIC
“ SNP rs1006737 G A’ CACNAIC
Bhat et al. 2012 Ca?
Uemura et al. 2016 CACNALC Ca* “ TRPC3”
Ca? Sabourin et al. 2011 TRPC3
Miller & Zhang, 2011
Perova et al. 2008 TRPC3
Ca* Uemura et al. 2016
CACNA1C
TRPC3 SNP rs1006737
CACNA1C
TRPC3 SNP rs1006737
Ca®
YKG-1 ImmLicl 0 2mM 1 7 H20:
(0.6 mM H0, 18h) Cell Counting Kit-8 Dojindo, Japan
YKG-1 ImM LiCl 1 7 H20,
RT-PCR CACNALC TRPC3 mRNA
CACNAIC “ rs1006737" G A
CRISPR/Cas9 rsl006737 G A
CACNA1CM* YKG-1 RT-PCR CACNA1C TRPC3
mRNA
CACNA1ICM* YKG-1 ca* 1mM
Licl 0 7 H.0, Ca*

Fluo4 AM Dojindo, Japan
CACNA1CM* YKG-1 cells ImM LiCI
0 7 H20,



DiBAC4(3) Dojindo, Japan

Tukey"s multiple comparisons test Student®s t test
o 0.05
- 1 No LiCl without H202 =1 No LiCl + 0.6 mM H202
YKG-1 Licl 0 2.0 mM, 1 SN 0.5 mM LiCl + 0.6 mM H20, N 1.0 mM LiCl + 0.6 mM H20;
7 H202 Z2A 2.0 mM LiCl + 0.6 mM H20;
., (N=8)
0.6 mM,18h LiCl %) . N .
1.5+ [ : : : F
2.0 mM LicCl 1l BT =1
1 o -t v /i
) 8 104 E3 L =
1.0 mM LiCl >
E
7 @
. > 0.5
Licl 7 1.0 §
mM 2.0 mM LiCl
0.0
Day1 Day3 Day7
i H,O, -induced (18h) cell Viability
YKG-1 1mM LiCI 1 7 in LiCl-treated YKG-1 cells
H,0, 0.6 mM,18h * p<0.05,** p<0.01
CACNA1C TRPC3
RT-PCR H20, CACNALIC TRPC3
LiCl
CACNA1C mRNA TRPC3 mRNA
(n=8) — No H202 (n=28) — No H202
=2 0.6 mM H20> == 0.6 mM H202
*k *% *x | > |** *%
" e 1L 04 B 1l
_ 2.5 I | |** _ 15 ﬁlm
2 15 " Q 1.0 =l
Pt =l ** Pt
2 1.04 2
@ § 0.5+
- :
0.0 0.0
Vehicle Day 1 Day 3 Day 7 Vehicle Day 1 Day 3 Day 7
10 mi EiCI 1.0 mMLiCl
H,O, -induced CACNA1C expression H,0O, -induced TRPC3 expression
in LiCl-treated YKG-1 cells in LiCl-treated YKG-1 cells
*p<0.05** p<0.01 ** p<0.01
CRISPR/Cas9 rs1006737 G A
CACNALCM* YKG-1 DNA DNA

RT-PCR n=>5 CACNALC TRPC3 mRNA YKG-1 wild



type WT CACNALC TRPC3 mRNA

SNP rs1006737 CACNA1C mRNA
$ L, =9
YKG-1 cells ATCTCAGCCCGAAGTGTTTTCAGAGCC 2(50-) *%
wild Type 5 —
(G/G) § 2.0
x
=15
S
2 .
CACNAL1CHA q;;” 0
YKG-1 cells Yos
(A/A) | ‘\ N H‘, Wild CACNA1CAA
w \' w# J\ ‘ /\l Type YKG-1 cells

CACNAI1C expression in

DNA f CACNAICAA cell
sequence o cels CACNAICMA cells ** p<0.01

CACNALCM* YKG-1

TRPC3 mRNA
ca* ImM LiCI O - (n=5)
%
7 0.6 mM H.0, 2.5+ **
©
CaZ+ Fluod4 AM HzOz g 20 T
Q
CACNALCMA YKG-1 YKG-1 WT °\i1 5
< 1.91
ca® CACNALCM* YKG-1 7 .
YKG-1 WT H.0, Ca? 505
LiCl LiCl A Wild CACNA1CAA
; Type YKG-1 cells
TRPC3 expression in
CACNAICMA cells ** p<0.01
DiBAC4(3) Bis-oxonol
= WT =3 CACNA1CAA
e | *%
| *%
*%
——« 1
1 **
n=5) *k
YKG-1 WT CACNALCM — 1" | **
YKG-1 ImM LiCl 0 7 (%) o |_|—| ** *k

0.6 mM HzOz

2.54 l** |—'T|_| — *k

2.0 1
YKG-1 WT CACNALCYA YKG-1
0.6 mM Hy0, =
LiCl 1.0 4
CACNALCMA YKG- 05 | | |

Peak Ratio (F/Fo)

1 YKG-1 WT 1 mM LiClI - - Day1 Day3 Day7
1 HO,  — + + + +
mM LiCl 7 YKG-1 WT H,0, — stimulated [Ca?*]sin CACNA1CAA

CACNALCM* YKG-1 YKG-1cels **p<0.01



YKG-1

= wWT =3 CACNA1CAA
0.6 mM H202 oy *% b
1 I
(n=35) s Hok **
CACNALC TRPC3 ] ** | .
T R w1
E * *% o
o 2.5 | I
E l lﬁ *%
o
ﬁ 2.0
CACNALCM* YKG-1 CACNALC & 154
TRPC3 H202
104"
0.6 mM,18h
Ca2+ 0.5
Ca? 1mMLiCI = - Day1 Day3 Day7
a HO: - + + + +
Membrane potential in H,O, —stimulated
ca? CACNALC CACNA1CMAYKG-1 cells
a a “ i
* p<0.05** p<0.01
Ca?* “ TRPC3”
Ca2+
TRPC3 CACNALC
YKG-1 CACNAIC  TRPC3

Warsh JJ, Andreopoulos S, Li PP. Role of intracellular calcium signaling in the pathophysiology
and pharmacotherapy of bipolar disorder: current status. Clin Neurosci Res. 2004;4:201-213.
UemuraT, Green M, Corson TW, Perova T, Li PP, Warsh JJ. Bcl-2 SNP rs956572 associates with
disrupted intracellular calcium homeostasisin bipolar | disorder. Bipolar Disord. 2011;13:41-51.
Bhat S, Dao DT, Terrillion CE, Arad M, Smith RJ, Soldatov NM et al. CACNA1C (Cavl.2) inthe
pathophysiology of psychiatric disease. Prog Neurobiol. 2012;99:1-14.

Uemura T, Green M, Warsh JJ. CACNA1C SNP rs1006737 associates with bipolar | disorder
independent of the Bcl-2 SNP rs956572 variant and its associated effect on intracellular calcium
homeostasis. World J Biol Psychiatry. 2016;17:525-534.

Sabourin J, Robin E, Raddatz E. A key role of TRPC channels in the regulation of electromechanical
activity of the developing heart. Cardiovasc Res. 2011;92:226-236.

Miller BA, Zhang W. TRP channels as mediators of oxidative stress. Adv Exp Med Biol. 2011; 704:
531-544.

Perova T, Wasserman MJ, Li PP, Warsh JJ. Hyperactive intracellular calcium dynamicsin B
lymphoblasts from patients with bipolar | disorder. Int J Neuropsychopharmacol. 2008;11:185-196.
Uemura T, Green M, Warsh JJ. Chronic LiCl pretreatment suppresses thrombin-stimulated
intracellular calcium mobilization through TRPC3 in astroglioma cells. Bipolar Disord.
2016;18:549-562.






