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AREA: NEUROCIENCIAS

NOMBRE DEL GRUPOQO: Sefializacién Mitocondrial del Calcio

PONENTE: Beatriz Pardo

DATOS DE CONTACTO: bpardo(@cbm.csic.es, jsatrustegui@cbm.csic.es,
adelarco@cbm.csic.es
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AREA: NEUROCIENCIAS

“Deficiencia en Aralar/AGC1: tratamiento con dieta
cetogénica y cuerpos cetonicos"
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AREA: NEUROCIENCIAS
Aralar/AGC1/SIC25a12: Structure and activation by cytosolic Ca?*

K Satrustegui, Pardo & del Arco,

Sos SCaMCs Physiol. Rev. (2007)
Brain = 324 nM ATP-Mg/Pi carriers
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AREA: NEUROCIENCIAS - Aralar/Slc25a12 as the regulatory component of the
NADH malate-aspartate shuttle(MAS)
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AREA:

NEUROCIENCIAS

Aralar-MAS enables glycolysis to flow regenerating cytosolic NAD*

Glucose
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AREA: NEUROCIENCIAS
Aralar-MAS provides substrates to neuronal mitocondrial for respiration

Glucose

‘ 471"3%» Lactate 7
7/
NADH  NAD* 7
A
7 \\\

» Malate

- A < Universidad Auténoma
[ REUNION ANUAL DEL AREA DE NEUROCIENCIAS DEL IIS-F)D UAM &Naana
8 de junio del 2021 Fundacion Jiménez Diaz

o Yquironsalud




AREA: NEUROCIENCIAS
Aralar-MAS provides substrates to neuronal mitocondrial for respiration

Glucose
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AREA: NEUROCIENCIAS

Brain Aralar-Slc25a12 is mainly/abundantly localized in neuronal mitochondria

Aralar- |mmunogold Iabellng in neurons: neurons (93 1% +18. 0%) glla (7 % £ 0.5%)
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AREA: NEUROCIENCIAS Expression of MAS components AGC (AGC1/SlIc25a12; or
AGC2/SIc25al13), OGC (Slc25a1l) and the enzymes (GOT1, GOT2,
MDH1, MDH2) in cells and tissues
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Bergmann glial cell
Endothelial cell (brain)
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Microglia
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Endothelial cell (liver)
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Mitochondrial respiration is drastically reduced in Aralar-KO neurons
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Pyruvate recovers mitocondrial respiration in Aralar-KO neurons
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AREA: NEUROCIENCIAS Characteristics/Phenotype of Aralar-KO mice

Aralar ** Aralar -

=

» Short lifespan(PND20)
* Delayed development

* Hypomyelination

* Epilepsy, seizures

* Tremor, lack of motor
coordination

Ataxic posture

* Decreased Aspartate
\ and NAA /

T T T T T
40 35 30 25 20 15 1.0 0.5ppm

Global Aralar — KO mice. (Jalil et l, 2005; -
Ramos et al., 2011)
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Aralar/AGC1 deficiency: Early infantile epileptic encephalopathy 39

AGC1 Deficiency Associated with Global
Cerebral Hypomyelination

Rolf Wibom, Ph.D., Francesco M. Lasorsa, Ph.D., Virpi Téhénen, Ph.D.,
Michela Barbaro, Ph.D., Fredrik H. Sterky, M.D., Thomas Kucinski, M.D., Ph.D.,
Karin Naess, M.D., Monica Jonsson, M.D., Ciro L. Pierri, Chem.D.,
Ferdinando Palmieri, M.D., and Anna Wedell, M.D., Ph.D.

N ENGLJ MED 367;5 NEJM.ORG JULY 30, 2009

CLINICAL REPORT medical genetics B WILEY
Longitudinal MRI findings in patient with SLC25A12
pathogenic variants inform disease progression and
classification
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AGC1 Deficiency Causes Infantile Epilepsy, Abnormal
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Expanding Phenotypic Spectrum of Cerebral
Aspartate-Glutamate Carrier Isoform 1 (AGC1)
Deficiency
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Case Report
A Novel Nonsense Gene Variant Responsible for Early Infantile
Epileptic Encephalopathy Type 39: Case Report

Maysa Saleh, Mostafa Helmi and Bushra Yacop
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Seizure: European Journal of Epilepsy 60 (2019) 154-172

Contents lists available at ScienceDirect
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Effects of Aralar-MAS deficiency on brain cells, brain tissue and whole body
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-Decreased glucose respiration a -Profound developmental delay
-Decreased Asp/NAA | | | -Severe intelectual disability
-Decreased pyruvate formation Y [ (no verbal speech)
(1 | | -Hypotonia
. e o |/ .I -Refractory Epilepsy
i yPOITY i [ 1/ -Spasticity & Dystonia
-Oligodendrocytes: Decreased -Epiletptogenic activity I (1
Myedin synthesis. -Brain Atrophy o l_I N
-OPCs: Decreased proliferation < o

-Ventricles enlargement
-Reduced Asp/NAA

-Basal Ganglia fluctuations
-Reduced Striatum

and maturation

-Decreased Glutamate/Glutamine
-Unchanged glucose respiration

. | é"c'\- 2

. - -Profound developmental delay
-Motor discordination (ataxic gait)
-Seizures and tremors
-Hiper-activity/reactivity
-Anxiety-like behavior

-Progressive hindlimb weakness
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AREA: NEUROCIENCIAS

I. To identify metabolic pathways bypassing the bioenergetic déficit and the
pathological phenotype in Aralar-KO mice (and humans)
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Aralar/AGC1 deficiency: Early infantile epileptic encephalopathy 39

AGC1 Deficiency Associated with Global The ketogenic dlej: compensatesrfort&GCI deficiency and
: . Improves myeilination
Cerebral Hypomyelination ' _ P Y )
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Rolf Wibom, Ph.D., Francesco M. Lasorsa, Ph.D., Virpi Téhénen, Ph.D., and t{{Anna Wedell
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The ketogenic diet: metabolic
influences on brain excitability
and epilepsy

Andrew Lutas and Gary Yellen

Department of Neurobiology, Harvard Medical School, Boston, MA 02115, USA
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Ketogenic diet had negative effects on pregnant Aralar*/- mice
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Ketogenic diet had negative effects on pregnant Aralar*/- mice
And affected the survival of the offspring

35 1

@ Standard diet 1004

® Ketogenic diet .
= |
= g %
o % | EE Di
K] & Died
2 = 60 [ Survived
>
2 ° H Not pregnant
a & ] = Pregnant
< S 40
g & | [ Nolitter
3 R 1 NoAralar-KO
a 20-

15 T T T T T 1 0
0 5 10 15 20 25 30 Aralar*’- dams on KD
Time (Days)

20 7] STANDARD DIET 20 1 KETOGENIC DIET 1401 gl Standard Diet
= ® Aralar++ [ = ® Aralar++ - [ Ketogenic Diet
0o | eAralar s B 46 | @ Aralar+- 1207
] ) a8 .
ie ® Aralar- ,!—" e ® Aralar- =2
-z =2 - Z 1001
g . gBREE | ] =
512 . a sc,_,q-' - 2 12 4 P

n 1 1% ] > = 1
'g p".‘. n ] o >
0 g5 ¢ . - E 2
w & e e o w 8 e L ) 601
5 HAAH L 3 2. 24t 5
. e el S 40
&, ﬁi‘"!" ol'.'“‘!." 1 & PR 4 | i & 40
= 4] & e L PR (@]
Q H o .'_'.... e [ ] < 20
i T T T T T 1 0 T T T T T 1 0-
4 8 12 6 20 24 28 4 8 12 16 20 24 28 +/+ +/- e

PND PND Aralar



Excess fatty acids induce liver ketogenesis Ketone bodies are an alternative energy
source to carbohydrates in brain

Fatty acids
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Intraperitoneal injections of -Hydroxybutyrate in Aralar-KO mice

Lactation
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Daily intraperitoneal injection
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2) MYELINIZATION



BOHB in vivo does not modify the lifespan or the weight of Aralar-KO mice
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Aralar deficiency alters striatal dopamine metabolism

Presynaptic
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BOHB partially reverses the alteration of dopamine metabolism and signaling in the
striatum of Aralar-KO mice
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BOHB partially reverses the alteration of dopamine metabolism and signaling in the
striatum of Aralar-KO mice
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Aralar deficiency causes postnatal hypomyelination

Ramos et al., J. Biol. Chem, (2011)
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Aralar deficiency causes postnatal hypomyelination
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BOHB recovers cortical myelination
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Veh  PBOHB Veh [ BOHB

[ =
100 MENMEN o MEEyG o
Q.
= Im=wiver ¢
33 & <
— e - S

1) amew e eoaneneen®l BheRe (-Actin

MAG

MBP

MBP

MAG

(Relative levels vs Control)

2.0q

1.5

1.01

0.51

0.0-

Hl Veh
] BOHB

MBP/B-Actin
(Relative levels vs Control)

Wild type Aralar-KO

Hl Veh
I BoHB
*

Wild type Aralar-KO



BOHB recovers cortical myelination

and the neuronal synthesis of aspartate and NAA in Aralar deficiency
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BOHB bypasses Aralar deficiency
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BOHB bypasses Aralar deficiency
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BOHB bypasses Aralar deficiency
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AREA: NEUROCIENCIAS
COLABORACION

* Oferta/Demanda: y este es el punto importante. El objetivo es:

|. Exponer al resto de los investigadores aquellas habilidades o tareas de las que te puedes
considerar experto:

Modelos animales modificados genéticamente, funcion mitocondrial, imaging in
vivo por FRET..

2. Demandar ayuda al resto de investigadores en alguna tarea en la que quieras profundizar
y en la que no seas experto (técnicas, equipos....)
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Paola Bovolenta
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Michael Duchen
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Eduardo Rial
Aranzazu Sanchez
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