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Abstract
Although microglial activation is associated with all CNS disorders, many of which are sexually
dimorphic or age-dependent, little is known about whether microglial basal gene expression is
altered with age in the healthy CNS or if it is sex-dependent. Analysis of microglia from the brains
of 3 day (P3) - to 12 month-old male and female C57Bl/6 mice revealed distinct gene expression
profiles during postnatal development that differ significantly from adulthood. Microglia at P3 are
characterized by relatively high iNOS, TNFα and arginase-1 mRNA levels, whereas P21
microglia have increased expression of CD11b, TLR4 and FcRγI. Adult microglia (2-4 months)
are characterized by low pro-inflammatory cytokine expression that increases by 12 months of
age. Age-dependent differences in microglial gene expression suggest that microglia likely
undergo phenotypic changes during ontogenesis, although in the healthy brain they did not
exclusively express either M1 or M2 phenotypic markers at any time. Interestingly, microglia
were sexually dimorphic only at P3 when females had higher expression of inflammatory
cytokines than males, although there were no sex differences in estrogen receptor expression at
this or any other time evaluated here. Compared to microglia in vivo, primary microglia prepared
from P3 mice had considerably altered gene expression with higher levels of TNFα, CD11b,
arginase-1 and VEGF suggesting that culturing may significantly alter microglial properties. In
conclusion, age- and sex-specific variances in basal gene expression may enable differential
microglial responses to the same stimulus at different ages, perhaps contributing to altered CNS
vulnerabilities and/or disease courses.
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INTRODUCTION
Microglia, the resident innate immune cells in the central nervous system (CNS), are
associated with the pathogenesis of virtually all CNS disorders or injuries. One important
characteristic of these cells is high morphologic and functional plasticity. They acquire an
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activated, amoeboid morphology in response to invading pathogens and/or CNS damage. At
the same time, they increase their production of a wide array of chemokines, cytokines,
nitric oxide and reactive oxygen species that mediate neuroinflammation (Graeber et al.
2011; Hoek et al. 2000; Streit et al. 2005). In contrast, microglia in the healthy adult CNS
are characterized by a quiescent morphology with numerous thin ramified processes.
Although commonly considered “resting”, emerging evidence suggests that quiescent
microglia are highly motile and are actively involved in many physiological processes that
include making dynamic contacts with neurons (Graeber 2010; Kettenmann et al. 2011;
Paolicelli et al. 2011; Parkhurst and Gan 2010; Tremblay and Majewska 2011; Tremblay et
al. 2011; Wake et al. 2009). However, the gene expression profiles of “resting” microglia in
the healthy CNS are not well characterized, and even less is known about whether microglia
undergo changes in gene expression that accompany their functional alterations from
postnatal development to aging. In the postnatal brain, microglia are important for synaptic
pruning (Paolicelli et al. 2011) and they have an activated, amoeboid morphology with high
phagocytic activity (Schwarz et al. 2012). Microglial changes towards an amoeboid
morphology are also associated with aging (Conde and Streit 2006; von Bernhardi et al.
2010), suggesting that their gene expression profiles may also be altered at these times.
Therefore, in the present study, we hypothesized that in the normal CNS, microglia undergo
age-dependent gene expression changes that reflect the morphologic and functional
plasticity they exhibit during development and aging. We focused on key genes associated
with the classical pro-inflammatory (M1) and alternative anti-inflammatory (M2)
phenotypes, hypothesizing that microglia will express more M1 markers in the postnatal and
aging CNS when they display an activated morphology, whereas in the young adult CNS,
microglia will be polarized towards the M2 phenotype.

Another aspect of microglial biology that is rarely studied is whether microglial gene
expression is sex-dependent (Sierra et al. 2007). Many neurodegenerative diseases
characterized by neuroinflammation are sexually dimorphic. For example, women are at
higher risk for developing Alzheimer disease and multiple sclerosis, whereas men are more
likely to develop amyotrophic lateral sclerosis and Parkinson disease (Logroscino et al.
2010; Payami et al. 1996; Voskuhl and Gold 2012; Wirdefeldt et al. 2011). Although the
causes of these sex differences remain poorly understood, potential sexual dimorphisms in
microglia may play a role. Estrogen receptors (ER) in the CNS mediate the effects of
estrogens in females as well as the effects of testosterone in males that is converted in the
brain to estrogen by aromatase (Balthazart and Ball 1998). ERs underlie sex-dependent
differences in neurons (Bloch et al. 1992; Flores et al. 2003; Shughrue et al. 2002; Simerly
et al. 1997), and suppress inflammatory responses of microglia and macrophages (Arevalo et
al. 2012; Smith et al. 2011; Vegeto et al. 2006). Therefore, we hypothesized that microglial
inflammatory gene expression would be sex-dependent, and that alterations in estrogen
receptor expression would accompany these changes. A major goal of this study was to
determine at what age potential sexual dimorphisms in microglial gene expression would be
evident.

To address our hypotheses, we evaluated estrogen receptor, and M1 and M2 marker gene
expression in microglia from healthy C57Bl/6 male and female mice ranging in age from 3
days to 12 months. Lastly, primary microglial cultures derived from neonatal animals are an
invaluable tool to study many aspects of microglial activities. Therefore, we also compared
their gene expression profiles to those of microglia in vivo from neonates of the same age, to
determine if and how in vitro culturing alters their properties.
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MATERIALS AND METHODS
Animals

C57Bl/6 mice were purchased from Charles River. All animals were maintained in the
AALAC-accredited animal facility with a 12 hour light/dark cycle regime and access to food
and water ad libitum. The 7-8 week old and 4 month-old females were virgins. The 12
month-old mice were retired breeders, with females not having born a litter for at least two
months prior to their use to minimize the possibility that hormones associated with
pregnancy/lactation would interfere with microglial activities. All experiments were
approved by the University of Wisconsin-Madison Institutional Animal Care and Use
Committee.

We examined microglial gene expression at different ages, selected based on important
developmental milestones. Postnatal day 3 is a time following the testosterone surge in
males (that occurs on the day of birth) that is responsible for masculinization of the still
developing CNS. In addition, primary microglial cultures are usually prepared from mice of
this age. Postnatal day 21 is a time proximal to weaning and represents an important
transition before the onset of puberty that begins during the fourth week of age in this mouse
strain (Witham et al. 2012). 7-8 week old mice are young adults that have acquired full
reproductive capacity, and 4 month-old mice represent sexually mature young adults. These
adult ages are also the most commonly used ages in most studies. Finally, 12 month-old
mice represent older animals at a time when both male and female reproductive potential
and gonadal hormone levels are beginning to decline. C57Bl/6 mice usually do not produce
litters after 1 year of age (Liu et al. 2013).

CD11b+ cell isolation
CD11b+ cells were isolated as previously described (Crain et al. 2009; Nikodemova and
Watters 2012). Briefly, mice were euthanized and perfused with cold phosphate buffered
saline (PBS). Whole brains (including cerebellum and brainstem) were dissected and
dissociated into a single cell suspension using the Neural Tissue Dissociation Kit containing
papain (Miltenyi Biotec, Germany). Myelin was removed by centrifugation in 0.9 M sucrose
in Hank's Buffered Salt Solution. Cells were stained with PE-conjugated anti-CD11b
antibodies followed by magnetic bead-conjugated secondary antibodies against PE.
Magnetically-tagged CD11b+ cells were then separated using MS columns according to the
manufacturer's protocol (Miltenyi Biotec, Germany). Reagents were used at 4°C and the
cells were kept on ice during the isolation process. The average purity of isolated cells
having the characteristics of microglia was >97% as determined by flow cytometry for
CD11b/CD45 staining (Crain et al. 2009; Nikodemova and Watters 2012). We recently
showed that the isolation efficiency of microglia expressing low and high CD11b levels
were equal; therefore microglial isolation is not expected to be affected by variations in
CD11b expression at different time points (Nikodemova and Watters 2012).

Genotyping
The sex of the 3 day (3d)-old mice was verified by genotyping for the sex-determining
region Y (SRY) gene, which is located on the Y chromosome, as previously described
(Crain et al. 2009). Genomic DNA was isolated by digestion of a small section of tail and
then used in PCR for SRY.

Primary microglial cultures
Primary neonatal microglial cultures were prepared as previously described, from
approximately 50% female and 50% male litters (Nikodemova et al. 2007). Briefly, 3 day-
old C57Bl/6 mice were euthanized, brains were dissected and cleaned of meninges and
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visible blood vessels, and then dissociated by incubation in 0.25% trypsin and DNase I
followed by trituration with a Pasteur pipette. Cells were plated in T75 flasks containing
Dulbecco's Modified Eagle's Medium supplemented with 10% fetal bovine serum and
penicillin/streptomycin. Microglia were harvested by shaking 10-14 days later and cultured
for two days in the medium described above. The purity of microglial cultures was >96% as
assessed by CD11b+ staining, as described previously (Nikodemova et al. 2007).

RNA extraction and Quantitative PCR
RNA was extracted from either primary microglial cultures or freshly-isolated microglia
using TriReagent (Sigma-Aldrich, St. Louis, MO). cDNA was synthesized from 1μg of total
RNA and MMLV reverse transcriptase (Invitrogen,) as previously described (Crain et al.
2009). Quantitative PCR was performed on an ABI 7300 system using Power SYBR Green
(Applied Biosystems, Carlsbad, CA). The primer sequences are given in Table 1 and were
designed to span introns whenever possible. Primer efficiency was tested by serial dilution.
ERβ expression was tested using three independent primer sets whose efficiency was
verified using cDNA from ovary as a positive control. The Ct values for ERβ were ~20 in
the ovaries (highly expressed), 26 in whole brain tissue homogenates, and > 33 in isolated
microglia (defined as undetectable).

CT values from duplicate measurements of each sample were averaged and relative
expression levels were determined by the ΔΔCT method. The expression of each gene was
normalized to the levels of 18s and/or β-actin within each sample as previously described
(Crain et al. 2009).

Statistical analysis
Data are expressed as the mean ± SEM of n = 8-14 mice in each group. Results for primary
microglial cultures are from three independent culture preparations. Statistical analyses were
performed using Sigma Stat 3.1 software. One-way ANOVA was used to determine
statistically significant differences in gene expression over time in the same sex, and Two-
way ANOVA followed by the Holm-Sidak test was used to determine differences in age-
dependent gene expression between females and males. Statistical significance was set at p
< 0.05. Levels of gene expression are displayed relative to 3 day-old males which enabled
comparison over time and between sexes. In some cases, a Student's t-test was used to
determine differences between primary cultures and postnatal day 3 (P3) microglia, or
differences in expression between males and females at the same time point, as indicated in
the Results. Gene expression in microglial cultures was compared to both P3 male and
female microglia.

RESULTS
Age- and sex-dependent M1 gene expression

We examined basal expression levels of key pro-inflammatory genes typically associated
with the M1 phenotype: iNOS, TNFα, IL-1β and IL-6 in naïve mice at P3, P21, 7-8 weeks,
4 months and 12 months of age. Notably, the expression of each gene displayed a unique
time course suggesting their independent regulation with age. The levels of mRNA for each
gene are expressed relative to 3 day-old males.

iNOS mRNA levels were highest at P3 followed by a significant 70% down-regulation by
P21 (Fig 1A). In adult mice, iNOS expression was only 10-20% of that seen at P3 (two-way
ANOVA p<0.001). We did not detect any sex differences in the expression of iNOS at any
age.
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TNFα was highly expressed at P3, but it was significantly lower between P21 and 4 months
of age (Fig 1B). A second peak of TNFα mRNA levels occurred at 12 months in both sexes.
A two-way ANOVA revealed significant age-dependent changes in TNFα expression
(p<0.001) without significant interaction with sex (p<0.2). Although a two-way ANOVA
analysis did not reveal significant sex-dependent TNFα expression, females had 60% higher
TNFα mRNA levels at P3 than males, a difference that was statistically significant by
Student t-test (p<0.007).

In males, there were no significant age-dependent changes in the expression of IL-1β (Fig
1C) and in females, IL-1β decreased by 50% at 7 weeks of age compared to P3. By 12
months, IL1-β appeared to be upregulated in both sexes, but this increase did not reach
statistical significance as determined by the one-way or two-way ANOVA. A sex difference
was observed in IL-1β mRNA levels at P3 where expression was significantly higher in
females than males (t-test p<0.001).

Contrary to other pro-inflammatory genes that have high expression at P3, IL-6 expression
was lowest at P3 compared to adult animals which had 3-4 times greater IL-6 mRNA levels
(two-way ANOVA p<0.002). Interestingly, whereas females had higher IL-6 mRNA levels
at P3 (t-test p<0.001), this sexual dimorphism did not persist in adulthood (Fig 1D).

Age- and sex-dependent M2 gene expression
We investigated the expression of genes often used to indicate the M2 phenotype: the anti-
inflammatory cytokine IL-10, arginase-I, and the growth factor VEGF. We detected no
significant age-dependent changes in the expression of IL-10 in males (one-way ANOVA,
p=0.12; Fig 2A); however, females showed decreased expression at 7 weeks of age (one-
way ANOVA, p< 0.04). Females also had almost 2-fold higher levels of IL-10 mRNA at P3
than males (two-way ANOVA, p<0.03).

The time course of arginase-I was very similar to that of iNOS. The highest expression was
observed at P3 followed by down-regulation by P21 to 30% of P3 levels (Fig 2B). In
adulthood, the levels of arginase-I mRNA were <10% of P3 expression (two-way ANOVA,
p<0.001). No differences were observed between males and females.

The expression of VEGF, a growth factor that supports neuronal survival, was unchanged at
all time-points evaluated (Fig 2C), and no differences between males and females were
observed.

Age- and sex-dependent expression of membrane proteins
Toll-like receptors (TLRs) play an important role in the activation of innate immune cells,
including microglia. We analyzed the expression of TLR4 and TLR2 because they are
associated with CNS disorders such as ischemia, infections, multiple sclerosis and others,
and males and females are differentially predisposed to these disorders. The highest
expression of TLR4 was observed at P21 in both sexes (Fig 3A, two-way ANOVA, p<0.02).
TLR2 expression also exhibited age-dependent changes (two-way ANOVA, p<0.016) with
the lowest mRNA levels being observed at 7 weeks of age (Fig 3B). There were no
statistically significant sex-dependent differences in the expression of TLR2 or TLR4.

Fc receptors mediate antibody-dependent phagocytosis, and morphological studies indicate
differences in the prevalence of amoeboid microglia in postnatal males and females
(Schwarz et al. 2012). We evaluated the expression of FcRγI that binds IgG, the most
common class of antibodies (Fig 3C). FcRγI mRNA levels were significantly up-regulated
at P21 compared to all other ages (two-way ANOVA, p<0.002), but there were no
differences between males and females.
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Lastly, we examined the expression of CD11b, an integrin involved in cell adhesion,
phagocytosis, chemotaxis and inflammation. CD11b is often up-regulated upon microglial
activation. CD11b mRNA levels were lowest at P3 followed by highest expression at P21
(one-way ANOVA p<0.001 for males, p<0.01 for females; Fig 3D). Although CD11b
expression was down-regulated after P21, its expression still remained higher than at P3. We
found no significant differences in CD11b expression between males and females at any
age.

Age- and sex-dependent expression of estrogen receptors
We also evaluated ERα and ERβ expression in microglia given the sexual dimorphisms in
several neurologic disorders. ERα mRNA expression was very low at P3 but increased at
P21. Its expression further increased by 7-8 weeks of age after which time its levels
remained constant until 12 months of age in both sexes (Fig. 4). Compared to P3, ERα
mRNA levels were approximately 4-fold higher at 21days, and 6-7 fold higher at the other
time points. Importantly, there were no differences observed in microglial ERα expression
between males and females at any age. ERβ mRNA expression was not detectable at any
age evaluated, in either male or female mice, suggesting that this gene is not expressed in
microglia from healthy animals.

Basal gene expression in primary microglia
Because mixed-sex primary microglial cultures are commonly used to study microglia in
vitro, we compared gene expression in cultured cells to that of microglia freshly-isolated
from animals of the same age (P3) from which the primary cultures were prepared. We
found that gene expression in primary microglia was significantly different from that of
male and female P3 microglia in vivo. Moreover, primary microglial gene profiles did not
match the profile of microglia at any age evaluated here.

TNFα mRNA levels were highly up-regulated in neonatal microglia cultures compared to
male but not female P3 microglia (Fig 1B), whereas iNOS expression was significantly
down-regulated, with levels comparable to those observed in male and female adult
microglia (Fig 1A). IL-10 mRNA levels were also significantly lower in primary cultures
compared to male and female microglia of any age (Fig 2A). Arginase-I mRNA was
comparable to levels in male and female P3 microglia (Fig 2B). Interestingly, the expression
of VEGF was increased by 7-fold in primary cultures compared to freshly-isolated male and
female microglia from mice of any age. CD11b mRNA levels in primary cultures were
16-18 times higher than at P3 in males and females (Fig 3), whereas the expression of
TLR2, TLR4 and FcRγI was comparable to P3 mice. Lastly, ERα mRNA levels in primary
microglial cells were significantly down-regulated compared to male and female microglia
in vivo from any age, whereas ERβ mRNA levels remained undetectable (Fig 4).

DISCUSSION
Microglia possess great morphological and functional plasticity that enable their rapid
response to specific physiological or pathological signals. However, it is not known whether
microglial properties differ in the healthy CNS of postnatal, adult and aged mice, as no
studies have systematically evaluated microglia over time. Our data demonstrate that basal
microglial gene expression significantly varies in the postnatal and adult brain, perhaps
enabling microglial acquisition of specific age-dependent phenotypes. Interestingly,
however, microglia in the healthy CNS are not fully committed to either an inflammatory or
anti-inflammatory phenotype at any age, but rather display some M1 and M2 markers with
variable age-dependent expression levels.
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At postnatal day 3 microglia were characterized by high expression of iNOS, TNFα and
arginase-I mRNA levels relative to other ages. Thus, during the early postnatal period,
microglia express concomitant M1 (iNOS, TNFα) and M2 (arginase-I) markers suggesting
that they either acquire a unique phenotype related to specific developmental needs at this
age, or that there are several microglial subpopulations that may be region-specific. The
latter is supported by the presence of at least three different microglial morphologies found
in many CNS regions at this age, with the amoeboid morphology being the most prevalent
(Schwarz et al. 2012). Both TNFα and nitric oxide (produced by iNOS) exert pleiotropic
effects. Besides their well-known role in inflammation, both are involved in neuronal
apoptosis, and synaptic plasticity and pruning, frequent processes during early CNS
development in which microglia are actively involved (McCoy and Tansey 2008; Zhou and
Zhu 2009). The significance of arginase-I expression at this age is not yet clear. Both iNOS
and arginase-I use arginine as a substrate for their enzymatic activities thus competing for
arginine availability. Some studies suggest that arginase-I may function as a modulator of
iNOS activity to prevent overproduction of nitric oxide in immune cells (Chang et al. 1998;
Mori 2007). On the other hand, in macrophages, arginase-I activity is important for
extracellular matrix production, thus facilitating wound healing (Bansal and Ochoa 2003).
Since at P3 the brain is still developing and growing, it is possible that microglia participate
in extracellular matrix building through arginase-I activities.

At P21, iNOS, TNFα and arginase-I are down-regulated whereas IL-6, CD11b, TLR4 and
FcRγI mRNAs are significantly increased suggesting that microglia at P21 are
phenotypically and functionally distinct from both P3 and adult microglia. The functional
significance of elevated CD11b and TLR4 expression at P21 is not yet clear and warrants
further study. Fc receptors mediate antibody dependent phagocytosis and are important
modulators of microglial activities. Although increased IgG and Fc receptor levels are
evident in the aged CNS and during neurodegenerative disease in animal models and
humans (Cribbs et al. 2012; Lira et al. 2011; Lunnon et al. 2011), the role of microglial Fc
receptors during CNS development is unknown. Our data suggest that they may play a role
in the postnatal period when increased phagocytosis may be necessary for clearing debris
from neuronal remodeling processes.

Between two and four months of age, microglia express low levels of the M1 markers iNOS
and TNFα mRNA. IL-10 and arginase-I expression, markers of two different M2 subtypes
(Edwards, 2006) are also low, suggesting that microglia in the healthy adult brain are not
polarized to either the M1 or M2 phenotype. However, by 12 months of age, microglial
TNFα mRNA had increased to the levels found during early postnatal development. IL-1β
mRNA was also increased at 12 months, although not significantly. Similar results have
been reported in other studies (Godbout et al. 2005; Sierra et al. 2007), and suggest that at
this older age, microglia may be polarizing towards the M1 phenotype.

Interestingly, the only significant sexual dimorphisms we observed in microglial gene
expression were in the early postnatal period (P3). Microglia from female mice had higher
mRNA levels for TNFα, IL-1β, IL-6 and IL-10 than males. The testosterone surge occurring
in male mice shortly after birth may underlie this sex-related differences as androgens
reportedly reduce the expression of pro-inflammatory cytokines in macrophages (Brown et
al. 2007; Vignozzi et al. 2012) and they are converted to estrogens in the CNS which also
exert anti-inflammatory effects. ERα levels were lowest at P3 relative to other ages and no
differences between males and females were observed at this age or at any other tested. In
addition, we did not detect ERβ mRNA in microglia at all, consistent with a report by Sierra
et al.(Sierra et al. 2008). Previous studies have shown effects of ERβ in activated microglial
cell lines and primary cultures, and in ischemically injured non-human primates (Baker et al.
2004; Lewis et al. 2008; Mor et al. 1999; Takahashi et al. 2004), but there are no reports to
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our knowledge demonstrating effects of ERβ activation on inflammatory gene expression in
quiescent microglia. Together, these data suggest that ERβ is not expressed in microglia in
the healthy CNS, and that neither ERα nor ERβ underlie the sexual dimorphisms observed
in early postnatal microglial gene expression. However, a recent study by Sato et al. showed
that some effects of male sex hormones in the CNS are mediated via androgen receptors
(Sato et al. 2004) so they may be responsible for some sex-dependent differences in
microglial gene expression, although androgen receptors have not been detected in microglia
(Sierra et al. 2008). Regardless, the absence of sex-dependent differences in inflammatory
gene expression in adult microglia is surprising given the considerable sexual disparities in
many CNS disorders in adulthood. Perhaps this reflects effects of sex hormones on other
CNS cell types instead of microglia, as shown in EAE where the beneficial effects of
estrogens are mediated through astrocytes (Spence et al. 2011), or alterations in estrogen
receptor signaling independent of the expression of M1/M2 genes in quiescent microglia. In
addition, despite a lack of obvious differences in microglial basal gene expression,
microglial responses may be sex-dependent. However, we examined only a limited number
of genes, and we did not evaluate microglia in animals beyond 12 months of age, so we
cannot exclude the possibility that sex-dependent differences in microglial properties
emerge at later time points.

The alterations in basal microglial gene expression with age likely reflect the changing
environment in the CNS. Microglia express receptors for many neurotransmitters,
neurohormones, neuromodulators and ion channels that enable them to communicate with
other CNS cells and sense abnormal neuronal activities or disturbances in homeostasis
(Kettenmann et al. 2011). We have previously shown age- and sex-dependent alterations in
microglial expression of purinergic receptors that are important sensors of extracellular ATP
and its metabolites (Crain et al. 2009). However, our understanding of the regulation of
microglial activities in the healthy CNS has only begun to evolve, and more studies are
needed to fully understand microglial interactions with other cell types in the CNS.

Lastly, we show here that in vitro culturing has a profound effect on basal gene expression
in microglia. The expression profile of genes assessed here did not correspond to any single
age evaluated in vivo. At least two factors may contribute to the altered microglial
phenotype in vitro. First, microglia and mixed primary cultures from which microglia are
derived are cultured in medium supplemented with serum, whereas in the healthy CNS,
microglia and other cell types are not exposed to serum directly. A recent study by Foo et al.
showed that the exposure of astrocytes to serum in vitro induced more than 365 genes that
are not normally expressed in these cells in vivo (Foo et al. 2011); thus serum may have
similar effects on microglia. In addition, since microglia are cultured for 10-14 days before
harvesting in mixed cultures with astrocytes in media containing serum, phenotypically
altered astrocytes may affect microglial gene expression. Second, in primary cultures,
neurons are absent. Thus, the loss of neuronal signals that are important modulators of
microglial activities may also contribute to alterations in microglial properties in vitro.
Overall, our study suggests that many factors should be considered when interpreting in
vitro data that may be complex and quite distinct from the in vivo condition.

Conclusion
Microglia display specific gene expression profiles in the early postnatal (P3) and late
postnatal (P21) periods that are distinct from adult microglia, likely reflecting their specific
roles during development. At 12 months of age, microglia appear to begin polarization
towards a pro-inflammatory (M1) phenotype. Sex- and age-dependent microglial gene
expression patterns such as those shown in this study may induce different microglial
responses to the same physiological or pathological stimulus, which in turn could
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significantly affect CNS vulnerability and/or the outcome of many CNS disorders at specific
ages.
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Fig. 1. Basal expression of pro-inflammatory genes in microglia
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The expression of iNOS (A) and TNFα (B), but not IL-1β (C), was significantly higher in
microglia isolated from whole brains of 3-day old mice. On the contrary, IL-6 (D)
expression was lowest at P3 compared to other ages. Females had higher expression of
TNFα, IL-1β and IL-6 than males at P3. Gene expression in primary microglia was
significantly affected by culturing in vitro. Gene expression data are expressed as fold
change relative to 3 day-old males. + depicts significant age-dependent differences vs. 3
day-old males. * depicts significant age-dependent differences vs. 3 day-old females. #
depicts significant differences between males and females of the same age. Symbol “a”
depicts significant difference in gene expression in primary microglia vs. 3 day-old males.
The number of symbols corresponds to the following p-values: *p<0.05; **p<0.01;
***p<0.001. N.D., not determined.
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Fig 2. Basal expression of anti-inflammatory and trophic factor genes in microglia
P3 females had higher microglial expression of IL-10 (A) than males. Arginase-I (B)
expression was highest at P3 both in males and females compared to other ages. There were
no sex- or age-dependent changes in VEGF (C) expression. Primary microglia cultures had
significantly lower expression of IL-10 compared to males or females in vivo, whereas
VEGF was significantly upregulated compared to any age or sex in vivo. Gene expression
data are expressed as fold change relative to 3 day-old males. + depicts significant age-

Crain et al. Page 14

J Neurosci Res. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



dependent differences vs. 3 day-old males. * depicts significant age-dependent differences
vs. 3 day-old females. # depicts significant differences between males and females of the
same age. Symbol “a” depicts significant difference in gene expression in primary microglia
vs. 3 day-old males. The number of symbols corresponds to the following p-values:
*p<0.05; **p<0.01; ***p<0.001
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Fig 3. Basal expression of membrane proteins in microglia
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P21 microglia were characterized by elevated expression of TLR4 (A), FcRγI (C) and
CD11b (D), but not TLR2 (B) compared to other ages. Interestingly, primary microglial
cells had elevated CD11b levels compared to male or female P3 pups in vivo. Gene
expression data are expressed as fold change relative to 3 dayold males. + depicts significant
age-dependent differences vs. 3 day-old males. * depicts significant age-dependent
differences vs. 3 day-old females. # depicts significant differences between males and
females of the same age. Symbol “a” depicts significant difference in gene expression in
primary microglia vs. 3 day-old males. The number of symbols corresponds to the following
p-values: *p<0.05; **p<0.01; ***p<0.001.
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Fig 4. Basal expression of estrogen receptors in microglia
The expression levels of ERα and ERβ were evaluated by qRT-PCR and are expressed as
fold change relative to 3 day-old males. P3 male and female microglia had the lowest
expression of ERα compared to other ages. No sex-dependent differences were detected in
ERα expression at any age. Primary microglia had downregulated ERα levels compared to
P3 male and female microglia in vivo. ERβ was undetectable in all ages. + depicts
significant age-dependent differences vs. 3 day-old males. * depicts significant age-
dependent differences vs. 3 day-old females. # depicts significant differences between males
and females of the same age. Symbol “a” depicts significant difference in gene expression in
primary microglia vs. 3 day-old males. The number of symbols corresponds to the following
p-values: *p<0.05; **p<0.01; ***p<0.001.
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