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Apamin effect in human & mice *

A . sontrod 700 control «
apamin | 50 pM apamin
600 |
| |
0 mv }I ....... 20 miV é 50-3-5 R l
ILT*_“ 200 ms E 400z
15(}:
m:}{ .
R
ol |
Human APD,, APD,
B Atrial cell Ventricular cell
control control
— apamin oo [ eantrod * apamin - [T eontral

g5p. I apamin

178
R It ) T
280 —
1 504
200 ol i
iy an
ey — 130

| I apamin %*

)

b

Time(mseac)
Time(mse

omyv b 10 . 0 my 5: _
l ol | o N

t APD,  APD, APD,, APD,,

J Biol Chem. 2003 5:278(49):49085-94



SK In human (GWAS)

» Assoclation on chromosome 1921 to lone AF ((rs13376333
(intronic to KCNN3), aOR = 1.56)).

Table 2 Summary of GWAS meta-analysis results with P< 5 x 10-8

Locus Cohort specific Meta-analysis association signal
SNP Chr. Position®  Closest AFNET & HVH & MGH Minor/major MAF Meta- OR 95% CI Meta Corroborating
gene KORA S4° CHSP ARICP CCFP & FHSP  allele (%) analysis®? P value SNPs¢

rs6843082 4 111,937,516 PITXZ 0.77 0.43 0.55 0.87 0.91 G/A 25.8 0.71 2.03 1.79-2.30 2.5x 10728 77
(0.13) (0.13) (0.15) (0.19 (0.12) (0.06)

rs13376333 1 153,080,977 KCNN3 0.30 0.54 0.32 0.66 0.52 T/C 29.5 0.45 1.56 1.38-1.77 6.3 x 10712 6
(0.13) (0.13) (0.14) (0.20) (0.12) (0.06)

rs13038095 20 45,858,983 SULF2 0.28 0.45 0.61 0.85 N/Ad T/G 10.2 0.48 1.61 1.37-1.91 1.1x10°8 0
(0.20) (0.10) (0.19) (0.29) (0.08)

aGenomic position from NCBI Build 36. °8 (s.e.m.). ®Having P < 5 x 1078, 9MGH/FHS did not contribute to the meta-analysis of this SNP due to poor quality imputation. Chr., chromosome;
MAF, minor allele frequency; OR, odds ratio, Cl, confidence interval; N/A, not available. 3 is the regression parameter estimate (the log-odds ratio) and OR is the odds ratio of lone AF for each
additional minor allele.

Nat Genet. 2010;42(3):240-4



SK In chronic AF patients

Apamin (100 nM) Sensitive SK Currents are SK Channel Block with 100 nM Apamin Strongly
Increased in Atrial Cardiomyocytes of cAF Patients  Prolongs APDy, in Cardiomyocytes of cAF Patients
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SK in animal models 7

« SK currents play a role in canine atrial repolarization, are larger In
PVs than LA, are enhanced by atrial tachycardia remodeling, and

appear to participate in promoting AF maintenance.
Circulation. 2014 28;129(4):430-40.

« SK channel inhibition possesses antiarrhythmic properties in a rat
In vivo model of PAF with hypertension-induced atrial remodeling.

Hypertension. 2011;57:1129-1135.

* Inhibition of SK channels prolongs atrial ERP without affecting QT

and prevents/terminates AF In rat/rabbit/guinea pig models.
Circ Arrhythm Electrophysiol. 2010;3:380-390



SK In melanocyte-like cells
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Functional roles of SK channels’

Normal Atria )\ Normal Ventricles

HF \
SK channel Remodeling
= P expression in HF &

SK Channel Remodeling
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Atrial myopathy In

Metabolic syndrome ?




Methods and Results



Scheme of the model and investigations

Nocmal Electrocardiography
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Cell data

1. MRNA, protein

2. Patch clamp



A KCNN1 (SK1) B KCNN3 (SK3)
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Animal data

1. ECG, UCG

2. Optical Mapping
3. MRNA

4. Histology



ECG

Electrocardiography CTL MetS P value
Heart rate (bpm)  387.89+85.56 366.90+9420 0.41
P width (ms) 15.88+2.56 15.75+5.17 0.85
P voltage (mV) 0.06+0.02 0.08+0.03* 0.01
PR (ms) 58.41+14.59  49.56+14 .48 0.16
QRS duration (ms) 35.50+7.45 32.71£9.72 0.49
R voltage (mV) 0.90+0.23 0.73+0.24%* 0.01
QT (ms) 73.64+1595  75.41+35.33 0.61
RR (ms) 162.21+36.78 1759544845  0.36
QTc(ms) 57954988  56.90+22.66 0.61
PWA (ms x mV) 0.48+0.16 0.66+0.35* 0.03
PWAc(ms x mV) 0.39+0.14 0.51£0.27 0.11
PWc (ms) 12.70+2.54 12.1443.73 0.56

Both group n =2 10

0.06 mV

*p<0.05

In submission



Echocardiography CTL MetS P value
Ao Root (mm) 1.92+0.18 1.984+0.14 0.25
IVSd (mm) 1.06+0.14 0.96+0.08* 0.04
IVSs (mm) 1.49+0.27 1.39+0.17 0.48
LA (mm) 2.31+0.35 2.554+0.53 0.14
LVIDd (mm) 3.91+0.46 4.154+0.36 0.19
LVIDs (mm) 2.63+0.49 2.80610.46 0.28
LVPWd (mm) 0.90+0.09 0.93+£0.07 0.39
LVPWs (mm) 1.294+0.14 1.33+£0.15 0.63
FS (%) 33.13+£6.35 31.56+6.67 0.74
EF (%) 61.68+£7.13 59.85+7.35 0.74 *p<.05

Both group n =2 10
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Optical mapping



APDg, (Ms)
S &8 8

N
o

APDg, (MS)
S 8

’»—4*
) S

70 100 130 150

PCL (ms)

LA

-
WL

70 100 130 150

PCL (ms)

CTL MetS
48 ms 29 ms
RA

--CTL
-=-MetS

--CTL
-#-MetS

CTL

APDg, (MS)
& &

N
o

I
o

APDg, (Ms)
S 3

MetS RA
*
*
70 100 130 150
PCL (ms)
CTL RA

70

100 130

PCL (ms)

150

MetS

140 ms

-=Apamin
—-Baseline

—-Baseline
-=-Apamin

In submission



o
o

CaTDg, (Ms)
S

e}
<

CaTDyg, (ms)
f oY
<

D
o

(=)
<

CTL MetS
48ms 66ms
RA
* *
- MetS
— -e-CTL
70 100 130 150
PCL (ms)
MetS RA
*
- Apamin
-6—-Baseline
70 100 130 150

PCL (ms)

100 +

e}
o

CaTDyg, (ms)
5 8

e}
<

CaTDy, (ms)

N
=

(=)
<

LA
-=-MetS
-e-CTL
70 100 130 150
PCL (ms)
CTL RA
- Apamin
=6-Baseline
70 100 130 150
PCL (ms) In submission



CTL

MetS

CTL

MetS

L S

101

201

301 401

L

) —

501

601

701

801

901

1

101

201

301 401

501

601

701

801

901

1000

=

a1

o
|

100=

APD alternans threshold (ms)
o1
o
|

o
L

[N

o1

o
]

100

(o)
o
1

CTL

CaTD alternans threshold (ms)
o
|

CTL

MetS

MetS

B Baseline
B Apamin

B Baseline
B Apamin

In submission



)

LAE (mV)"

p-ECG (mV)z °™

0.100-

p-ECG (mV)& ™™

0.100-

AAAAAAAAAA

- 4
LAE (mV) o .L |“ VWJ w |p%H

WU -
0.400-

0.200

> o:uoo: K \ '
LAE (mV) . ' bt ‘ ’\ 'i ‘““ 1\ - “F‘""‘“‘W““**N\Mf' f

0.200-

o A A AV

-0.500 -—x—

wan-——

0.100-

.
=
=

- 0.0}9 'l ey - ‘l
p-ECG (mV)? "y |
-0.100- QRS

-0.200-!

Both group(; n=10

0.5 1.0

Time (s)

AA inducibility (%)

AA duration (s)

100

80

60

40

20

w
o
]

N
o
|

[EEY
o
1

o
L

CTL

CTL

MetS

*p<0.05

MetS In submission



5

%

LAE (mV)*

%

p-ECG (mV)z o

5§ 8 3 BB

LAE (mV) -

AAAAAAAAAA

iy
i B

p-ECG (mV)

§8§8§$,§$.§.§.§§

zMMH%MH% - MHMMMQW | l H " '|~ “f Al SR T || ¢ Yl
LAE : L ' ' ) [ \ o A s VL ! | (' ‘
) ok A A AV | '
1 lIll l | il'”' |'|III||"" l" I
p-ECG (mV)? “" J 4 I 4
o . | ) U AU T ARy NN A .

0 0.5 1.0 !MJ_WWIL
Time (s) In submission




MRNA expression of SK In mice
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Histology
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Conclusions

» SK channel is playing an important role of atrial myopathy in the metabolic

syndrome.

* The MetS atria have shorter APD than controls and the APD shortening could be

reversed by apamin.

* The MetS atria and HL-1 cell have increasing expression of mRNA of the SK

channels.

= The MetS atria are more vulnerable to atrial burst pacing and have higher AF

Inducibility and longer AF duration than controls.
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