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Abstract

Glucose uptake into the mammalian nervous system is mediated by the family of facilitative glucose transporter

proteins (GLUT). In this work we investigate how the expression of the main neuronal glucose transporters

(GLUT3, GLUT4 and GLUT8) is modified during cerebellar cortex maturation. Our results reveal that the levels of

the three transporters increase during the postnatal development of the cerebellum. GLUT3 localizes in the

growing molecular layer and in the internal granule cell layer. However, the external granule cell layer,

Purkinje cell cytoplasm and cytoplasm of the other cerebellar cells lack GLUT3 expression. GLUT4 and GLUT8

have partially overlapping patterns, which are detected in the cytoplasm and dendrites of Purkinje cells, and

also in the internal granule cell layer where GLUT8 displays a more diffuse pattern. The differential localization

of the transporters suggests that they play different roles in the cerebellum, although GLUT4 and GLUT8 could

also perform some compensatory or redundant functions. In addition, the increase in the levels and the area

expressing the three transporters suggests that these roles become more important as development advances.

Interestingly, the external granule cells, which have been shown to express the monocarboxylate transporter

MCT2, express none of the three main neuronal GLUTs. However, when these cells migrate inwardly to differ-

entiate in the internal granule cells, they begin to produce GLUT3, GLUT4 and GLUT8, suggesting that the mat-

uration of the cerebellar granule cells involves a switch in their metabolism in such a way that they start using

glucose as they mature.
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Introduction

Glucose uptake into the mammalian nervous system is med-

iated by the family of facilitative glucose transporter pro-

teins (GLUT). Of the 13 GLUT family members, several are

present in the brain (Wood & Trayhurn, 2003; Uldry &

Thorens, 2004), and their alteration can result in important

alterations of functions of the central nervous system

(Wang et al. 2005; Zhao et al. 2009).

The distribution of GLUT in the nervous system suggests

that the transport of glucose across the blood–brain barrier

and within nervous cells is tightly regulated and compart-

mentalized. It is assumed that, whereas GLUT1 is located in

the ependymal and glial cells and mediates glucose trans-

port across the blood–brain barrier, GLUT3 is considered the

main neuronal transporter. Nonetheless, GLUT4 and GLUT8

have also been described as being present in neurons

(McEwen & Reagan, 2004). Other transporters are produced

by astrocytes (GLUT2) and microglia (GLUT5) (McEwen &

Reagan, 2004). In addition, increasing evidence shows that

neurons can also express GLUT2, GLUT6 and even GLUT1

under specific conditions (Simpson et al. 2008).

Several works have described the regional and cellular

distribution of neuronal GLUT transporters in the adult

brain. GLUT3 is widely distributed in the central nervous sys-
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tem (Nagamatsu et al. 1993; Maher et al. 1994; Choeiri

et al. 2002), localized in the neuropil, but absent in cell

bodies (Gerhart et al. 1995; McCall et al. 1994). The insulin-

responsive transporter GLUT4 is also widely expressed in the

brain in a somatodendritic localization in both the plasma

membrane and cytoplasm (El Messari et al. 1998, 2002;

Choeiri et al. 2002). GLUT8, which is considered to be prob-

ably located in intracellular compartments in both neurons

(Piroli et al. 2002) and other cell types (Gomez et al. 2006,

2009; Romero et al. 2009), also exhibits a widespread distri-

bution in the brain by localizing in both neuronal cell

bodies and apical dendrites (Reagan et al. 2001, 2002;

Ibberson et al. 2002; Sankar et al. 2002).

GLUT3, GLUT4 and GLUT8 are present in the cerebellum

(Brant et al. 1993; Rayner et al. 1994; Kobayashi et al. 1996;

Leloup et al. 1996; Vannucci et al. 1997, 1998b; El Messari

et al. 1998, 2002; Apelt et al. 1999; Choeiri et al. 2002;

Ibberson et al. 2002). However, their variation and distribu-

tion during the complex process of cerebellar maturation is

not well known. Consequently, the levels of glucose

transporters can be modified in accordance with energy

demand (Vannucci et al. 1998b; Vannucci & Simpson, 2003).

This is especially important for the cerebellar cortex as

its development is postnatal in mice. In this work, we

investigate how the expression of the main neuronal

glucose transporters is modified during cerebellar cortex

maturation.

Materials and methods

The C57 ⁄ BL6 mice from Harlan (Barcelona, Spain) were housed,

bred and killed according to European Council legislation

(86 ⁄ 609 ⁄ EEC) on experimental animal protection. Breeding pairs

of mice were monitored daily for litters, and the date of birth

was taken as day 0. All of the animals were maintained on a

12-h day ⁄ night cycle at constant room temperature (22 �C) with

free access to water and standard mouse fodder. Adult mice

(8–10 weeks old) and mice pups of 7, 15 and 21 days of age

were killed by decapitation or an overdose of pentobarbital

(100 mg/Kg intraperitoneally). All of the experimental protocols

were approved by the Ethics Committee of the Cardenal

Herrera-CEU University.

Materials

All of the generic reagents were obtained from Sigma-Aldrich

(St Louis, MO, USA) or Roche Diagnostics (Barcelona, Spain). A

rabbit polyclonal antibody against a synthetic peptide corre-

sponding to the 11 C-terminal residues (466–477) of mouse

GLUT8 was prepared by Q-Biogene (Illkrich, France), as previ-

ously described (Gomez et al. 2006). Rabbit anti-GLUT3 antibod-

ies were obtained from Calbiochem (San Diego, CA, USA) and

Abcam (Cambridge, UK) and demonstrated similar results.

Rabbit anti-GLUT4 and rabbit anti-GLUT1 antibodies were

obtained from Calbiochem. Rabbit polyclonal antibodies against

mouse anti-actin bound to peroxidase were obtained from Sigma-

Aldrich. The Hybond membranes enhanced chemiluminescence

(ECL) detection system and anti-rabbit IgG secondary antibody

were obtained from GE Healthcare (Chalfont St Giles, UK). The

Bradford and western blotting reagents were obtained from

Bio-Rad (Hercules, CA, USA).

Western blot

Proteins were obtained as described elsewhere (Romero et al.

2009). Tissues were homogenized in Tris-EDTA-sucrose (20 mM

Tris, 1 mM EDTA, 255 mM sucrose, pH 7.1) plus a protease inhibi-

tory cocktail and 10 mM phenylmethylsulfonyl fluoride (both

from Roche Diagnostics), with an Ultra Turrax T25 basic (IKA

Labortechnik, Staufen, Germany). The homogenate was then

sonicated, and kept on ice. Samples were then centrifuged at

16 000 g for 20 min at 4 �C. The pellet was resuspended in 2 mM

Tris ⁄ 50 mM mannitol pH 7.1 buffer. The supernatant was used

to analyze GLUT4 levels and the pellet was used to analyze

GLUT3 and GLUT8. Protein concentration was determined by

the Bradford method. Western blots were performed with

40 lg of total protein as described elsewhere. Protein samples

were analyzed by sodium dodecyl sulfate–polyacrylamide gel

electrophoresis in 11% acrylamide gels, and the proteins trans-

ferred to the Hybond-ECL membranes, which were blocked for

2 h in 5% non-fat dried milk in Tris-buffered saline with 0.1%

Tween-20 (TBS-T). Blots were probed overnight with the anti-

GLUT8 antibody (1 : 500) at 4 �C, the GLUT3 and GLUT4 antibod-

ies (dilution 1 : 500) for 1 h at room temperature, and then

overnight at 4 �C. Primary antibodies were detected with an

anti-rabbit IgG antibody coupled to horseradish peroxidase

(dilution 1 : 5000) using the ECL detection system. Blots were

reprobed after stripping in 200 mM glycine, pH 2.5, 0.4% sodium

dodecyl sulfate. Nitrocellulose sheets were rinsed in TBS-T and

then reblotted for 60 min in 5% non-fat dried milk in TBS-T

before being probed with an anti-actin antibody used at a

1 : 20 000 dilution. Blots were quantified by densitometry, and

the GLUT : b-actin protein ratio was calculated from the films

with the Quantity One Image Analysis Software (Bio-Rad).

Histological and immunohistochemical methods

The immunohistochemical methods were performed as

previously described (Gomez et al. 2006, 2009). Cerebella (three

animals per group) were placed overnight in 4% paraformalde-

hyde. After fixation, tissues were dehydrated at increasing etha-

nol concentrations, embedded in paraffin, serially sectioned

(3 lm) in an HM 310 Microm microtome and collected on poly-

lysine-coated slides. Sections were deparaffinized and rehydrat-

ed. Antigen retrieval was performed by heating the sections at

100 �C in a water-bath for 15 min in citrate buffer (10 mM, pH

8). The sections were then washed three times in 0.1 M phos-

phate buffer with 0.2% Triton X-100, incubated with 3% H2O2

in methanol for 20 min to quench endogenous peroxidase activ-

ity, and processed for immunohistochemical analysis with the

corresponding primary antibody. Immunohistochemistry for

GLUT8 (Gomez et al. 2006, 2009) and GLUT1 was performed

using the immunoperoxidase procedure corresponding to the

Vectastain Elite ABC kit from Vector Laboratories (Burlingame,

CA, USA). Sections were incubated overnight with the rabbit

anti-GLUT8 or the rabbit anti-GLUT1 polyclonal antisera (dilution

1 : 500) at 4 �C. The non-specific signal was blocked with 10% nor-

mal goat serum. The GLUT3 and GLUT4 immunohistochemistry
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procedures (at 1 : 300 dilution for both) were similar to that

used for GLUT8, except for 2 h, which was performed with the

primary antibody at room temperature followed by overnight

incubation at 4 �C.

Statistical analysis

The results are expressed as mean ± SD. The statistical signifi-

cance of the differences was determined by one-way ANOVA.

Results

We first analyzed the levels of the GLUT3, GLUT4 and

GLUT8 proteins in the cerebellar cortex on postnatal day

(P)7, P15, P21 and in adults by western blot. Our results

show that the levels of the three transporters were low on

P7 and that they subsequently increased progressively to

adulthood (Fig. 1). The GLUT4 levels gradually increased

from P7 to adulthood reaching 10-fold higher intensities in

adult cerebella than in the first age analyzed. GLUT8 dis-

played a similar pattern but its final levels were sixfold com-

pared with P7. GLUT3 levels also rapidly increased to reach

similar levels (or even slightly higher) at P21 as in adults,

where they were approximately sevenfold higher than

those found at P7.

Regarding the specific localization of the transporters,

GLUT3 immunoreactivity (IR) (Fig. 2) was appreciable in the

molecular layer (ML) and in the internal granule cell layer

(IGL) on P7. GLUT3 IR was also evident in the periphery of

the Purkinje cells, whereas their cytoplasm lacked GLUT3 IR.

As a result, the growing ML was labeled. Conversely, the

external granule cell layer (EGL) did not express the trans-

porter, except for some isolated cells located at the outer-

most level close to the piamater (Fig. 2A, arrowheads).

Likewise, the cytoplasm of the cells in the IGL was devoid of

GLUT3 IR, whereas intense immunolabeling was apparent

in the dots corresponding to the cerebellar glomeruli. One

week later, GLUT3 IR (Fig. 2B) expanded, mainly because of

the larger extension of the ML which, at this age, had

almost completed growth at the expense of the EGL that

had practically disappeared. GLUT3 IR was detected in the

neuropil, and the lack of labeling in the cytoplasm of the

cells located in the ML was evident. In addition, both the

IGL and Purkinje cells expressed the transporter similarly to

P7. Few changes were observed in the localization of the

transporter on P21 (Fig. 2C). The non-expressing EGL had

recently disappeared and GLUT3 labeling was intense in

both the ML and IGL. In adults, the expression pattern of

GLUT3 was similar to that observed on P21 when it was

detected in the neuropil of the whole cerebellar cortex

(Fig. 2D).

Conversely to GLUT3, GLUT4 IR on P7 was only evident in

the cytoplasm of the Purkinje cells and hardly surpassed the

BA

C

Fig. 1 Detection of the GLUT3 (A), GLUT4 (B)

and GLUT8 (C) proteins by western blot and

quantification of the GLUT transporters in the

cerebellum on postnatal day (P)7, P15, P21

and in adult mice (AD). The results

(mean + SD) are expressed as densitometric

arbitrary units. Histograms represent the

GLUT levels of three (for GLUT4 and GLUT8)

or four (GLUT3) independent experiments.

The levels of the three transporters

significantly increase (P < 0.01) throughout

cerebellar development.
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background levels in the ML, EGL and IGL (Fig. 3A). On P15

it was detectable, in addition to the Purkinje cell cytoplasm,

in the dendrites of the Purkinje cells in the ML and at low

levels in the IGL cells (Fig. 3B). Few changes were detected

subsequently on P21 and, although the western blot indi-

cated that the levels had increased, the IR found was no

stronger than that noted on P15 (Fig. 3C). Finally, in the

adult mice, apart from the strong labeling previously

observed in the Purkinje cell soma, GLUT4 IR was also seen

in both the ML and IGL (Fig. 3D).

The GLUT8 distribution on P7 was, to some extent, similar

to the GLUT4 distribution. In addition to the cytoplasm of

the Purkinje cells, however, GLUT8 was also noticeable in

the dendritic tree of these cells in the ML. Both the IGL and

EGL apparently did not express GLUT8 (Fig. 4A). One week

later, the expression of GLUT8 increased and it was espe-

cially evident in both the cytoplasm and dendrites of the

Purkinje cells, and relatively less strong in the rest of the ML

and in the IGL (Fig. 4B). At P21 (Fig. 4C), GLUT8 IR displayed

no major changes when compared with the previous stage.

In adults, however, other than the labeling in the ML and

Purkinje layer, the IGL expressed the transporter in a diffuse

and less concentrated manner than GLUT3 and GLUT4

(Fig. 4D).

It is interesting to note that the EGL, which gradually

reduces in size until approximately P15 when it disappears

after providing the cells that compose the IGL, apparently

expressed none of the three transporters under study. In

A B

DC

Fig. 2 Immunodetection of GLUT3 in the

mouse cerebellar cortex on postnatal day (P)7

(A), P15 (B), P21 (C) and in adults (D). EGL,

external granule cell layer; IGL, internal

granule cell layer; ML, molecular layer; PL,

Purkinje cell layer. Observe GLUT3

immunoreactivity (IR) in both the ML and IGL,

whereas the EGL, present on P7, lacks GLUT3

expression except for some isolated cells on

the outermost part of the layer (arrowheads).

The GLUT3 IR is absent in the cell bodies.

Scale bar: 25 lm.

B

DC

A

Fig. 3 Immunodetection of GLUT4 in the

mouse cerebellar cortex on postnatal day (P)7

(A), P15 (B), P21 (C) and in adults (D). EGL,

external granule cell layer; IGL, internal

granule cell layer; ML, molecular layer; PL,

Purkinje cell layer. GLUT4 immunoreactivity is

detected in both PL bodies and dendrites.

Staining in adults is more intense, labeling the

ML, PL and IGL. Scale bar: 25 lm.
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order to investigate whether GLUT1 (which, although it is

not usually expressed by neurons, has been detected both

in cultured neurons and in vivo under conditions of stress)

(Simpson et al. 2008) was expressed by EGL cells, GLUT1 IR

was studied in cerebellar sections. Our results showed that

GLUT1 was not expressed by EGL cells or any other neuronal

cell type in the cerebellum (Fig. 5). GLUT1 IR was detected

in microvessels, where levels were very low on P7 but grad-

ually increased throughout postnatal development.

Discussion

During early postnatal development the brain requires sup-

plies of fuel for growth and process formation (Vannucci &

Vannucci, 2000). Thus, the regulation of the glucose trans-

porter expression during this period might be critical for

the glucose supply for brain maturation and, more pre-

cisely, for cerebellar development.

Here we show that the levels of the main neuronal trans-

porters increase during cerebellar development and that

they are expressed in a developmentally regulated manner.

Our work shows that GLUT3 is localized in the ML and gran-

ular layers of young and adult cerebella, thus corroborating

the results observed in adults (Choeiri et al. 2002). It local-

izes in the neuropil as the cell bodies of the cerebellar cor-

tex lack GLUT3 IR. Previous works have shown that Glut3

mRNA is expressed in the granule cells of the cerebellum

(Kobayashi et al. 1996; Vannucci et al. 1998b) and in

B

D

A

C
Fig. 4 Immunodetection of GLUT8 in the

mouse cerebellar cortex on postnatal day (P)7

(A), P15 (B), P21 (C) and in adults (D). EGL,

external granule cell layer; IGL, internal

granule cell layer; ML, molecular layer; PL,

Purkinje cell layer. GLUT8 immunoreactivity

(IR) is detected in PL cell bodies and

dendrites, and also shows labeling in the ML,

especially in the youngest ages. In the adult,

GLUT8 IR is located in the ML, PL and

diffusely in the IGL. Scale bar: 25 lm.

A B

DC

Fig. 5 Immunodetection of GLUT1 in the

mouse cerebellar cortex on postnatal day (P)7

(A), P15 (B), P21 (C) and in adults (D). EGL,

external granule cell layer; IGL, internal

granule cell layer; ML, molecular layer; PL,

Purkinje cell layer. GLUT1 immunoreactivity is

detected in microvessels with increasing

intensity as development advances. Scale bar:

25 lm in A and 50 lm in B–D.
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Purkinje cells (Kobayashi et al. 1996), this most probably

being the origin of the protein observed in the ML and IGL.

In addition, our results confirm the postnatal increase of

the GLUT3 protein levels reported by Vannucci et al.

(1998a), which showed increased levels in the cerebellum in

a similar way to that reported herein. This is probably due

to the expansion of the ML and IGL, as the localization of

GLUT3 in the ML runs in concert with ML growth. It is also

interesting to note that the EGL does not express GLUT3,

except for a few externally located cells.

Although GLUT3 is considered the ideal choice as a neu-

ronal glucose transporter (Simpson et al. 2008), GLUT4 and

GLUT8 are also produced by neurons. Here we show that

GLUT4 expression increases considerably during postnatal

development and to such an extent that suggests that its

role is probably more important in adults than in the devel-

opmental stages. Indeed, GLUT4 is the transporter whose

localization and levels display more differences in adults

and previous stages. Some controversial results have been

published about GLUT4 localization in the cerebellum.

Some reports describe GLUT4 in both Purkinje cells and in the

IGL to a lesser extent (Kobayashi et al. 1996), heteroge-

neously distributed, but mainly concentrated in Purkinje

cells, and in cells and processes of the ML and IGL (El Messari

et al. 1998, 2002). Apelt et al. (1999) also described GLUT4

localization in Purkinje cells, whereas Vannucci et al.

(1998b) documented an absence of staining from both the

Purkinje layer and ML. Our results agree with those of

Choeiri et al. (2002) who described that GLUT4 can be

detected in the three layers. However, we observe that it

is mainly located in the Purkinje cell cytoplasm in early

postnatal stages.

Previous studies have shown that GLUT8 is produced by

neurons (Ibberson et al. 2002; Piroli et al. 2002; Reagan,

2002; Sankar et al. 2002; Augustin et al. 2005; Widmer et al.

2005; Zhao et al. 2009). To date, however, only a weak

GLUT8 IR of the Purkinje cells has been described in relation

to the cerebellar GLUT8 expression (Ibberson et al. 2002).

Our results reveal that GLUT8 is mainly located in Purkinje

cells, but we also observe GLUT8 IR in ML and IGL cells in

such a way that it overlaps with GLUT4 to some extent,

even though the distribution of GLUT8 in the IGL is more

diffuse. Nevertheless, the results of a recent report showing

a high expression level in the cerebellar tissue for Glut3 and

Glut8 mRNA compared with Glut isoforms 1 and 4 (Weisova

et al. 2009) suggest an important role for this transporter in

cerebellar functions.

Nonetheless, neither the way that GLUT transporters are

regulated in the cerebellum nor the specific role played by

each isoform is well understood. Our results show that the

levels of the three transporters in the cerebellum increase

with age, but this does not seem to be a general rule for

the brain as the GLUT4 and GLUT8 levels measured in whole

brain homogenates increase in the first postnatal weeks,

but decrease in adults (Sankar et al. 2002). Regarding the

roles of the GLUT transporters, recent works suggest that,

in addition to the variation observed in normal postnatal

development, different pathophysiological conditions can

modify the GLUT expression. GLUT3 has been suggested to

be critical in mediating neuronal tolerance to excitotoxicity

(Weisova et al. 2009). GLUT4, which is an insulin-dependent

transporter, seems to be related with glycemia levels as

chronic insulin-resistant states are associated with the

increased expression of GLUT4 in the cerebellum (Alquier

et al. 2006). In addition, Cheng et al. (2000) demonstrated

that knocking out the neurotrophic factor insulin-like

growth factor 1 in mice induces a sharp drop in glucose

uptake in several brain areas of young mice, including the

cerebellum. The diminished glucose uptake in the cerebel-

lum was therefore associated with a specific decrease of

Glut4 mRNA and IR in Purkinje cells, suggesting that

GLUT4-mediated glucose transport may play critical roles

during postnatal brain development (Cheng et al. 2000).

The role of GLUT8 in the cerebellum is less known. As in

other cell types (Gomez et al. 2006, 2009; Romero et al.

2009), GLUT8 is not located in the plasma membrane of

neurons, but in subcellular compartments (Piroli et al. 2002;

Alquier et al. 2006), and it does not translocate to the

plasma membrane on different stimulations (Shin et al.

2004; Widmer et al. 2005). Thus, it has been suggested to

be an intracellular transporter involved in glycosylation pro-

cesses (Piroli et al. 2002). However, a relationship has been

shown between GLUT8 and the energy requirements of

some cell types, such as blastocysts (Pinto et al. 2002),

hepatocytes (Gorovits et al. 2003) and intestinal cells

(Romero et al. 2007), suggesting that GLUT8 is associated

with the physiology of cells with a high energy demand.

Recently, GLUT8 knockout mice have been independently

generated in two different laboratories (Membrez et al.

2006; Gawlik et al. 2008). Although knockout mice were

viable with normal growth and presented no major abnor-

malities, they were hyperactive, which is perhaps the result

of alterations in intracellular transport (Schmidt et al. 2008,

2009). It is reasonable to believe that the absence of GLUT8

in the cerebellum may be involved in the phenotype of

those knockout mice.

One intriguing result of this work is that the EGL cells lack

evidence of the expression of GLUT1, GLUT3, GLUT4 and

GLUT8. To our knowledge, this is the first report showing

such data. We may ask, then, how the EGL cells uptake fuel

if they do not express any of the main neuronal transport-

ers. One possible way could be through monocarboxylate

transporters (MCTs). MCTs are responsible for the transport

of lactate, pyruvate, acetoacetate and b-hydroxybutyrate,

and comprise a gene family with 14 members (Halestrap &

Meredith, 2004). MCT2 is the main neuronal monocarboxy-

late transporter (Pierre et al. 2002; Pierre & Pellerin, 2005;

Bergersen, 2007; Simpson et al. 2007) and is widely distrib-

uted in the nervous system. In the cerebellum, intense

MCT2 IR is found in Purkinje cell bodies and their processes,
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as well as on mossy fibers (Pierre et al. 2002; Rafiki et al.

2003; Pierre & Pellerin, 2005).

There has been debate about whether neuronal activity

is fueled primarily by glucose (which is transported by

GLUTs) or lactate (transported by MCTs) (Simpson et al.

2007). Thus, the developmental pattern of the transporters

can reflect the type of metabolism at a given developmen-

tal stage, and changes in their expression and levels can be

a sign of metabolic modifications. Interestingly, the EGL,

which proliferates and later migrates inwardly through

Purkinje cells to form internal granule cells (Wechsler-Reya,

2003), expresses MCT2 and this expression lowers concomi-

tantly with the EGL regression (Rafiki et al. 2003). In their

work the authors had already suggested a complementary

pattern of the MCT2 and GLUT distribution as a gradual

developmental decline in MCT2 expression seemed to be

balanced by an increase in GLUT1 (at the blood–brain bar-

rier) and GLUT3 (in neurons) (Rafiki et al. 2003). Our results

sustain this hypothesis, which, at least in the cerebellum,

can be generalized for other transporters like GLUT8 and

GLUT4. More precisely, the granule cells of the cerebellum

emerge as a model to study such a complementary pattern:

the EGL cells express MCT2 and lack GLUT expression, but

when they migrate inwardly and mature, they start to

express glucose transporters. This also strongly suggests that

the transition from the EGL to the IGL implicates a switch

from a monocarboxylate-based metabolism to another

metabolism based on glucose uptake and utilization. Never-

theless, it would be interesting to investigate whether other

neuroblasts or immature neurons display a similar switch in

MCT towards GLUT expression during maturation.

Concluding remarks

The increased levels of the three neuronal transporters,

GLUT3, GLUT4 and GLUT8, observed during cerebellar

development suggest that these transporters develop a

more important role in the mature cerebellum and, as a

general rule, in mature neurons. This statement is rein-

forced by the fact that the granule precursor cells located in

the EGL do not produce the three transporters studied

herein, but express them as a more mature status when

they form the IGL. The expression of the monocarboxylate

transporter MCT2 by these cells suggests that they use lac-

tate or ketones when they are immature and that they

change the metabolism after migration and differentiation.

Moreover, the differential localization of the transporters

suggests that they play different roles in the cerebellum,

although GLUT4 and GLUT8 could also perform some com-

pensatory or redundant functions.
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