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6.1 Summary 

Microglia, the macrophage population of the CNS, have been recognized as a 

component of the neurogenic niche, releasing soluble factors that influence 

positively the proliferation, migration and differentiation of neural precursor cells, 

as well as, fostering brain repair. In this regard, controlling the microglial activation 

and the neuroinflammatory mediators released following damage to the brain 

parenchyma for instance during stroke, may offer clinical therapeutics for 

inflammation-related brain pathologies. As such we set out to characterize the 

functional properties acquired by microglia upon exposure to KATP channel blocker, 

glibenclamide and using the neurosphere assay, we explored the possibility that 

microglia have the capacity to promote neurogenesis trough the blockade of the 

KATP. We showed that after inhibition of neural precursors (NPs) proliferation by 

LPS+IFN�, the specific blockade of the microglial KATP-channel causes a release of 

soluble factor that enhance the activation of NPs. Moreover, progenitor cells 

cultured with non-challenged microglia and treated with Gbc gave rise to a higher 

number of beta-III tubulin-positive cells. The characterization of releasing cytokines 

determined that the blockage of the KATP-channel boost the production of MCP-1. 

Our results revealed that the microglial KATP-channel is a regulator of the NPs 

proliferation and differentiation from the SVZ. This represents a potential new drug 

target to stimulate microglia-mediated brain damage repair and treat chronic 

inflammatory neurodegenerative diseases. 

 

6.2 Introduction 

In the adult brain two canonical neurogenic niches are known, the subgranular 

zone (SGZ) and the subventricular zone (SVZ), where new dentate granule cells and 

olfactory bulb interneurons are formed, respectively. Adult neurogenesis is a 

multistep process involving proliferation of neural precursor cells (NPs), their 

differentiation into lineage-restricted immature neurons, and the progressive 

maturation of these newborn cells into fully functional and integrated neurons. 

Neurons are originated from neural stem cells (NSC) throughout the entire lifespan, 
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and might continuously replace dying neurons or contribute to specific brain 

functions and plasticity (Merkle et al., 2007; Toni et al., 2007; van Praag et al., 2002).  

Microglia cells have been recently recognized as a component of the neurogenic 

niche, releasing soluble factors that promote the proliferation, migration and 

differentiation of neural precursor cells (Aarum et al., 2003; Deierborg et al., 2010; 

Walton et al., 2006). In healthy brain microglia monitor the environment and 

respond to the functional state of synapses by sensing and eliminating defunct 

synapses (Wake et al., 2009), controlling developmental synaptogenesis (Bessis et al., 

2006) and clearing newborn adult hippocampal neuroprogenitors (Sierra et al., 2010). 

As a hallmark, microglia are the first cells in the brain to react to acute injury and 

recruit astrocytes by secreting acute-phase proteins and also by releasing cytokines 

and reactive oxygen species (ROS) (Kettenmann et al., 2011). Unlike their role in 

phagocytosis, activated microglia are classified as antigen-presenting cells, as they 

upregulate the major histocompatiblity complex class II (MHC-II) after activation. 

Under certain conditions following brain inflammation or injury, reactive microglia 

contribute to brain repair by providing a potent neuroprotection (Carson et al., 2006) 

and a proneurogenic influence that supports the different steps of neurogenesis 

(Ekdahl et al., 2009). Indeed, microglia reaction is emerging as a dynamic and 

complex process characterized by unique functional patterns, depending on the 

nature, intensity and persistence of the activating agent and on changes in the 

microenvironment (Perry et al., 2010; Schwartz et al., 2006). Therefore, microglia 

activity is not proneurogenic or antineurogenic per se, but it likely depends on the 

balance of secreted molecules that define the net outcome. 

Phenotypic changes of microglia reaction involve fostering of KATP-channel 

expression (Ortega et al., 2012a). This channel is assembled as a hetero-octameric 

complex (Clement et al., 1997; Mikhailov et al., 2005; Proks and Ashcroft 2009; 

Wheeler et al., 2008) from two structurally distinct subunits: the regulatory 

sulfonylurea receptor (SUR), and the pore forming inwardly rectifying K+ channel 

(Kir6.x) subunit. Sulfonylureas such as glibenclamide (Gbc) close the channel by 

interaction with two drug-binding sites on SUR subunits (Mikhailov et al., 2001)  

and present neuroprotective activity after ischemia (Ortega et al., 2012a; Simard et 

al., 2006). SUR forms the regulatory subunit of the KATP- (Mikhailov et al., 2005) and 
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the NCCa-ATP-channels (Chen and Simard 2001). It has been proposed that the 

astroglial NCCa-ATP-channel mediates the Gbc-induced prevention of edema after 

cerebral ischemia (Simard et al., 2006), however SUR1 assembling with TRPM4 to 

form NCCa-ATP-channels has recently been questioned (Sala-Rabanal et al., 2012). 

KATP channel is expressed by neurons, oligodendrocytes, capillaries (Simard et al., 

2006), and microglia (Ortega et al., 2012a) under ischemic conditions. Previous 

studies showed that microglia KATP-channel is a drug target that regulate cell 

reactive state, controls the release of a diversity of inflammatory mediators, such as 

nitric oxide, interleukine-6 (IL-6) or tumor necrosis alpha (TNF�), or even modifies 

its phagocytic activity (Ortega et al., 2012a; Virgili et al., 2011). However, the 

importance of the microglial KATP-channel on NPs physiology is still unknown.  

Regenerative processes triggered by brain insults such as traumatic injury, 

cerebral ischemia or epilepsy, is limited by the poor survival of newly formed 

neurons. This is mainly attributed to the detrimental effect of the inflammatory 

events sustained by microglia and infiltrating immune cells, which determine an 

unfavorable environment for mature and newborn neurons (Ekdahl et al., 2003; Liu 

et al., 2007a; Monje et al., 2003). However, early inflammatory response has 

beneficial effects on neurogenesis and brain repair processes, were control of the 

microglia neuroinflammatory activity may offer clinical therapeutics for 

inflammation-related brain pathologies. Several groups have established that 

microglia instruct neurogenesis through secreted factors, which are essential for 

neuroblast and neuron generation (Aarum et al., 2003; Walton et al., 2006). For all 

these reasons, our study focus in the mechanism whether the microglial KATP-

channel can influence NPs activity, thus, neurogenesis in vivo.  

In order to further characterize the influence of microglia on the NPs physiology 

through the KATP-channel, we employed the neurosphere assay. In vitro assays have 

proven invaluable to examine the effects of inflammatory factors on precursor cell 

proliferation, self-renewal and differentiation (Reynolds and Weiss 1992) with the 

neurosphere assay being the predominant method to quantify the numbers of neural 

precursors present in the neurogenic niches. In the present study we used the 

neurosphere assay to analyzed whether the blockade of the microglial KATP-channel 

blockade influences NPs activity. We also assessed the microglial-secreted molecules 
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that could be potentially involved in the process. We herein revealed that the 

microglial KATP-channel regulates NP proliferation under immunologically 

challenged conditions. 

 

6.3 Material and Methods 

Mice mixed glial and primary microglial cultures were activated with 0.1 mg/mL 

of LPS and 0.05 ng/mL of IFN� and treated with Gbc 1pM. Conditioned media from 

these cultures were used to evaluate the neurosphere formation capacity. 

To assess the direct effect of Gbc on NPs, we added a wide range of Gbc doses 

(form 10fM to 1�M) in the culture media used to perform the neurosphere assay, in 

presence or absence of microglial cells (eGFP-positive population was depleted by 

cell sorting, using eGFP–Csf1r mice, in which the microglia have been shown 

previously to be labeled with eGFP). We then evaluated the differentiation potential 

of undissociated neurospheres using the �III-tubulin marker. We also quantified the 

potential neuroprotective effect of Gbc on hippocampal neuronal cultures, through 

the expression of the �III-tubulin marker. 

To investigate whether microglial KATP could be implicated in the modulation of 

the SVZ precursor activity, we added Gbc to neurosphere cultures containing 

LPS+IFN� in presence or absence of microglia. Microglial depletion was allowed 

after collection of the eGFP-positive population from the SVZ by cell sorting. On the 

other hand, we collected the eGFP-positive from the cortex and we plated them on 

top of the neurosphere culture, as a result we obtained an enriched microglial. We 

also confirmed the activation of these eGFP-positive cells caused by LPS+IFN� 

exposition, and MHCII expression was measured by flow cytometry.  

To know whether microglia can modulate NPs proliferation, we used conditioned 

media from isolated eGFP-positive population from the SVZ collected by cell 

sorting. We cultured these cells for 24 h in presence of LPS+IFN�, Gbc and/or 

diazoxide (Dz), and neurosphere assay was done using microglial-conditioned 

media. 
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Inflammatory cytokines production, such as IL-6, IL-10, IL-12p70, IFN�, TNF� and 

CCL2/MCP-1, were evaluated performing a cytometric bead array using the 

microglial culture supernatants. 

 

6.4 Results 

6.4.1 Microglia provides better outcome when stimulated with LPS+IFN��  

To establish that the blockade of the microglial KATP could modify NPs 

proliferation, neurosphere cultures were performed using conditioned media from 

primary mixed glial and pure microglia cultures. In control conditions, cells present 

highly ramified morphology and thin processes, however, after activation with 

LPS+IFN� astrocytes turns into activated morphology, with bigger processes and 

cytoplasm, whereas microglia adopt the classical amoeboid shape (Fig. 6.1A). Gbc 

did not cause morphology change in any case. To assess the purity microglial 

cultures, we carried out double-immunofluorescence against Iba1 and GFAP (>98% 

were Iba1-positive cells). NPs proliferation derived from mixed glial cultures 

supernatant that underwent activation with LPS+IFN� was 75% reduced and Gbc 

did not modify this effect (P<0.05 and P<0.001 respectively when compared to pure-

microglia (Fig. 6.1B). Interestingly, when the astrocytes were removed from the 

cultures, the inhibition of neurosphere formation capacity was less severe (45%; 

P<0.001 compared to control) and activation of NPs was restored to basal levels 

when cultured with pure microglial-conditioned media in presence of Gbc.  

We cannot assume that the inhibition of the NPs proliferation from the mixed 

glial cultures is only due to the presence of astrocytes. Is worthwhile to remark that 

in mixed glial cultures more proliferative microglia are present, moreover astrocytes 

are strengthening microglial activation in a positive feedback manner (Saura et al. 

2003a). Therefore, its possible that the inhibition of the NPs observed in mixed glial 

cultures could be attributed to an excess of proinflammatory signals released by 

microglia, although if this were the case, a Gbc-derived response would be also 

expected. 
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Fig. 6.1. Absence of astrocytes increases neural precursor proliferation. (A) Photomicrographs of 
mixed glial or pure microglial culture after 24 h of LPS+IFN� (L+I) and Gbc (Gbc) 1pM treatment. 
Microglial cells were immunostained for Iba1 (green), astrocytes for GFAP (red), and stained for 
DAPI (blue). (B) Neurosphere formation using glial cultures conditioned media, where in absence of 
astrocytes, neuronal precursors showed better outcome and responded to KATP blockade by Gbc. 
Statistics: ***P<0.001 vs control and #P<0.05 and ###P<0.001 vs mixed glial cultures. Scale bar 50�m.  

 

6.4.2 Microglia appears to influence differentiation  

 Yasuda et al (2008) have established that Kir6.x is not present in adult neural 

progenitor cells, and no KATP channel expression is expected, we want to assess if 

Gbc has a direct effect on NPs. To address this question, we used the neurosphere 

assay with a wide range of Gbc doses (form 10fM to 1�M) added directly on the 

culture media at plating. After 7 DIV for SVZ culture and 14 DIV on hippocampal 

culture, Gbc could not modify neurosphere number or neurosphere size (Fig. 6.2). 
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Fig. 6.2. Expanded cultures maintain NP-forming cells. (A) SVZ or (B) Hippocampal dissociates 
contain similar numbers of NPs cells that in presence of Gbc do not differ in number (left column), or 
size (right column). 

 

We then performed the differentiation assay with the neurospheres from the SVZ 

in the absence of growth factors but in presence of fresh Gbc in the media. Those 

NPs plated out from the Gbc-treated group increased the number of beta-III tubulin 

positive cells from <25 to 25-100 cells/sphere (Fig. 6.3A). To determine whether 

microglial cells directed this effect, we performed the same approach but we 

removed all eGFP-positive microglia from the culture. In these conditions, cultures 

exposed to Gbc did not modify NPs differentiation profile, suggesting a role of 

microglia cells in the observed effect (Fig. 6.3B). 

As Gbc can be neuroprotective after brain injury (Ortega et al., 2012a), we studied 

whether Gbc was directly protecting NPs from death programs rather than 

stimulating their differentiation to neural lineage. We then cultured embryonic 

hippocampal neurons in presence of increasing doses of Gbc, its noteworthy that 

due to the technique manipulation a percentage of the neurons plated are 

determined to die. We therefore quantified the total number of neurons expressing 



Results Block III   

���

beta-III tubulin after 7 DIV, and found no Gbc effect in cell numbers, which indicates 

that Gbc does not directly modify neuronal survival (Fig. 6.3C). 

 

 

Fig. 6.3. KATP channel blockade appears to shift the differentiation profile to a neuronal lineage. Bar 
graphs showing quantification differentiating SVZ dissociates for beta-III tubulin in (A) presence 
(+MO) or (B) absence (-MO) of microglial cells. Following differentiation, mature cell types emerge in 
neurospheres, where Gbc (Gbc) increased the number of beta-III tubulin/sphere only in presence of 
microglial cells. (C) Survival of hippocampal neurons did not differ in presence of Gbc. Statistics: 
*P<0.05 vs �25 cells/sphere. Scale bar 100�m. 

 

6.4.3 Role of microglial KATP channel in activation of SVZ precursors 

Given that it has been shown previously that IFN� induced inhibition of the 

precursor proliferation and that microglia modulate this inhibitory effect (Li et al. 

2010), and that the exposition of microglial cells to LPS+IFN� trigger an 

overexpression of the microglial KATP channel (Ortega et al., 2012a), we wanted to 

investigate whether microglial KATP could be implicated in the modulation of the 

SVZ precursor activity. To do that we added Gbc to neurosphere cultures containing 
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LPS+IFN� in presence or absence of microglia. Microglial depletion was allowed 

after collection of the eGFP-positive population from the SVZ by cell sorting using 

eGFP–Csf1r mice, in which microglia is labeled with eGFP (Sasmono et al., 2003). 

To assess whether LPS+IFN� activates microglia in the adult SVZ after 24 hours, 

we measured the MHC-II expression, a canonical reactive phenotype marker, on 

microglia isolated from the SVZ of Csf1r-GFP mice (Fig. 6.4A). We observed that 

21.4% of the cells expressing high levels of eGFP where MHC-II positive in control 

cultures, whereas, this value increased to 44.8% 24 h after LPS+IFN� treatment.  

To evaluate the influence of microglia activation in the neurosphere formation we 

exposed SVZ cultures, where 7-10% of the cells are eGFP-positive (+MO), to 

LPS+IFN� stimulation. The results revealed that LPS+IFN� induced a 35% of 

decrease in neurosphere formation compared with that observed in control cultures. 

We then removed the eGFP-positive population by cell sorting and assessed the 

neurosphere formation of the remaining eGFP-negative population (-MO) in 

presence of LPS+IFN�. In these conditions, the neurosphere formation presented a 

higher reduction (49%). Then, using the same approach, we collected the eGFP-

positive from the cortex and we plated them on top of the SVZ neurosphere culture. 

The resulted enriched cortical microglial culture induced a much greater decrease on 

neurosphere formation than that observed in presence or absence of SVZ microglia 

(77% vs 35% or 49%, P<0.05 or P<0.001 respectively) (Fig. 6.4B).  

We then determined whether the microglial KATP-channel is implicated in SVZ 

neurogenesis. Using the same approach described above, we activated the cultures 

with LPS+IFN� and exposed them to 1pM and 1nM Gbc and we did not observe Gbc 

effect for +MO nor –MO cultures. However, when added to the enriched cortical 

microglia cultures, Gbc showed a dose dependent recovery of neurosphere 

formation capacity, reaching values equivalent to +MO (Fig. 6.4B). This result 

indicates that an exacerbated microglial activity could be detrimental for NPs 

proliferation. Moreover control of microglia activity through KATP-channel blockade 

would partially restore the proliferation capacity of NPs, which is critical for brain 

repair. 
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Fig. 6.4. Loss of inducible neurogenesis is reversed by microglial KATP channel blockade in 
proliferating cultures. (A) Flowcytometric analysis of MHCII expression from rapidly isolated 
microglia. Microglial cells were identified based on eGFP-labeling (FITC axis) in control cultures or 
after 24 h of LPS+IFN� exposition, in which MHCII expression increased (PE axis). (B) Neurosphere 
formation after 7 DIV. Cultures were performed in presence or absence of microglia, where the eGFP-
positive population was removed by cell sorting and the remaining eGFP-negative population was 
harvested. We also collected the eGFP-positive population from the cortex and we plated them on top 
of the neurosphere culture, as a result we obtained an enriched microglial culture. All these cultures 
were exposed to LPS+IFN� (L+I) and glibenclamide (Gbc). Note that in presence of microglia the 
inhibition of precursors proliferation is reduced in presence of LPS+IFN� and that Gbc treatment is 
able to revert that effect in enriched microglial culture. Statistics: *P<0.05 and ##P<0.01. 

 

6.4.4 Microglia KATP-channel potentiates SVZ neurogenesis through a soluble 
factor 

Based on the previous results we aimed to know whether microglia could 

modulate NPs proliferation through a cell-cell contact or through a released soluble 

factor. We collected and cultured the eGFP-positive population into tubes (Fig. 

6.5A), to then challenge the cells with LPS+IFN� and treat them with Gbc. To 

determine the reversibility of the process we used diazoxide, a KATP-channel opener. 

After 24h incubation we counted the number of cells in the tube and collected the 



   Chapter 6 

� ���

conditioned media to perform a neurosphere assay. The number of the remaining 

eGFP-positive microglia in the tubes exposed to LPS+IFN� were significantly 

reduced (10-40%) compared to controls. However, Gbc 1pM treatment promoted 

cytoprotection to LPS+IFN� exposition (P<0.05) (Fig. 6.5B). 

When we harvested the neurosphere cultures with microglial-conditioned media, 

the microglial KATP-channel blockade by Gbc stimulated neurosphere formation 

(P<0.01), and this effect was blocked with diazoxide (Fig. 6.5C). However, Gbc did 

not modify the neurosphere size, since we only observed an overall size reduction 

due to LPS+IFN� (P<0.05) (Fig. 6.5D). 

 

 
Fig. 6.5. Microglial cells modulate inducible neurogenesis through a soluble factor(s). (A) eGFP-
positive population (FITC axis) was collected by cell sorting and cultured 24 h in presence of 
LPS+IFN� (L+I), Gbc (Gbc) and/or Diazoxide (Dz). (B) Microglial cells counting 24 h after treatments. 
(C) Neurosphere formation with eGFP-positive conditioned culture media 24 h after treatments. 
Please note that conditioned media from eGFP-positive cells in presence of Gbc is able to reverse the 
loss of inducible neurogenesis caused by L+I, and that treatment with Dz blocked the Gbc effect. (D) 
Neurosphere size measurement. Note that there is only an overall size reduction caused by the 
exposition to LPS+IFN�.  Statistics: *P<0.05 and **P<0.01 vs (L+I), #P<0.05 vs (L+I)+ Gbc 1nM. 



Results Block III   
�

� �	

6.4.5 Microglial released factors are modified by the KATP channel 

Inflammatory cytokines, such as IFN�, TNF� and IL-6, are known to be potent 

immunomodulators (Muñoz-Fernández and Fresno 1998). It has been established 

that proinflammatory cytokines are detrimental for neurogenesis, whereas, 

antiinflammatory cytokines or chemokines are beneficial (Das and Basu 2008; Das et 

al., 2011; Ekdahl et al., 2009; Whitney et al., 2009). We therefore tested whether KATP 

channel blockade modify microglia inflammatory activity. To do that, we collected 

supernatants from the pure microglia cultures stimulated with LPS+IFN� and 

treated with Gbc (Fig. 6.1A), then we perform a cytometric bead array. As expected 

we observed that activation of microglia increased the concentration of TNF�, IL-6 

and MCP-1 (P<0.001) (Fig. 6.6). Incubation of cell cultures with diazoxide, a specific 

KATP-channel opener with anti-inflammatory activity (Virgili et al., 2011), decreased 

the production of TNF�, IL6 and MCP-1 (P<0.01) (Fig. 6.6). Interestingly, incubation 

with Gbc, a specific KATP-channel blocker with neuroprotective actions (Ortega et al., 

2012a), boosted the microglial production of the MCP-1 (P <0.05). 

 

 
Fig. 6.6. Microglial KATP channel blockade increased the production of the MCP-1. Analysis of 
released microglial factor levels of some of the cytokines reported to be involved in the inflammatory 
pathway. Please note that there is an overall overproduction of inflammatory mediators caused by 
the exposure to LPS+IFN�. The addition of diazoxide (Dz) reversed that effect and Gbc 1pM boosted 
the production of the MCP-1. Statistics: *P<0.05 and **P<0.01 or ##P<0.01 and ###P<0.001 vs (L+I). 

 

6.5 Discussion 

Recent evidence points for an immunological control of neural stem cells 

physiology, thus the present study explored the possibility that microglia has the 

capacity to promote precursor activation through the blockade of the KATP channel. 
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We here showed that after inhibition of NPs proliferation with the addition of 

LPS+IFN�, the specific blockade of the microglial KATP channel cause a release of a 

soluble factor that enhance the activation of these NPs. Moreover, progenitor cells 

cultured with non-challenged microglia and treated with Gbc gave rise to a higher 

number of beta-III tubulin-positive cells, however did not influence precursor 

activation. Among the panel of the microglia releasing cytokines characterized, Gbc 

treatment only boosted the production of MCP-1. In this regard, it has been shown 

that activated microglia has a role in the attraction, mediated by inflammatory-

associated releasing factors where MCP-1 has a critical importance (Tran et al. 2006). 

Reactive microglia present different phenotypes in the acute and chronic phases 

of CNS injury and during neurodegeneration (Kettenmann et al., 2011). These 

different phenotypes may have different repercussions on NPs properties and on 

neurogenesis processes. In our experimental conditions, after challenging 

neurospheres with LPS+IFN� during 7 DIV, we found an inhibition of neuron 

differentiation with only a few scattered beta-III tubulin-positive cells in some 

neurospheres. This data correlates with previous studies where precursor cells were 

found to migrate preferentially to sites of chronic inflammation in animal models of 

multiple sclerosis, and that these new cells preferentially differentiate into 

oligodendrocytes (Ben-Hur et al., 2003; Picard-Riera et al., 2002; Pluchino et al., 

2003). On the contrary, experimental models of acute damage leading to massive 

neuronal loss found that both transplanted and endogenous precursor cells migrate 

towards the damaged area and differentiate into neurons (Aboody et al., 2000; 

Arvidsson et al., 2002; Nakatomi et al., 2002; Thored et al., 2006). Microglia activation 

mediates inflammation at the site of injury and is firmly established in these lesions 

(Aloisi 2001; Graeber and Streit 2010). Our data suggest that acutely activated 

microglia are detrimental for cell survival and neurogenesis as also described 

elsewhere (Butovsky et al., 2006; Cacci et al., 2008; Liu et al., 2005; Monje et al., 2003). 

However, we found that specific blockade of the microglial KATP channel endows 

microglia to a clearly distinct phenotype that, similarly to non-reactive microglia, 

does not impair cell survival and allows activation of NPs (Fig. 6.5C). 

In a model of irradiation injury, Hellstrom and colleagues found that the SVZ was 

more resistant to injury than the hippocampus and that microglia from the 
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irradiated hippocampus had a gene expression profile that was less indicative of 

factors that would promote stem cell recovery and maintenance than in the SVZ, 

while the precursor cells themselves showed no difference in the two regions 

(Hellström et al. 2011). This result is a first indication how different microglial 

properties might determine differential plastic responses in the two neurogenic 

regions. In our case we established that only SVZ-derived microglia was able to 

respond to Gbc, changing the fate of the undifferentiated progenitors. 

The pro- or anti-neurogenic niche may depend on the degree of microglia 

activation and the balance between the pro- and anti-inflammatory cytokines 

produced (Battista et al., 2006). Interestingly, microglial KATP channel appears to be 

target to regulate cell reactive state, controlling the release of a diversity of 

inflammatory mediators, such as nitric oxide, IL-6 or TNF�, or even modifying 

microglia phagocytic activity (Ortega et al., 2012a; Virgili et al., 2011). Although 

diazoxide is a potent anti-inflammatory agent decreasing the concentration of TNF� 

and IL-6, and these mediators are known to be potent anti-neurgenic factors (Cacci 

et al., 2008; Ekdahl et al., 2009), in our study microglial-conditioned supernatant 

treated with diazoxide did not foster NPs activation. Nonetheless, we herein found 

microglial KATP channel blockade with Gbc turns microglia on a distinct phenotype, 

more likely to be beneficial as the chronically activated, rather than the classical 

acute pro-inflammatory phenotype that is detrimental for NPs proliferation. Thus, 

the microglial KATP blockade with Gbc enhances NPs activation and differentiation 

through the release of pro-neurogenic factors. This raises the possibility that in a 

chronically altered environment, persistently activated microglia may display 

protective functions that favor rather than attenuate brain repair processes, as found 

with Gbc treatment. In line with this, other studies indicate that acutely activated 

microglia induce an inflammatory response detrimental for neurogenesis, whereas 

chronically activated microglia is permissive to neuronal differentiation and cell 

survival (Cacci et al., 2008; Ekdahl et al., 2009).  

Several recent studies have shown that microglia is able to release soluble factors 

influencing the proliferation, migration and differentiation of NPs (Aarum et al., 

2003; Deierborg et al., 2010; Walton et al., 2006). In healthy brain microglia shape 

hippocampal SGZ neurogenesis through an apoptotic-phagocytic mechanism (Sierra 
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et al., 2010), whereas in pathogenic brain, they produce trophic factors with a 

positive effect on neurogenesis in vivo (Butovsky et al., 2006); and also on 

oligodendrocytic differentiation (Nicholas et al., 2001) and astrogliogenesis (Zhu et 

al., 2008). Several mitogens are also known to positively regulate the proliferation of 

NPs in the SVZ, for example erythropoietin (Wang et al., 2004), insulin growth factor 

I (Yan et al., 2006), vascular endothelial growth factor (Jin et al., 2002) and 

endocannabinoids (Aguado et al., 2005). These results are in line with a recent in vivo 

study describing whether minocycline treatment suppresses the microglial response 

in stroke-injured rats and leads to a reduction in cell proliferation in the SVZ (Kim et 

al., 2009). Conversely, we herein found that Gbc conditioned medium from Gbc-

treated microglia activated with LPS+IFN� is able to stimulate neurogenesis. This 

evidences that reactive microglia can exert a stimulatory effect in enhancing 

neurogenesis, where cell contact is not required, with an important role of KATP 

channels in the control of this microglial activity. 

Direction of microglial functions towards the proneurogenic chronic phenotype 

could represent a new strategy to enforce endogenous brain regenerative processes. 

The characterization of releasing cytokines determined that the blockage of the KATP 

channel increased the secretion of MCP-1, which does not directly activate an 

inflammatory response in microglia or cause neuronal damage (Hinojosa et al., 

2011). Numerous studies demonstrate that neuroinflammation processes involve 

upregulation of MCP-1 in activated microglia and astrocytes (Mahad and Ransohoff 

2003) and with important roles of this chemokine in neurogenesis and 

neuroprotection. NPs express CCR5 and CCR2 receptors of MCP-1 (Ji et al., 2004), 

which induces NPs migration towards the lesion (Liu et al., 2007b; Widera et al., 

2004). In addition, MCP-1 protects neurons against inflammatory damage caused by 

NMDA-mediated (Eugenin et al., 2003). Our results suggest that microglial KATP 

channel blockade after brain injury increase MCP-1 secretion, which may enhance 

the migration of precursors to the site of injury, and stimulate lesion repair and 

neuron protection.  

To sum up, our findings provide evidence that soluble factors released by 

microglia enhance NPs proliferation, and differentiation to neurons, and points out 

to the KATP channel as a player in the control of the microglial release of MCP-1. 
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Thus it may present a potential new drug target stimulate brain damage repair to 

treat chronic inflammatory neurodegenerative diseases. Further in vivo experiments 

are needed to validate the role of microglial KATP channel in MCP-1 secretion and 

neurogenesis processes during CNS neurodegeneration. 
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