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2. DESCRIPTION OF THE COLLABORATIVE PROJECT 
 
In order to survive, neurons in the central nervous system require a healthy microenvironment, 
the maintenance of which critically depends on the innate immune cells, the microglia. Microglia 
can initiate immune protection under physiological or pathological conditions to efficiently clear 
away metabolic products and cellular debris (1). When microglial activity cannot match the 
demands of the immune defense, the homeostatic and “clean” microenvironment will not be 
maintained properly (2) and neuronal function will be impaired with different aspects. Under 
physiological conditions, the debris production in the microenvironment is largely derived from 
active neurons, especially at the synaptic level (so-called synaptic debris) (3). Plastic synaptic 
activity is an essential part of the neurophysiology, playing key roles in learning and memory 
formation in neural circuits such as the hippocampus and its surrounding areas (4), as well as in 
the control of energy homeostasis by neurons in the hypothalamus (5). 

Compelling evidence shows that the biological clock is deeply involved in the control of neuronal 
activity, synaptic plasticity and energy homeostasis. For example, time-of-day dependent neuronal 
activity exists in the orexigenic hypothalamic agouti-related peptide (AgRP) neurons, displaying a 
robust diurnal rhythmic gene expression pattern with peak activity in the middle of the dark 
phase, i.e., when rodents are active (6). Thus in the microenvironment, the need of scavenging 
and removing neuronal debris is time-dependent, which consequently requires that microglial 
cleaning activity is temporally synchronized to neuronal activity. Desynchronization between the 
microglia and the neuronal activity will lead to an unhealthy local microenvironment for neural 
survival. Indeed, evidence from our recent studies shows that in standard chow diet fed lean mice, 
hypothalamic microglial activity fluctuates during the day and night, with peak activity and 
cytokine production in the middle of the dark phase when AgRP neurons are active. However, in 
high fat diet induced obese mice, this time-of-the-day associated microglial activity disappears, 
indicating that in a hypercaloric environment, microglial rhythmic activity is impaired (unpublished 
data). Furthermore, other studies showed that the immune response of microglia to 
lipopolysaccharide is time-of-the-day dependent (7). All these data suggest that the intrinsic clock 
machinery in microglia might be a key player in the control of microglial physiology. Memory 
formation is another example where synaptic plasticity displays circadian changes (8). Of note, the 
role of sleep in memory consolidation is crucial and critical periods of molecular signaling have 
been established post-learning, especially in the hippocampus (9). In addition, our transcriptomic 
studies have shown that many genes related to the circadian rhythm (e.g. clock, per1/2) are 
significantly regulated in the hippocampus of mice learning a spatial task and forming memory 
(unpublished data). Recently, it has been shown that the circadian expression of cathepsin S from 
microglia impacts the synaptic strength of cortical neurons (10). 

We therefore hypothesize that the intrinsic biological clock that controls rhythmic microglial 
activity is essential for timely clearing-up the debris produced by active neurons and synapses 
and that this is a common machinery functioning in neural circuits that controls energy 
homeostasis in the hypothalamus and learning and memory in the hippocampus and associated 
cortical area.  

To test this hypothesis, the UvA group, specialized in microglia and metabolic disorder, and the 
UniStra group, specialized in learning and memory, will team up with our different expertise. The 
PhD student will be trained in both fields and be able to understand the common clock mechanism 
underlying the function of microglia in two pathophysiological conditions. Three different 
experiments will be performed in the proposed PhD program.  
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Exp.1 Investigate whether interruption of the biological clock in microglia impairs their phagocytic 
capacity and immune response to pathological challenges (UvA group)  

1-1 In vitro experiments will be performed in cultured microglia isolated from the adult mouse 
brain that has the inducible KO of the core clock gene Bmal1 in the microglia via crossing 
Bmal1lox/lox mice with cx3cr1Cre-ERT mice, by injection of tamoxifen. The tamoxifen injected 
cx3cr1Cre-ERT mice will be used as WT control.  

1-2 Microglia will be isolated from hypothalamus or hippocampus three weeks after tamoxifen 
injection. Bmal1 and other core clock genes will be checked by RT-PCR; Microglial phagocytic 
capacity will be tested by the micro-beads loading method. Microglial immune response will be 
examined by challenging microglia with LPS, and measuring cytokines and chemokines production.  

Exp.2 Investigate whether interruption of the biological clock in microglia impairs synaptic activity 
in metabolic control circuits of the hypothalamus (UvA group).  

The metabolic phenotype will be studied in different cohorts of the microglial Bmal1 KO mice. 
Mice will be fed a standard chow diet, if no metabolic phenotypes are observed, mice will be then 
challenged with metabolic stress by feeding them a high fat high sugar diet. Food intake and 
bodyweight will be monitored regularly. When food intake and/or bodyweight differs between WT 
and KO in each diet, glucose tolerance, body composition, and metabolic rates will be measured. 
On either diet, when metabolic phenotype is positive and consistent for 4 weeks, mice will be 
sacrificed at 4 time points (ZT2, 8, 14, 20) along 24 hours. Brain tissues will be sectioned and 
divided into two series, the first series will be used for neural-microglial morphological profiling on 
microglial activity and phagosomes, neural activity and synapses; the second series will be used for 
gene expression profiling (transcriptomics).  

Exp.3 Investigate whether interruption of the biological clock in microglia impairs synaptic 
plasticity in hippocampal learning and memory processes (UniStra group).  

3.1 Behavioral phenotyping. Microglial Bmal1 KO mice will be phenotyped through a series of 
behavioral tests requiring mostly the hippocampus with the coordinated activation of préfronto-
cortical and/or striatal regions such as spatial reference memory in the Morris water maze, spatial 
and procedural memory in the double-H water maze. Particularly, we will use different protocols 
of training and test the retention at several critical retention times for recent and remote memory, 
as these mice might show alteration of long-term consolidation.  

3.2 Transcriptomic analyses will be performed in the hippocampus and prefrontal cortex of 
microglial Bmal1 KO mice subjected to spatial training as we already performed in our previous 
experiments (our unpublished data), to compare if and how memory-induced transcriptional 
programs are affected by the lack of the microglial clock. 

Further, RNA from both Exp.2 and Exp.3.2 will be compared, to establish whether the lack of the 
microglial clock affects common features related to synaptic plasticity (and may be others) from 
metabolic studies in the hypothalamus and memory studies in the hippocampus and prefrontal 
cortex. These results will be used for continuity of the collaboration between the two labs and 
support joint funding application in the future.  
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3. DESCRIPTION OF THE EXPECTED MOBILITY TRACK 
 

- Oct. 1st 2016 to May 30th 2017: 8 mo: UvA: In vitro phagocytic and immune phenotyping of cultured 
microglia with Baml1 KO (Exp.1). 

- June 1st 2017 to Mar. 30th 2018: 10 mo: UvA: In vivo metabolic phenotyping of mice with Baml1 KO 
in microglia and transcriptomics (Exp.2). 

- Apr. 1st 2018 to Mar. 31st 2019: 12 mo: Unistra: In vivo cognition phenotyping of mice with Baml1 
KO in microglia and transcriptomics (Exp.3). 

- Apr. 1st 2018 to Sep. 30th 2019: 6 mo: UvA and Unistra: RNA sequencing study, data analysis and 
redaction of the thesis manuscript. 

 
 
4. REQUIREMENTS FOR THE CANDIDATE 
 
Candidates should hold a Master degree in Science (M.S.).  
Candidates should be fluent in English; have education in neuroscience, basic knowledge in 
molecular biology and experience with animal experiments. In addition, experience with cell 
sorting and cell cultured techniques is preferable.   
 


