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Mouse Model of SCN1A Dysfunction

increased neuronal excitability (9, 11, 31, 32) and others pre-
dicting decreased neuronal excitability (9, 12, 13). It was not
known from studies in heterologous systems whether the muta-
tions primarily affect excitatory or inhibitory neurons. Results
from our analysis of the biophysical properties of the R1648H
mutation in neurons from the knock-in mice suggest that the
primary effect of this mutation is to delay recovery from inac-
tivation and, thus, decrease the firing of inhibitory neurons.
Impairment of inhibition could be a general effect of SCNI1A
mutations, but analyses of mouse models with other Scnla
mutations are needed to determine whether this is a consistent
mechanism.

Studies of two complete loss-of-function mutations of Scnla
in mouse models of SMEI also showed diminished GABAergic
interneuron function. Heterozygotes for a knock-out mutation
of Scnla displayed reduced Na, 1.1 channel expression, reduced
sodium currents, and an inability to sustain repetitive firing in
GABAergic interneurons of the cortex and hippocampus (15,
16). It is interesting that the R1648H homozygotes exhibit a
time course of seizure initiation and progression to lethality
that is very similar to the homozygous null mice, demonstrating
a profound reduction of in vivo function as a result of this muta-
tion. This was unexpected given the relatively small effects
observed in heterologous systems. We propose that decreased
excitability of the inhibitory circuitry is a major factor contrib-
uting to seizure generation in mouse models of GEFS+ and
SMEI and, by extension, GEFS+ and SMEI patients. A similar
mechanism may also underlie other SCN1A-derived disorders.

Acknowledgments— We thank Dr. David Gordon from the University
of Colorado for providing the pLoxP-2FRT-PGKneo plasmid. We
acknowledge Dr. David Weinshenker and Dr. Kroshona Tabb for help
initiating the seizure induction experiments and Cheryl Strauss for
editorial assistance. We thank Dr. Allan Levey, Dr. David Rye, and
Dr. Glenda Keating for facilitating the experiments conducted in the
Woodruff Memorial Research Building, Emory University.

REFERENCES

1. Escayg, A., MacDonald, B. T., Meisler, M. H., Baulac, S., Huberfeld, G.,
An-Gourfinkel, L, Brice, A., LeGuern, E., Moulard, B., Chaigne, D., Buresi,
C., and Malafosse, A. (2000) Nat. Genet. 24, 343-345

2. Claes, L., Del-Favero, J., Ceulemans, B., Lagae, L., Van Broeckhoven, C.,
and De Jonghe, P. (2001) Am. J. Hum. Genet. 68, 1327-1332

3. Vanmolkot, K. R. ], Babini, E., de Vries, B., Stam, A. H., Freilinger, T,
Terwindt, G. M., Norris, L., Haan, J., Frants, R. R., Ramadan, N. M., Ferrari,
M. D,, Pusch, M., van den Maagdenberg, A. M. ]. M., and Dichgans, M.
(2007) Hum. Mutat. 28, 522

4. Meisler, M. H., and Kearney, J. A. (2005) /. Clin. Invest. 115, 2010-2017

5. Catterall, W. A., Dib-Hajj, S., Meisler, M. H., and Pietrobon, D. (2008)
J. Neurosci. 28, 11768 =11777

6. Martin, M. S., Tang, B., Papale, L. A, Yu, F. H., Catterall, W. A., and
Escayg, A. (2007) Hum. Mol. Genet. 16, 2892—-2899

9834 JOURNAL OF BIOLOGICAL CHEMISTRY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.
31.

32.

. Osaka, H., Ogiwara, I., Mazaki, E., Okamura, N., Yamashita, S., Iai, M.,

Yamada, M., Kurosawa, K., Iwamoto, H., Yasui-Furukori, N., Kaneko, S.,
Fujiwara, T., Inoue, Y., and Yamakawa, K. (2007) Epilepsy Res. 75, 46 51

. Mahoney, K., Moore, S. J., Buckley, D., Alam, M., Parfrey, P., Penney, S.,

Merner, N., Hodgkinson, K., and Young, T. L. (2009) Seizure 18, 492—497

. Spampanato, J., Escayg, A., Meisler, M. H., and Goldin, A. L. (2001) /. Neu-

rosci. 21, 7481-7490

Lossin, C., Wang, D. W., Rhodes, T. H., Vanoye, C. G., and George, A. L.,
Jr. (2002) Neuron 34, 877— 884

Spampanato, J., Kearney, J. A., de Haan, G., McEwen, D. P., Escayg, A.,
Aradi, I, MacDonald, B. T., Levin, S. L, Soltesz, I., Benna, P., Montalenti,
E., Isom, L. L., Goldin, A. L., and Meisler, M. H. (2004) /. Neurosci. 24,
10022-10034

Barela, A. J., Waddy, S. P., Lickfett, ]. G., Hunter, J., Anido, A., Helmers,
S. L., Goldin, A. L., and Escayg, A. (2006) /. Neurosci. 26, 2714 -2723
Lossin, C., Rhodes, T. H., Desai, R. R., Vanoye, C. G., Wang, D., Carniciu,
S., Devinsky, O., and George, A. L., Jr. (2003) . Neurosci. 23, 1128911295
Tang, B., Dutt, K, Papale, L., Rusconi, R., Shankar, A., Hunter, J., Tufik, S.,
Yu, F. H,, Catterall, W. A., Mantegazza, M., Goldin, A. L., and Escayg, A.
(2009) Neurobiol. Dis. 35,91-102

Yu, F. H.,, Mantegazza, M., Westenbroek, R. E., Robbins, C. A., Kalume, F.,
Burton, K. A, Spain, W. J., McKnight, G. S., Scheuer, T., and Catterall,
W. A. (2006) Nat. Neurosci. 9, 1142—1149

Ogiwara, I., Miyamoto, H., Morita, N., Atapour, N., Mazaki, E., Inoue, I,
Takeuchi, T., Itohara, S., Yanagawa, Y., Obata, K., Furuichi, T., Hensch,
T. K., and Yamakawa, K. (2007) /. Neurosci. 27, 5903—-5914

Kearney, J. A., Buchner, D. A, De Haan, G., Adamska, M., Levin, S. I,
Furay, A. R, Albin, R. L., Jones, ]. M., Montal, M., Stevens, M. J., Sprunger,
L. K., and Meisler, M. H. (2002) Hum. Mol. Genet. 11, 2765-2775

Chen, C., Westenbroek, R. E., Xu, X., Edwards, C. A., Sorenson, D. R,
Chen, Y., McEwen, D. P., O’'Malley, H. A., Bharucha, V., Meadows, L. S.,
Knudsen, G. A, Vilaythong, A., Noebels, J. L., Saunders, T. L., Scheuer, T,
Shrager, P., Catterall, W. A, and Isom, L. L. (2004) J. Neurosci. 24,
4030 —4042

Racine, R. J. (1972) Electroencephalogr. Clin. Neurophysiol. 32, 281-294
Dube, C., Chen, K., Eghbal-Ahmadi, M., Brunson, K., Soltesz, I., and
Baram, T. Z. (2000) Ann. Neurol. 47, 336 —344

Dubé, C., Vezzani, A., Behrens, M., Bartfai, T., and Baram, T. Z. (2005)
Ann. Neurol. 57, 152-155

Hilgenberg, L. G., Hoover, C. L., and Smith, M. A. (1999) J. Neurosci. 19,
7384-7393

Li, Z,, Hilgenberg, L. G., O'Dowd, D. K., and Smith, M. A. (1999) /. Neu-
robiol. 39, 547557

Fong, A. Y., Stornetta, R. L., Foley, C. M., and Potts, J. T. (2005) J. Comp.
Neurol. 493, 274 -290

Graf, E.R., Zhang, X., Jin, S. X., Linhoff, M. W, and Craig, A. M. (2004) Cell
119, 1013-1026

Schank, J. R, Liles, L. C., and Weinshenker, D. (2005) Epilepsy Res. 65,
23-31

Martina, M., Vida, L, and Jonas, P. (2000) Science 287, 295-300

Alekov, A., Rahman, M. M., Mitrovic, N., Lehmann-Horn, F., and Lerche,
H. (2000) J. Physiol. 529, 533-539

Naritoku, D. K., Casebeer, D. J., and Darbin, O. (2003) Epilepsia 44,
912-916

Kihn, F. ], and Greeff, N. G. (1999) J. Gen. Physiol. 114, 167183
Spampanato, J., Escayg, A., Meisler, M. H., and Goldin, A. L. (2003) Neu-
roscience 116, 37—48

Spampanato, J., Aradi, I, Soltesz, L, and Goldin, A. L. (2004) J. Neuro-
physiol. 91, 2040 -2050

VOLUME 285-NUMBER 13+MARCH 26, 2010

0T0Z ‘vT AeN uo ‘s3dvD e 1o ogl-mmm woly papeojumoq


http://www.jbc.org/

