SPECIFIC AIMS
In the congenital multisystem disorder tuberous sclerosis (TS), patients display brain pathologies that are responsible for seizures and slow-growing astrocytomas [1-4]. TS is linked to mutations in either the TSC1 or TSC2 genes, which normally suppress the activity of the protein mammalian target of rapamycin (mTOR). As a result, mutant cells display enhanced mTOR activity. Since active mTOR signaling is required for cell growth and proliferation, it is thought that altered mTOR signaling in neural stem cells result in these brain pathologies [5]. However, the function of mTOR signaling on neural stem cell development remains elusive [6, 7]. 
mTOR signaling is known to control cell development in several systems, such as hematopoietic stem cell proliferation and neuronal integration in the hippocampus [8, 9]. Driving mTOR activity can also stimulate the proliferation of embryonic stem cells [10, 11]. In the early postnatal subependymal zone (SEZ), upon activation and proliferation neural stem cells generate transit amplifying cells (TACs) that themselves give rise to neuroblasts, a process that continues throughout adulthood [12-14]. Little is known how the mTOR pathway, crucial for protein translation, modulates this process. Our preliminary data suggest that mTOR activity drives proliferation of TACs in the SEZ. Importantly, treatment with a pharmacological inhibitor of mTOR reduces the number of TACs in the SEZ. We therefore hypothesize that mTOR regulates the proliferation of SEZ stem cells. 
As there are no good treatment options for TS patients, new therapeutic avenues need to be explored. Small non-coding RNAs known as microRNAs (miRNAs) regulate protein expression by binding target mRNAs. Translation suppression acts to fine tune the activity of intracellular pathways. Several miRNAs are hypothesized to control expression of mTOR pathway elements, both upstream and downstream of mTOR. The miR-17-92 cluster, especially miR-92a, regulates both TSC1 and PTEN expression, decreasing expression [15, 16]. Overexpressing miR-17-92 increases proliferation in hematopoietic stem cells, and the expression of miR-92a results in B-cell hyperplasia [17]. In addition, tumors have shown both increased mTOR activity and increased miR-92a expression [15]. We therefore hypothesize that the miR-17-92 cluster regulates neural stem cell activity in the SEZ through the mTOR pathway. 
To test these hypotheses, we have 2 aims using targeted genetic strategies in vivo in mouse models of TS.
Specific Aim1: To determine whether mTOR signaling is active in SEZ cells and necessary for stem cell proliferation. Our preliminary data demonstrate that mTOR signaling is active in the SEZ and that driving mTOR activity expands the pool of TACs. In addition, treatment with the mTOR inhibitor rapamycin reduces the pool of TACs in mice heterozygous for TSC1. The following experiments will be performed.
	Exp. 1: Determine which cells in the SEZ display active mTOR signaling. 
	Exp. 2: Overexpress and knock down mTOR activity in the SEZ.
	Exp. 3: Reactivate quiescent SEZ stem cells by driving mTOR activity in the SEZ.
Specific Aim2: To determine whether miRNAs regulate mTOR activity in the SEZ. Our preliminary data show that miR-100 is expressed in selected cells of the SEZ. We will perform the following experiments.
	Exp. 5: Determine which cells express the miR-17-92 cluster, specifically miR-92a, in the SEZ.
	Exp. 6: Validate miRNA vectors and modulate proliferation in SEZ cells with miRNA overexpression.

Taken together, our findings will provide new insight into the role of mTOR signaling in the SEZ proliferation and differentiation. Potential dysfunction of mTOR could lead to excessive proliferation and depletion of the stem cell pool in the SEZ. Understanding the role of miRNAs in this process would increase our understanding of mTOR regulation in TS and could present a new therapeutic target.

BACKGROUND AND SIGNIFICANCE
TS is a congenital genetic disorder that affects 1 out of every 6000 individuals in the United States. In the central nervous system, TS leads to seizures and cognitive impairment [18]. The disease is linked to mutations in either the TSC1 or TSC2 genes, affecting the activity of the critical mTOR pathway. Patients with these mutations present with a varying degree of the disease phenotype early in life. Currently, there are no good therapeutic options for TSC patients.
Using transgenic mouse lines and in utero electroporations, our lab has generated mouse models of TS [19]. In addition to tubers, subependymal nodules and giant cell astrocytomas can result from the loss of TSC1 or TSC2 function in TS patients [20]. These tumors can form postnatally. Half of TS individuals present with cognitive deficits and many other TS patients display profound neurological problems, such as long-term and working memory deficits [21]. Recent studies suggest that these impairments may be independent of tubers and result from dysregulation in the mTOR pathway [22, 23]. Similar neuropsychiatric problems are observed in mice with disrupted adult neurogenesis [24]. mTOR has been implicated in neural differentiation in the embryonic brain and adult hippocampus [8, 25]. This suggests that mTOR dysregulation in postnatal neurogenesis could contribute to the impairments observed in TS patients.
The mTOR pathway is a converging point in cell signaling for growth, survival and proliferation. mTOR integrates signals from several intracellular pathways including growth factor signaling via PI3K/Akt. Akt inhibits the TSC1/TSC2 complex, which normally suppresses the GTPase Rheb [26]. Functional Rheb then activates mTOR. Thus, in TS, loss of mutation in TSC1 or TSC2 leads to hyperactivity of mTOR [27]. Little is known about the mechanism by which mTOR contributes to the progression of TS. As neural stem cells integrate information from growth factors and the environment to divide and differentiate, we hypothesize that mTOR acts as a master switch for SEZ stem cell proliferation and differentiation. Aim 1 will address this hypothesis by using targeted genetic approaches employing postnatal electroporation (PNE) in both wild type and TSC1 transgenic mice.
Protein translation can be stimulated by mTOR through two important pathways, either by phosphorylation of 4E-BP1 or S6K1 [28, 29]. Unphosphorylated 4E-BP1 binds and prevents EIF4E from binding to 5'-capped mRNAs. Phosphorylation by mTOR relieves this interaction and allows EIF4E to target the mRNA to the ribosomal initiation complex [30, 31]. Activation of S6K1 leads to the phosphorylation of the ribosomal protein S6 [32, 33]. Our preliminary results suggest that TACs and neuroblasts have varying degrees of 4E-BP1 and S6 phosphorylation. It is currently unknown how these pathways, both under the control of mTOR, are differentially regulated in these cell types.
Signaling pathways can also be regulated by small non-coding RNAs known as miRNAs. These miRNAs bind to the 5’ UTR of mRNA and prevent their translation [34-36]. Disruption of miRNAs that affect the mTOR pathway, such as miR-92a (miR-17-92 cluster), has been observed in various cancer cell lines and tumors in humans [15, 16, 37, 38]. For example, the miR-17-92 cluster, which targets proteins that repress mTOR activity like PTEN and TSC1, is upregulated in medullablastomas [39]. In addition, knockout of the miR-17-92 cluster is embryonic lethal and results in cell death throughout the CNS [40]. Based on numerous cancer studies, we hypothesize that miR-92a can regulate neural stem cell activity in the SEZ. We will first identify the presence of this miRNA in the SEZ and then disrupt their functions in vivo. By specifically targeting the mTOR pathway, these miRNAs may offer a therapeutic target for the treatment of TS.
The proposed work is directly relevant to human health. Currently, there are no good therapeutic options for treatment of TS. Pharmacological inhibitors of the mTOR pathway, such as rapamycin, come with severe side effects [41, 42]. Here, we propose to examine how mTOR regulates postnatal neurogenesis, how mTOR hyperactivity leads to the progression of TS and how miRNA may contribute to the effects of the disease. It is conceivable that our findings can be applied to other disorders as mTOR dysregulation has been observed in both epilepsy and autism. Several forms of cancers display a hyperactive mTOR pathway as well as elevations in miR-17-92. Understanding the molecular basis of mTOR-related diseases may thus help us and others understand and treat other disorders.
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Figure 1. Activated mTOR signaling in the SEZ. (A) 
P30 mice treated with 2.5mg/kg systemic rapamycin for 4 days show reduced pS6 staining (red) in the SEZ (arrows) compared to controls treated with vehicle. 
(B)
 Rapamycin treatments for 4 days at both early postnatal (P9) and juvenile (P30) reduces pS6 cells in the SEZ. 
(C)
 Most Mash1+ cells (blue) stain positive for pS6 (red) in the SEZ at P9, whereas DCX+ cells (green) largely do not. 
(D) 
P9 hGFAP-GFP mice express GFP in all astrocytes of the SEZ, including SEZ stem cells. Most Ki67+ proliferative cells (blue) in the SEZ are pS6+ (red) while only a subset of non-proliferative (arrowhead) and proliferative (arrow) GFP+ cells stain positive for pS6. Bar = 20µm. * and ** denotes p values less than 0.05 and 0.01 by Student’s t Test, respectively.
)[image: ]PRELIMINARY STUDIES
Aim1: To determine whether mTOR signaling is active in SEZ cells and necessary for proper stem cell proliferation and differentiation.
[image: ]Experiment 1: To determine the expression pattern of mTOR activity in the postnatal SEZ. We treated P5 and P25 mice with rapamycin (2.5mg/kg, intraperitoneal injections) for 4 days and immunostained for pS6, observing a reduced expression of pS6 in the SEZ (Figure 1A,B). Next, we used mice expressing GFP under the human GFAP promoter as GFAP is expressed in astrocyte-like cells, including stem cells. Staining was performed in 100 µm coronal sections from P9 hGFAP-GFP pups. Cells positive for pS6 were mostly Mash1 positive TACs, while a few GFP+ cells also stained positive (Figure 1C,D). Quantification of these cell markers demonstrated that the vast majority of TACs and proliferating cells (as stained by Ki67 or 2hr injection of EdU prior to sacrifice) suggest that mTOR activity increases as SEZ stem cells enter the cell cycle and remains elevated. 
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Figure 2. Overactive mTOR in the SEZ leads to an increase in cell proliferation and an increase in differentiation from stem cell to TAC.
 P1 pups were electroporated with a CAG-GFP construct and either a control vector (CTL) or the constitutively active Rheb plasmid RhebS16H. (
A
) Immunostaining for both  pS6 (red) and Ascl1(blue) at 3 days following PNE. (
B and C
) Quantification of electroporated cells (n=3 mice per condition) reveals a significant increase in both pS6 (B) and Ascl1 (C) at both 3 and 7 days post-PNE in the Rheb (red) versus CTL (black) groups.
(D)
 Ki67 staining in CTL and Rheb 3 days following PNE. 
(E)
 Quantification shows a significant increase for Ki67+ electroporated cells in the Rheb condition at 3 and 7 days. * and ** denote p values < 0.05 and 0.01, respectively. Bar = 20µm
)Experiment 2: To test the hypothesis that active mTOR signaling in the SEZ promotes proliferation and differentiation of SEZ stem cells. Since, effective knock down of TSC1 or TSC2 may require several days in vivo (due to long half-life), we chose a plasmid that expresses a constitutively active form of Rheb to drive mTOR activity [43]. We used PNE to deliver a CAG-GFP to track electroporated cells in the SEZ and either a  (
Figure 3. Knockdown of mTOR pathway leads to decreased proliferation and neuron production. (A)
 Transfection of shRheb into Neuro2A cells sufficiently reduced expression of pS6K1. Electroporation of shRheb reduces the number of pS6 cells 3dpe in the SEZ. 
(B)
 Both Mash1+ TAC and Ki67+ populations are reduced 3dpe with shRheb compared to scrambled controls. 
(C and D)
 shRheb electroporation at 14 dpe reduces the number of electroporated neurons that migrate into the olfactory bulb. Scale bar = 200µm. * and **** denote p values less than 0.05 and 0.0001, respectively.
 
)[image: ]control or the Rheb overexpressing plasmid (RhebCA, Figure 2A). RhebCA increases staining of pS6 in electroporated cells compared to the control plasmid 3 days following PNE (Figure 2B). Furthermore, RhebCA significantly increases the number of Mash1+ TACs and proliferative cells (Figure 2C, D). Our preliminary data suggest that mTOR activation can promote the proliferation of SEZ cells. In addition, increasing phosphorylation of S6 by inducing Rheb expression may also promote the differentiation of SEZ stem cells into TACs. We next validated an shRNA against Rheb in the Neuro2A cell line and found it can successfully reduce mTOR signaling (pS6K1 levels), and electroporation of this plasmid also  (
Figure 
4
. S6K1 knockdown in Neuro2A cells. 
Neuro2A cells were transfected with 2µg/well of pLKO scrambled plasmid (pLKO), pLKO plasmid containing S6K1 shRNA (907 or 905
), or
 mock transfection control (CTL). 
(A)
 
Cells were harvested 96 hours post transfection and run on Western blot. 905 effectively knocked down expression of S6K1 protein in Neuro2A cells .
 (B)
 Quantification using Image J software and normalizing S6K1 bands to α–tubulin 
shows 
over 50% decrease.
)[image: ]reduces the number of pS6+ cells in vivo (Figure 3A). We observed a reduction in both Mash1+ and Ki67+ cells following shRheb electroporation (Figure 3B). In addition, 2 weeks following electroporation, there was a reduction in the number of electroporated cells in the olfactory bulb (Figure3C, D). We observed neither migratory defects nor an increase in activated caspase 3 signaling (data not shown); therefore, these data suggest that a reduction in SEZ proliferation leads to an overall reduction in neuron production.
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Figure 5. miR-92a activates the mTOR pathway. 
Neuro2A cells were transfected with 2µg/well pEZX-MR04-miR92a (92a), scrambled plasmid (Scr) or mock transfected. 
(A)
 
GFP expression (green) indicates transfection success
. 
(B)
 
Western blots run at 72 hrs. 
post-transfection suggest a decrease in TSC1, and an increase in pS6 levels.
)[image: ]Experiment 3: To determine whether downstream targets of mTOR have different physiological functions in SEZ proliferation and differentiation. As observed in our preliminary data, phosphorylation of the downstream mTOR effectors 4E-BP1 and S6 are differentially expressed in the SEZ (Figure 2). To determine the functional significance of this observation, we acquired shRNA against S6K1 to inhibit the phosphorylation of S6. When S6K1 shRNA was transfected into Neuro2A cells, we observed a reduction in S6K1 protein expression by over 50% (Figure 4). From these results, we will determine whether we can reduce pS6 levels in vivo following PNE of shS6K1.
Aim2: To determine whether miRNAs regulate mTOR activity in the SEZ.
Experiment 5: To determine whether miRNAs regulate SEZ proliferation. Neuro2A cells were transfected with the pEZX-MR04-miR92a plasmid (Genecopoeia) and cultured for 72 hours. After 72 hours, GFP expression is clearly observed only in the cells transfected with the plasmid (Figure 5A). Western blot analysis suggests that miR-92a can effectively knock down TSC1 and activate mTOR signaling, as observed by the increase in pS6 levels (Figure 5B). These data suggest that miR-92a does target key mTOR regulatory genes and can activate the pathway.

Collectively, these key observations suggest that our hypotheses that mTOR regulates SEZ stem cell proliferation are valid and set the stage for the proposed work. In addition, all required techniques and transgenic mouse lines are in place to properly execute the proposed experiments. 
RESEARCH DESIGN AND METHODS
Statistical Analysis: For each time point examined following PNE, a minimum of 4-6 electroporated mice are needed for each condition with littermate controls. In addition, each plasmid will have an empty or scrambled control plasmid electroporated into additional 4-6 control mice. Quantification of electroporated cells will be conducted on at least 4 100µm slices from each mouse. For Westerns, quantifications will be performed using Image J software with gel analysis software. Statistical tests, such as Student’s t Test, will be run on means from each animal per condition. A p value less than 0.05 will be considered significant.
Postnatal Electroporation Technique: PNE is a widely used technique to deliver DNA into cells in order to investigate biological and pathological processes resulting from neurogenesis [19, 44]. Plasmid DNA is injected into the ventricle of early postnatal mice (P0-P1), tweezer-type electrodes are placed around the pups head and a series of current pulses (5 pulses, 100V, 50msec duration) push the plasmid into the cells lining the wall of the lateral ventricle, labeling radial glia, which differentiate into SEZ stem cells, ependyma and astrocytes over the course of the first week [12]. Transfection efficiency is 90% or greater that an electroporated cell will contain all plasmids when 2 or more plasmids are used in an experiment [45]. PNE is an efficient way to selectively target a specific cell population, but plasmids dilute and lose their physiological effect with multiple rounds of cell division. In addition, electroporated cells differentiate into neuroblasts that migrate from the SEZ. To evaluate effects of the electroporated plasmid in the SEZ, time points will be limited to the first week following PNE.
Micro-anatomical dissection: P7 brains will be sliced without fixation on a vibratome into 300µm coronal sections and placed in ice-cold oxygenated ACSF. Sections are then mounted onto agar in ACSF and placed under a dissecting scope. Using an 11 gauge needle or 1mm dissecting blade, the most dorsal part of the SVZ is cut away from the striatum and adjacent striatum sections will be used as well. For qPCR, sections are then immediately put into RNAlater solution for later purification or homogenized for Westerns.
Quantitative PCR for miRNAs: Micro-dissected tissue recovered from RNAlater solution will be enriched for small RNAs using the mirVana miRNA Isolation Kit (Life Technologies). To obtain enough starting material from the SEZ of postnatal pups, tissue from at least 4-5 mice will need to be pooled. Alternatively, linear amplification of miRNAs with the NCode miRNA Amplification System (Life Technologies) can increase the yield of miRNAs by several orders of magnitude. Following reverse transcription of the RNA, primers for desired miRNAs, such as miR-92a, are already available for commercial purchase, optimized for the TaqMan qPCR reaction (Applied Biosystems). Samples from the SEZ will be normalized to samples from the striatum to determine relative levels of miR-17-92 activity.
Plasmid Validation: Plasmids will be verified in vitro by transfecting Neuro2A cells prior to PNE. 2µg of plasmid per well of 50% confluent Neuro2A cells in a 6-well plate will be transfected using the SignaGen PolyJet transfection protocol. Cell lysates will then be made 3 days later and run on Western Blots to probe for target proteins. To evaluate an effect on mTOR activity, pS6, pS6K1 and p4E-BP1 activity will be assessed. For shRNA plasmids, target proteins of the shRNA will be probed. For each plasmid, an empty or scrambled vector as well as a non-transfected control condition will also be tested. For statistical analysis, 3 wells per condition will be transfected. Significance will be determined as above.
Aim1: To determine whether mTOR is active in SEZ cells and necessary for stem cell proliferation.
Rationale: Existing evidence suggests that mTOR is active in neurogenesis in both the embryonic brain and adult hippocampus [8, 25]. Few studies have demonstrated the ability of mTOR to drive proliferation in cells. We propose to test whether mTOR drives proliferation of SEZ stem cells.  
Experiment 1: To determine the expression pattern of mTOR activity in the postnatal SEZ. In addition to our preliminary data, immunostaining for 4E-BP1 will be done in combination for markers of SEZ cell types (GFAP and nestin for SEZ stem cells, Mash1 for TACs and DCX for neuroblasts) and proliferation (Ki67 and EdU for birthdating). All staining will be done on 100µm fixed coronal or saggital sections from wild type hGFAP-GFP mice. EdU labeling in tissue sections will be done in accordance with the Invitrogen Click-It kit. No primary controls will be included for each experiment, and images will be captured on a Fluoview 1000 confocal microscope. We will acquire Z stacks of the images, and then use both Imaris and Image J software to identify colocalization of staining and quantification using appropriate statistical tests (i.e. Student’s T tests) to determine significance.
Expected Outcome: Our preliminary data demonstrate S6 phosphorylation in both TACs and NPCs in the SEZ, which can be reduced with rapamycin treatment. From these results, we expect that most Ki67 positive cells will colabel with p4E-BP1. Levels of 4E-BP1 should decrease as TACs differentiate into post-mitotic neuroblasts
Pitfalls: Unfortunately, many of the commercially available antibodies that can be used as cell markers are not optimized for cell quantification. Nestin, GFAP and DCX antibodies are all associated with intermediate filaments, and are a poor choice for cell counts. If it becomes impossible to quantify DCX positive cells by immunostaining, it may be necessary to use DCX-dsRed mice (commercially available from Jackson labs) in this study.
Experiment 2: To test the hypothesis that active mTOR signaling in the SEZ promotes proliferation of SEZ stem cells. Our preliminary data show that mTOR activity is involved in SEZ cell proliferation and overall neuron production. It is not clear from these experiments whether mTOR activity stimulates SEZ stem cells to divide and give rise to TACs or whether our results indicate the expansion of the TAC pool is a direct effect on TAC proliferation. To address this, we will test both the shRNA against Rheb and RhebCA using the hGFAP-GFP mice. We will use a pCAG-Tomato to label electroporated cells in order to quantify a difference in proliferative SEZ stem cells, which will be GFP+. 
Expected Outcome: As SEZ stem cells show mTOR activity prior to cell cycle entry, RhebCA should increase the number of actively proliferating GFP+ cells 3 days post electroporation. Conversely, shRNA should decrease the number of actively dividing SEZ stem cells.
Pitfalls: While many studies have demonstrated that Rheb directly affects mTOR activity, it is possible that there are other downstream targets. To address this concern, we will also us a shRNA directed against RAPTOR (a protein involved in the mTORC1) to directly test whether mTOR activity is necessary for SEZ cell proliferation.
Experiment 3: To determine whether downstream targets of mTOR, 4E-BP1 and S6, have different physiological functions in SEZ proliferation and differentiation. We will target phosphorylation of 4E-BP1 and S6K1 individually to determine their respective roles in the SEZ. We will validate shRNA plasmids against S6K1 in vitro as described above. From here, we will electroporate the shRNA plasmid in vivo via PNE and look for differences in cell proliferation in the SEZ. 4E-BP1 binds EIF4E and blocks translation and phosphorylation of 4E-BP1 relieves this interaction. By overexpressing a mutant form of 4E-BP1 which blocks phosphorylation by mTOR [46], we will reduce protein translation both in vitro and following PNE in the SEZ. In addition, we will hyperactivate the mTOR pathway by electroporating RhebCA along with mutant 4EBP1 to investigate whether excessive proliferation can be rescued. We will use immunostaining and quantification as previously described.
Expected Outcome: In our preliminary data, both pS6 (Figure 1) and p4E-BP1 (data not shown) correlate with proliferation in the SEZ. Other studies suggest that the primary role of S6 phosphorylation is cell survival while 4E-BP1 phosphorylation directs proliferation [47]. If this holds true in the SEZ, we would expect that dominant negative 4E-BP1 would diminish SEZ cell proliferation, whereas S6K1 shRNA would lead to cell death.
Pitfalls: Low plasmid activity or dilution of the shRNA due to cell division could show little knock down of S6K1 in vivo. In this case, we will splice the shRNA sequence into the backbone of a highly expressing pSICO plasmid or use a transposon system to integrate the plasmid into the cell genome. In addition, phosphorylation of 4E-BP1 may compensate for the loss of S6 phosphorylation. In this case, it may be necessary to block both pathways to observe a physiological effect, thus our results could show that both proteins are required for SEZ cell proliferation.
Aim2: To determine whether miRNAs regulate mTOR activity in the SEZ.
 (
Figure 6.
 
Detection of low expressed miRNAs by in situ hybridization. 
(A)
 Select cells in the dentate gyrus of the hippocampus are positive for miR-100 (arrows). 
(B) 
In comparison, miR-132 is highly expressed in the same region.
)[image: ]Rationale: Recent studies have shown that miRNAs targeting the mTOR pathway, such as the miR-17-92 cluster, are dysregulated in highly proliferative cancer cells [16, 48]. It is unknown whether these miRNAs function in the SEZ. Both miRNAs may act to fine tune mTOR activity to prevent premature cell cycle entry and suppress high levels of proliferation. In addition, these miRNAs may offer new therapeutic targets in the treatment of TS.
Experiment 4: To determine whether miR-100 and the miR-17-92 cluster are expressed in the SEZ. We will perform in situ hybridization on P7 mice for miR-92a in the SEZ. In our lab, Dr. Manav Pathania has several years of experience detecting miRNAs via in situ hybridization (Figure 6, [49]). In situ results will be compared with miR-9 to determine levels of background staining. We will also use fluorescent anti-DIG antibodies and combine in situ hybridization with Immunostaining for SEZ stem cells, TACs and neuroblasts as well as actively proliferating cells to determine which cells express miR-92a in the SEZ. In addition, we will determine miRNA levels by isolating SEZ tissue P7 pups via micro-anatomical dissection (described above) for the purposes of quantitative RT-PCR. We will capture images and quantify cell types as described in Experiment 1.
Expected Outcome: As previous studies have shown a direct correlation between miR-17-92 member expression and cell proliferation, we expect to see an increase in miR-92a in the SEZ compared to the striatum by qPCR. In addition, we expect to find actively proliferating cells (Ki67+) to be positive for miR-92a by in situ hybridization. Like our pS6 staining (Figure 1), many of these cells will be TACs, and a few actively dividing SEZ stem cells and neuroblasts.
Pitfalls: While miR-92a may be physiologically important, levels of miR-92a may be too low to detect by in situ hybridization in the SEZ. To address this possibility, we would use a modified luciferase assay (pMIR-REPORT, Life Technologies) and electroporate the constructs into postnatal pups. This method allows for more sensitive detection of miRNA activity. Although many studies have shown that miR-92a expression correlates with cell proliferation, it is possible that SEZ cell proliferation is independent of this pathway. However, other members of the miR-17-92 cluster may be expressed, and we would first investigate this possibility.
Experiment 5: To determine whether miRNAs regulate SEZ proliferation. To determine the functional significance of these miRNAs in the SEZ, we will use PNE to deliver miRNA plasmids that overexpress our target miRNA. In addition, our lab has made use of miRNA sponge plasmids that contain the recognition sequence for miRNAs and thus sequester miRs [50]. We will construct sponge plasmids to decrease the expression of miR-92a. Prior to PNE, we will validate the ability of these plasmids to decrease proliferation in neural stem cells in vitro as described previously and detect changes in proliferation as observed in our preliminary data.
Expected Outcome: Our preliminary data demonstrate that miR-92a upregulates mTOR pathway activity in vitro. As miR-92a targets negative regulators of this pathway, overexpression of miR-92a should increase mTOR activity and proliferation of SEZ cells. We should observe a similar phenotype to RhebCA electroporation, an expansion of TACs and overall proliferation. In addition, reducing miR-92a activity with a sponge plasmid, should decrease overall mTOR pathway activity and reduce proliferation in the SEZ.
Pitfalls: miR-92a has many targets, and is not limited to the mTOR pathway. It may be possible that the effect on cell proliferation is mTOR-independent. To address this scenario, we will use blockers of the mTOR pathway, such as Rapamycin and Torin (mTORC1 and mTORC2 inhibition), in conjunction with miR-92a electroporation in order to observe a reduction in the phenotype. This experiment would determine whether the effects of miR-92a electroporation on SEZ proliferation are direct result of dysregulation of the mTOR pathway.
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