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Abstract 
Microglia are the resident macrophage population of the central nervous system 

(CNS), arising early during development from CX3CR1+ progenitors in the embryonic yolk 

sac and, remarkably, persisting throughout life. Microglia function as immune sentinels to 

cope with infection or tissue damage, but these cells are also involved in the establishment 

and maintenance of neuronal circuits, regulating neurogenesis, neuronal differentiation and 

synaptic remodeling. To protect the CNS from harmful inflammation, the microglia activity 

is believed to be tightly regulated by various factors including microRNAs (miRs). 

Inadequate miR regulation is an emerging mechanism involved in various 

neurodegenerative disorders, as demonstrated by the respective small animal models. Here, 

we generated a conditional miR deficiency in microglia by crossing Cx3cr1Cre and 

Cx3cr1CreER mice with mice harboring a conditional allele of Dicer, the main miR-

processing enzyme. In Cx3cr1Cre:Dicerfl/fl animals, microglia are targeted during embryonic 

development, while Cx3cr1CreER:Dicerfl/- microglia were targeted postnataly, upon 

tamoxifen administration. Strikingly, a microglial Dicer deficiency introduced during 

embryonic development, but not at adulthood resulted in strong microglia activation, as 

well as the development of motoric impairment of the hind limbs. In contrast, the 

introduction of the microglial Dicer deficiency in adult microglia did not yield any overt 

phenotype in unchallenged animals. Interestingly though, the Dicer deficiency turned the 

otherwise radio-resistant adult microglia into radio-sensitive. Collectively, our results 

highlight the importance of miRs in microglia-dependent establishment and maintenance of 

neuronal networks during embryonic development, but suggest that adult microglial 

homeostasis is uniquely robust in that it can be maintained in absence of post-

transcriptional control by miRs. 
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תקציר  

מיקרוגליה הם המקרופאג'ים המקומיים של מערכת העצבים המרכזית, הנוצרים בשלב מוקדם של 

ההתפתחות העוברית מתאי קדמון המגיעים משק החלמון העוברי ומאופיינים ע"י ביטוי של הקולטן 

שנוצרים בזמן ההתפתחות העוברית  ). באופן מופלא, המיקרוגליהCX3CR1לכמוקין פרקטלקיין (

שורדים לאורך תוחלת החיים. מיקרוגליה מתפרדים כתאים שומרים של מערכת החיסון ומעורבים 

בהתפתחות ותחזוקה של מעגלים של תאי עצב ומעגלים עצביים, ההתמיינות של תאי עצב ועיצוב של 

לקתי, הפעילות של תאי בכדי להגן על מערכת העצבים המרכזית מנזק ד הסינפסות העצביות.

-המיקרוגליה מבוקרת בקפדנות ע"י פקטורים שונים ובינהם מיקרו RNA )miRs מממצאים שנאספו .(

 miRsעולה ההשערה שבקרה לא תקינה של המבוססות על מודלים בחיות מעבדה בעבודות קודמות 

וכחית, יצרנו מודל בעבודת התיזה הנמהווה חלק מהמנגנון גורם המחלה במגוון מחלות ניוון עצבי. 

ספציפית בתאי מיקרוגליה ע"י הכלאה בין עכברים מסוג  miRsחדשני ובו אנחנו משרים חסר של 

Cx3cr1Cre ו-  Cx3cr1CreER  עם עכברים שמכילים חסר מותנה של הגן המקודד לDicer )Dicerfl/fl ,(

 Cx3cr1Cre:Dicerfl/flחשוב לציין שבעכברי . miRsשהינו האנזים העיקרי האחראי על ייצור ועיבוד של 

)Cre-Dicer המיקרוגליה יבטאו את החסר ל (Dicer  בזמן ההתפתחות העוברית, בעוד שבעכברי

Cx3cr1CreER:Dicerfl/fl  חסר זה מושרה בתאים אלו לאחר הלידה ע"י טיפול בטמוקסיפן

)Tamoxifen .( גרם לשפעול ניכר של תאי באופן ניכר, חסר בגן זה בזמן ההתפתחות העוברית

המיקרוגליה ולהתפתחות של ליקוי תנועתי של הרגלים האחוריות. בניגוד, השרייה של חסר בגן זה 

במיקרוגליה בזמן בגרות לא גרם לאיזשהו פנוטיפ גלוי בחיות לא מאותגרות. יחד עם זאת, בשני 

-ב החסרהמקרים   Dicer לקרינה, לרגישים  הפך את תאי המיקרוגליה, שהינם בד"כ  עמידים

בבקרה של יצירת ותחזוקת  miRsלסיכום, התוצאות שלנו מדגישות את החשיבות של לקרינה. 

שהפעילות של תאי המיקרוגליה רשתות עצביות בזמן ההתפתחות העוברית, אך גם מרמזות 

-הבוגרים בזמן שיגרה נתונה לבקרה אדוקה, אך שאינה תלויה ב miRs .  

!
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1. Introduction 

1.1. Microglia are the resident macrophages of the CNS. 

Microglia are hematopoietic cells that develop independently of neuroectoderm-

derived neurons, astrocytes and oligodendrocytes. They are members of the 

mononuclear phagocyte system (MPS) alongside other macrophages monocytes and 

dendritic cells [1]. Sequestered behind the blood brain barrier (BBB) in the unique 

neuronal/microglial context, microglia display a gene expression profile that 

significantly differs from other tissue macrophages [2]. The microglia compartment is 

established before birth from an early “primitive” hematopoietic wave originating from 

CX3CR1+ yolk sac macrophages populating the CNS as early as embryonic day 9.5 (E 

9.5) [3] (Scheme 1). The mature microglia pool subsequently maintains itself 

throughout adulthood due to longevity and limited self-renewal [4]. Microglia share 

this prenatal ontogeny with other resident tissue macrophage populations [1], however 

the latter seem less secluded and more promiscuous with respect to the incorporation 

of monocytic cells derived from the fetal liver during embryonic development, as well 

as monocytes derived from the bone-marrow (BM) during challenge [5]. Nevertheless, 

BM derived monocytes were also shown to populate the injured central nervous system 

(CNS) giving rise to a macrophage-type of cells [3] (Scheme 1). Depending on the 

time and route of their arrival to the tissue and on the local milieu, they contribute to 

both pro- and anti-inflammatory activities [5, 6]. However, these cells do not seem to 

permanently seed the CNS; rather, an homeostatic state relying solely on microglia 

seems to be restored after inflammation is resolved [5].
  

Steady state microglia, that are present throughout the normal adult CNS 

parenchyma, actively sample their surroundings by extending and retracting processes 

[7, 8]. They were shown to play pivotal homeostatic roles during development and 

adulthood, related to synaptic remodeling and phagocytosis of dying neurons [9-11]. 

During neurodegenerative disease, however, microglia become activated and acquire a 

distinct phenotype with pleiotropic functions [12], mostly harmful, depending on 

disease model and stage. Little is known about molecular patterns controlling the 

microglia phenotype in homeostasis and disease. In addition, due to lack of 

experimental systems allowing targeted manipulation of microglia in vivo, much of our 

knowledge about the function of microglia is obtained from in vitro culture studies. 
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Under these conditions, microglia were shown to loose much of their uniqueness and 

turn into prototype macrophages [13].  

 

Scheme 1: Microglia precursors populate the brain during embryonic development. Primitive 
macrophages exit the yolk sac blood islands at the onset of circulation and colonize the neuroepithelium 
from E9.5 to establish the microglia population. The blood brain barrier starts to form from E9.5 and 
may isolate the developing brain from the contribution of fetal liver hematopoiesis. Embryonic 
microglia expand and colonize the whole CNS until adulthood. Importantly, in steady state conditions, 
embryo-derived microglia maintain themselves with limited self-renewal and are not dependent on 
blood-derived cells for their replenishment. Nevertheless, during certain inflammatory conditions, the 
recruitment of monocytes or other bone marrow-derived progenitors can supplement the microglial 
population to some extent, but they are eventually cleared from the CNS environment [14]. [3] 
 
1.2. Microglia regulate neuronal wiring in the developing and adult CNS.  

As the principal CNS immune cells, microglia represent the first line of defense in 

response to exogenous threats. Past studies have largely been dedicated to defining the 

complex immune functions of microglia. However, novel insights about microglia 

involvement in neuronal wiring have accumulated recently. It is now clear that 

microglia are critically involved in shaping neural circuits pre-natally [15, 16], in early 

life [9, 10, 17] and adulthood [18-20].   

 

1.2.1 Microglia are involved in embryonic development. 

Microglia are the first glial cells appearing in the CNS [4, 21], prior to astrocytes 

and oligodendrocytes, suggesting the existence of exclusive microglia-neuron 

interactions. This early brain colonization by microglia is a highly conserved feature 

across vertebrate species [22-26]. Embryonic neural development involves 
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programmed cell death of various neuronal sub-types [27, 28], and microglia are 

critical for the phagocytosis and removal of these dying neurons in order to prevent 

tissue damage [15, 27, 29]. In addition to their role in clearing debris, microglia are 

considered critical players in brain development and neural circuitry formation [30, 

31]. They are associated with brain vascularization, neuronal proliferation, and neural 

cell differentiation to a neuronal or astrocyte lineage [32-34]. Examples for neuronal 

fate regulation are shown by the ability of microglia to facilitate neurogenesis of 

embryonic cortical cells [35], and differentiation of basal forebrain progenitors into 

cholinergic neurons [36]. In addition, microglia were shown to act on neuronal 

connectivity via processes termed synaptic pruning and axonal guidance. The later was 

displayed by their ability to attenuate dopaminergic axon outgrowth in the striatum, 

suggesting microglia deficiencies might cause abnormal forebrain wiring. 

Interestingly, this regulatory function of microglia was dependent on CX3CR1 

expression [16]. Synaptic pruning is a process of neuronal circuit fine-tuning in which 

microglia dependent phagocytosis is used to eliminate non-active, excess synapses 

generated earlier in development [9, 10, 18]. Synaptic pruning was so far documented 

in post-natal period and will be further described in the next section (section 1.2.2). 

 

1.2.2 Microglia are involved in post-natal development. 

Mouse CNS development persists in the postnatal period, including areas with on-

going neurogenesis even in the adult mouse, such as the dentate gyrus (DG) of the 

hippocampus and the sub-ventricular zone (SVZ). Phagocytosis of dying neurons in 

those regions was shown to be efficiently performed by adult microglia [37]. Early life 

(Postnatal day 5, (P5)) microglia displayed neurotrophic functions, promoting layer 5 

cortical neurons survival [17]. This activity was dependent on the expression of the 

chemokine receptor CX3CR1.  

An intensively studied role of microglia during early life and adulthood is synaptic 

pruning (Scheme 2), involving the phagocytosis dependent elimination of access non-

active synapses. Microglia dependent synaptic pruning was documented in the 

hippocampus, where CX3CR1 deficient mice had immature synaptic connections [9]. 

In addition, microglia depletion as well as microglia-restricted BDNF deficiency 

caused reduction in motor-learning ability and reduced synaptic plasticity of layer V 

pyramidal neurons in the motor cortex [18]. Another example for experience 
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dependent synaptic pruning exists in the retinogeniculate system, responsible for visual 

input processing. Here, microglia were shown to engulf presynaptic retinal inputs 

projecting to the thalamus. This engulfment was mediated by complement receptor 3 

(CR3) expressed on microglia recognizing complement component 3 (C3) tagging of 

access synapses. CR3 null mice had deficits in synaptic connectivity of this brain 

circuit [10].  

Collectively, embryonic and adult microglia support neuronal circuit generation 

and remodeling, with unique functions required for each stage. Phagocytic and 

neurotrophic contributions of microglia can be expected to be more substantial in 

embryonic development, while synaptic pruning will be more pronounced in early life 

(sensory circuits) and to a lesser extent in the adult (learning & memory). 

 

 

 

 

 

 
 

 

 

Scheme 2: Overview of microglia behavior in the healthy brain. Highly motile microglia processes 
continuously remodel their local environment (left), structurally and functionally interact with synaptic 
elements (middle; dendritic branch and spines, green) through direct contacts and exchanges of 
molecular signals, and contribute to restructuring of neuronal circuits by phagocytizing synaptic 
elements and newborn cells (right; cellular inclusions, blue and green). Microglia morphology and 
behavior display variability across CNS regions and stages of the lifespan. (Adopted from [38]) 

1.2.3 Adult and embryonic microglia differ in phenotype. 

Microglia precursors originating from the yolk sac, were shown to enter the brain 

as early as E9.5 [4]. As opposed to adult CD45lo CX3CR1+ F4/80+ Iba1+ microglia, 

embryonic microglia display is CD34+CD45loCX3CR1+F4/80+Iba1+. Furthermore, they 

are highly proliferative and remain as such throughout the embryonic period (Scheme 

3) [39]. In addition, microglia have a higher migratory ability and an amoeboid 

morphology characterizing activated microglia [40, 41]. By P15, microglia are 

uniformly spread throughout the brain parenchyma and dramatically reduce their 

proliferative activity (scheme 3). This transition stage was shown to be mediated by 
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expression of runt related transcription factor 1 (Runx1) [42]. Adult microglia harbor a 

ramified shape, characterized by small cell body size and long dendrites performing 

continues surveillance of the surrounding parenchyma [7, 8]. They are probably 

actively kept in a non-inflammatory state in order to protect the delicate CNS 

environment. This phenotype is believed to be dictated by the local microenvironment 

of neurons and glia cells. Examples for neuronal molecules promoting quiescence are 

CD47 & CD200, interacting with CD172a/Sirpα & CD200R on microglia, 

respectively [43].  

 

 

 
 
Scheme 3: Embryonic microglia are highly proliferative giving rise to the non-cycling fully 
differentiated adult microglia pool. During gestation (E9) microglial precursors cross the blood vessel 
wall and begin to take up residence in the brain parenchyma. At early stages of colonization (approx. 
E12–15), these cells are located in white matter regions (or along vascular/ventricular margins) 
possessing an amoeboid morphology similar to activated microglia (larger ruffled round cells (orange)). 
During early postnatal stages (~P5), microglia are observed in both white and gray matter regions of the 
brain possessing both amoeboid and process-bearing phenotypes. Between P2 to P14, microglia expand 
dramatically, In parallel, they also increase ratio of ramified versus amoeboid shape, with the cells 
having noticeably more complex process arbors and cytoplasmic material. By ~P15 microglia are well 
distributed throughout the brain, facilitating surveillance of the majority of the parenchyma (Adopted 
from [39]). 
 

A recent study exploring the expression profile of microglia, demonstrated that 

adult microglia have a unique expression pattern compared with monocytes and 
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peripheral tissue macrophages [13] (Scheme 4). Interestingly, this genetic signature 

was highly dependent on TGFβ expression. Further comparison was performed 

between different stages of microglia development (Embryonic day 10 (E10), E12.5, 

P4, P21, P30, and adult (2 months)), revealing that genes highly expressed by adult 

microglia were not shared by embryonic microglia [13]. 

Taken together, these studies demonstrate genetic and functional differences 

between embryonic and adult microglia that might underlie the different requirements 

of the developing vs. adult neuronal environment maintained by microglia.  

 

 
Scheme 4: Adult microglia aquire a unique expression signature. A PCA analysis of mRNA 
expression showing adult microglia highly express a unique set of genes (signature) differing them from 
monocytes and other tissue resident macrophages. (Adopted scheme from [13]) 
 

1.3 Microglia function during pathology. 

Following injury or under neurodegenerative disease such as multiple sclerosis 

(MS), Alzheimer's disease (AD), Parkinson's disease (PD), Huntington's disease (HD), 

and amyotrophic lateral sclerosis (ALS), adult parenchymal microglia transform into a 

proliferative and motile amoeboid state in which they synthesize a large repertoire of 

cytokines and chemokines, produce reactive oxygen species (ROS) and exhibit 

increased phagocytotic activity [12, 44, 45]. Akin to other resident tissue macrophages, 

microglia are the primary immune sentinels of the CNS and can be activated in 

response to a variety of pathogen-associated molecular patterns (PAMPs) or death-

associated molecular patterns (DAMPs), both recognized via pattern recognition 

receptors (PRR) (Scheme 5) [46].  

A 

B 

E
xpression (log

2  fold) 
-2          0          2       
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Scheme 5: Activated microglia in neurodegenerative disease. Various disease-associated factors can 
stimulate microglia activation via binding to PRR. Such factors include DAMPs such as high-mobility 
group box 1 protein (HMGB1), histones and ATP, as well as neurodegenerative disease-specific protein 
aggregates, such as α-synuclein or amyloid-β aggregates. Classically activated microglia also promote 
astrocyte activation further increasing pro-inflammatory and neurotoxic factors, which exacerbate 
neurodegeneration. (Adopted from [47]). 
 

ALS is a neurodegenerative disease characterized by a progressive loss of motor 

neurons, leading to paralysis and death. Mutant Cu/Zn superoxide dismutase (mSOD1) 

is the cause for 20% of familial ALS. Transgenic mice overexpressing human mSOD1 

(mSOD1 mice) develop a progressive motor neuron disease that resembles the clinical 

features of human familial ALS [48]. Several studies have attempted to differentiate 

the contribution of microglial mSOD1 mutation to disease onset and progress. One 

study utilized mSOD1:PU.1-/- double transgenic mice. The PU.1-deficiency causes 

severe lack of lymphoid and myeloid cells, including microglia. Transfer of WT, but 

not mSOD1, bone marrow (BM) at birth improved survival of these animals and 

reconstituted the microglia pool resulting in reduced motor neuron loss and slower 

disease progress [49]. Recently, it was shown that NFκB signaling in mononuclear 

phagocytes, using Csf1rCre: P65fl/fl mice, contributed to neuronal death in mSOD1 mice 

[50]. Finally, Expression profiling of mouse mSOD1 spinal chord (SC)-microglia 

isolated at different disease stages, revealed a significant concurrent induction of 

potentially neuroprotective (IGF1, osteopontin), and neurotoxic (Nox2) factors [12] 

An additional neurodegenerative disease shown to critically involve an 

inflammatory microglia response is experimental autoimmune encephalitis (EAE), the 



	
   15	
  

mouse model for MS. This model involves active immunization of mice with myelin 

peptide (MOG 35-55) [51]. Following immunization, SC microglia alter their 

phenotype from a quiescent CD45int MHCII- mode to an active CD45hi MHCII+ state 

[52]. We recently showed that mice lacking TGFb activated kinase1 (TAK1) 

exclusively in micrglia were resistant to active immunization, which resulted in a 

considerably less severe disease. TAK1 is considered as critical regulator of stress 

responses, immunity and inflammation that is mainly mediated by the downstream 

pathways p38MAPKK, JNK, and NF-kBp65 which are part of the microglia activation 

mechanism [53]. Collectively, these The above studies imply pivotal deleterious 

involvement of microglia in the pathophysiology of neurodegenerative disease. 

 

1.4 MicroRNAs (MiRs) regulate homeostatic and pathologic processes in the CNS. 

1.4.1 MiR generation is dependent on Dicer. 

MiRs are a class of small (~22 nt) noncoding RNAs that negatively regulate gene-

expression at the posttranscriptional level by binding to the 3′-untranslated region of 

target mRNAs leading to their translational inhibition or degradation [54]. A growing 

body of evidence suggests that miRs are important regulators of diverse biological 

processes such as cell differentiation, growth, proliferation, and apoptosis. Moreover, 

miRs are key modulators of both CNS development and plasticity [55-57]. Some miRs 

have been implicated in several neurological disorders, such as traumatic CNS injuries 

and neurodegenerative diseases [58-60]. miRs are transcribed in most cases by RNA 

polymerase II to primary precursor transcripts (pri-miRs) that are then processed in the 

nucleus by Drosha and its cofactor DiGeorge syndrome critical region gene 8 

(DGCR8) into pre-miRs. The pre-miRs are transported into the cytoplasm, where 

Dicer, an RNase III-like endonuclease, further cleaves them in order to yield the 

mature miR (Scheme 6). Mature miRs bind to 3′ UTR region of their target mRNAs, 

inducing the posttranscriptional gene silencing mainly through mRNA destabilization 

[54]. A single miR can pair with the 3′UTR of hundreds of mRNAs [61]. Adding a 

level of complexity, miRs are also found to recognize seedless sites, 5′UTRs, and 

coding regions of mRNAs [62-64]. Moreover, there are a few reported cases of miRs 

that can activate translation of target mRNAs [65, 66].  
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Scheme 6: Generation and function of miRs. 
miRs are transcribed by RNA polymerase II as pri-miRs, which are then processed by Drosha to produce 
long miR precursor (pre-miR). The pre-miRs are transported to the cytoplasm where they are further 
cleaved by the endoribonuclease Dicer to mature ∼22 nt long miR–miR *duplex. In this process Dicer 
interacts with the RISC complex. Within this complex, one strand of the miR duplex is removed and the 
single stranded miR, complementary to the target mRNA, remains in the complex and becomes functional.  
Seven to eight bases of the 5′ miRs “seed” sequence are partially complementary to the 3’ UTR of mRNA 
targets, and induce posttranscriptional silencing through mechanisms such as mRNA destabilization and 
translational repression. Adopted from  [67]. 
                                                                                                           
1.4.2 MiRs regulate neurodegenerative diseases. 

Targeted deletion of the Dicer gene in selected neuronal populations results in a 

progressive neuronal loss associated with behavioral deficits reflecting the cell types 

that were targeted by the Cre-LoxP system. For example, mice lacking Dicer 

specifically in dopaminergic neurons are born alive, but develop a progressive 

neurodegenerative disorder manifested by 90% loss of these neurons and a resulting 

reduced locomotion, which is reminiscent of the phenotype of PD [68]. Conditional 

deletion of Dicer has also been used to model spinal muscular atrophy. Accordingly, 

by crossing between VachtCre and Dicerfl/fl mice, Dicer-deficiency is targeted into 

postmitotic spinal motor neurons as early as postnatal day 7 [59].  At adulthood, these 

mice display a phenotype characterized with astrocytosis and reduction in number of 

motor neurons at the Lumbar 5 (L5)-SC ventral horns, as well as hindlimb reduction of 

neuro-mascular junction (NMJs), pointing to a progressive neuro-degenerating disease. 
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Taken together, these studies demonstrate the significance of miRs in neuronal 

maintenance and survival, and suggest that failure of miR function could contribute to 

a neurodegenerative phenotype in humans. Remaining questions are which miRs are 

impaired functionally in specific disease states and what are the roles of individual 

miRs, as well as networks of miRs in these diseases. MiR206 was elevated in muscles 

of mSOD1 mice. Moreover, miR-206 was found required for efficient regeneration of 

neuromuscular junctions after nerve injury in normal mice, implying that miR-206 has 

beneficial effects in the mouse ALS model [69]. 

 

1.4.3 MiRs regulate microglia phenotype and function.  

MiRs were shown to be involved in microglia differentiation, but also in 

regulating the quiescence of these cells versus their activation [70]. Deregulation of the 

latter could have a detrimental effect on CNS integrity. Below are several examples of 

specific miRs that affect microglia phenotype and function. 

miR-155 promotes inflammatory response in microglia. 

MiR155, broadly considered a pro-inflammatory miR, was one of the first miRs to 

be directly linked to a pro inflammatory phenotype [71]. MiR155 is upregulated in a 

microglia cell line (N9), as well as primary microglia cultures in response to LPS [72]. 

Moreover, miR155 induces the downregulation of the anti-inflammatory transcription 

factor suppressor of cytokine signaling 1 (SOCS-1) leading to the upregulation of pro-

inflammatory mediators, such as iNOS, IL6, and TNF𝛼 [72]. Further supporting its 

pro-inflammatory role, miR-155 deficiency reduced the expression of pro-

inflammatory genes in mSOD1 microglia, and resulted in an overall delay in disease 

progress and in extended survival [73].   

MiRs -146a, -181c, and -21 down regulate inflammatory response and neurotoxicity 

of microglia. 

MiR-146a can directly down regulate the production of pro-inflammatory 

cytokines by acting as a negative-feedback effector of the inflammatory signaling 

pathway initiated by NF-κB [71, 74]. MiR146a is significantly increased in mSOD1 

microglia isolated from endstage of disease [58] however, its role in mediating 

microglia function during various stages of this disease model is not known. Microglia 

cell lines treated with anti-miR146, increased IL6 secretion following stimulation with 

TLR2 and 4 ligands [75]. MiR21 and miR181 are reduced in microglia activated by 
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hypoxia, a stroke like condition. MiR21 reduction induces FasL [76], while reduction 

in miR181 increases the secretion of TNFα and nitric oxide (NO), both contributing to 

neuronal apoptosis in culture [77].  

Thus, the above studies mark miR-146a, miR181c and miR21 as negative 

immune-regulators of microglia pro-inflammatory response and neurotoxicity. 

TGFβ  induced miRs: miRs-99a, -125b, and -342-3p possibly regulate microglia 

homeostatic functions. 

Adult microglia were shown to have a unique expression profile in vivo, 

dependent on TGFβ signaling [13]. TGFβ treatment of cultured microglia, induced a 

unique microglia signature, including expression of specific miRs, such as miR-99a, 

miR-125b-5p, and miR-342-3p, which were also enriched in freshly isolated microglia 

compared with other tissue resident macrophages. These miRs might constitute master 

regulators of the homeostatic microglia expression profile dictated by TGFβ.  

Taken together, various miRs were shown to regulate microglia homeostasis 

and/or disease-related activation. Although of interest, much of the research about the 

cell biology of microglia relies currently on studies performed in vitro. However, 

cultured microglia likely were shown to loose much of their uniqueness and turn into 

prototype macrophages [13, 78]. Thus, the establishment of in vivo systems allowing 

the targeted genetic manipulation of miRs in microglia within their native 

microenvironment is critical for the elucidation of the regulatory mechanisms they 

govern in health and disease. 

 

1.5 Genetic manipulation of microglia in context -- Cx3cr1Cre and Cx3cr1CreER 

mice. 

The Jung laboratory has recently developed an experimental system that allows 

the study of microglia within their unique physiological CNS environment. 

Specifically, we exploited the unique high expression of the chemokine receptor 

CX3CR1 for the genetic manipulation of microglia [79]. Cx3cr1Cre
 

and Cx3cr1CreER 

mice [80] 
 
were generated by targeted insertion of the respective Cre recombinase 

genes into the Cx3cr1 loci, mimicking the situation of the Cx3cr1GFP 
locus, previously 

shown to tightly reflect endogenous CX3CR1 expression [81] (Scheme 7). Cx3cr1Cre 

mice express constitutively active Cre recombinase resulting in the spontaneous 

irreversible rearrangement of loxP site-flanked alleles in CX3CR1-expressing cells. In 
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contrast, the Cx3cr1CreER 
system comprises a conditional active Cre recombinase that is 

fused to a mutated ligand-binding domain of the human estrogen receptor (ER) [82]. 

Two point mutations in the ER-LBD prevent constitutive activation of the CreER 

protein by endogenous estradiol, still allowing binding of the synthetic estrogen 

antagonist tamoxifen (TAM). In the unbound form, the CreER fusion protein resides in 

the cytoplasm in an inactive complex with heat shock proteins. TAM administration 

frees the CreER to translocate to the nucleus and mediate the site- specific 

recombination.  

Importantly, Cx3cr1Cre and Cx3cr1CreER 
mice differ considerably with respect 

to the cells targeted. In Cx3cr1CreER mice only cells that express CX3CR1 at the time of 

the TAM treatment are hit and will hence undergo rearrangement. In contrast, and as 

best demonstrated in combination with respective reporter mouse strains [80], in 

Cx3cr1Cre mice also cells that are derived from CX3CR1+ cells but subsequently 

silenced CX3CR1 expression will have recombined loxP-flanked loci. Cx3cr1Cre mice, 

therefore, report on the history of the cell and can be used for fate mapping. Thus, 

Cx3cr1Cre will target both resident microglia and peripheral/CNS-infiltrating 

macrophages, whereas TAM-treated Cx3cr1CreER 
mice can be used to manipulate 

microglia only (Scheme 7). 

 

 
	
  
Scheme 7. The usage of CX3CR1 promoter to target microglia and peripheral macrophages. Scheme 
of Cx3cr1Cre and Cx3cr1CreER systems, modified from [80].

 
Black triangles represent loxP sites. 
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2. Results 
2.1 Microglia display a unique transcriptome and microRNA profile distinct from 

other tissue resident macrophages. 

In order to reveal the miR signature of adult microglia, we performed an 

Agilent miR microarray analysis [83], comparing microglia with other tissue 

macrophages, such as colonic macrophages isolated from the large intestine and liver 

macrophages (Kupffer cells, KC) (Fig. 1A). Microglia displayed a set of 73 uniquely 

expressed miRs among these populations. These included miR-99a, miR-125b-5p, and 

miR-342-3p (Fig. 1A), which were recently shown to be induced by TGFβ treatment 

in cultured primary microglia [13]. In addition, we analyzed the transcriptiome of 

microglia using RNA sequencing and compared it to the ones of colonic and liver 

macrophages (Lavin et al Cell 2014, in press) (Fig. 1B). Interestingly, microglia 

uniquely expressed genes associated with neuronal development, such as Nav2 [84], 

and Sall1 [85]. Microglia also showed low expression of the Cybb gene encoding the 

neurotoxic factor Nox2 [86]. Notably, miRs predicted to target Cybb, miR-103-3p and 

miR-107-3p, were part of the miR cluster highly expressed in microglia (Fig. 1A). 

Microglia also highly expressed miR-146a-5p that was shown to down-regulate the 

NFkB pathway and reduce inflammatory response [74, 75]. In addition, microglia 

displayed high expression of miR-181b and miR-181c. MiR-181c was shown to down 

regulate the expression of TNFa and NO in a microglia cell-line in response to 

hypoxia, a stroke-like condition [77]. Mir-181b was shown to promote the activity of 

Matrix metalloproteinase 2  (MMP2) in cancer cell lines via its inhibition of Timp3 

[87]. MMPs are enzymes performing extracellular matrix (ECM) remodeling and are 

involved in various CNS pathologies, but also in physiological processes of neuronal 

development [88, 89]. Interestingly, Mmp2 was highly expressed in microglia and 

colonic macrophages, as compared with Kupffer cells (Fig. 1B) and could possibly be 

dependent on miR-181b expression.  

Overall these results show that microglia display a unique expression profile of 

miRs, which likely shapes their specific mRNA expression profile. 
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Figure 1. Microglia reveal a unique transcriptional and miR profile in comparison to other tissue 
resident macrophages. 
(A) Heat map and hierarchical clustering for differentially expressed (FC, >2 or <-2; P<0.05) miRs 
between steady state microglia, liver macrophages, and colon macrophages, analyzed with agilent 
microarray. Intensity values were log-transformed, normalized and centered, and populations and genes 
clustered by pearson correlation test. Data are in duplicates; each replicate is a pool of 6 mice. (B) Heat 
map and hierarchical clustering for differentially expressed (FC, >2 or <-2; P<0.05) mRNAs between 
steady state microglia, liver macrophages, and colon macrophages, analyzed with RNA-seq approach.  
Read numbers were log-transformed, normalized and centered, and populations and genes clustered by 
pearson correlation. Number of replicates for each sample was; microglia (n=4), liver macrophages 
(n=3), and colon macrophages (n=4) with each replicate pooled from 6 mice. Statistical significance was 
measured with Anova. 
 

2.2 Establishment of mice harboring a constitutive Dicer-deficiency in microglia. 

In order to study the role of miRs in regulating homeostatic mechanisms governed 

by microglia, we generated mice harboring a deletion of Dicer in microglia. To this 

end we crossed Cx3cr1Cre mice [80] and animals harboring a “floxed” Dicer allele 

[90], yielding Cx3cr1Cre:Dicer fl/fl mice (Fig. 2A). To validate the conditional Dicer 

deletion in microglia, these cells were isolated from brains, sorted by FACS (Fig. 2B) 

and their genomic DNA and total RNA were purified. PCR analysis of the DNA for 

the Exon 24 deletion in Dicer alleles confirmed efficient rearrangements in microglia 

extracted from brains of Cx3cr1Cre:Dicer fl/fl  mice, but not Dicerfl/fl microglia (Fig. 
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3200002M19RIK 3
SDC3 3
TECPR2 3
CD300LF 3
GBP6 3
XAF1 3
STAB2 3
CCL24 3
SYNJ1 3
FOLR2 3
TCOF1 3
ID3 3
ABCD4 3
PSMB9 3
STAT2 3
PHACTR1 3
B430306N03RIK 3
WWC2 3
GBP8 3
SAMHD1 3
BANK1 3
SCARF1 3
EHBP1L1 3
RAB32 3
RIPK3 3
ACY3 3
ZBTB4 3
CASP1 3
PLEKHM1 3
VCAM1 3
TBC1D2B 3
PFN1 3
ABCC3 3
TSPAN15 3
AQP1 3
IRF7 3
IMPDH1 3
PYGL 3
EMR4 3
PDAP1 3
SPIC 3
DEK 3
ENSA 3
RASGEF1B 3
KIFC3 3
MARCO 3
STXBP2 3
ZBP1 3
IFITM3 3
OAS2 3
N6AMT1 3
NRGN 3
KLRK1 3
KIF23 3
9930111J21RIK1 3
GDPD5 3
MTA3 3
LILRA5 3
CLEC2D 3
RAMP2 3
CD300E 3
ATP6V1A 3
IGFBP7 3
BNIP2 3
HBA-X 3
9230105E10RIK 3
TCF7L2 3
SLFN5 3
MED16 3
N6AMT1 3
HIP1 3
ARMC8 3
ME2 3
PKP4 3
GM11428 3
IRF1 3
CALD1 3
LIG1 3
ISG15 3
TIMD4 3
SLC15A3 3
TAPBPL 3
LIG1 3
SFPI1 3
FAM129A 3
RBM17 3
SYN1 3
H2-T23 3
APOC1 3
DUSP23 3
APOC1 3
TBC1D1 3
RNF31 3
AW112010 3
AFMID 3
TBXA2R 3
RSRC1 3
GPR182 3
OASL2 3
GRK6 3
N/A 3
NEU1 3
PIRA4 3
INPPL1 3
PIRA7 3
SMAD6 3
STX16 3
RALBP1 3
ADRBK1 3
PDE2A 3
EHD3 3
PTPN12 3
RBFOX3 3
PPAP2B 3
GCLM 3
ZDHHC18 3
H2-T24 3
SLC24A6 3
IFI204 3
GLG1 3
CAR3 3
RBMS1 3
N/A 3
C4B 3
IL18BP 3
TNFAIP2 3
HPD 3
ZSWIM6 3
ZZEF1 3
TMEM26 3
ARPC1B 3
STX3 3
ARID4A 3
PIRA11 3
FGR 3
NCOR1 3
ALB 3
PTGIS 3
ANO6 3
CD209F 3
GFRA2 3
IFIT2 3
PTPN22 3
PNN 3
ID2 3
RALBP1 3
ZMYND8 3
TMPPE 3
FPR2 3
KDR 3
N/A 3
BGN 3
EIF4G3 3
TGTP2 3
GM10565 3
EIF4E3 3
IFI44 3
PPARGC1B 3
SIGLEC1 3
PSMA6 3
LIPA 3
PML 3
DAXX 3
FLT4 3
EPSTI1 3
FABP1 3
HBEGF 3
FILIP1L 3
APOA1 3
FERMT2 3
PLEKHM2 3
GM4951 3
MAP2K7 3
CORO7 3
TOP1 3
CCDC80 3
PIRA2 3
EHMT2 3
MYO7A 3
DHX58 3
SLC29A1 3
C4A 3
FABP7 3
CTLA2B 3
PIRA1 3
CYP4B1 3
SEMA6D 3
RP9 3
DDX41 3
KLF7 3
GPATCH4 3
SRSF11 3
ST3GAL4 3
KLF9 3
KIF5B 3
ACIN1 3
IFNAR1 3
APOBEC1 3
SKIV2L 3
SCARB1 3
6430548M08RIK 3
CD302 3
MTA3 3
SERPINA1A 3
DAPK1 3
PLXNA1 3
HEBP1 3
ACOT1 3
EIF3A 3
DLC1 3
SP100 3
LARP1B 3
PTPRB 3
FILIP1L 3
VASN 3
ERG 3
AHSG 3
SLTM 3
MXD4 3
LARP1 3
MARK2 3
EPHX1 3
GIMAP4 3
TRIM30A 3
CTLA2B 3
ATP13A2 3
AMOTL1 3
LAS1L 3
LARP7 3
EIF4EBP2 3
NINJ1 3
FYN 3
PCYOX1 3
RNF20 3
ZRSR2 3
ZRSR2 3
2510009E07RIK 3
ROBO4 3
RBM25 3
SRSF12 3
YTHDC1 3
ADPGK 3
STAT6 3
SPNA2 3
LRRC25 3
DDX55 3
TCF25 3
SERPINA3K 3
TCF25 3
SERPINA1B 3
BC021614 3
PURB 3
MPP1 3
CLU 3
VTN 3
SERPINA1C 3
ARHGEF12 3
ZYX 3
ZBP1 3
BTBD11 3
PRELP 3
GPSM3 3
SLU7 3
HSP90AB1 3
CCND2 4
TMEM51 4
DNASE1L3 4
GBP1 4
CD97 4
VILL 4
VIM 4
EAR3 4
ANXA5 4
PLBD1 4
KCTD10 4
LGALS3 4
ARPC5 4
AIM1 4
SEPX1 4
MRC1 4
TSPAN17 4
ACP5 4
UNC119 4
IQGAP1 4
LYZ2 4
CD44 4
CFB 4
UCP2 4
RAB13 4
XDH 4
PLTP 4
CALM1 4
IFITM2 4
CYBB 4
CLEC4A1 4
DOK2 4
JUP 4
KCNJ10 4
ARPC2 4
PLIN2 4
5430435G22RIK 4
MAPKAPK2 4
CHD3 4
RFTN1 4
CFP 4
MSR1 4
HIC1 4
CSRP1 4
EPSTI1 4
TMEM205 4
KLRA2 4
CLIC4 4
LYZ1 4
PILRB1 4
BLVRB 4
SLC22A18 4
C3 4
DAB2 4
CXCL9 4
PILRA 4
PILRB2 4
NLRC4 4
PLA2G16 4
CNN2 4
MS4A6C 4
CD40 4
N/A 4
PRDX5 4
LILRB3 4
GALNT6 4
GP49A 4
GPX1 4
LDLRAP1 4
SLFN1 4
GNG11 4
SH3BGRL 4
IFI203 4
METRNL 4
BC096441 4
TNFSF13 4
DPH3 4
DPH3 4
IL2RG 4
ADAMDEC1 4
H2AFJ 4
SERPINB6A 4
STOM 4
ST3GAL1 4
PLEKHG3 4
PDXK 4
HES1 4
SMPDL3A 4
CSTB 4
PKM2 4
LILRB4 4
EHD1 4
NRD1 4
APOC2 4
ANP32B 4
ALDH2 4
LBH 4
APOE 4
CLEC12A 4
ABCG3 4
EZR 4
LIMD1 4
PAOX 4
DEPTOR 4
SETD8 4
NAMPT 4
SASH1 4
EAR2 4
CD72 4
ASS1 4
OAS1A 4
PIGR 4
TALDO1 4
MBD2 4
COX5A 4
GBP2 4
ACTR3 4
CCND3 4
SOD1 4
D17WSU92E 4
SPOP 4
2610507B11RIK 4
CORO1B 4
OAS1G 4
H3F3A 4
RARA 4
FTL1 4
PTMA 4
SCAND1 4
TMEM134 4
CYB5R3 4
TMEM160 4
PLXND1 4
PLEKHO2 4
ANXA6 4
ATP2B1 4
YBX1 4
FCGR4 4
MS4A8A 4
ITGA9 4
PPP2R5C 4
FLNA 4
RNF149 4
A430084P05RIK 4
WDR18 4
MPND 4
PFKP 4
EMP3 4
5031439G07RIK 4
CAPN1 4
TXN1 4
HPCAL1 4
EMP3 4
GPX3 4
N/A 4
POLR2F 4
ADAP1 4
MEFV 4
BATF 4
ACVRL1 4
LST1 4
CD36 4
MCM5 4
H2-D1 4
ALDOB 4
CSDE1 4
CCL6 4
BAIAP2 4
CDK2AP2 4
IFI30 4
EMILIN1 4
FCGRT 4
RRAS 4
KIF1C 4
CSDA 4
PITPNA 4
ATP1A1 4
RNPEP 4
TMEM106A 4
ITFG3 4
CYTH1 4
N/A 4
IL1B 4
DNAJC15 4
BC005537 4
1810058I24RIK 4
PLIN3 4
CSF2RB 4
CLEC7A 4
RAB3D 4
TMSB4X 4
TK1 4
GBP3 4
IDH1 4
SPECC1L 4
BATF2 4
CELA1 4
KCNAB2 4
SYKB 4
LY6A 4
PLAC8 4
AMDHD2 4
AB124611 4
PITPNM1 4
ARHGEF3 4
CENPB 4
ACAA2 4
EMILIN2 4
MVP 4
H2AFY 4
IFI27L2A 4
AXL 4
LUZP1 4
PPDPF 4
NCEH1 4
TCF7L1 4
RILPL2 4
ZFP91 4
ZCCHC24 4
GGA1 4
FAM125A 4
TRP53INP2 4
SMAGP 4
LY6C2 4
PIM1 4
ID1 4
CTSB 4
MMP14 4
RAC2 4
PSMG4 4
SMAGP 4
TRADD 4
DUSP2 4
SLC25A10 4
GPR65 4
ACAA1B 4
TMEM45B 5
1810065E05RIK 5
ABP1 5
UGT2B34 5
TMPRSS2 5
ERN2 5
SDCBP2 5
LAMB3 5
CLEC4N 5
CD4 5
MS4A7 5
MS4A7 5
KLRB1B 5
CIITA 5
H2-M2 5
TAGLN2 5
MGL2 5
S100A6 5
PLA2G7 5
CRIP1 5
LGALS1 5
TGFBI 5
ANXA2 5
GM8221 5
ECM1 5
CD93 5
PEBP1 5
AVPI1 5
4833422F24RIK 5
APOL7C 5
GSN 5
AMICA1 5
ZMYND15 5
LITAF 5
RPLP0 5
PTPN7 5
S100A10 5
NAP1L1 5
TKT 5
TPD52 5
S100A11 5
THBS4 5
PF4 5
B3GNT7 5
CAPNS1 5
ITGAX 5
PSTPIP1 5
STAP1 5
TMSB10 5
CYTIP 5
SLAMF7 5
P2RY14 5
TUBB6 5
H2-DMB1 5
NAP1L1 5
NPC2 5
KLF5 5
EEF1A1 5
TNIP3 5
TMSB10 5
AHCY 5
RUNX3 5
GNB2L1 5
2310016M24RIK 5
TPPP3 5
PDLIM1 5
LGALS4 5
GSTM1 5
EEF2 5
MYL12B 5
H2-EB1 5
MRPL54 5
OIT1 5
SLCO3A1 5
N/A 5
ADH1 5
F13A1 5
PCBP2 5
2210415F13RIK 5
REG4 5
RPS8 5
KRT19 5
ALDOC 5
BC055004 5
EMB 5
C530028O21RIK 5
EIF1AX 5
FXYD5 5
CKMT1 5
PLEC 5
SFN 5
GM2A 5
2900026A02RIK 5
GPI1 5
2210411K11RIK 5
MUC2 5
AP1S1 5
HOXB13 5
ANTXR2 5
MGST1 5
ATP5G3 5
KCTD17 5
SEMA4A 5
1810027O10RIK 5
GSTO1 5
MFSD4 5
RPS19 5
GDPD1 5
H2-AB1 5
HCFC1R1 5
WFDC2 5
GAS7 5
EEF1G 5
GTF2F1 5
FTH1 5
CD74 5
H2-DMB2 5
MAPKAPK3 5
PRDX2 5
RAB25 5
GSTT3 5
GLRX 5
ATPIF1 5
PRSS32 5
ATP5L 5
H2-AA 5
ANXA1 5
TCEB2 5
COX7C 5
POLR1D 5
CCR2 5
NME1 5
LMNA 5
MIR703 5
TPI1 5
CD52 5
CAR2 5
GPR132 5
STMN1 5
SULF2 5
MMP13 5
SLCO3A1 5
AES 5
NDUFA7 5
IL1RN 5
TLR12 5
TXN2 5
STARD10 5
CLDN7 5
MYL6 5
NDUFB5 5
KRT8 5
CALM3 5
CYP4F18 5
AHNAK 5
ARPC3 5
TSPAN1 5
CCDC109B 5
HSD11B2 5
PSAP 5
N/A 5
TMC4 5
COX6A1 5
MTCH2 5
LAD1 5
DMBT1 5
GFPT1 5
CDHR5 5
RPSA 5
B3GNT8 5
ATP5G1 5
RALGDS 5
ACTG1 5
TSPO 5
CREB3L1 5
ATP5O 5
LDHA 5
ACOT7 5
NDUFS6 5
DBI 5
ALDOA 5
CDH1 5
FXYD2 5
COX5B 5
CAPN2 5
NDUFA11 5
NDUFA12 5
NCF4 5
HAO2 5
IDH3A 5
SNRPD2 5
CDX1 5
NET1 5
B4GALNT1 5
PRSS30 5
2310039H08RIK 5
ATOX1 5
CXCL16 5
EID1 5
KCNN4 5
UQCR10 5
ATP2A3 5
FAM129B 5
DGAT2 5
NAA10 5
LMNA 5
S100A16 5
GM12034 5
APRT 5
HDGF 5
COX7B 5
ITGA4 5
VIL1 5
GSTP2 5
NDUFB2 5
KCNE3 5
GPA33 5
1500003O03RIK 5
PGLS 5
GPX2 5
KRT18 5
NAA10 5
SELENBP2 5
UQCRQ 5
PLA2G2D 5
PAFAH1B3 5
SELENBP1 5
1810030J14RIK 5
PPP1R1B 5
RPL27 5
ATP5A1 5
AHNAK 5
SRI 5
BSPRY 5
1300014I06RIK 5
RNF186 5
GPR114 5
CCDC56 5
1110008P14RIK 5
MAOA 5
MRPL33 5
PKP3 5
TEP1 5
2200002D01RIK 5
LTB4R1 5
PTPRF 5
GSTM2 5
GSTP1 5
PRDX6 5
MRPL28 5
1110017F19RIK 5
IL1R2 5
ELOF1 5
BOLA3 5
HOPX 5
CARHSP1 5
NGFRAP1 5
CMPK1 5
SRI 5
S100A1 5
TPM4 5
PGK1 5
1810014F10RIK 5
SREBF2 5
PPAP2C 5
CBR2 5
CDC42EP5 5
ANO1 5
MS4A6C 5
PPA1 5
EIF3I 5
CHCHD10 5
ATP5B 5
CSRP2 5
PHGR1 5
TFF3 5
HINT1 5
3110003A17RIK 5
ATP5E 5
GUCA2A 5
S100A14 5
CBS 5
ATP5K 5
SCD2 5
KLK1 5
FH1 5
GALE 5
FUNDC2 5
FDPS 5
NDUFV2 5
CXCR4 5
IL3RA 5
TCEA3 5
HSD17B10 5
FCGBP 5
COX6B1 5
OLFM1 5
ELF3 5
CLEC10A 5
MMP12 5
ITGB7 5
CYP2C55 5
CRLF2 5
SH3PXD2B 5
GMDS 5
MICAL1 5
NT5C 5
TMPRSS4 5
DAP 5
ST6GALNAC6 5
FGL2 5
PAPSS2 5
TGM3 5
CLEC4A2 5
IFI27L2B 5
NAPSA 5
EMP1 5
MUC13 5
COX7A2 5
GSDMC4 5
ALDH1B1 5
TRAPPC6A 5
GIPC2 5
CLEC4A2 5
MAPK13 5
RETNLA 5
KRT7 5
PLP2 5
PDZK1IP1 5
MYO1A 5
FASN 5
ETHE1 5
GCAT 5
CS 5
TSTD1 5
MECR 5
CIB1 5
GLIPR2 5
CDH17 5
S100A13 5
ZG16 5
CD24A 5
NUDT19 5
PGCP 5
LSM4 5
CXCL2 5
CISD3 5
ATP1B1 5
SELM 5
GLIPR1 5
NANS 5
HNF4A 5
2410015M20RIK 5
AW011738 5
2310028O11RIK 5
EPB4.1L4B 5
ITGB4 5
SLC39A5 5
AK2 5
CCL17 5
COX8A 5
METTL7B 5
SPINK4 5
9530053A07RIK 5
CLEC2H 5
PHLDA1 5
CLCA4 5
PERP 5
EIF4EBP3 5
MS4A6B 5
SERF2 5
GJB3 5
CLCA3 5
CAR1 5
SLC6A14 5
AP1M2 5
TAF10 5
NOXA1 5
PRELID1 5
EPCAM 5
SLC25A5 5
AK3 5
NSA2 5
SH2D1B1 5
S100A4 5
N/A 5
CEACAM2 5
TUBA4A 5
CLDN3 5
MPEG1 5
DEGS2 5
SEPW1 5
IGFBP4 5
TMEM54 5
AGR2 5
PPP2R5A 5
IGJ 5
PARM1 5
SPR 5
9130017N09RIK 5
NOXO1 5
PGLYRP1 5
SYTL1 5
NDUFB8 5
ABHD14B 5
TPM1 5
2900053A13RIK 5
GSDMC3 5
DSTN 5
UQCR11 5
BHLHE40 5
TJP3 5
CYC1 5
NDUFA3 5
FDFT1 5
OCIAD2 5
1110001J03RIK 5
SNX3 5
UQCRC2 5
USH1C 5
PPP1R14D 5
NDUFB9 5
RECQL5 5
ATP9A 5
H2-K1 5
TM4SF20 5
SERPINB1A 5
PRR15L 5
VDR 5
MIR692-1 5
FLNB 5
ATP5D 0
EIF3K 0
2010002N04RIK 0
SPINT1 0
PSMB1 0
ATP5C1 0
CD63 0
SRC 0
RPL8 0
COX6C 0
RPS3A 0
FCGR2B 0
RPL14 0
RPL37A 0
RPL18 0
FCGR2B 0
RPS17 0
SORL1 0
TSPAN33 0
RPS5 0
RPL23A 0
TSPAN13 0
RPL19 0
RPL28 0
ARHGEF10L 0
RBPJ 0
RPS11 0
1810046J19RIK 0
RPL9 0
CCR1 0
TMEM50B 0
TMEM93 0
8430419L09RIK 0
GSG1 0
RAP2A 0
RPL36 0
RPL12 0
EIF3H 0
RPL10A 0
NME2 0
NME2 0
ARL5C 0
RPL13A 0
RPL6 0
RPS10 0
ATP5H 0
SSR4 0
H2-DMA 0
GM13611 0
SLFN10-PS 0
RAMP1 0
D8ERTD738E 0
ATP5J2 0
RPL5 0
CORO1A 0
RPL4 0
H2AFZ 0
RPLP1 0
N/A 0
UGT1A6B 0
UGT1A9 0
UGT1A2 0
UGT1A7C 0
UGT1A10 0
UGT1A5 0
UGT1A1 0
UGT1A6A 0
SEC61B 0
MIR682 0
RPLP2 0
HERPUD1 0
TMEM176A 0
RPS16 0
COX7A2L 0
RPL41 0
RPL15 0
NACA 0
CCL9 0
NACA 0
RPL37 0
MMP2 0
RPS15 0
WDR89 0
MRPL20 0
PPFIA4 0
MRPS24 0
BCL2A1D 0
NDUFV3 0
EEF1B2 0
RPL35 0
RPS6 0
NFATC2 0
RPL7 0
2900010J23RIK 0
NDUFA6 0
RPS18 0
BCL2A1B 0
RPL29 0
EIF3F 0
CNIH 0
SLAMF9 0
GATSL3 0
ATP5F1 0
RPS20 0
RPS3 0
HIGD2A 0
RPS9 0
NDUFV3 0
TLR1 0
B3GALT5 0
RPS19-PS3 0
RPS7 0
GPR162 0
RPL10 0
BCL2A1A 0
TPCN1 0
RPL3 0
BTF3 0
TOMM7 0
COX4I1 0
NDUFB11 0
RPS12 0
TMEM176B 0
2210404O07RIK 0
RPL32 0
RPS14 0
RPS26 0
YWHAE 0
TPT1 0
RPS24 0
RPL11 0
RPL31 0
RPL26 0
N/A 0
MYADM 0
UQCRH 0
SEC11C 0
PFDN5 0
PTMS 0
HSPE1 0
PRCP 0
GM10136 0
SDF4 0
CTSS 0
SIVA1 0
RPL27A 0
RPL34-PS1 0
N/A 0
RPL34 0
OS9 0
RPS21 0
MAPK3 0
RPS28 0
HSPD1 0
ATP5G2 0
CSNK2B 0
MIF 0
RPS13 0
ERGIC3 0
CTSZ 0
SOCS3 0
D17WSU104E 0
HSPA8 0
SLC39A4 0
GM15427 0
CLTB 0
GDI2 0
TUBB5 0
OS9 0
MRPL52 0
N/A 0
1500032L24RIK 0
RPL39 0
RPL22 0
SEPP1 0
0910001L09RIK 0
PPIB 0
GFER 0
ELANE 0
RPL13 0
DYNLL1 0
UBA52 0
DCAKD 0
RAB11FIP5 0
POLR1D 0
OPRM1 0
ADAM8 0
CD83 0
RPS27A 0

relative

row min row max

a01 brain microglia1 Exp1 m

a02 brain microglia2 Exp1 m

a03 sc microglia1 Exp1 m

b12 Brain microglia Exp2

b15 Kupffer2 Exp2

b16 Kupffer3 Exp2

b04 Kupffer Exp2

a05 LI Mac1 Exp1 m

a12 LI Mac2 Exp1 m

a13 LI Mac3 Exp1 m

b03 LI Mac Exp2

Genes6 Clusters
DUSP27 1
LOC100499420 1
HSPB3 1
NAV3 1
CXXC5 1
RTN4RL1 1
SALL1 1
CDK5R1 1
4632428N05RIK 1
SCOC 1
GAL3ST4 1
SUSD3 1
PHYHD1 1
HEXB 1
SLCO2B1 1
MLXIPL 1
SLC24A3 1
LPCAT3 1
EPB4.1L2 1
PLXNA4 1
6430527G18RIK 1
ADORA3 1
TMEM119 1
OLFML3 1
TSPAN3 1
ERF 1
GPR56 1
PDE3B 1
GOLM1 1
PROS1 1
SERPINE2 1
SPARC 1
GNA15 1
LPCAT2 1
TSPAN14 1
SIGLECH 1
ASPH 1
DTX4 1
RNASE4 1
CTSD 1
CCNG2 1
LRRC3 1
GCNT1 1
PLXDC2 1
RAPGEF5 1
DDAH2 1
ANG 1
GPR34 1
SYNGR1 1
TMEM100 1
ANG 1
IFFO1 1
SELPLG 1
FAM134B 1
0610040J01RIK 1
SLC2A5 1
RGS2 1
TSPAN18 1
TMEM173 1
HAVCR2 1
GP9 1
ENTPD1 1
CX3CR1 1
BLNK 1
B3GNT2 1
GTF2H2 1
TREM2 1
MAML2 1
GNG10 1
GPR84 1
P2RY12 1
PTPRA 1
FSCN1 1
LHFPL2 1
P2RX7 1
ECSCR 1
PLXDC1 1
SIRPA 1
CSF1R 1
CRYBB1 1
ANXA3 1
LAT2 1
ST3GAL2 1
PMEPA1 1
SGCE 1
HPS4 1
1700081L11RIK 1
PAQR7 1
LRBA 1
FAM176A 1
9830001H06RIK 1
ZFHX3 1
ZFP691 1
PAG1 1
SIGLEC5 1
N/A 1
HHEX 1
PWWP2A 1
ACVR1 1
DAGLB 1
CD37 1
BIN1 1
SFT2D1 1
CD9 1
ITGB3 1
KLHL25 1
CLSTN1 1
6230427J02RIK 1
TLR7 1
RHOB 1
KCNK12 1
KCNK6 1
F11R 1
TGFBR1 1
CCR5 1
USP2 1
ABHD12 1
ARHGAP27 1
THRSP 1
ABI3 1
PLA2G15 1
ARHGEF40 1
1700017B05RIK 1
CHST7 1
TLR13 1
ABHD6 1
SERINC1 1
FCGR1 1
BASP1 1
TACC1 1
ATP6V0A2 1
DUSP7 1
RHOH 1
SRGAP2 1
SLC46A1 1
SUN2 1
ZFP36L1 1
SLC29A3 1
RASAL3 1
MGAT4A 1
SORT1 1
PIK3CD 1
FCRLS 1
CD180 1
P2RY13 1
CMTM6 1
SLC1A3 1
MEF2A 1
SERINC3 1
P2RY6 1
GM4980 1
HVCN1 1
SOX4 1
ARHGAP22 1
ITGAM 1
CABLES1 1
SLC35A5 1
PIK3CG 1
RNASET2B 1
TANC2 1
ADAM15 1
CTSF 1
CCL12 1
LPAR6 1
PWWP2A 1
LYL1 1
TMEM111 1
SGK1 1
CAMSAP1 1
ADRB2 1
RNF215 1
MSRB2 1
MLEC 1
OPHN1 1
NCKAP5L 1
STARD3 1
PHGDH 1
GPR183 1
IL17RA 1
CAPN3 1
SLC7A8 1
SALL3 1
SEMA4D 1
HBP1 1
EDEM2 1
BTBD6 1
ARHGAP25 1
BMF 1
TNFRSF1B 1
SLC44A2 1
MARCKS 1
PRKCA 1
HK2 1
OAF 1
IL6ST 1
LAIR1 1
BICD2 1
RNASET2A 1
SMAP2 1
ARHGAP39 1
CD33 1
TMEM206 1
LDHB 1
ZFPM1 1
MED7 1
KCNK13 1
RGS10 1
BRP44L 1
HMHA1 1
CRYBA4 1
FRMD4A 1
TECR 1
CTTNBP2NL 1
FBXW4 1
TPST2 1
CYBASC3 1
SIPA1L2 1
TJP1 1
CD34 1
ZFP513 1
FAM105A 1
TMEM66 1
B4GALT4 1
SNORD8 1
NUAK1 1
COMT 1
BICD2 1
TGFBR2 1
ABHD15 1
TMEM63A 1
YARS 1
SNN 1
SLC12A9 1
ARSB 1
PLCL2 1
NAA35 1
GM10790 1
FMNL3 1
CST3 1
SERPINF1 1
TSPAN7 1
CAML 1
GPR155 1
ABCD2 1
BCL2L1 1
CTSL 1
GLUL 1
CARD6 1
APBB1IP 1
ST6GALNAC4 1
WHRN 1
RASGRP3 1
SAMSN1 1
LAP3 1
PPAP2A 1
VEGFB 1
1500010J02RIK 1
CTC1 1
PTPRO 1
DIP2B 1
ARHGAP5 1
COL27A1 1
TMEM204 1
SPSB1 1
FBRSL1 1
MEF2C 1
CSF3R 1
IL16 1
ADAM10 1
CD14 1
LARGE 1
ITGA6 1
SFT2D2 1
ADORA3 1
HIVEP3 1
MAN1C1 1
MID1IP1 1
MAN1A 1
SLC16A6 1
SLC2A8 1
RPS6KA1 1
AGA 1
LY86 1
TWF2 1
IKZF1 1
PNRC2 1
RIN2 1
RAB27A 1
MFNG 1
CLPTM1 1
PARVG 1
ACSS1 1
SMAD3 1
IL21R 1
MFAP3 1
YWHAH 1
TXNDC15 1
BMP2K 1
YTHDF2 1
B3GALNT1 1
BHLHE41 1
NCF1 1
PTP4A3 1
SCAMP2 1
LIPH 1
DNAJB9 1
MTUS1 1
CLP1 1
SLC7A7 1
MARS 1
ORAI1 1
G6PC3 1
ANKLE2 1
SH2D3C 1
LTC4S 1
QK 1
CLN5 1
LGMN 1
SESN1 1
SH2B2 1
ZFP238 1
SLC22A17 1
OSBPL11 1
SLC46A3 1
ELK3 1
ABCA1 1
MAN1A2 1
RILPL1 1
RNF13 1
SPATA13 1
ROGDI 1
ARVCF 1
HPGDS 1
B130006D01RIK 1
TRIM8 1
ARSG 1
PDIA6 1
BCDIN3D 1
DAGLA 1
SIPA1 1
TSPAN4 1
TAGAP 1
CD82 1
ASAP3 1
B4GALT1 1
TMEM59 1
CLDND1 1
IVNS1ABP 1
ALG5 1
FAM125B 1
TNFAIP8L2 1
STRADA 1
PICALM 1
N/A 1
ZFP580 1
CLASP2 1
N/A 1
TMEM101 1
PACSIN2 1
LPAR5 1
PTPRE 1
SMAD7 1
SCAMP5 1
MGAT1 1
FAM58B 1
BMYC 1
D18ERTD653E 1
MZT2 1
CHSY1 1
KLHDC8B 1
DOPEY2 1
TLE3 1
1810063B07RIK 1
APOBEC3 1
ST3GAL6 1
PRKAB1 1
ADNP 1
NPNT 1
LPCAT1 1
AKR1B10 1
LAPTM4B 1
PTPLAD1 1
NEURL1A 1
SYNGR2 1
HS1BP3 1
TEC 1
CYTH4 1
BC017643 1
RGS19 1
RCN2 1
IL10RB 1
NRIP1 1
LIMD2 1
PPCDC 1
YIF1B 1
AKIRIN2 1
STARD5 1
A530088E08RIK 1
PDGFB 1
GGCX 1
POM121 1
SLC12A2 1
PMP22 1
GARNL3 1
GAB1 1
ACOX3 1
ATP6AP1 1
UBASH3B 1
RPTOR 1
NUP62-IL4I1 1
IL4I1 1
TMCO1 1
LEPREL1 1
SMPD1 1
CFH 1
FMNL1 1
B3GALT4 1
TMEM135 1
ZBTB45 1
GPR146 1
PIK3R5 1
PPP1R9A 1
MLPH 1
SLC15A4 1
GEM 1
ENDOD1 1
RAPSN 1
DCBLD2 1
RAB3IL1 1
CASP8 1
CDK2AP1 1
CD164 1
SCAMP3 1
TMEM175 1
KIF21B 1
LMO2 1
GM10345 1
MAST3 1
2010015L04RIK 1
DHRS3 1
PFKFB4 1
CCDC107 1
GGT5 1
PNRC1 1
H47 1
RNF144B 1
INPP5D 1
LMAN1 1
PON3 1
TLN2 1
GNS 1
IFNGR1 1
TAGAP1 1
RAB6B 1
ARMC5 1
ABCA9 1
SASH3 1
PFKFB3 1
SEC22B 1
GM3230 1
PLOD3 1
TTC13 1
TLR2 1
CD81 1
CEBPD 1
CHST12 1
RNF139 1
KCNIP3 1
0610007C21RIK 1
IER5 1
FAM110A 1
MAD2L1BP 1
ITGB5 1
NME3 1
FAM102B 1
KLHL6 1
EXTL3 1
UNC50 1
NEK6 1
CSF1 1
TNNI2 1
ZMPSTE24 1
DHRS7B 1
ASAH1 1
PDIA3 1
CALM2 1
SKI 1
DDX3X 1
ALOX5AP 1
NPTN 1
ARL8B 1
FAM49B 1
YIPF4 1
KBTBD2 1
S1PR1 1
TIFA 1
GPR160 1
TMUB2 1
EIF1 1
CHST1 1
SLC16A3 1
4930594C11RIK 1
SNAPC2 1
4933403F05RIK 1
TBC1D16 1
FCGR3 1
ATP6V0A1 1
PLD4 1
RAB40C 1
EVI2A 1
SLA 1
LRRC8A 1
D4WSU53E 1
GALNT12 1
MKNK1 1
CAMK2N1 1
DENND4A 1
TNFRSF21 1
MAP2K1 1
MAML3 1
TMEM9B 1
TNFSF13B 1
BC013529 1
SLC50A1 1
VHL 1
PAPSS1 1
FAM46C 1
CAMK1 1
NAGLU 1
IL13RA1 1
DERL2 1
APBB2 1
FCHSD2 1
D15ERTD621E 1
PTDSS2 1
TMED7 1
SLC10A3 1
PRPSAP2 1
SPPL3 1
CMTM7 1
TM9SF2 1
TMEM55B 1
NOS1AP 1
KCTD12 1
PLEK 1
ARL11 1
PPP1R11 1
TLR9 1
D8ERTD82E 1
IFNGR2 1
LIMS1 1
PBXIP1 1
TM2D3 1
LPIN1 1
GUSB 1
RAB3IP 1
FAM122A 1
TMEM185B 1
GMPR 1
C1QA 1
AI467606 1
CERK 1
XBP1 1
CSAD 1
CASS4 1
KLK8 1
TIFAB 1
ZFP90 2
ADAP2 2
TMEM86A 2
HPGD 2
ST3GAL5 2
FAM167B 2
MERTK 2
GIMAP6 2
TMEM104 2
OGFRL1 2
VAV1 2
TMEM140 2
VAV1 2
ARF2 2
TMCC3 2
ADRB1 2
IFIT3 2
POU2F2 2
CYFIP1 2
TMED5 2
BC005561 2
ENG 2
CKB 2
PITPNC1 2
ZFP839 2
IGTP 2
LRP1 2
SLC11A1 2
RCSD1 2
PTPN1 2
GRAP 2
ARHGAP17 2
DNASE2A 2
PTPN6 2
MGLL 2
USP42 2
TSPAN9 2
ARAP3 2
DDX18 2
MGLL 2
PCIF1 2
HS6ST1 2
PTGS1 2
VAMP5 2
LMBRD1 2
HBA-A2 2
N/A 2
SEMA4C 2
LFNG 2
SNTA1 2
FAM53B 2
IFIT1 2
IL6RA 2
RRBP1 2
CEBPG 2
TWISTNB 2
ZFP532 2
PHF14 2
PHF15 2
SRRM1 2
EIF2AK2 2
DRAM2 2
ZBTB20 2
PLOD1 2
NFIC 2
FKBP5 2
TTC28 2
SFRS18 2
N/A 2
HBB-B1 2
VAMP5 2
IRGM2 2
DOCK8 2
MAFG 2
A830007P12RIK 2
TGIF2 2
PPFIBP2 2
CFLAR 2
BETA-S 2
CALHM2 2
I830012O16RIK 2
CHST15 2
MTDH 2
TIRAP 2
DLGAP4 2
DNAJC5 2
USP21 2
ICAM1 2
BRD3 2
EVL 2
ABCD1 2
HYAL2 2
SLFN8 2
STX16 2
FHOD1 2
ITPR2 2
PDCD11 2
LTB 2
TRIM56 2
A230050P20RIK 2
CMTM8 2
ZMYND11 2
CHD8 2
PPP1R13B 2
HMHA1 2
IRGM1 2
DLEU2 2
CNOT4 2
ALAS2 2
ATXN7L3B 2
KLF3 2
PIAS1 2
LPIN2 2
PURA 2
BCL9L 2
ZFR 2
CTCF 2
RBBP6 2
GTF2IRD2 2
PLXNB2 2
FAM133B 2
UBA5 2
ZFP281 2
AARS 2
LCP2 2
TMEM50A 2
CDAN1 2
WDR60 2
KLF2 2
CD3EAP 2
DST 2
GGNBP2 2
SON 2
NFAM1 2
WDFY1 2
D14ERTD668E 2
FGD2 2
DNMT3A 2
NUDT16 2
PAQR9 3
DYSF 3
FAM167A 3
TREML4 3
LBP 3
RASGRP2 3
IGF1 3
FPR1 3
ICOS 3
CD163 3
CXCL13 3
CDH5 3
SLC1A2 3
DMWD 3
DMPK 3
SERPINA1E 3
PCOLCE2 3
NR1H3 3
SERPINA3F 3
CLEC4F 3
TGM2 3
CD5L 3
RGL1 3
ITSN1 3
SH3BP5 3
OASL1 3
MNDA 3
CD300LD 3
STAT1 3
CLEC4G 3
ALDH3B1 3
N/A 3
RGAG4 3
ZNFX1 3
RCAN1 3
SLC16A9 3
SERPINA3G 3
MNDAL 3
ACTN1 3
CLEC1B 3
CDC42EP2 3
CRIP2 3
RXRA 3
IFI205 3
RSAD2 3
ART2B 3
TMEM2 3
MLKL 3
BC013712 3
PRAM1 3
N/A 3
CD38 3
FCNA 3
1700084J12RIK 3
INF2 3
EPB4.1L3 3
IKBKE 3
CCDC125 3
C6 3
OAS3 3
4930506M07RIK 3
GPIHBP1 3
IIGP1 3
VSIG4 3
SLFN2 3
GPRC5C 3
SPNB2 3
SLC40A1 3
BC006779 3
POT1B 3
ENGASE 3
AGTRAP 3
KCNA2 3
CD207 3
CAPZB 3
GM12250 3
RTP4 3
HK3 3
CCDC34 3
CAPZB 3
FYB 3
ACOT2 3
ADCY4 3
SAMHD1 3
MICALL2 3
TRAFD1 3
PTPLAD2 3
NOD1 3
IFI35 3
2010110P09RIK 3
LPL 3
HMOX1 3
HAP1 3
IGF1 3
TRPM2 3
IFI47 3
3200002M19RIK 3
SDC3 3
TECPR2 3
CD300LF 3
GBP6 3
XAF1 3
STAB2 3
CCL24 3
SYNJ1 3
FOLR2 3
TCOF1 3
ID3 3
ABCD4 3
PSMB9 3
STAT2 3
PHACTR1 3
B430306N03RIK 3
WWC2 3
GBP8 3
SAMHD1 3
BANK1 3
SCARF1 3
EHBP1L1 3
RAB32 3
RIPK3 3
ACY3 3
ZBTB4 3
CASP1 3
PLEKHM1 3
VCAM1 3
TBC1D2B 3
PFN1 3
ABCC3 3
TSPAN15 3
AQP1 3
IRF7 3
IMPDH1 3
PYGL 3
EMR4 3
PDAP1 3
SPIC 3
DEK 3
ENSA 3
RASGEF1B 3
KIFC3 3
MARCO 3
STXBP2 3
ZBP1 3
IFITM3 3
OAS2 3
N6AMT1 3
NRGN 3
KLRK1 3
KIF23 3
9930111J21RIK1 3
GDPD5 3
MTA3 3
LILRA5 3
CLEC2D 3
RAMP2 3
CD300E 3
ATP6V1A 3
IGFBP7 3
BNIP2 3
HBA-X 3
9230105E10RIK 3
TCF7L2 3
SLFN5 3
MED16 3
N6AMT1 3
HIP1 3
ARMC8 3
ME2 3
PKP4 3
GM11428 3
IRF1 3
CALD1 3
LIG1 3
ISG15 3
TIMD4 3
SLC15A3 3
TAPBPL 3
LIG1 3
SFPI1 3
FAM129A 3
RBM17 3
SYN1 3
H2-T23 3
APOC1 3
DUSP23 3
APOC1 3
TBC1D1 3
RNF31 3
AW112010 3
AFMID 3
TBXA2R 3
RSRC1 3
GPR182 3
OASL2 3
GRK6 3
N/A 3
NEU1 3
PIRA4 3
INPPL1 3
PIRA7 3
SMAD6 3
STX16 3
RALBP1 3
ADRBK1 3
PDE2A 3
EHD3 3
PTPN12 3
RBFOX3 3
PPAP2B 3
GCLM 3
ZDHHC18 3
H2-T24 3
SLC24A6 3
IFI204 3
GLG1 3
CAR3 3
RBMS1 3
N/A 3
C4B 3
IL18BP 3
TNFAIP2 3
HPD 3
ZSWIM6 3
ZZEF1 3
TMEM26 3
ARPC1B 3
STX3 3
ARID4A 3
PIRA11 3
FGR 3
NCOR1 3
ALB 3
PTGIS 3
ANO6 3
CD209F 3
GFRA2 3
IFIT2 3
PTPN22 3
PNN 3
ID2 3
RALBP1 3
ZMYND8 3
TMPPE 3
FPR2 3
KDR 3
N/A 3
BGN 3
EIF4G3 3
TGTP2 3
GM10565 3
EIF4E3 3
IFI44 3
PPARGC1B 3
SIGLEC1 3
PSMA6 3
LIPA 3
PML 3
DAXX 3
FLT4 3
EPSTI1 3
FABP1 3
HBEGF 3
FILIP1L 3
APOA1 3
FERMT2 3
PLEKHM2 3
GM4951 3
MAP2K7 3
CORO7 3
TOP1 3
CCDC80 3
PIRA2 3
EHMT2 3
MYO7A 3
DHX58 3
SLC29A1 3
C4A 3
FABP7 3
CTLA2B 3
PIRA1 3
CYP4B1 3
SEMA6D 3
RP9 3
DDX41 3
KLF7 3
GPATCH4 3
SRSF11 3
ST3GAL4 3
KLF9 3
KIF5B 3
ACIN1 3
IFNAR1 3
APOBEC1 3
SKIV2L 3
SCARB1 3
6430548M08RIK 3
CD302 3
MTA3 3
SERPINA1A 3
DAPK1 3
PLXNA1 3
HEBP1 3
ACOT1 3
EIF3A 3
DLC1 3
SP100 3
LARP1B 3
PTPRB 3
FILIP1L 3
VASN 3
ERG 3
AHSG 3
SLTM 3
MXD4 3
LARP1 3
MARK2 3
EPHX1 3
GIMAP4 3
TRIM30A 3
CTLA2B 3
ATP13A2 3
AMOTL1 3
LAS1L 3
LARP7 3
EIF4EBP2 3
NINJ1 3
FYN 3
PCYOX1 3
RNF20 3
ZRSR2 3
ZRSR2 3
2510009E07RIK 3
ROBO4 3
RBM25 3
SRSF12 3
YTHDC1 3
ADPGK 3
STAT6 3
SPNA2 3
LRRC25 3
DDX55 3
TCF25 3
SERPINA3K 3
TCF25 3
SERPINA1B 3
BC021614 3
PURB 3
MPP1 3
CLU 3
VTN 3
SERPINA1C 3
ARHGEF12 3
ZYX 3
ZBP1 3
BTBD11 3
PRELP 3
GPSM3 3
SLU7 3
HSP90AB1 3
CCND2 4
TMEM51 4
DNASE1L3 4
GBP1 4
CD97 4
VILL 4
VIM 4
EAR3 4
ANXA5 4
PLBD1 4
KCTD10 4
LGALS3 4
ARPC5 4
AIM1 4
SEPX1 4
MRC1 4
TSPAN17 4
ACP5 4
UNC119 4
IQGAP1 4
LYZ2 4
CD44 4
CFB 4
UCP2 4
RAB13 4
XDH 4
PLTP 4
CALM1 4
IFITM2 4
CYBB 4
CLEC4A1 4
DOK2 4
JUP 4
KCNJ10 4
ARPC2 4
PLIN2 4
5430435G22RIK 4
MAPKAPK2 4
CHD3 4
RFTN1 4
CFP 4
MSR1 4
HIC1 4
CSRP1 4
EPSTI1 4
TMEM205 4
KLRA2 4
CLIC4 4
LYZ1 4
PILRB1 4
BLVRB 4
SLC22A18 4
C3 4
DAB2 4
CXCL9 4
PILRA 4
PILRB2 4
NLRC4 4
PLA2G16 4
CNN2 4
MS4A6C 4
CD40 4
N/A 4
PRDX5 4
LILRB3 4
GALNT6 4
GP49A 4
GPX1 4
LDLRAP1 4
SLFN1 4
GNG11 4
SH3BGRL 4
IFI203 4
METRNL 4
BC096441 4
TNFSF13 4
DPH3 4
DPH3 4
IL2RG 4
ADAMDEC1 4
H2AFJ 4
SERPINB6A 4
STOM 4
ST3GAL1 4
PLEKHG3 4
PDXK 4
HES1 4
SMPDL3A 4
CSTB 4
PKM2 4
LILRB4 4
EHD1 4
NRD1 4
APOC2 4
ANP32B 4
ALDH2 4
LBH 4
APOE 4
CLEC12A 4
ABCG3 4
EZR 4
LIMD1 4
PAOX 4
DEPTOR 4
SETD8 4
NAMPT 4
SASH1 4
EAR2 4
CD72 4
ASS1 4
OAS1A 4
PIGR 4
TALDO1 4
MBD2 4
COX5A 4
GBP2 4
ACTR3 4
CCND3 4
SOD1 4
D17WSU92E 4
SPOP 4
2610507B11RIK 4
CORO1B 4
OAS1G 4
H3F3A 4
RARA 4
FTL1 4
PTMA 4
SCAND1 4
TMEM134 4
CYB5R3 4
TMEM160 4
PLXND1 4
PLEKHO2 4
ANXA6 4
ATP2B1 4
YBX1 4
FCGR4 4
MS4A8A 4
ITGA9 4
PPP2R5C 4
FLNA 4
RNF149 4
A430084P05RIK 4
WDR18 4
MPND 4
PFKP 4
EMP3 4
5031439G07RIK 4
CAPN1 4
TXN1 4
HPCAL1 4
EMP3 4
GPX3 4
N/A 4
POLR2F 4
ADAP1 4
MEFV 4
BATF 4
ACVRL1 4
LST1 4
CD36 4
MCM5 4
H2-D1 4
ALDOB 4
CSDE1 4
CCL6 4
BAIAP2 4
CDK2AP2 4
IFI30 4
EMILIN1 4
FCGRT 4
RRAS 4
KIF1C 4
CSDA 4
PITPNA 4
ATP1A1 4
RNPEP 4
TMEM106A 4
ITFG3 4
CYTH1 4
N/A 4
IL1B 4
DNAJC15 4
BC005537 4
1810058I24RIK 4
PLIN3 4
CSF2RB 4
CLEC7A 4
RAB3D 4
TMSB4X 4
TK1 4
GBP3 4
IDH1 4
SPECC1L 4
BATF2 4
CELA1 4
KCNAB2 4
SYKB 4
LY6A 4
PLAC8 4
AMDHD2 4
AB124611 4
PITPNM1 4
ARHGEF3 4
CENPB 4
ACAA2 4
EMILIN2 4
MVP 4
H2AFY 4
IFI27L2A 4
AXL 4
LUZP1 4
PPDPF 4
NCEH1 4
TCF7L1 4
RILPL2 4
ZFP91 4
ZCCHC24 4
GGA1 4
FAM125A 4
TRP53INP2 4
SMAGP 4
LY6C2 4
PIM1 4
ID1 4
CTSB 4
MMP14 4
RAC2 4
PSMG4 4
SMAGP 4
TRADD 4
DUSP2 4
SLC25A10 4
GPR65 4
ACAA1B 4
TMEM45B 5
1810065E05RIK 5
ABP1 5
UGT2B34 5
TMPRSS2 5
ERN2 5
SDCBP2 5
LAMB3 5
CLEC4N 5
CD4 5
MS4A7 5
MS4A7 5
KLRB1B 5
CIITA 5
H2-M2 5
TAGLN2 5
MGL2 5
S100A6 5
PLA2G7 5
CRIP1 5
LGALS1 5
TGFBI 5
ANXA2 5
GM8221 5
ECM1 5
CD93 5
PEBP1 5
AVPI1 5
4833422F24RIK 5
APOL7C 5
GSN 5
AMICA1 5
ZMYND15 5
LITAF 5
RPLP0 5
PTPN7 5
S100A10 5
NAP1L1 5
TKT 5
TPD52 5
S100A11 5
THBS4 5
PF4 5
B3GNT7 5
CAPNS1 5
ITGAX 5
PSTPIP1 5
STAP1 5
TMSB10 5
CYTIP 5
SLAMF7 5
P2RY14 5
TUBB6 5
H2-DMB1 5
NAP1L1 5
NPC2 5
KLF5 5
EEF1A1 5
TNIP3 5
TMSB10 5
AHCY 5
RUNX3 5
GNB2L1 5
2310016M24RIK 5
TPPP3 5
PDLIM1 5
LGALS4 5
GSTM1 5
EEF2 5
MYL12B 5
H2-EB1 5
MRPL54 5
OIT1 5
SLCO3A1 5
N/A 5
ADH1 5
F13A1 5
PCBP2 5
2210415F13RIK 5
REG4 5
RPS8 5
KRT19 5
ALDOC 5
BC055004 5
EMB 5
C530028O21RIK 5
EIF1AX 5
FXYD5 5
CKMT1 5
PLEC 5
SFN 5
GM2A 5
2900026A02RIK 5
GPI1 5
2210411K11RIK 5
MUC2 5
AP1S1 5
HOXB13 5
ANTXR2 5
MGST1 5
ATP5G3 5
KCTD17 5
SEMA4A 5
1810027O10RIK 5
GSTO1 5
MFSD4 5
RPS19 5
GDPD1 5
H2-AB1 5
HCFC1R1 5
WFDC2 5
GAS7 5
EEF1G 5
GTF2F1 5
FTH1 5
CD74 5
H2-DMB2 5
MAPKAPK3 5
PRDX2 5
RAB25 5
GSTT3 5
GLRX 5
ATPIF1 5
PRSS32 5
ATP5L 5
H2-AA 5
ANXA1 5
TCEB2 5
COX7C 5
POLR1D 5
CCR2 5
NME1 5
LMNA 5
MIR703 5
TPI1 5
CD52 5
CAR2 5
GPR132 5
STMN1 5
SULF2 5
MMP13 5
SLCO3A1 5
AES 5
NDUFA7 5
IL1RN 5
TLR12 5
TXN2 5
STARD10 5
CLDN7 5
MYL6 5
NDUFB5 5
KRT8 5
CALM3 5
CYP4F18 5
AHNAK 5
ARPC3 5
TSPAN1 5
CCDC109B 5
HSD11B2 5
PSAP 5
N/A 5
TMC4 5
COX6A1 5
MTCH2 5
LAD1 5
DMBT1 5
GFPT1 5
CDHR5 5
RPSA 5
B3GNT8 5
ATP5G1 5
RALGDS 5
ACTG1 5
TSPO 5
CREB3L1 5
ATP5O 5
LDHA 5
ACOT7 5
NDUFS6 5
DBI 5
ALDOA 5
CDH1 5
FXYD2 5
COX5B 5
CAPN2 5
NDUFA11 5
NDUFA12 5
NCF4 5
HAO2 5
IDH3A 5
SNRPD2 5
CDX1 5
NET1 5
B4GALNT1 5
PRSS30 5
2310039H08RIK 5
ATOX1 5
CXCL16 5
EID1 5
KCNN4 5
UQCR10 5
ATP2A3 5
FAM129B 5
DGAT2 5
NAA10 5
LMNA 5
S100A16 5
GM12034 5
APRT 5
HDGF 5
COX7B 5
ITGA4 5
VIL1 5
GSTP2 5
NDUFB2 5
KCNE3 5
GPA33 5
1500003O03RIK 5
PGLS 5
GPX2 5
KRT18 5
NAA10 5
SELENBP2 5
UQCRQ 5
PLA2G2D 5
PAFAH1B3 5
SELENBP1 5
1810030J14RIK 5
PPP1R1B 5
RPL27 5
ATP5A1 5
AHNAK 5
SRI 5
BSPRY 5
1300014I06RIK 5
RNF186 5
GPR114 5
CCDC56 5
1110008P14RIK 5
MAOA 5
MRPL33 5
PKP3 5
TEP1 5
2200002D01RIK 5
LTB4R1 5
PTPRF 5
GSTM2 5
GSTP1 5
PRDX6 5
MRPL28 5
1110017F19RIK 5
IL1R2 5
ELOF1 5
BOLA3 5
HOPX 5
CARHSP1 5
NGFRAP1 5
CMPK1 5
SRI 5
S100A1 5
TPM4 5
PGK1 5
1810014F10RIK 5
SREBF2 5
PPAP2C 5
CBR2 5
CDC42EP5 5
ANO1 5
MS4A6C 5
PPA1 5
EIF3I 5
CHCHD10 5
ATP5B 5
CSRP2 5
PHGR1 5
TFF3 5
HINT1 5
3110003A17RIK 5
ATP5E 5
GUCA2A 5
S100A14 5
CBS 5
ATP5K 5
SCD2 5
KLK1 5
FH1 5
GALE 5
FUNDC2 5
FDPS 5
NDUFV2 5
CXCR4 5
IL3RA 5
TCEA3 5
HSD17B10 5
FCGBP 5
COX6B1 5
OLFM1 5
ELF3 5
CLEC10A 5
MMP12 5
ITGB7 5
CYP2C55 5
CRLF2 5
SH3PXD2B 5
GMDS 5
MICAL1 5
NT5C 5
TMPRSS4 5
DAP 5
ST6GALNAC6 5
FGL2 5
PAPSS2 5
TGM3 5
CLEC4A2 5
IFI27L2B 5
NAPSA 5
EMP1 5
MUC13 5
COX7A2 5
GSDMC4 5
ALDH1B1 5
TRAPPC6A 5
GIPC2 5
CLEC4A2 5
MAPK13 5
RETNLA 5
KRT7 5
PLP2 5
PDZK1IP1 5
MYO1A 5
FASN 5
ETHE1 5
GCAT 5
CS 5
TSTD1 5
MECR 5
CIB1 5
GLIPR2 5
CDH17 5
S100A13 5
ZG16 5
CD24A 5
NUDT19 5
PGCP 5
LSM4 5
CXCL2 5
CISD3 5
ATP1B1 5
SELM 5
GLIPR1 5
NANS 5
HNF4A 5
2410015M20RIK 5
AW011738 5
2310028O11RIK 5
EPB4.1L4B 5
ITGB4 5
SLC39A5 5
AK2 5
CCL17 5
COX8A 5
METTL7B 5
SPINK4 5
9530053A07RIK 5
CLEC2H 5
PHLDA1 5
CLCA4 5
PERP 5
EIF4EBP3 5
MS4A6B 5
SERF2 5
GJB3 5
CLCA3 5
CAR1 5
SLC6A14 5
AP1M2 5
TAF10 5
NOXA1 5
PRELID1 5
EPCAM 5
SLC25A5 5
AK3 5
NSA2 5
SH2D1B1 5
S100A4 5
N/A 5
CEACAM2 5
TUBA4A 5
CLDN3 5
MPEG1 5
DEGS2 5
SEPW1 5
IGFBP4 5
TMEM54 5
AGR2 5
PPP2R5A 5
IGJ 5
PARM1 5
SPR 5
9130017N09RIK 5
NOXO1 5
PGLYRP1 5
SYTL1 5
NDUFB8 5
ABHD14B 5
TPM1 5
2900053A13RIK 5
GSDMC3 5
DSTN 5
UQCR11 5
BHLHE40 5
TJP3 5
CYC1 5
NDUFA3 5
FDFT1 5
OCIAD2 5
1110001J03RIK 5
SNX3 5
UQCRC2 5
USH1C 5
PPP1R14D 5
NDUFB9 5
RECQL5 5
ATP9A 5
H2-K1 5
TM4SF20 5
SERPINB1A 5
PRR15L 5
VDR 5
MIR692-1 5
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mmu-miR-205-5p 3
mmu-miR-3102-3p.2-3p 3
mmu-miR-96-5p 3
mmu-miR-27b-3p 3
mmu-miR-34a-5p 3
mmu-miR-122-5p 3
mmu-miR-292-5p 3
mmu-miR-1247-3p 3
mmu-miR-126-5p 3
mmu-miR-149-3p 3
mmu-miR-150-5p 3
mmu-miR-151-5p 3
mmu-miR-1965 3
mmu-miR-291a-5p 3
mmu-miR-3077-5p 3
mmu-miR-3089-5p 3
mmu-miR-3102-3p 3
mmu-miR-3107-5p 3
mmu-miR-335-5p 3
mmu-miR-423-3p 3
mmu-miR-490-5p 1
mmu-miR-5131 1
mmu-miR-5621-5p 1
mmu-miR-6236 1
mmu-miR-6343 1
mmu-miR-6538 1
mmu-miR-680 1
mmu-miR-708-5p 1
mmu-miR-7a-5p 1
mmu-miR-92a-2-5p 1
mmu-miR-99b-3p 1

A MiR profile 

relative

row min row max

SC_MG SC_MG Liver_MF Liver_MF Gut_MF Gut_MF AnnotationIDmmu-let -7c-5p 4
mmu- le t -7 i -5p 4
mmu-miR-100-5p 4
mmu-miR-101b-3p 4
mmu-miR-103-3p 4
mmu-miR-107-3p 4
mmu-miR-124-3p 4
mmu-miR-140-3p 4
mmu-miR-140-5p 4
mmu-miR-15a-5p 4
mmu-miR-16-5p 4
mmu-miR-17-3p 4
mmu-miR-17-5p 4
mmu-miR-181a-1-3p 4
mmu-miR-181a-5p 4
mmu-miR-181b-5p 4
mmu-miR-181c-5p 4
mmu-miR-1839-3p 4
mmu-miR-1839-5p 4
mmu-miR-186-3p 4
mmu-miR-186-5p 4
mmu-miR-190a-5p 4
mmu-miR-191-3p 4
mmu-miR-20a-3p 4
mmu-miR-20b-5p 4
mmu-miR-29a-3p 4
mmu-miR-29a-5p 4
mmu-miR-29b-1-5p 4
mmu-miR-301a-3p 4
mmu-miR-3068-3p 4
mmu-miR-3070a-3p 4
mmu-miR-30e-3p 4
mmu-miR-3106-5p 4
mmu-miR-32-5p 4
mmu-miR-322-5p 4
mmu-miR-328-3p 4
mmu-miR-3963 4
mmu-miR-423-5p 4
mmu-miR-425-5p 4
mmu-miR-455-3p 4
mmu-miR-455-5p 4
mmu-miR-466b-3p 4
mmu-miR-467b-5p 4
mmu-miR-467e-5p 4
mmu-miR-5100 4
mmu-miR-5110 4
mmu-miR-5117-3p 4
mmu-miR-5119 4
mmu-miR-542-3p 4
mmu-miR-664-3p 4
mmu-miR-690 4
mmu-miR-9-3p 4
mmu-miR-9-5p 4
mmu-miR-93-5p 4
mmu-miR-98-5p 4
mmu-miR-29c-5p 5
mmu-miR-30a-5p 5
mmu-miR-30c-2-3p 5
mmu-miR-338-3p 5
mmu-miR-652-5p 5
mmu-miR-150-3p 5
mmu-miR-1843a-5p 5
mmu-miR-219-5p 5
mmu-miR-25-3p 5
mmu-miR-3069-3p 5
mmu-miR-30c-5p 5
mmu-miR-342-3p 5
mmu-miR-342-5p 5
mmu-miR-361-5p 5
mmu-miR-450a-5p 5
mmu-miR-503-5p 5
mmu-miR-505-3p 5
mmu-miR-542-5p 5
mmu-miR-6412 5
mmu-miR-744-5p 5
mmu-miR-125a-5p 2
mmu-miR-125b-5p 2
mmu-miR-130b-3p 2
mmu-miR-146a-5p 2
mmu-miR-146b-5p 2
mmu-miR-185-5p 2
mmu-miR-18a-5p 2
mmu-miR-19a-3p 2
mmu-miR-19b-3p 2
mmu-miR-203-3p 2
mmu-miR-20a-5p 2
mmu-miR-210-3p 2
mmu-miR-30e-5p 2
mmu-miR-324-5p 2
mmu-miR-326-3p 2
mmu-miR-33-5p 2
mmu-miR-345-5p 2
mmu-miR-350-3p 2
mmu-miR-374c-5p 2
mmu-miR-467a-3p 2
mmu-miR-483-3p 2
mmu-miR-484 2
mmu-miR-5117-5p 2
mmu-miR-532-3p 2
mmu-miR-99a-5p 2
mmu-miR-10a-5p 0
mmu-miR-1224-5p 0
mmu-miR-1306-3p 0
mmu-miR-1897-3p 0
mmu-miR-195a-3p 0
mmu-miR-1966-5p 0
mmu-miR-1967 0
mmu-miR-1971 0
mmu-miR-199a-5p 0
mmu-miR-21a-5p 0
mmu-miR-221-3p 0
mmu-miR-222-3p 0
mmu-miR-223-3p 0
mmu-miR-23a-5p 0
mmu-miR-28c 0
mmu-miR-3075-5p 0
mmu-miR-3113-5p 0
mmu-miR-3472 0
mmu-miR-3474 0
mmu-miR-450a-2-3p 0
mmu-miR-494-3p 0
mmu-miR-497-5p 0
mmu-miR-504-3p 0
mmu-miR-5103 0
mmu-miR-5105 0
mmu-miR-511-3p 0
mmu-miR-5115 0
mmu-miR-5118 0
mmu-miR-5126 0
mmu-miR-5132-3p 0
mmu-miR-5622-3p 0
mmu-miR-6238 0
mmu-miR-6351 0
mmu-miR-6391 0
mmu-miR-6392-3p 0
mmu-miR-6394 0
mmu-miR-6401 0
mmu-miR-681 0
mmu-miR-691 0
mmu-miR-710 0
mmu-miR-714 0
mmu-miR-1231-5p 0
mmu-miR-125a-3p 0
mmu-miR-126-3p 0
mmu-miR-135a-1-3p 0
mmu-miR-1940 0
mmu-miR-211-3p 0
mmu-miR-2137 0
mmu-miR-3058-3p 0
mmu-miR-3091-5p 0
mmu-miR-328-5p 0
mmu-miR-370-3p 0
mmu-miR-3960 0
mmu-miR-6240 0
mmu-miR-721 0
mmu-miR-139-5p 0
mmu-miR-878-3p 0
mmu-miR-10b-5p 3
mmu-miR-143-3p 3
mmu-miR-145a-5p 3
mmu-miR-196a-5p 3
mmu-miR-1a-3p 3
mmu-miR-200b-5p 3
mmu-miR-205-5p 3
mmu-miR-3102-3p.2-3p 3
mmu-miR-96-5p 3
mmu-miR-27b-3p 3
mmu-miR-34a-5p 3
mmu-miR-122-5p 3
mmu-miR-292-5p 3
mmu-miR-1247-3p 3
mmu-miR-126-5p 3
mmu-miR-149-3p 3
mmu-miR-150-5p 3
mmu-miR-151-5p 3
mmu-miR-1965 3
mmu-miR-291a-5p 3
mmu-miR-3077-5p 3
mmu-miR-3089-5p 3
mmu-miR-3102-3p 3
mmu-miR-3107-5p 3
mmu-miR-335-5p 3
mmu-miR-423-3p 3
mmu-miR-490-5p 1
mmu-miR-5131 1
mmu-miR-5621-5p 1
mmu-miR-6236 1
mmu-miR-6343 1
mmu-miR-6538 1
mmu-miR-680 1
mmu-miR-708-5p 1
mmu-miR-7a-5p 1
mmu-miR-92a-2-5p 1
mmu-miR-99b-3p 1

relative

row min row max

SC
_M

G
SC

_M
G

Liv
er_

MF
Liv

er_
MF

Gu
t_M

F
Gu

t_M
F

AnnotationID
mmu-let -7c-5p 4
mmu- le t -7 i -5p 4
mmu-miR-100-5p 4
mmu-miR-101b-3p 4
mmu-miR-103-3p 4
mmu-miR-107-3p 4
mmu-miR-124-3p 4
mmu-miR-140-3p 4
mmu-miR-140-5p 4
mmu-miR-15a-5p 4
mmu-miR-16-5p 4
mmu-miR-17-3p 4
mmu-miR-17-5p 4
mmu-miR-181a-1-3p 4
mmu-miR-181a-5p 4
mmu-miR-181b-5p 4
mmu-miR-181c-5p 4
mmu-miR-1839-3p 4
mmu-miR-1839-5p 4
mmu-miR-186-3p 4
mmu-miR-186-5p 4
mmu-miR-190a-5p 4
mmu-miR-191-3p 4
mmu-miR-20a-3p 4
mmu-miR-20b-5p 4
mmu-miR-29a-3p 4
mmu-miR-29a-5p 4
mmu-miR-29b-1-5p 4
mmu-miR-301a-3p 4
mmu-miR-3068-3p 4
mmu-miR-3070a-3p 4
mmu-miR-30e-3p 4
mmu-miR-3106-5p 4
mmu-miR-32-5p 4
mmu-miR-322-5p 4
mmu-miR-328-3p 4
mmu-miR-3963 4
mmu-miR-423-5p 4
mmu-miR-425-5p 4
mmu-miR-455-3p 4
mmu-miR-455-5p 4
mmu-miR-466b-3p 4
mmu-miR-467b-5p 4
mmu-miR-467e-5p 4
mmu-miR-5100 4
mmu-miR-5110 4
mmu-miR-5117-3p 4
mmu-miR-5119 4
mmu-miR-542-3p 4
mmu-miR-664-3p 4
mmu-miR-690 4
mmu-miR-9-3p 4
mmu-miR-9-5p 4
mmu-miR-93-5p 4
mmu-miR-98-5p 4
mmu-miR-29c-5p 5
mmu-miR-30a-5p 5
mmu-miR-30c-2-3p 5
mmu-miR-338-3p 5
mmu-miR-652-5p 5
mmu-miR-150-3p 5
mmu-miR-1843a-5p 5
mmu-miR-219-5p 5
mmu-miR-25-3p 5
mmu-miR-3069-3p 5
mmu-miR-30c-5p 5
mmu-miR-342-3p 5
mmu-miR-342-5p 5
mmu-miR-361-5p 5
mmu-miR-450a-5p 5
mmu-miR-503-5p 5
mmu-miR-505-3p 5
mmu-miR-542-5p 5
mmu-miR-6412 5
mmu-miR-744-5p 5
mmu-miR-125a-5p 2
mmu-miR-125b-5p 2
mmu-miR-130b-3p 2
mmu-miR-146a-5p 2
mmu-miR-146b-5p 2
mmu-miR-185-5p 2
mmu-miR-18a-5p 2
mmu-miR-19a-3p 2
mmu-miR-19b-3p 2
mmu-miR-203-3p 2
mmu-miR-20a-5p 2
mmu-miR-210-3p 2
mmu-miR-30e-5p 2
mmu-miR-324-5p 2
mmu-miR-326-3p 2
mmu-miR-33-5p 2
mmu-miR-345-5p 2
mmu-miR-350-3p 2
mmu-miR-374c-5p 2
mmu-miR-467a-3p 2
mmu-miR-483-3p 2
mmu-miR-484 2
mmu-miR-5117-5p 2
mmu-miR-532-3p 2
mmu-miR-99a-5p 2
mmu-miR-10a-5p 0
mmu-miR-1224-5p 0
mmu-miR-1306-3p 0
mmu-miR-1897-3p 0
mmu-miR-195a-3p 0
mmu-miR-1966-5p 0
mmu-miR-1967 0
mmu-miR-1971 0
mmu-miR-199a-5p 0
mmu-miR-21a-5p 0
mmu-miR-221-3p 0
mmu-miR-222-3p 0
mmu-miR-223-3p 0
mmu-miR-23a-5p 0
mmu-miR-28c 0
mmu-miR-3075-5p 0
mmu-miR-3113-5p 0
mmu-miR-3472 0
mmu-miR-3474 0
mmu-miR-450a-2-3p 0
mmu-miR-494-3p 0
mmu-miR-497-5p 0
mmu-miR-504-3p 0
mmu-miR-5103 0
mmu-miR-5105 0
mmu-miR-511-3p 0
mmu-miR-5115 0
mmu-miR-5118 0
mmu-miR-5126 0
mmu-miR-5132-3p 0
mmu-miR-5622-3p 0
mmu-miR-6238 0
mmu-miR-6351 0
mmu-miR-6391 0
mmu-miR-6392-3p 0
mmu-miR-6394 0
mmu-miR-6401 0
mmu-miR-681 0
mmu-miR-691 0
mmu-miR-710 0
mmu-miR-714 0
mmu-miR-1231-5p 0
mmu-miR-125a-3p 0
mmu-miR-126-3p 0
mmu-miR-135a-1-3p 0
mmu-miR-1940 0
mmu-miR-211-3p 0
mmu-miR-2137 0
mmu-miR-3058-3p 0
mmu-miR-3091-5p 0
mmu-miR-328-5p 0
mmu-miR-370-3p 0
mmu-miR-3960 0
mmu-miR-6240 0
mmu-miR-721 0
mmu-miR-139-5p 0
mmu-miR-878-3p 0
mmu-miR-10b-5p 3
mmu-miR-143-3p 3
mmu-miR-145a-5p 3
mmu-miR-196a-5p 3
mmu-miR-1a-3p 3
mmu-miR-200b-5p 3
mmu-miR-205-5p 3
mmu-miR-3102-3p.2-3p 3
mmu-miR-96-5p 3
mmu-miR-27b-3p 3
mmu-miR-34a-5p 3
mmu-miR-122-5p 3
mmu-miR-292-5p 3
mmu-miR-1247-3p 3
mmu-miR-126-5p 3
mmu-miR-149-3p 3
mmu-miR-150-5p 3
mmu-miR-151-5p 3
mmu-miR-1965 3
mmu-miR-291a-5p 3
mmu-miR-3077-5p 3
mmu-miR-3089-5p 3
mmu-miR-3102-3p 3
mmu-miR-3107-5p 3
mmu-miR-335-5p 3
mmu-miR-423-3p 3
mmu-miR-490-5p 1
mmu-miR-5131 1
mmu-miR-5621-5p 1
mmu-miR-6236 1
mmu-miR-6343 1
mmu-miR-6538 1
mmu-miR-680 1
mmu-miR-708-5p 1
mmu-miR-7a-5p 1
mmu-miR-92a-2-5p 1
mmu-miR-99b-3p 1

miR103-3p 
miR107-3p 

miR181b-5p 

miR-99a 
miR-125b-5p 

miR-342-3p 

73 MG 
unique 
miRNAs 

Examples: 

TGFβ induced 

Predicted to  
target Cybb 

Slc1a3 
Nav2 

Mmp2 

miR-146a-5p 



	
   22	
  

2C). In addition, we performed a qRT-PCR analysis for three miRNAs highly 

expressed by WT microglia: miR-146a, known to regulate innate immunity [91], miR-

142-3p, and miR200c. All these miRs showed a significant reduction in microglia 

isolated from Cx3cr1Cre:Dicer fl/fl mice (Fig. 2D).   	
  

Taken together this confirms the Dicer gene deletion and lack of Dicer activity in 

microglia of Cx3cr1Cre:Dicer fl/fl mice. 

 

 
 
Figure 2. Cx3cr1Cre:Dicerfl//fl mice show an efficient Dicer loss in microglia.  
(A) A scheme describing the transgenic mouse model used for microglia dicer deletion and a time scale 
for analyzing dicer allel deletion efficiency. (B) Flow cytometry analysis images showing sorted brain 
microglia from either Cx3cr1Cre:Dicerfl//fl or Dicerfl/fl  mice pool (n=6 for each pool). Microglia were 
characterized as Ly6GnegLy6CnegCD45intCD11b+ cells. (C) Representative genomic PCR analysis image 
showing the PCR product for Dicer exon 24 deleted allele. Note that it appears only in 
Cx3cr1Cre:Dicerfl//fl brain sorted Microglia. (D) Graphical summary showing qRT-PCR analysis for miR-
146a, miR-142-3p and miR-200c expression within microglia sorted from brains of Cx3cr1Cre:Dicerfl//fl  
or Dicerfl/fl  mice. Data are expressed as mean +/- SEM, statistically analyzed with student T test (n=3 per 
group). 
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2.3 Cx3cr1Cre:Dicer fl/fl mice display a reduced motoric function.  

Cx3cr1Cre:Dicer fl/fl mice were born at normal Mendelian frequencies and did not 

show gross developmental problems. At the age of 8 weeks, however, Cx3cr1Cre:Dicer 
fl/fl mice started to display a motoric dysfunction, as indicated by their inability to 

spread their hind legs, when raised by their tails (data not shown). To further 

investigate and quantify the motoric activity of the animals, we subjected Dicerfl/fl and 

Cx3cr1Cre:Dicer fl/fl mice to established locomotion tests (Fig. 3A), including an assay 

for hind limb function, hang-wire and rotarod motoric tests (Fig. 3B, C). All these 

assays for motoric functions revealed significant motoric impairment of 

Cx3cr1Cre:Dicer fl/fl mice. Interestingly, the motoric impairment was not detectable 

before 8 weeks of age, although Dicer deletion in these mice occurs already at the 

stage of CX3CR1+ microglia precursors [80], which reside in the CNS at E9.5 [1, 4, 

21]. Collectively, the above results demonstrate a late onset motoric deficiency due to 

Dicer-deficiency in microglia.  
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Figure 3. Cx3cr1Cre:Dicerfl//fl mice show a reduced motoric function.  
(A) Graphical summary showing home-cage locomotion during continuous periods of light (X-axis, 
marked in yellow) and dark (X-axis, marked in gray) showing that Cx3cr1Cre:Dicerfl//fl mice have 
reduced activity during dark period. (B) Graphical summary of hang-wire test showing that 
Cx3cr1Cre:Dicerfl//fl mice have longer latency to grip wire with hind legs. (C) Graphical summary of 
rotarod spinning wheel test showing that Cx3cr1Cre:Dicerfl//fl mice fall quicker from the rotarod. 
Locomotion test is plotted as average activity per group for each time point, statistically measured with 
repeated students T test. Hang-wire and rotarod data are displayed as mean +/- SEM, and statistically 
analyzed with students T test (6 weeks: n=5 and 8 for Dicer fl/fl and Cx3cr1Cre:Dicerfl//fl mice, 
respectively; 8 weeks: n=7 and 8 for Dicer fl/ fl and Cx3cr1Cre:Dicerfl//fl  mice, respectively). 
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2.4 Microglial Dicer deficiency results in astrocytosis at specific brain areas, 

related to motoric activity.  

Given the neurologic deficiency of the Cx3cr1Cre:Dicer fl/fl mice, we measured 

their brain sizes and weights. Eight week old mice though displaying motoric 

impairment, did not show any obvious changes in brain size or weight, however older 

mice (24 weeks) revealed reductions (Fig. 4A, B). Next, the specific brain areas related 

to motoric behavior in mice, such as the motor cortex, cerebellum and brainstem, were 

examined for signs of reactive proliferating astrocytes, a process termed astrocytosis, 

and associated with neuronal damage due to trauma, infection, and neurodegenerative 

disease [92]. Sagittal sections of brainstems, cerebellum (Cb), and cortex (Fig. 4C) 

were examined by immunofluorescent labeling for the astrocyte-specific glial fibrillary 

acidic protein (GFAP). Interestingly, brainstem and cerebellum of Cx3cr1Cre:Dicer fl/fl 

mice displayed astrocytosis, while the cortex was normal. Therefore, neuronal damage 

occuring specifically in brainstem and cerebellum might be related to the motoric 

impairment revealed in hind limbs. 
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Figure 4. Cx3cr1Cre:Dicerfl//fll mice show a reduced brain size and an appearance of astrocytosis in 
brainstem and cerebellum. (A) Representative pictures of whole brains isolated from 8 and 24 weeks 
old mice. (B) Graphical summary showing statistically significant reduction in brain weight in 24 weeks 
but not 8 weeks old Cx3cr1Cre:Dicerfl//fl mice (n=4 for both). Statistics was measured with students T 
test. (C) Representative pictures for GFAP staining (red) showing accumulated astrocytosis in brain-
stem and cerebellum (Cb), but not cortex of 24 weeks old Cx3cr1Cre:Dicerfl//fl mice.  
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2.5 Cx3cr1Cre:Dicer fl/fl mice display astrocytosis, and reduced motor neuron 

numbers in the L5 ventral horn of the spinal cord. 

Given their motoric deficiency of the hind limbs and the prominent astrocytosis in 

brainstem and cerebellum, we next screened the spinal cord (SC) lumbar 5 (L5) area of 

the Cx3cr1Cre:Dicer fl/fl mice, which innervates the hind limb musculature, for signs of 

pathology. GFAP staining revealed profound astrocytosis within the SC-L5 

parenchyma of Cx3cr1Cre:Dicer fl/fl  mice, already at 8 weeks of age, but not before 

(Fig. 5A, B).  

Next, we analyzed motor neuron cell numbers using immunofluorescent staining 

for choline acetyl-transferase (ChAT) to probe for neuronal degeneration. The average 

number of motor neurons in the ventral horn was calculated from 10 consecutive 

sections covering the whole L5 area of the SC. Fluorescent microscopy analysis 

revealed a significant 30-40% reduction of motor neurons within the L5 of 

Cx3cr1Cre:Dicer fl/fl mice compared to littermate controls at 24 weeks, but not 8 weeks  

(Fig. 6A, B). Caspase-3 staining for apoptosis, revealed the presence of apoptotic 

motor neurons within the L5-SC of Cx3cr1Cre:Dicer fl/fl mice at 8-12 weeks of age (Fig. 

6 C, D).  

The results above demonstrate an accumulative damage occurring in the SC-L5 of 

Cx3cr1Cre:Dicer fl/fl mice, including prominent astrocytosis at the age of 8 weeks and a 

reduction in the number of ventral horn motor neurons by 24 weeks of age. 
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Figure 5 Cx3cr1Cre:Dicerfl//fl mice display astrocytosis in the L5-SC. 
(A) Representative immunofluorescent images of SC-L5 area from Dicerfl/fl versus Cx3cr1Cre:Dicerfl//fl 
mice showing astrocyte specific staining with anti GFAP (red), in addition to nuclei Dapi 
counterstaining (blue). (B) Graphical summary showing that astrocyte number per mm2 area (n=3, per 
group) is increased in Cx3cr1Cre:Dicerfl//fl mice.  
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Figure 6. Cx3cr1Cre:Dicerfl//fl mice display reduced motor neurons number in the SC-L5 area. 
(A) Representative immunofluorescent images of SC-L5 area from Dicerfl/fl versus Cx3cr1Cre:Dicerfl//fl 8 
weeks and 24 weeks old mice, showing motor neuron specific staining with anti ChAT (green), in 
addition to nuclei Dapi counterstaining (blue). (B) Graphical summary showing that motor neuron 
number per mm2 area (n=4, per group) is decreased in 24 weeks but not 8 weeks old Cx3cr1Cre:Dicerfl//fl 
mice. (C) Representative immunofluorescent images of SC-L5 area from Dicerfl/fl versus 
Cx3cr1Cre:Dicerfl//fl mice showing staining for apoptotic neurons labeled with the neuronal marker-Neu-n 
(red), apoptosis marker-cleaved caspase-3 (green), and nuclei counterstaining-Dapi (blue). Arrows 
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highlight Neu-n+Caspase3+ apoptotic neurons. (n=3, per group). (D) Graphical summary showing an 
increase in apoptotic motor neuron number per mm2 in Cx3cr1Cre:Dicerfl//fl mice (n=3, per group). 
Quantitative data for all experiments here are expressed as mean +/- SEM and statistically analyzed with 
students T test (P value represented by * <=0.05, ** <= 0.01, or *** <=0.001). 
 

2.6 Cx3cr1Cre:Dicer fl/fl mice show an accumulation of Mac2+ phagocytic cells and 

a reduced number of axons in L5- ventral root. 

The innervation of leg muscles occurs via the sciatic nerve, which is composed 

from the L4 and L5 motor neuron axonal roots (ventral roots). The sciatic nerve 

originates in the CNS, but most of the nerve is located in the peripheral nervous system 

(PNS). Therefore damage in either compartment could be harmful to its integrity and 

impair hind limb motorics. L5 axonal root degeneration is a known feature of 

neurodegenerative diseases, such as ALS, commonly seen in human patients and the 

mSOD1 mouse model [93, 94], even prior to L5 motor neurons loss [94]. Sciatic nerve 

degeneration triggers a regenerative process, which involves Schwann cells and/or 

infiltrating macrophages that phagocytose myelin debris shed from damaged axons 

[95]. Both cell types express the galactose specific lectin galectin-3, also named Mac-2 

[96], a molecule functionally important for myelin phagocytosis following axonal 

injury as demonstrated in Mac2 deficient mice [96]. In order to probe for potential 

axonal damage in Cx3cr1Cre:Dicer fl/fl mice, we specifically excised L5 ventral roots 

and performed a staining for ChAT and Mac2. We observed a prominent accumulation 

of Mac2+ cells specifically in Cx3cr1Cre:Dicer fl/fl mice of all age groups tested, 

including time points before the onset of motoric impairment (6 weeks) (Fig. 7A). 

Motor axon numbers per L5 root were reduced in later stages (24 weeks) (Fig. 7B), 

similarly to late occurring motor neuron cell body loss (Fig. 6A, B). Collectively, these 

results show that Dicer deficient microglia cause axonal damage in the SC-L5 ventral 

roots. 
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Figure 7. Cx3cr1Cre:Dicerfl//fl mice show increased incidence of Mac2+ phagocytic cells in L5 ventral 
roots and reduction of overall axonal number per root.  
Representative immunofluorescent images of SC-L5 ventral root cross sections, isolated from either 
Dicerfl/fl or Cx3cr1Cre:Dicerfl//fl at the age of 6, 8 and 24 weeks (A), motor axons are labeled with ChAT 
(green), phagocytic cells are labeled with Mac2 (red). (B) Graphical summary of 8 and 24 weeks old 
mice axonal number per root, showing reduced number of axons in 24 weeks old Cx3cr1Cre:Dicerfl//fl 

mice. All data are expressed as mean +/- SEM. (n=3, in 8 weeks and 24 weeks old mice). Statistical 
analysis was performed with Students T test. 
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2.7 Histological evaluation of Cx3cr1Cre:Dicer fl/fl microglia reveals their activation 

and increased turnover.  

2.7.1 Dicer-deficient microglia show an activated phenotype. 

In order to evaluate the activation state of the Dicer-deficient microglia, we 

performed an immunofluorescent staining for the microglia marker Iba1(ionized 

calcium-binding adapter molecule 1) on sections of cortex, cerebellum and SC of 8 

week old Cx3cr1Cre:Dicer fl/fl and littermate Dicerfl/fl mice. Fluorescent microscopic 

imaging revealed a typical ramified morphology for Dicerfl/fl microglia. In contrast, 

microglia of Cx3cr1Cre:Dicer fl/fl mice exhibited amoeboid shapes and increased cell 

body sizes (Fig. 8A). Quantitative morphometric analysis of 3D-reconstructed images 

of single microglia cells revealed additional features, such as reduced dendrite length 

and branching (Fig. 8B, C). SC sections were also stained for the activation marker 

CD68, which is associated with microglia polarization towards a pro-inflammatory 

phenotype [50]. Sections were taken from tissues of 4-6 weeks old mice, a period 

before obvious impaired motoric phenotype, in an attempt to separate intrinsic changes 

of the mutant microglia from microglial responses to neuronal damage. 

Cx3cr1Cre:Dicer fl/fl mice displayed elevated expression of CD68 (Fig. 8D). CD68 

expression was also evaluated by flow-cytometry, alongside with MHCII and the co-

stimulatory molecule CD86. All these markers were found to be increased in 4-6 

weeks old Cx3cr1Cre:Dicer fl/fl mice, as compared to littermate controls (Fig. 8E). 

Collectively, these results show that a Dicer deficiency of microglia results in 

microglia activation and the expression of markers associated with inflammation. 
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Figure 8. Cx3cr1Cre:Dicerfl//fl microglia show an activated phenotype. (A) A representative fluorescent 
microscopic images of paraffin sections of motor cortex, cerebellum and SC tissues extracted from 8 
weeks old Dicerfl/fl or Cx3cr1Cre:Dicerfl//fl mice showing staining for Iba1 (red) and Dapi (blue). (B, C) 
Quantitative morphometric analysis of 3D-reconstructed images of single Microglia cells, isolated from 
8 weeks old mice, showing dendrite length and number of branches. (n=3 of both Dicerfl/fl and 
Cx3cr1Cre:Dicerfl//fl). (D) Representative fluorescent microscopic images of paraffin sections of SC-L5 
area, extracted from 4 weeks old Dicerfl/fl or Cx3cr1Cre:Dicerfl//fl mice showing staining for Dapi (blue), 
Iba1 (red), and CD68 (green). (E) Flow cytometry analysis images showing expression of CD68, MHCII 
and CD86 co-stimulatory molecules in SC microglia isolated from 4-6 weeks old Cx3cr1Cre:Dicerfl//fl 
and Dicerfl/fl mice (n=6 and n=5 respectively). For all results here, data are expressed as mean +/- SEM, 
statistically analyzed with student T test (P value represented by * <=0.05, or ** <= 0.01). 
The above immunohistochemistry was done in collaboration with Dr. Thomas Blank from the lab of 
Prof. Marco Prinz, Universitats klinikum Freiburg.  

B Cx3cr1Cre: Dicer fl/fl 

20 µm 

Dicer fl/fl 

C 

Dicer fl
/fl

CX3CR1-Cre X Dicer fl
/fl

0

100

200

300

400

500

*

To
tal

 de
nd

rit
e l

en
gth

 (µ
m)

Dicer fl/fl Cx3cr1Cre:  
Dicer fl/fl To

ta
l d

en
dr

ite
 le

ng
th

  
(µ

m
) 0 

100 
200 
300 
400 
500 

Dicer fl
/fl

CX3CR1-Cre X Dicer fl
/fl

0

10

20

30

40

*

No
 of

 br
an

ch
 po

int
s

N
o.

 o
f b

ra
nc

h 
po

in
ts

 

0 

10 

20 

30 

40 

Dicer fl/fl Cx3cr1Cre:  
Dicer fl/fl 

D 

Dapi 
Iba1 
CD68 

Dicerfl/fl CX3CR1Cre: Dicer fl/fl 

50 µm 

Gated on spinal cord MG: 
Cx3cr1Cre: 
Dicer fl/fl 

Dicerfl/fl E 

%
 o

ut
 o

f m
ax

 

0 
20 
40 
60 
80 

100 
CD68  MHCII  

0 
20 
40 
60 
80 

100 
CD86 

0 
20 
40 
60 
80 

100 

0 102 103 104 105

<YG PE-A>

0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105 0 102 103 104 105 0 102 103 104 105 



	
   35	
  

2.7.2 Dicer-deficient microglia display increased cell proliferation and apoptosis. 

Microglia activation during challenge is associated with their increased 

proliferation, followed by apoptosis at the disease resolution stage [97]. Dicer 

deficiency was shown to promote apoptosis in epidermal resident CD11c+ cells (i.e., 

Langerhans cells, LC), using a CD11cCre:Dicerfl/fl mouse model [98].  Therefore, we 

decided to explore both proliferation and apoptosis in Cx3cr1Cre:Dicer fl/fl microglia. 

To examine microglial proliferation in the SC-L5 area we stained for the intra-cellular 

proliferation marker Ki67, present only during active phases of cell cycle. Microscopy 

analysis revealed an increased number of cells positive for both Iba1 and Ki67 among 

the Dicer-deficient microglia (Fig. 9A, B). To assess the apoptosis rate, we performed 

a terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling 

(TUNEL). Analysis revealed the presence of apoptotic TUNEL+ Iba1+ Dicer-deficient 

microglia (Fig. 9C, D). Furthermore, the number of Iba1+ microglia cells was reduced 

in SC of 6-month old Cx3cr1Cre:Dicer fl/fl mice (Fig.10E, F). Collectively, these results 

suggest that the Dicer-deficiency in microglia results in an increased turnover, 

manifested in increased proliferation and apoptosis, culminating in a progressive  

reduction of microglia cells with age. 
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Figure 9. Increased proliferation and apoptosis rate, in addition to age dependent frequency 
reduction of Cx3cr1Cre:Dicerfl//fl microglia. (A) Representative immunofluorescent images of SC-L5 
area from Dicerfl/fl versus Cx3cr1Cre:Dicerfl//fl mice. Paraffin sections were stained with Dapi (blue), Iba1 
(red), and Ki67 (green). Arrows highlight Iba1+Ki67+cells. (B) Graphical summary showing the 
percentage of Ki67+ events out of Iba1+ Microglia cells  (n=3 per group). (C) Representative 
immunofluorescent images of SC-L5 area from Dicerfl/fl versus Cx3cr1Cre:Dicerfl//fl mice. Paraffin 
sections were stained with Dapi (blue), Iba1 (red), and TUNEL (green). Arrows highlight Iba1+TUNEL+ 
apoptotic Microglia cells. (D) Graphical summary showing the percentage of TUNEL+ events out of 
Iba1+ microglia cells (n=3 per group). (E) Representative immunofluorescent images of SC-L5 area 
from 6-month old Dicer fl/fl versus Cx3cr1Cre:Dicerfl//fl mice. Floating sections were stained with Dapi 
(blue) and Iba1 (red). (H) Graphical summary showing the number of Iba1+ Microglia cells per area. 
Data for all experiments here are expressed as mean +/- SEM and statistically analyzed with students T 
test (P value represented by * <=0.05, or ** <= 0.01). The above immunohistochemistry was done in 
collaboration with Dr. Thomas Blank from the lab of Prof. Marco Prinz, Universitats klinikum Freiburg.  
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2.8 Microarray analysis of the mRNA of Dicer-deficient microglia reveals their 

activation and loss of unique homeostatic gene signature. 

To identify molecular pathways controlled by miRs in microglia we performed an 

Affymetrix microarray chip analysis of microglia sorted fro m Dicerfl/fl 

andCx3cr1Cre:Dicer fl/fl brains and SC. Six weeks old mice were analyzed in order to 

reveal differences between Dicerfl/fl and Cx3cr1Cre:Dicer fl/fl microglia prior to motoric 

phenotype (onset at 8 weeks), and reduce a secondary impact of neuronal damage (Fig. 

10A). Cx3cr1Cre:Dicer fl/fl  microglia from brain and SC shared common differentially 

expressed genes (248), i.e. 30% out of all differentially expressed genes (794). The rest 

of the differentially expressed genes were divided into brain only (396) and SC only 

sets (150). These differentially expressed genes found exclusively in Cx3cr1Cre:Dicer 
fl/fl brain and SC might reflect differences between microglia in these specific CNS 

compartments [99].  

Common differentially expressed genes in brain and SC of Cx3cr1Cre:Dicer fl/fl 

microglia could be divided into 190 upregulated and 58 downregulated genes (Fig. 

10B), and were functionally categorized according to GO annotations. Upregulated 

genes fell into the following groups: neurotoxicity and ROS, immune mediators, PRR, 

cytokines, complement signaling, apoptosis, cell division, ECM, and cell motility (Fig. 

10C). The “ROS production” cluster was particularly relevant to microglia 

neurotoxicity, especially with respect to the pro-inflammatory oxidase Nox2 (Cybb), a 

key component in generation of reactive oxygen species [100]. Another upregulated 

gene associated with generation of ROS is Xdh, which was reported to be increased in 

mSOD1 microglia associated with ALS [12]. The “immune mediators” cluster contains 

genes related to microglia/ macrophage activation. It includes Trem1 and Trem3, 

which amplify innate inflammatory response [101]. The upregulated genes S100a8 and 

S100a9 are members of the S100-protein family performing calcium-binding acivity 

and have lately been identified as important endogenous DAMPs, secreted as a 

complex by activated phagocytes and recognized by TLR4 [102]. Of note, S100a8 and 

S100a9 were reported to be increased in brain microglia associated with various 

neurological disorders [103, 104]. Lcn2 is a member of the lipocalin family, and is 

involved in innate immunity by sequestering of iron and limiting bacterial growth 

[105]. Interestingly, Lipocalin-2 promotes neuronal death [106], and regulates 

activation and ameboid morphology transformation of microglia [107, 108]. Lastly, 
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Spp1 (Osteopontin) was proposed to be neurotoxic since it contributed to disease 

progression in EAE [109] and increased in mSOD1 microglia, but was also shown to 

have a neuroprotective role in a model of spinal cord injury (SCI) [110]. 

Downregulated genes were categorized by the GO analysis into “Neuronal 

development and function”, “ECM”, and genes recently identified as “steady state 

microglia signature” [13]. Interestingly, the “neuronal development” cluster contained 

Nav2, which was shown to promote neurite outgrowth in SC and hindbrain during 

development [111]. An additional downregulated gene involved with the control of 

neuronal function is GLAST (Slc1a3), a glutamate transporter required for clearance of 

access extracellular glutamate and prevention of neuronal damage [112, 113]. Overall, 

Dicer-deficient microglia become activated with increased expression of genes related 

to inflammatory response and neurotoxicity. This is in line with other 

neurodegenerative models, such as the SOD1 ALS model [12]. In addition Dicer-

deficient microglia displayed decreased expression of genes related to neuronal 

development.  
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Figure 10 (A-B). Cx3cr1Cre:Dicerfl//fl microglia increase pro-inflammatory & neurotoxic factors.  
(A) Time scale showing microglia were isolated at 6 weeks, prior to obvious motoric impairments. (B) 
A scatter plot showing differentially expressed mRNA (FC, >=2 or =<-2; P=<0.05) in 
Cx3cr1Cre:Dicerfl//fl microglia isolated from either Brain (X axis) or SC (Y axis). mRNA expression was 
analysed with ST1 affymetrix microarray. Intensity values were normalized and the log difference 
between Cx3cr1Cre:Dicerfl//fl and Dicerfl/fl of differentialy expressed genes is displayed. Number of 
replicates was; brain n=2 (both Dicerfl/fl and Cx3cr1Cre:Dicerfl//fl), and SC n=3 (both Dicerfl/fl and 
Cx3cr1Cre:Dicerfl//fl), with each replicate pooled from 6-8 mice.  Statistical significance test was 
performed with Anova. 
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Figure 10 (C-D). Functional categorization of differentially expressed genes in Cx3cr1Cre:Dicerfl//fl 
(KO) Microglia. (C) A Heat map displaying functional clustering according to GO annotations of 
significantly Up regulated  genes (P<0.05, FC>2), in Cx3cr1Cre:Dicerfl//fl  (KO) Vs. Dicerfl/fl (WT) 
microglia. (D) A Heat map displaying functional clustering according to GO annotations of down 
regulated genes (P<0.05, FC<-2), of Cx3cr1Cre:Dicerfl//fl  (KO) Vs. Dicerfl/fl (WT) microglia. Colors 
represent signal intensity values derived from affymetrix microarray platform. Number of replicates 
was; brain n=2 (both WT and KO), and SC n=3 (both WT and KO), with each replicate pooled from 6-8 
mice.  Statistical significance test was performed with Anova. 
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2.9 Reconstitution of Dicer-deficient microglia by BM-derived WT brain 

macrophages does not rescue the motoric-deficiency. 

Lethal irradiation and subsequent complementary bone marrow (BM) transfer 

results in full reconstitution of peripheral BM-derived hematopoietic cells, but replaces 

only 10-15% of the microglia compartment [14, 93]. Under specific disease conditions 

a more efficient reconstitution and functional rescue of impaired microglia has been 

reported. Thus, transfer of WT BM into 4 week old Mecp2-/- hosts, a murine Rett 

syndrome model associated with diverse neurological deficits and pre-mature death, 

was reported to result in long-term engraftment of the brain parenchyma by BM-

derived microglia-like cells and arrest of disease development [114]. 
 

To examine if we can rescue Cx3cr1Cre:Dicer fl/fl mice from the progressive motor 

neuron deficiency we transferred CD45.1+ WT BM into lethally irradiated CD45.2+  

Cx3cr1Cre:Dicer fl/fl recipients generating (WT > Cx3cr1Cre:Dicer fl/fl) BM chimeras and 

as a control, we transferred CD45.1+ WT BM into CD45.2+ WT recipients, generating 

(WT > WT) BM chimeras. In addition, we wished to elucidate if Dicer-deficient 

monocyte-derived macrophages (also targeted in the Cx3cr1Cre:Dicer fl/fl mice) would 

contribute to the disease via damage to central or peripheral nervous system. For that 

purpose we generated Cx3cr1Cre:Dicerfl/fl: RosaYfp BM transfer into CD45.1+ WT 

recipients (Cx3cr1Cre:Dicer fl/fl: RosaYfp > WT). Of note, the Mac2+ cells found in L5 

motoric roots of Cx3cr1Cre:Dicer fl/fl mice (Fig. 7), have been reported in other systems 

to be partially comprised of infiltrating peripheral macrophages [95, 96]. In addition, 

we generated Cx3cr1Cre:Dicerfl/fl: RosaYfp BM transfer into Cx3cr1Cre:Dicer fl/fl 

recipients (Cx3cr1Cre:Dicerfl/fl: RosaYfp > Cx3cr1Cre:Dicer fl/fl ).  

Interestingly, both Cx3cr1Cre:Dicer fl/fl recipient groups (WT>Cx3cr1Cre:Dicer fl/fl , 

and Cx3cr1Cre:Dicer fl/fl:RosaYfp > Cx3cr1Cre:Dicer fl/fl) developed motoric deficiencies 

indicated by reduced locomotor activity and an impaired ability to grip wire (Fig. 11A, 

B), therefore WT BM transfer did not result in a rescue of the motoric deficiency. 

Analysis of the chimerism of the brain macrophage compartment, revealed that the WT 

recipients mice (CD45.1+) WT >WT and Cx3cr1Cre:Dicer fl/fl: RosaYfp >WT) showed 

3% and 6% engraftment, respectively. Surprisingly and in stark contrast, the WT 

(CD45.1+) >Cx3cr1Cre:Dicer fl/fl group showed > 95% engraftment with donor-derived 

cells  (Fig. 11C-E), indicating that Dicer deficiency turns the otherwise radio-resistant 

microglia into radio-sensitive, and accordingly they are ablated by lethal irradiation 
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and replaced with BM derived cells. This result was further established by histological 

analysis of L5-SC microglia in Cx3cr1Cre:Dicerfl/fl recipients transferred with Cx3cr1Gfp 

BM ((Cx3cr1Gfp > Cx3cr1Cre:Dicer fl/fl) BM chimeras), showing that all Iba+ cells were 

also GFP+ (Fig. 11F). Dicer deficient microglia radio-sensitivity could be explained by 

the finding of a recent study showing that Dicer is required for a proper DNA damage 

response to irradiation [115]. Dicer-deficient microglia exposed to lethal irradiation 

might accumulate a high level of DNA damage directing them towards apoptosis. 

However, despite the complete replacement of the Dicer-deficient microglia by WT 

cells, no functional rescue of Cx3cr1Cre:Dicer fl/fl recipients was achieved as the 

motoric deficiency persisted.  

Interestingly, we also observed Mac2+ GFP+ cells accumulation in L5 ventral roots 

of Cx3cr1Cre:Dicerfl/fl recipients transferred with Cx3cr1Gfp+ BM ((Cx3cr1Gfp+ > 

Cx3cr1Cre:Dicer fl/fl) BM chimeras) (Fig. 11G, G’), indicating that Mac2+ cells were 

partially monocyte-derived cells, in line with earlier reports [95, 96]. In contrast, 

Mac2+ cells did not accumulate in Cx3cr1Cre: Dicer fl/fl: RosaYfp >WT BM chimeras, 

(Fig. 11H, H’), establishing that dicer deficient monocytes, derived from Cx3cr1Cre: 

Dicer fl/fl: RosaYfp BM do not give rise to L5 motor root Mac2+ cells in absence of a 

pre-existing neurological disorder in recipient mice. 
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Figure 11 (A-F). Cx3cr1Cre:Dicerfl//fl  Vs. Dicerfl/fl mice motoric disorder is not rescued by a WT BM 
transfer. (A) A graphical summary showing home-cage locomotion during continuous periods of light 
(X-axis, marked in yellow) and dark (X-axis, marked in gray), revealing that Cx3cr1Cre:Dicerfl//fl  
recipient mice have reduced activity during dark period regardless of the transferred BM (CD45.1+ 
(WT), or Cx3cr1Cre:Dicerfl//fl  ). Cx3cr1Cre:Dicerfl//fl  BM transfer into WT recipients did not affect this 
motoric function. (B) A graphical summary showing hang wire test, revealing that Cx3cr1Cre:Dicerfl//fl  
recipient mice have reduced ability to grip wire regardless of the transferred BM (WT or 
Cx3cr1Cre:Dicerfl//fl ). Cx3cr1Cre:Dicerfl//fl  BM transfer into WT recipients did not affect this motoric 
function. (C) A flow cytometry gating strategy of SC microglia recognized as CD11b+Ly6C-Ly6G-. (D) 
Representative flow cytometry dot plots of SC microglia from CD45.1+ WT into CD45.2+ WT or 
CD45.2+: Cx3cr1Cre:Dicerfl//fl recipients, showing distribution of microglia population between donor and 
recipient derived cells. (E) A graphical summary of the relative contribution of donor versus recipient 
derived cells to the SC microglia pool, in CD45.1+ WT BM transfer into CD45.2+ WT or 
CD45.2+:Cx3cr1Cre:Dicerfl//fl recipients, according to CD45.1 expression, and in 
Cx3cr1Cre:Dicerfl//fl:RosaYfp BM transfer into WT or Cx3cr1Cre:Dicerfl//fl recipients, according to YFP 
expression. (F) Representative immunofluorescent images of SC-L5 area from Cx3cr1Gfp into WT and 
Cx3cr1Gfp into Cx3cr1Cre:Dicerfl//fl  chimeric mice, showing staining for microglial marker Iba1 (red), 
donor derived marker CX3CR1-GFP (green), and nuclei counterstaining-Dapi (blue). Cx3cr1Gfp into 
Cx3cr1Cre:Dicerfl//fl  mice show that all Iba1+ cells are donor derived (GFP+). 
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Figure 11 (G,H). L5 accumulated Mac2+ cells are partially monocyte derived. (G) CD45.1: Cx3cr1Gfp 

into CD45.2: Cx3cr1Cre:Dicerfl//fl chimeric mice showing complete (90-100% donor) chimerism 
according to representative flow cytometry dot plots of blood monocytes. (G’) Cx3cr1Gfp into 
Cx3cr1Cre:Dicerfl//fl chimeric mice revealing an infiltration of Mac2+GFP+ (white arrows) cells according 
to representative immunoflourescent images of motoric roots showing staining for Mac2 (red) CX3CR1-
GFP (green) and nuclei counterstaining-Dapi (blue). (H) CD45.1:Cx3cr1Gfp into CD45.2: WT, and 
CD45.2: Cx3cr1Cre:Dicerfl//fl -RosaYfp into CD45.1: WT chimeric mice showing complete (90-100% 
donor) chimerism according to representative flow cytometry dot plots of blood monocytes. (H’) 
Cx3cr1Gfp into WT, and Cx3cr1Cre:Dicerfl//fl -RosaYfp into WT chimeric mice revealing no infiltration of 
Mac2+ cells according to representative immunoflourescent images of motoric roots showing staining 
for Mac2 (red), CX3CR1-GFP/YFP (green) and nuclei counterstaining-Dapi (blue). Graphical data are 
expressed as mean +/- SEM, n=4 in each group of chimeric mice. Statistical testing was performed with 
students T test. (* P<0.05, ** P<0.01). 
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2.10 Cx3cr1Cre:Dicer fl/fl mice show a depletion of skin resident cells including 

Langerhans cells (LC) and dendritic epidermal T cells (DETCs). 

The skin harbors two populations of tissue-resident cells targeted in the Cx3cr1Cre 

mouse, Langerhans cells (LC) and CX3CR1-expressing γδT cells, also referred to as 

“dendritic epidermal T cells (DETCs)” [116, 117]. LC are a unique subset of epidermal 

dendritic cells that carry features of macrophages, and are like other resident 

macrophages, generated during embryonic development from CX3CR1+ precursors. 

LC are hence targeted in the Cx3cr1Cre mouse [80]. Using CD11cCre:Dicerfl/fl mice, it 

has been reported that Dicer-deficient LC undergo apoptosis [98]. Interestingly, 

populations of both LC and γδT cells were found significantly reduced in 

Cx3cr1Cre:Dicer fl/fl mice, indicating that - in stark contrast to the microglia - Dicer and 

presumably miRs are essential to maintain not only LC, but also other long-lived 

epidermal tissue resident cells (Fig. 12A, B).  

 

Figure 12. Cx3cr1Cre:Dicerfl/fl  mice show a depletion of epidermal resident cells. (A) Representative 
flow-cytometry dot plot analysis for epidermal CD45+ cells, including LC CD45+MHCII+ and γδT cells 
CD45+TCRγδ+. (B) Graphical summary showing a substantial reduction in Cx3cr1Cre:Dicerfl//fl epidermal 
CD45+ cells, consisting mainly out of LC and γδT cells. Graphical data are expressed as mean +/- SEM; 
n=3 of Dicer fl/fl, and n=6 of Cx3cr1Cre:Dicerfl//fl  mice. Statistical testing was performed with students T 
test. (* P<0.05, ** P<0.01). 
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2.11 Post-natal induction of Dicer loss in microglia, utilizing Cx3cr1CreER:Dicerfl/- 

mouse model. 

Cx3cr1CreER:Dicerfl/- microglia are targeted already during embryonic 

development, since they are derived from CX3CR1+ yolk sac precursors that seed the 

developing CNS as early as E9.5. We wanted to test, if we would observe a similar 

phenotype when the mutation is induced after birth. For this end, we postnatally 

induced a microglia-specific Dicer loss by tamoxifen treatment of Cx3cr1CreER:Dicerfl/-  

mice, resulting in a nuclear translocation of the Cre recombinase and ensuing 

rearrangements [80]. Moreover, Cx3cr1CreER:Dicerfl/-   mice allow a more specific 

genetic targeting of microglia vs. other macrophages, since tamoxifen is given 

postnataly, when most tissue-resident macrophages, except for microglia and intestinal 

macrophages stop to express CX3CR1 [80]. Furthermore, intestinal macrophages are 

constantly replenished by blood monocytes [118], and therefore progressively lose the 

rearranged alleles [79, 119]. In contrast, microglia are long-lived, self-maintain and 

hence remain modified [79, 119] 

2.11.1 Cx3cr1CreER:Dicerfl/- mice show an efficient Dicer loss in microglia.  

To increase the efficiency of complete Dicer gene deletion, we generated 

Cx3cr1CreER:Dicerfl/-  mice, that harbor one mutant and one 'floxed' (fl) dicer allele 

[90]. Of note, heterozygote Dicer mutant mice are viable and have no overt phenotype 

[120]. Cx3cr1CreER:Dicerfl/- mice were treated with tamoxifen during the first week 

after birth (3 injections) and an additional dose was given at P30 (2 injections) to 

increase deletion efficiency, mice were analyzed at the age of 3 months (Fig. 13A). To 

validate the Dicer deletion in microglia, the cells were sorted using flowcytometry 

(Fig. 13B). PCR analysis for genomic DNA confirmed that Cx3cr1CreER:Dicerfl/- mice 

had lost the 'floxed' dicer allele (Fig. 13C). Quantitative RT-PCR analysis revealed a 

~50-100 fold reduction in miR146a and miR142-3p expression and a 5-10 fold 

reduction in miR200c expression in microglia isolated from tamoxifen-treated 

Cx3cr1CreER:Dicerfl/- mice (Fig. 13D). 
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Figure 13. Cx3cr1CreER:Dicerfl//-  mice show an efficient Dicer loss in microglia.  
(A) A scheme describing the transgenic mouse model used for microglia induced Dicer deletion. (B) 
Flow cytometry analysis images showing sorted brain microglia from either Cx3cr1CreER:Dicerfl//-  or 
Dicerfl/- mice pool (n=6 for each pool). Microglia were characterized as Ly6GnegLy6CnegCD45intCD11b+ 
cells. (C) A Representative genomic PCR analysis image showing the PCR product for Dicer exon 24 
deleted allele. Cx3cr1CreER:Dicerfl//-  mice show only recombined allel while Dicerfl/- mice had both 
recombined and “fl” allel. (D) Graphical summary showing qRT-PCR analysis for miR-146a, miR-142-
3p and miR-200c expression within Microglia sorted from brains of Cx3cr1CreER:Dicerfl//-  or Dicerfl/- 

mice. Data are expressed as mean +/- SEM, statistically analyzed with student T test (n=2 per group). 
 

2.11.2 Unchallenged Cx3cr1CreER:Dicerfl/- mice display no overt phenotype. 

Following the validation of the Dicer deletion, we analyzed the 

Cx3cr1CreER:Dicerfl/- mice for signs of motoric dysfunction, astrocytosis and microglia 

activation. Motoric activity was examined three months following tamoxifen treatment 

and histological assessments for astrocytosis, and microglia activation were performed 

six months following tamoxifen treatment. Hang wire test analysis for hind leg motility 

of Cx3cr1CreER: Dicer fl/- mice revealed no motoric impairment (Fig. 14A), in line with 

the absence of astrocytosis in the SC-L5 area (Fig. 14B). Microglia of tamoxifen-

treated Cx3cr1CreER:Dicer fl/- mice also showed no signs of activation (Fig. 14C). 

Overall, the postnatal induction of microglial dicer deficiency did not result in an overt 

phenotype. This is in stark contrast to the microglia of Cx3cr1Cre:Dicer fl/fl  mice, which 

display a spontaneous, though delayed development of motor dysfunction, associated 

with prominent microglia activation.  
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Figure 14. Unchallenged Cx3cr1CreER:Dicerfl/- mice display no overt phenotype. 
 (A) A graphical summary of hang-wire test showing there is no significant difference between Dicer fl/- 
and Cx3cr1CreER:Dicerfl//-  in latency to grip wire. Data are displayed as mean +/- SEM, and statistically 
analyzed with students T test (n=3 and n=5 for Dicer fl/- and Cx3cr1CreER: Dicer fl/- mice, respectively). 
(B) Representative fluorescent microscopic images of paraffin sections of SC-L5 segment extracted 
from Dicerfl/- or Cx3cr1CreER:Dicerfl/- mice showing staining for GFAP (red) and Dapi (blue). (C) A 
representative fluorescent microscopic images of paraffin sections of SC-L5 segment extracted from 
Dicerfl/- or Cx3cr1CreER:Dicerfl/- mice showing staining for Iba1 (red) and Dapi (blue). 
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2.11.3  Microglia of Cx3cr1CreER:Dicer fl/- mice are radio-sensitive. 

Cx3cr1Cre:Dicerfl/fl microglia are radio-sensitive, as indicated by their quantitative 

replacement by BM-derived cells in chimeras (Fig 11). To examine the radiosensitivity 

of microglia that was postnatally depleted of the Dicer gene, we lethally irradiated 

Dicerfl/- (WT) and Cx3cr1CreER:Dicerfl/-:RosaYfp mice (both CD45.2) and engrafted 

them with CD45.1+ Cx3cr1Gfp+ BM. Microglia of Cx3cr1CreER:Dicerfl/-:RosaYfp mice 

are CD45.2+ and following exposure to tamoxifen will become YFP+ (Fig. 15A), while 

microglia of WT recipients will be only CD45.2+. In order to examine the chimerism 

of the resulting mice, we measured contribution of donor and recipient cells to the 

blood monocyte compartment. The analysis revealed a complete hematopoietic 

reconstitution by donor cells in both Dicerfl/- and Cx3cr1CreER:Dicerfl/-:RosaYfp 

recipients (Fig. 15B). The analysis of microglia population chimerism showed that 

40% of the Cx3cr1CreER:Dicerfl/-:RosaYfp microglia were substituted by BM-derived 

CD45.1+ CX3CR1GFP+ cells in comparison with <2% substitution in  Dicerfl/- recipients 

(Fig. 15C, D). Of note, the remaining 60% endogenous microglia of 

Cx3cr1CreER:Dicerfl/-:RosaYfp mice were YFP+, indicating that they had recombined the 

Rosa-Stop-Yfp allele only, but not the Dicer allele. The animals had been treated with a 

high dose of tamoxifen to induce efficient recombination in microglia. However, rare 

cells bearing a single recombination of the Stop-Yfp (YFP+ only) might have an 

advantage over the Dicer deleted cells (YFP+Dicernull) and since microglia are dividing 

cells, might out-compete the Dicer deleted cells with time. Of note, in this experiment 

BM transplantation was performed 6 months post tamoxifen treatment, allowing for a 

progessive replacement of Dicer-deficient cells. 

Taken together, the above results show that postnatally Dicer-deleted microglia 

(Cx3cr1CreER:Dicerfl/-) are indeed Dicer deficient. However unlike embryonically 

Dicer--deleted microglia (Cx3cr1Cre:Dicerfl/fl), this didn’t result in a microglial 

activation phenotype nor did it cause neuronal damage or a motoric phenotype.  
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Figure 15. Cx3cr1CreER:Dicerfl/--RosaYfp microglia are becoming radiosensitive and can be replaced 
by BM derived cells following lethal irradiation. (A) A time frame scheme describing tamoxifen 
treatment and chimerism of Cx3cr1CreER:Dicerfl/--RosaYfp and Dicerfl/- mice. (B) Representative flow 
cytometry dot plots showing distribution of Blood monocytes (CD115+) between donor and recipient 
BM derived cells, in Dicerfl/- or Cx3cr1CreER:Dicerfl/--RosaYfp recipients transferred with 
CD45.1+Cx3cr1Gfp(WT) BM. (C) Representative flow cytometry dot plots showing distribution of SC 
microglia (CD11b+Ly6C+Ly6G+), between donor’s and recipient’s origin. Donor microglia are 
CD45.1+Cx3cr1Gfp while endogenous Microglia are either CD45-2+ only or CD45-2+YFP+ in tamoxifen 
treated Dicerfl/- or Cx3cr1CreER:Dicerfl/--RosaYfp recipients, respectively. (D) Graphical summary of the 
SC microglia distribution between donor and recipient derived cells, according to the CD45.1 marker 
expression. (n=2 for each group) Graphical data are expressed as mean +/- SEM, Statistical testing was 
performed with students T test. (* P<0.05, ** P<0.01). 
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3. Materials and Methods. 

Mice. The following 4 - to 24-week-old mice were used: C57BL/6 (CD45.2); CD45.1 

mice (B6.SJL-Ptprca Pep3b/Boyj, Jackson Laboratories) bearing the CD45.1 allotype; 

Cx3cr1gfp/+ mice (B6.129P-Cx3cr1tm1Litt/J, Jackson Laboratories) harboring a 

targeted replacement of the Cx3cr1 gene by an enhanced GFP reporter gene [81]; 

Cx3cr1Cre mice harboring a targeted replacement of the Cx3cr1 gene by a Cre 

recombinase  [80] generated on a C57Bl/6 background; Cx3cr1CreER mice harboring a 

targeted replacement of the Cx3cr1 gene by a Cre recombinase fused to a mutant 

estrogen ligand-binding domain [80], requiring the presence of the estrogen antagonist 

tamoxifen (TAM) for activation; PgkCre mice (“ubiquitous Cre mice”) (B6.C-Tg(Pgk1-

cre)1Lni/CrsJ, Jackson laboratories) harboring Cre recombinase under the control of 

phosphoglycerate kinase 1 (Pgk1) promoter [121], activate in all mouse tissues; 

Dicerfl/fl mice (B6.Cg-Dicer1tm1Bdh/J, Jackson laboratories) harboring loxP sites on 

either side of exon 24 of the targeted gene [90]; and Rosa-26-YFP mice (B6.129X1-

Gt(ROSA)26Sortm1(EYFP)Cos/J, Jackson laboratories) harboring Enhanced Yellow 

fluorescent protein gene (EYFP) inserted into the Gt(ROSA)26Sor locus blocked by an 

upstream loxP-flanked STOP sequence [122]. Cx3cr1Cre mice were crossed with 

Dicerfl/fl mice, generating Cx3cr1Cre: Dicerfl/fl. Cx3cr1Cre: Dicerfl/fl mice were crossed 

with RosaYfp mice, generating Cx3cr1Cre: Dicerfl/fl –RosaYfp mice. PgkCre mice were 

crossed with Dicerfl/fl mice, generating DicerWT/-. Cx3cr1CreER mice were crossed with 

Dicerfl/- mice, generating Cx3cr1CreER: Dicerfl/-. Cx3cr1CreER: Dicerfl/- mice were 

crossed with RosaYfp mice, generating Cx3cr1CreER: Dicerfl/-- RosaYfp mice. 

Cx3cr1gfp/+ mice were crossed with CD45.1 mice, generating CD45.1:Cx3cr1gfp/+.  

For Cx3cr1Cre: Dicerfl/fl microglia replacement experiment, the following BM chimeras 

were generated: [CD45.1:Cx3cr1gfp/+> wt], [CD45.1:Cx3cr1gfp/+> Cx3cr1Cre: Dicerfl/fl], 

[Cx3cr1Cre: Dicerfl/fl –RosaYfp> CD45.1], [Cx3cr1Cre: Dicerfl/fl –RosaYfp > Cx3cr1Cre: 

Dicerfl/fl].  

For Cx3cr1CreER: Dicerfl/- microglia replacement experiment, The following BM 

chimeras were generated: [CD45.1:Cx3cr1gfp/+> Dicerfl/-], [CD45.1:Cx3cr1gfp/+> 

Cx3cr1CreER: Dicerfl/-–RosaYfp].  

BM chimera animals were lethally irradiated (950 rad) and reconstituted the following 

day via i.v injection of donor whole BM cells, 5X106 cells were injected per mouse. 

All animals were maintained in specific pathogen-free (SPF) conditions and handled 
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according to protocols approved by the Weizmann Institute Animal Care Committee as 

per international guidelines. 

Cell isolation, flow cytometry and sorting of microglia, colonic macrophages, liver 

macropahges, and epidermal resident cells.  

Cell isolation and labeling. Microglia isolation was performed as follows: mice were 

anesthetized with thio-pental (100 mg/kg) and perfused with PBS. Whole brain and SC 

were exiced, homogenized, and incubated with HBSS containing 2% BSA, 1mg/ml 

Collagenase D (Roche), and 0.1 mg/ml DNaseI (Roche) at 37OC. Next, the cell 

homogenate was filtered through a 70 micron strainer (BD Biosciences), and 

centrifuged on a 40% percoll (Sigma) gradient, 1000 rcf, no acceleration and brakes, at 

room temperature. Pellet containing microglia (mononuclear cells enriched with 

microglia) was washed and subsequently stained for flow cytometry analysis.  

*PBS and HBSS solutions were without Ca2+ and Mg2+.  Microglia labeling strategy 

was Ly6C-Ly6G-CD45+CD11b+.  

Epidermal LC and gdT cells isolation was performed as follows: ears were excised and 

gently separated into two layers placed on trypsin C medium (Beit Haemek industries) 

with epidermis facing liquid, at 370C for 50 min. Epidermis was then carefully 

removed, meshed through a 70 micron cell strainer and washed with PBS. LC labeling 

strategy was CD45+I-Ab+, γδT cells labeling strategy was CD45+TCRγδ+.  

Colonic macrophage were isolated as published before [123]; accordingly, labeling 

strategy was Ly6C-CD45+I-Ab+CD11b+CD64+.  

Liver macrophages were isolated as published before [124]; accordingly, labeling 

strategy was Ly6C-CD45+I-Ab+CD11b+F4/80+CD64+. 

Antibodies. CD45 (clone: 30F11), CD11b (clone: M1/70), Ly6C (clone: HK1.4), 

Ly6G (clone: 1A8), CD86 (clone: GL-1), I-Ab (clone: AF6-120.1), CD68 (clone: FA-

11), TCRgd (clone: GL3), CD115 (clone: AFS98), F4/80 (clone: CI:A3-1), CD64 

(clone: X54-5/7.1). Cells were analyzed with a LSRFortessa flow cytometer (BD) or 

sorted with a FACSAria machine (BD). Flow cytometry anal- ysis was done with the 

FlowJo software. 

Microarray analysis. 

Affymetrix mRNA analysis. Total RNA was extracted from microglia freshly isolated 

from CX3CR1Cre: Dicerfl/fl, Dicerfl/fl mice. RNA extraction was performed with the 

miRNeasy Mini or Micro Kit (Qiagen). RNA quantity, purity and integrity was 
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assessed with ND-1000 Nanodrop (Peqlab) and BioAnalyzer 2100 (Agilent). The 

cDNA was prepared, labeled and hybridized to Affymetrix GeneChip, mouse gene 1.0 

ST according to standard manufacturer protocols. Hybridized chips were stained and 

washed and were scanned using the Affymetrix GeneChip 3000 7G plus scanner. 

Affymetrix GeneChip Operating Software (GCOS v1.4, http://www.affymetrix.com) 

was used for the initial analysis of the microarray data to convert the image files to cell 

intensity files (CEL). Transcriptome analysis was carried out using Partek Genomic 

Suite 6.6 (Inc. St. Charles, MO; www.partek.com). The raw probe intensities were 

adjusted based on the number of G and C bases in the probe sequence, before any 

probe correction. Preprocessing was preformed using the Robust Microarray 

Averaging algorithm (Irizarry et al., 2003). Genes expressed below background in all 

examined conditions were removed from further analysis. Statistical analysis was 

performed with anova. Differentially expressed genes were defined as those having 

fold change above or below 2 and p-value<0.05. 

Agilent miR analysis. 

Total RNA from WT microglia, colonic macrophages, and liver macrophages freshly 

isolated cells was extracted using the miRNeasy Mini Kit (QIAGEN) including DNase 

digest (QIAGEN). RNA purity was assessed with a BioAnalyzer 2100 (Agilent 

Technologies). Expression levels of miRNAs were assayed by Agilent miRNA 

microarrays (Release 12.0 and 15.0), according to the manufacturer's protocols. Then, 

100 ng of total RNA per sample (duplicates for each cell population from independent 

sorts) was labeled and hybridized according to the manufacturer's instructions. For K-

Means clustering with Pearson correlation, only miRNAs with a ≥ 2-fold differential 

expression in at least 1 population were used. As a target prediction algorithm, 

TargetScan 6.2 [125] was applied. For mRNA microarray analysis, total RNA was 

extracted and subjected to gene-expression profiling using the Mouse Genome Gene 

1.0 ST Affymetrix Exon Microarray according to the manufacturer's instructions. For 

RNA sequencing (RNA-Seq) and ChIP followed by massive parallel sequencing 

(ChIP-Seq), total RNA was extracted with QIAzol reagent following the miRNeasy 

kit's procedure (QIAGEN), and sample quality was tested on a 2100 Bioanalyzer 

(Agilent). RNA-A+-Seq libraries were prepared using the ′dUTP second-strand 

(strand-specific) protocol. For detailed information, see the Methods section in [126]. 
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qRT-PCR assay. miRNA expression quantification was performed on sorted 

microglia isolated from brain and SC of CX3CR1Cre: Dicerfl/fl, Dicerfl/fl, CX3CR1Cre: 

Dicerfl/-, and Dicerfl/- mice. 50-250 ng of total RNA isolated with miRNeasy micro-kit 

(Qiagen) were reverse transcribed with the miScript reverse transcription kit 

(QIAGEN) according to the manufacturer's instructions. The miScript SYBR Green kit 

(QIAGEN) was used to detect amplification in a LightCycler 480 (Roche) machine. 

The following primers were used in combination with the universal primer (QIAGEN): 

U6, 5′-GATGACACGCAAATTCGTGAA-3′; miR-146a-5p, 5’- 

TGAGAACTGAATTCCATGGGT-3’; miR-142-3p, 5′-

TGTAGTGTTTCCTACTTTATGGA-3′; miR-200c, 5’- 

TAATACTGCCGGGTAATGATGGA. 

Significance was calculated with Students’s t-test. All error bars in diagrams and 

numbers following a ± sign are standard deviations (s.d.). 

Behavioral examination. 

Home-cage locomotion. mice were single-housed, and locomotive activity was 

examined automatically over a 48-h period using the InfraMot system (TSE Systems, 

GmbH). Rotarod test mice were placed on an accelerating spinning wheel and their 

latency to fall was measured by an inframot beam. Mice were placed on a spinning 

wheel for five consecutive times, first two repetitions were considered training and last 

three repetitions were scored and averaged. Hangwire test mice were attached to a 

wire by their forelimbs and their latency to grip wire with hindlimbs was measured. 

Scoring equals the latency time, no grip or alternatively a fall was considered as “60 

sec”. Test was repeated 3 times with a 30 min gap between repetetions, scoring 

represented the average score of the three repetetions. 

Histology. Mice were deeply anesthetized with thio-pental (100 mg/kg, administered 

i.p.) and transcardially perfused with 10 ml of PBS, followed by 100 ml of 2.5% (wt/ 

vol) paraformaldehyde (PFA) and left for 16-24hr in 2.5% PFA. 

 SC ChAT staining. Following PFA incubation, SC samples were equilibrated with a 

30% (wt/ vol) sucrose for 48 hr, frozen with O.C.T (Tissue-Tek), and the entire L5 

segment was sectioned with a microtom (Leica) into 30 µm thich sections. Every fifth 

section was labeled with ChAT (Chemicon,  AB144P               , 1:100) and Dapi, and labeled 

cells were counted (both ventral horns) and presented as the mean number of MNs per 

ventral horn.  
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SC Iba1and CD68. Following PFA incubation, SC was equilibrated with 30% (wt/ 

vol) sucrose solution for 48 hr. Next, samples were snap frozen in O.C.T (Tissue-Tek) 

by isopentane (sigma) previously cooled with liquid nitrogen, and sectioned with 

cryostat into 12 µm thick sections.  Sections were stained with Iba1 (Wako, 019-

19741, 1:150), CD68 (Biolegend, FA-11, 1:100) and Dapi. Labeled cells were counted 

(both ventral horns) and presented as the mean number of MNs per ventral horn.  

SC Iba1and tunnel/ Ki67, SC Iba1 and anti GFP. Following PFA incubation, SC was 

embedded with paraffin, serially sectioned, antigen retrieved and stained. Antigen 

retrieval was performed with a sodium citrate PH 6 buffer in a pressure cooker. 6 µm 

Sections were stained with Iba1 (Wako, 1:150), Ki67 (Dako, TEC3, 1:100), TUNEL 

(TUNEL Kit from promega, according to the instruction manual), anti-GFP (Abcam, 

ab290, 1:100 ). 

SC and brain GFAP. Following PFA incubation, SC was embedded with paraffin, 

serially sectioned, antigen retrieved and stained. Antigen retrieval was performed with 

a sodium citrate PH 6 buffer in a pressure cooker. 6 µm Sections were stained with 

GFAP (Dako, Z033429 1:200). 

Ventral root L5 ChAT and Mac2. Following PFA incubation, L5 roots (motor and 

sensory) were excised embedded with paraffin, serially sectioned, antigen retrieved 

and stained. Antigen retrieval was performed with a sodium citrate PH 6 buffer in a 

pressure cooker. 2 µm Sections were stained with ChAT (Dako, Z033429 1:100), and 

Mac2 (M3/38, Cedarlane, 1:250). 

Tamoxifen treatment. 

To induce gene recombination in Cx3cr1CreER: Dicerfl/- mice, tamoxifen was dissolved 

in warm olive oil, administered orally via gavage (Kiermayer et al., 2007) three times 

at P7, P9, and P11 (via lactating mother), followed by additional two administrations at 

P30 and P32, each injection was 10mg in a concentration of 10mg/ 100 µl. Mice were 

examined at least 6 weeks following treatment. 

 

 

 

 

 

 



	
   56	
  

4. Discussion 

Microglia are the resident macrophages of the CNS. These cells were shown to 

play a central role in the regulation of neuronal survival and function during 

homeostasis on the one hand, while promoting inflammatory processes during 

neurodegenerative disease on the other [127]. Similar to other macrophages, microglia 

are plastic and their differentiation and activity is controlled by the context of their 

local milieu. Regulatory mechanisms dictating microglia function are largely 

unknown, although recent data suggest that TGFβ may play a central role in the 

establishment of the unique tissue-specific genetic signature of adult microglia [13]. 

Interestingly and relevant to the present work, TGFβ induces in cultured microglia also 

the expression of several small non-coding miRs, including miR-99a, miR-125b-5p, 

and miR-342-3p. Yet, miR involvement in the regulation of microglia homeostasis 

remains elusive. Rather miRs have been shown to promote pro-inflammatory activities 

of microglia during pathological settings [71, 75-77]. The complete miR expression 

profile and their role in regulation of microglia functions within their native CNS 

environment has not been explored, mainly due to the lack of suitable experimental 

tools allowing in vivo targeting of microglia.                                 

In this study we performed a molecular profiling of miR expression in adult 

microglia and show that these cells acquire a unique miR signature in comparison with 

other tissue resident macrophages, including liver macrophages and colonic 

macrophages. Emerging evidence highlight that macrophages are subjected to a 

process of tissue specialization imprinted by local factors to form an integral functional 

component in their tissue of residence [Lavin et al., Cell 2014, in press]. The fact that 

distinct tissue macrophages establish specific miR signatures might imply that these 

regulatory non-coding RNA components are part of the macrophage tissue 

specialization. Among the miRs we found to be highly expressed in microglia are miR-

103-3p and 107-3p, which are predicted to target the neurotoxic factor Cybb [12]. An 

additional miR associated with down-regulation of inflammatory response is miR-

146a-5p, highly expressed on both microglia and colonic macrophages, as compared 

with liver macrophages. Interestingly, the expression of this miR is elevated in CNS 

pathologies and on microglia isolated from mSOD1 mice [58, 75], implying on a 

negative immune-regulatory feedback function. Among the miRs highly expressed in 

microglia, we also noted miR-181c, which was shown to down-regulate expression of 
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TNFa and nitric oxide (NO) in a microglia cell-line exposed to hypoxia (simulating 

stroke like conditions), resulting in reduced death of co-cultured neurons [76, 77, 128]. 

Together, this suggests that some of the miRs of the unique microglial microRNA-ome 

could be important for down-regulation of microglial inflammatory pathways in the 

context of neuronal tissue damage [70, 77]. In addition, it is possible that anti-

inflammatory miRs are important to maintain the quiescent profile of microglia during 

steady state or mild damage conditions, in which they are required for continuous 

surveillance and local repair processes [7, 8]. Strikingly, the Dicer deficiency in the 

Cx3cr1Cre:Dicerfl/fl but not Cx3cr1CreER:Dicerfl/- mice resulted in a significant visible 

neuronal-based motoric dysfunction. In Cx3cr1Cre:Dicerfl/fl animals, the mutation is 

likely introduced during microglial seeding of neuro-epithelium as early as E 9.5, since 

microglia precursors express CX3CR1+ and they give rise to adult microglia which 

persist through life [3]. In the Cx3cr1CreER:Dicerfl/- model, however, the Dicer mutation 

is only introduced postnataly via administration of tamoxifen. Notably, microglia of 

Cx3cr1Cre:Dicerfl/fl mice display an activated morphology characterized by increased 

cell body size and reduced dendrite length as well as increased turnover. 

Cx3cr1Cre:Dicerfl/fl mice display a significant motoric dysfunction, albeit only around 8 

weeks. Interestingly, a similar delay between the establishment of the mutation and 

disease onset has also been observed in cerebellar and spinal cord motor neuron 

specific Dicer-deficient mouse models [59, 129]. Further histological evaluation of 8 

weeks old Cx3cr1Cre:Dicerfl/fl mice revealed profound astrocytosis accompanied by a 

later substantial motor neurons damage as shown by a 40% reduction of motor neurons 

cell bodies number and a loss of motoric axons in SC-L5 ventral root at 24 weeks of 

age. In addition, the L5 motor roots of Cx3cr1Cre:Dicerfl/fl mice was populated with 

Mac2+ cells which most likely comprise phagocytizing Schwann cells and 

macrophages, both are known to accumulate in damaged axons and promote axon 

regeneration [95, 130]. This accumulation was obvious already before visible motoric 

symptoms at 6 weeks of age. A similar accumulation of macrophages in ventral root 

has been reported in mSOD1 mice before disease onset [93]. Collectively, these results 

highlight the fact that miR-deficiency in microglia during embryogenesis leads to the 

establishment of progressive motoric disorder accompanied by profound astrocytosis 

and an increase in neuronal death.  

Notably, although other resident tissue macrophages are also targeted with Dicer-
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deficiency during embryogenesis in Cx3cr1Cre:Dicerfl/fl mice, post-mortem histological 

assessment of 24-weeks old mice did not reveal any significant pathological 

manifestations in vital peripheral organs examined, such as the liver, intestine, skin, 

kidney and lungs (data not shown). Rather, the only consistant spontaneous 

pathological finding of Cx3cr1Cre:Dicerfl/fl mice with high penetrance occurs, although 

with delay in the CNS. We speculate that the pathology results from the fact that 

embryonic microglia are crucially involved in the normal development of neuronal 

circuits and that miRs play an important role in the regulation of their tissue-specific 

microglia activities.  

The microarray analysis of adult microglia of Cx3cr1Cre:Dicerfl/fl mice further 

confirmed the activated phenotype observed in the histological analysis. Especially 

interesting was the up-regulation of the neurotoxic pro-inflammatory oxidase Nox2 

(Cybb), which is located on the cellular membrane of microglia and whose activation 

induces damage to the surrounding tissue, especially neurons [86, 97]. Expression of 

Nox2 in our model is in line with studies that show Nox2 up-regulation in microglia in 

the context of various neurodegenerative diseases such as PD [131], AD [132, 133] 

and ALS [12]. Other up-regulated genes included the inflammatory mediators S100a8, 

and S100a9, which were also expressed in microglia from post-mortem AD patient 

lesions [134, 135] and in human cerebral ischemia brain sections [103]. Osteopontin 

(Spp1) was also up regulated and may be both neurotoxic and neuroprotective as it was 

shown to contribute to disease progression in autoimmune encephalomyelitis [109], 

but was also shown to ameliorate neuronal damage in a model of spinal cord injury 

[110, 136]. Interestingly, Osteopontin is also increased in SC microglia isolated from 

mSOD1 animals [12]. Altogether, our results show a pro-inflammatory neurotoxic 

phenotype for Cx3cr1Cre:Dicerfl/fl deficient microglia at the adult stage, which could 

possibly be the cause for the observed neuronal damage and subsequent motoric 

phenotype. However, since we did not observe signs for microglia activation in 

Cx3cr1CreER:Dicerfl/-, we consider it more likely that the pro-inflammatory neurotoxic 

phenotype is secondary to a neuronal damage already established during embryonic 

development. To substantiate this assumption, we will analyze the impact of the Dicer 

and miR deficiency on gene expression regulation in Cx3cr1Cre:Dicerfl/fl microglia 

during late embryonic development and early postnatal stages. 

Supporting the idea that miRs are required for microglia developmental and 
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homeostatic functions, our microarray analysis revealed that Dicer-deficient microglia 

down-regulated genes associated with neuronal development. These included Nav2, a 

retinoic acid inducible protein that promote axonal guidance [111] and GLAST 

(Slc1a3), a glutamate transporter required for extracellular glutamate clearance and 

prevention of neuronal toxicity [112, 113]. Interestingly, GLAST is also reduced in 

Dicer-deficient postnatal astrocytes, in a mGfapCre:Dicerfl/fl mouse model, causing 

cerebellar degeneration [113]. Both Nav2 and Slc1a3 are not reduced in microglia 

isolated from mSOD1 mice, implying their reduction in Cx3cr1Cre:Dicerfl/fl microglia is 

not due to environmental tissue damage and resulting inflammatory conditions, but 

might be a direct result of Dicer deficiency. Accordingly, our adult microglia miR 

profile revealed high expression of specific miRs possibly important for microglia 

dependent neuronal circuits formation.  MiR-181b has for instance been shown to 

induce MMP2 activity in cancer cell lines via targeting of its endogenous inhibitor 

TIMP3 [87]. Interestingly, MMP2 is involved in neuronal circuits formation by 

regulating neurogenesis, neuronal migration and axonal outgrowth  [88, 89].  MiR-

181b transcript levels are increased in embryonic microglia compared with adult 

microglia [21], suggesting its possible involvement in microglia function during 

embryogenesis. Interestingly, Mmp2 expression is reduced in Cx3cr1Cre:Dicerfl/fl adult 

microglia, possibly reflecting an earlier prenatal reduction due to lack of miR-181b 

expression. It could be that absence of the above genes, although they are generally 

required for neuronal maintenance by microglia, are more detrimental in embryonic 

stages, and therefore a neuronal damage phenotype is observed in the 

Cx3cr1Cre:Dicerfl/fl, but not Cx3cr1CreER:Dicerfl/- mice. We therefore suggest that miRs 

are essential for unique functions of embryonic microglia such as their support of 

neurogenesis, neuronal survival, and differentiation [17, 39, 137]. Accordingly, the 

microglial Dicer deficiency at embryonic stage might result in a substantial damage to 

the neuronal network in various areas of the brain and SC, including regions directly 

involved in hind limb motorics, such as the SC-L5 ventral horn, while the same 

deficiency in later postnatal stages does not lead to neuronal damage, as demonstrated 

in the  Cx3cr1CreER:Dicerfl/- mice (Scheme 7). On the other hand, although gross 

motoric functions of Cx3cr1CreER:Dicerfl/- mice are intact, it could be that motor skill 

learning abilities required for motor improvement and are dependent on microglial 

synaptic pruning of the adult motor cortex [18] will require intact Dicer activity in 
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adult microglia.  

In addition to their homeostatic function, adult microglia were shown to play a 

role in various neurodegenerative diseases, further exacerbating tissue damage by the 

secretion of pro-inflammatory and neurotoxic factors [50, 53, 60, 97]. MiRs were 

shown to have an anti-inflammatory effect on microglia activation [71, 76, 77] and to 

attenuate neurodegenerative diseases [70]. On the other hand, some miRs, such as 

miR-155 were suggested to contribute to disease severity in mSOD1 mice [73]. 

Therefore, it would be interesting to explore the activation threshold of adult 

Cx3cr1CreER:Dicerfl/- microglia and test disease severity in challenged 

Cx3cr1CreER:Dicerfl/- mice in the context of neurodegenerative processes. In order to 

reveal transcriptional changes occurring in postnatally targeted Cx3cr1CreER:Dicerfl/- 

microglia, we intend to perform an mRNA sequencing analysis of these cells.  

 

 
Figure 16. Comparison of the Cx3cr1Cre  vs. Cx3cr1CreER Dicer deletion in Microglia.	
  
A schematic timeline showing embryonic microglia Dicer deletion (red) in the non-inducible mouse 
model (Cx3cr1Cre), compared with postnatal microglia Dicer deletion in the tamoxifen-inducible mouse 
model (Cx3cr1CreER). Embryonic Dicer deletion results in a motoric deficiency, while postnatal Dicer 
deletion results in no obvious motoric impairment. Interestingly, microglia shift phenotype between 
these two life stages from activated highly proliferative to resting and ramified (see Figure 4).  

 

Interestingly, microglia in both Cx3cr1Cre:Dicerfl/fl and tamoxifen-treated 

Cx3cr1CreER:Dicerfl/-  mice models become radiosensitive, as demonstated by the fact 

that a BM engraftment following lethal irradiation results in their efficient 

replacement. This finding is in line with a recent report that Dicer is required for a 

proper DNA damage response to irradiation [115] albeit, this activity is independend 

of miRs but rather involves other non-coding RNAs that require processing by dicer.  

While Cx3cr1Cre:Dicerfl/fl mice displayed a complete (>90%) substitution of microglia 

by BM-derived cells, Cx3cr1CreER:Dicerfl/- mice showed a partial 40% substitution out 

of local microglia population. The remaining resident microglia constituted 

endogenous cells targeted by the tamoxifen treatment (as indicated by reporter gene 

TAM 
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expression, YFP) that however retained the Dicer allele and can be considered “WT 

cells”. This cells represent an initially rare population that only went through one 

recombination event, a technical imperfection of tamoxifen induced recombination, 

however in this particular case, WT cells will increase with time on the expense of 

Dicer deleted cells due to a survival advantage, as shown before [98]. Of note, the 

transfer experiment was performed 6 months post tamoxifen treatment, allowing for 

partial out-competition of the Dicer-deficient cells and probably earlier time points 

post tamoxifen treatment reflect Dicer deletion in the majority of microglia population.  

 

In conclusion, our data support the emerging notion that microglia are pivotal 

players in the establishment and maintenance of neuronal networks, fulfilling distinct 

roles during development and adulthood. Embryonic, but not adult introduction of miR 

deficiency in microglia causes neuronal damage and motoric impairment. Further 

studies are required to uncover the direct molecular changes in Dicer deficient 

embryonic microglia.  In addition, although no spontaneous overt phenotype in 

Cx3cr1CreER:Dicerfl/- mice was observed, the absence of Dicer likely impacts on the 

gene expression profile and the function of these cells. While our data show that adult 

microglial quiescence can be maintained for a prolonged period of time in absence of 

miRs, this important post-transcriptional regulatory circuit might well affect 

experienced learning via synaptic pruning. In addition, it remains to be tested how 

Dicer- deficient microglia perform during challenge and upon encounter of neuronal 

tissue damage in the context of a neurodegenerative disease. 
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