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SUMMARY

Emerging evidence suggests that immune receptors may participate in many aging-related processes such
as energy metabolism, inflammation, and cognitive decline. CD300f, a TREM2-like lipid-sensing immune re-
ceptor, is an exceptional receptor as it integrates activating and inhibitory cell-signaling pathways thatmodu-
late inflammation, efferocytosis, and microglial metabolic fitness. We hypothesize that CD300f can regulate
systemic aging-related processes and ultimately healthy lifespan.We closely followed several cohorts of two
strains of CD300f�/� and WT mice of both sexes for 30 months and observed an important reduction in life-
span and healthspan in knockoutmice. This was associatedwith systemic inflammaging, increased cognitive
decline, reduced brain glucose uptake observed by 18FDG PET scans, enrichment in microglial aging/neuro-
degeneration phenotypes, proteostasis alterations, senescence, increased frailty, and sex-dependent sys-
temic metabolic changes. Moreover, the absence of CD300f altered macrophage immunometabolic pheno-
type. Taken together, we provide strong evidence suggesting that myeloid cell CD300f immune receptor
contributes to healthy aging.

INTRODUCTION

Aging is a multifactorial process that includes the lifelong accu-

mulation of molecular damage, leading to age-related frailty,

disability, and disease, and eventually death. Macrophages

occupy multiple tissue niches and support tissue development,

maintain homeostasis, and respond to invading pathogens.

However, dysregulation of their functions can promote patho-

logical processes including inflammatory diseases, cancer,

fibrosis, and impaired tissue repair, all processes strongly

associated with aging.1,2 Emerging evidence suggests that mi-

croglia/macrophage immune receptors are involved in many

aging-related processes such as energy metabolism, inflamma-

tion, and cognitive decline.3,4 One canonical example is TREM2

lipid-sensing immune receptor, a key regulator of microglial

phenotype strongly related to Alzheimer’s disease (AD),4,5 and

also involved in adipose tissue and hepatic metabolism and

control of inflammation.1,6 CD300f is another lipid-sensing im-

mune receptor that shares many properties with TREM2

including most of its ligands (i.e., phospholipids and
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lipoproteins, among others), its expression pattern in microglia/

macrophages (although CD300f is also present in other myeloid

cells), its involvement in the regulation of microglia/macrophage

phenotype and metabolic fitness,7 and participation in phago-

cytic apoptotic cell clearance and synaptic pruning machin-

ery.7,8 In addition, due to their lipid-binding capacity, it has

been proposed that TREM2, and putatively CD300f, may sense

tissue damage by acting as damage-associated molecular

pattern (DAMP) receptors.9 CD300f is an exceptional immune

receptor as it triggers activating and inhibitory intracellular

cell-signaling pathways,10,11 and indirectly modulates DAP12/

TYROBP.12 Most studies regarding the function of CD300f

have shown that it has a protective and anti-inflammatory profile

in mice models of multiple sclerosis,13 lupus,8,14 allergy,15 or

acute brain damage.16 However, CD300f activation potentiated

microglial proinflammatory profile when these cultures were

stimulated with LPS.17 Moreover, no changes in major proin-

flammatory signaling molecules were observed in CD300f�/�

microglia in vivo after LPS intraperitoneal challenge,7 suggest-

ing complex roles of this immune receptor in the regulation of

inflammation. CD300f is among the most upregulated genes in

brain microglia/macrophages after several proinflammatory in-

sults such as intraperitoneal LPS injection7,18 or spinal cord

injury,19 and its upregulation has been associated to promyeli-

nating microglia after demyelinating stimuli20 and to the neuro-

protective response against Tau pathology.21 Genetic variants

of CD300f have also been shown to be involved in human

inflammatory and autoimmune disease susceptibility.7,22,23

Interestingly, CD300f has also been associated to non-classical

inflammatory functions of microglial and potentially CNS bar-

rier-associated macrophages (BAMs), leading to modulation

of neuropsychiatric conditions such as major depressive disor-

der and anxiety.7,24

Despite all this evidence implicating CD300f in different condi-

tions associated with aging, no one has explored its role in age-

dependent accumulation of tissue damage, age-related frailty,

disability, and eventually reduced lifespan. Several additional

lines of evidence implicate immune receptors in aging. One inter-

esting report showed that the absence of the SiglecE inhibitory

immune receptor shortened mice lifespan and was associated

to several aging-related conditions.3 Most of these immune re-

ceptors, including CD300f and TREM2 are upregulated with

age.25 Aging induces microglial and macrophage metabolic

alterations that contribute to cognitive decline,26 and both

TREM2 and CD300f have been shown to be essential for main-

taining microglial and macrophage metabolic fitness under

different neuropathological conditions.7,27 Moreover, most

AD-associated genes are involved in phagocytosis/lysosomal

pathways,4 where these lipid binding immune receptors play a

central role. Finally, analysis of genomic non-coding regions in

AD also points toward microglia, BAMs, or other tissue-resident

macrophages as central players,28,29 again linking these cell

types and their phenotype to age-related conditions. Taken

together, the above reports put forward the question of whether

immune receptors expressed on myeloid cells, and in particular

CD300f, can regulate systemic aging-related processes such as

metabolism, inflammation, neurodegeneration, and cognitive

decline, and ultimately healthy lifespan.

RESULTS

CD300f regulates mice lifespan
Emerging evidence suggests that immune receptors could influ-

ence lifespan and aging-associated processes.3 To explore this

hypothesis, we agedCD300f�/� andwild-type (WT)mice and fol-

lowed them closely for 30 months. Strikingly, CD300f�/� mice

showed an important reduction in lifespan (Figure 1A). This effect

was observed in three different cohorts, in two different animal

facilities (Figures S1A and S1B), and was independent of sex

(Figures S1C and S1D). To confirm this finding, we generated a

new CD300f-deficient mouse line (CD300f�/�IPMon), which also

showed a similar reduction in lifespan (Figure 1B). It has been

found that exposure of micemaintained under specific pathogen

free (SPF) conditions to multiple mouse pathogens matures their

immune system, whichmore closely resembles that seen in adult

humans.30 Interestingly, the reduced lifespan of CD300f�/�mice

was observed both under SPF conditions (Figure S1B) and in a

closer to real-life housing/immunologic environment (UDELAR

animal facility, see materials and methods and Figure S1A).

Although a decreased lifespan was observed, no alterations

were detected during aging between WT and CD300f�/� mice

in body weight (Figures 1C and S1E) or in spontaneous locomo-

tor activity (Figure 1D). The most common natural cause of age-

related deaths in a wide range of mouse strains is cancer.31 A

similar frequency of neoplasms was observed macroscopically

in WT and CD300f�/� mice (Figure 1E). However, we noted

that CD300f�/� femalemice tended to show increased incidence

and size of tumors at the base of the skull reminiscent of pituitary

tumors, a common aged-related pathology31 (Figure S1F). To

quantify this, we performed qPCR of several pituitary hormone

genes from brain samples. Strongly increased mRNA levels for

growth hormone (hg) and prolactin (prl) were observed in female

CD300f�/� mice at age 30 months when compared with adult

WT or CD300f�/� mice and aged-matched WT mice (Fig-

ure S1G). It has been shown that 18-month-old CD300f�/�

mice are prone to develop autoimmune disease and splenomeg-

aly only if stimulated with pristane and apoptotic cells.8 Accord-

ingly, we could not detect significant differences in spleenweight

until age 30 months or in euthanized female (Figure 1F) or male

(Figure S1H) mice, although CD300f�/� female mice displayed

a strong tendency (p = 0.077) to show splenomegaly at

18 months, earlier than aged WT mice. Moreover, some WT

and CD300f�/� mice that had to be euthanized due to ethical

endpoint criteria showed splenomegaly (Figure 1F). We did not

find alterations in most hepatic/renal clinical plasma markers

(Table S1) or in many rutinary clinical blood parameters

(Table S1). However, CD300f�/� aged females that had to be

euthanized showed increased levels of gamma-glutamyl trans-

ferase (GGT) (Figure 1G), and elevated plasma levels of this

enzyme have been significantly associated with all-cause mor-

tality.32 We found an important dispersion of the data with aging,

a common finding in aging studies that reflect interindividual dif-

ferences due to chronological age not matching biological age

for each subject. For instance, some euthanized animals showed

increased plasmatic alanine amino transferase (ALT), suggestive

of hepatic damage (Figure 1H), and some showed reduced basal

glycemia under ad libitum feeding (Figure 1I). In addition, some
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18-month-old and euthanized females showed an important

decrease in platelet counts (Figure 1J; Table S1). Also, some

18-month-old and euthanized CD300f�/� females showed ane-

mia (Figure 1K; Table S1) and increased leukocyte counts (Fig-

ure 1L; Table S1), while 30-month-old males showed different al-

terations in white blood cell counts (Figure 1M; Table S1). Taken

together, these data show that CD300f�/� mice have a

decreased lifespan, and that the underlying cause of death is

probably multifactorial and variable depending of the subject,

as would be expected for aging.

Absence of CD300f induces inflammaging and systemic
metabolic alterations
Chronic low-grade inflammation or inflammaging is a key aspect

of aging that contributes to the pathogenesis of age-related dis-

eases.33 CD300f has been shown to be important to limit the

severity of inflammatory conditions by negatively regulating the

innate immune system.10,13,15 To explore the hypothesis that

CD300f may contribute to dampen the systemic low-grade

inflammation that accumulates during aging, we aged

CD300f�/� mice and explored the immune cell infiltration and

expression of inflammatory markers in several tissues and

plasma. Aging induced widespread inflammaging at 18 months

as observed by increased plasma IL-1b, IL-1a, and IL-6 protein

levels (Figure 2A) and increased mRNA for il1b in lungs (Fig-

ure 2B). Cytokines such as TNF-a, INF-b, and INF-g, among

other plasma cytokines measured, did not show significant

changes (Figure S2A). Moreover, age-dependent liver accumu-

lation of immune infiltrates in WT animals was observed as

described previously (Figures 2C and 2D), a process that was

increased in CD300f�/� mice (Figures 2C and 2D). These data

are in accordance with the aging-associated accumulation of

eosinophils in the adipose tissue at 5–8 months in CD300f�/�

mice.34 The hepatic infiltrates were more pronounced in

Figure 1. Absence of CD300f reduces lifespan

The lifespan of CD300f�/� andWT animals were followed for 30months (A) (WT n = 57 andCD300f�/� n = 65, housed at IPMon and UDELAR, log rankMantel-Cox

test, p = 0.0008, median lifespan CD300f�/� 121 weeks) in three independent cohorts (A) and of a new CD300f�/�IPMon line generated (B) (WT n = 13 and

CD300f�/�IPMon n = 13 all males, housed in UDELAR, log rank Mantel-Cox test, p = 0.047, median lifespan CD300f�/� 114 weeks). Body weight (males and

females) (C). Twenty-five-month-old male and female exploratory behavior in the open field test (D). Percentage of animals with evident neoplasms when

euthanized (E) (WT n = 18, CD300f�/� n = 17, lifespan until age 24 months). Relative spleen weight of female mice at the indicated ages (F). Plasma levels of GGT

(G) and ALT (H) enzymes, and of platelets (J) in euthanized female mice. Female mice basal glycemia under ad libitum feeding at different ages or in female mice

that were euthanized (I) (#p = 0.055 and p = 0.090 compared with 6-month-old adult WT or CD300f�/�, two-way ANOVA p = 0.049 for age and p = 0.094 for

genotype). Blood cell populations in females (K and L) and males (M) (30 months old).
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CD300f�/� female thanmale mice, an effect also observed inWT

female andmalemice (Figures S2B and S2C). The increased liver

inflammation in CD300f�/� female mice included increased

numbers of PU.1 macrophages (Figure 2E). In accordance, the

mRNA for il1b, ccl2 (Figure 2F), and ccl3 (Figure S2D) were

elevated in 18-month-old CD300f�/� female liver. Despite liver

Figure 2. Absence of CD300f induces inflammaging and systemic glucose metabolism alterations

An age-dependent proinflammatory cytokine and chemokine increase in plasma (A) (ELISA), lung (B) (qPCR), and liver (F) (qPCR) was observed in 18-month-old

CD300f�/� female mice. Age-dependent hepatic infiltrates were also increased in CD300f�/� mice (male and female pooled data) (C and D). Scale bar, 100 mm.

Age-dependent increase in PU.1+ cells in the liver of CD300f�/� mice (females) (E). Scale bar, 50 mm. Glucose tolerance test in adult female mice (G) and at

different ages (H) (#p < 0.01 compared with 6- and 12-month-old adult WT, two-way ANOVA p = 0.001 for age and p = 0.001 for genotype) after 12 h fasting. Basal

glycemia after 6 h fasting in female and male 18-month-old mice (I). Pyruvate tolerance test in 18-month-old females (J) and at different ages (K) (#p < 0.02

compared with 6- and 12-month-old adult WT, two-way ANOVA p < 0.001 for age and p = 0.002 for genotype) after 6 h fasting. AUC, area under the curve.
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inflammation, no general hepatoxicity could be detected by

measuring plasma AST and ALT enzymes at 18 and 30 months

in most animals (Table S1). Moreover, bone marrow-derived

macrophage (BMDM) cultures from adult WT and CD300f�/� fe-

male mice showed increased NLRP3 inflammasome expression

after LPS stimulation in the latter (Figure S2E), also suggesting

increased inflammatory profile of CD300f�/� myeloid cells.

Macrophages and immune receptors such as TREM2 have

been shown to regulate both liver and fat tissue metabolism.1,35

Thus, to explore whether CD300f immune receptor could alter

macrophage phenotype and influence systemic metabolism

during aging, we explored the age-related alterations in glucose

handling and clearing capacity in adult and aged WT and

CD300f�/� mice. Adult male and female WT and CD300f�/�

mice were able tomaintain similar basal plasmatic glucose levels

under ad libitum feeding and after 6 or 12 h fasting (Figures 2H

and 2I), and showed no alteration in glucose buffering capacity

as observed after an intraperitoneal glucose challenge (glucose

tolerance test [GTT]; and as reported previously34) (Figures 2G,

2H, S3A, and S3H). However, 12- and 18-month-old female

but not male CD300f�/�mice showed a reduced under the curve

area after the GTT, suggesting alterations in glucose-buffering

capacity. This effect was not due to differences in insulin sensi-

bility in CD300f�/� mice (mostly due to muscle glucose uptake),

as no alterations were observed after an intraperitoneal insulin

challenge (insulin tolerance test) in CD300f�/� male and female

mice until 18 months, the last age tested (Figures S2F, S2G,

and S3I). Interestingly, a short 6-h starvation demonstrated the

reduced capacity of 18-month-old CD300f�/� females to sustain

basal plasmatic glucose levels (Figure 2I). In this context, the

alteration in glucose metabolism could be due to hepatic

dysfunction. To test this hypothesis, an intraperitoneal pyruvate

injection challenge was performed (pyruvate tolerance test),

which mainly evaluates the hepatic gluconeogenesis potential.

Interestingly, while WT female mice tend to show a reduced he-

patic gluconeogenesis from age 18 months, female, but not

male, CD300f�/� mice showed reduced hepatic gluconeogen-

esis earlier, from age 12 months (Figures 2J, 2K, and S3H).

Absence of CD300f induces age-related CNS alterations
The brain is a central organ affected by aging. Accordingly, signs

of inflammaging were also observed in the brain of 30-month-old

CD300f�/� mice by qPCR for chemokines ccl2, ccl3, and itgax/

cd11c (Figure 3A). To further understand the biological role of

CD300f in CNS aging, we analyzed the whole-brain transcrip-

tome by RNA-seq of 30-month-old WT and CD300f�/� female

mice (Table S2). The general RNA-seq gene expression profiles

of both groups were different, as observed by principal-compo-

nent analysis (Figure 3B). In fact, 67 genes were significantly

differentially expressed (Figure 3C and S4A; Table S3). An

over-representation analysis of these genes highlighted an

enrichment in KEGG pathways associated to longevity regula-

tion, JAK-STAT and PI3K signaling (Figure 3D; Table S4). These

data are in accordance with gene set enrichment analysis

(GSEA) of aged microglia that showed increased STAT3 activa-

tion.36 Alteration in the expression of well-known genes related

to longevity such as gh, igf1, prl, kl, and gcat was observed (Fig-

ure 3C). For instance, gcat, one of themost upregulated genes in

CD300f�/� brain, has been shown to be downregulated during

normal aging in different species, and knockdown of GCAT in-

creases lifespan in Caenorhabditis elegans.37 This association

prompted us to analyze senescence markers in the brain of

CD300f�/� mice. A recent report compiled a senescence gene

set termed SenMayo, which is able to accurately quantify the de-

gree of senescent cells in RNA-seq samples from several tissues

including the brain and microglia of mice and humans.38 When a

GSEA was performed on our RNA-seq data using the SenMayo

mouse gene set, a significant enrichment in senescencemarkers

was observed in the CD300f�/� brain (Figure 3E; Table S5).

Moreover, GSEA also showed that the brains of 30-month-old

CD300f�/� female mice were significantly enriched for disease-

associated microglia (DAM)-upregulated genes (including

clec7a, ccl3, lilrb4, cybb, lgals3, and igf1) previously observed

in aging, AD, and other neurodegenerative conditions39,40

(Figures 3C and S4B; Table S5). Immunohistochemical analysis

for one of the main DAM markers CLEC7A showed a significant

increased immunoreactivity in all animals analyzed and

increased CLEC7A+ cells only in some animals (Figures S4C–

S4E). TREM2 has been shown to be essential for microglial

DAM phenotype induction39 and, in accordance, qPCR showed

that TREM2 is upregulated in CD300f�/� 30-month-old aged

brains (Figure 3F). A recent study41 suggests that, among the

classical DAM microglia,39 there is a defined population derived

from monocytes termed disease inflammatory macrophages

(DIMs) that would accumulate in the brain mainly during aging

and neuroinflammation. Interestingly, 30-month-old CD300f�/�

mouse brains also showed a significant signature for DIM mac-

rophages (Figures 3E and S4B; Table S5). An additional fact

pointing toward an aged microglial phenotype in CD300f�/�

18-month-old brains is the increase in their lipid droplet content

(Figure 3G).42 Microglia have been shown to increase in their

number and expression of proinflammatory markers with age.

Figure 3. Absence of CD300f induces age-related brain alterations

Brain inflammatory marker mRNA expression in adult and 30-month-old WT and CD300f�/� female mice was analyzed by qPCR (A). The transcriptome of

30-month-old female brains was analyzed by bulk RNA-seq (B, C, and K). Principal-component analysis (B), volcano plot highlighting differentially expressed

genes (C), and KEGG pathway enrichment results (D) of the RNA-seq. The plot depicts the relationships among differentially expressed genes and over rep-

resented KEGG pathways (p < 0.001, FDR-adjusted p value < 0.2). Gene expression changes in the brain of 30-month-old CD300f�/� compared with WT mice

exhibited both frailty and senescent signatures as well as enhanced microglial DAM state and a recruited macrophage DIM profile (E). GSEA plot shows, for the

five gene lists, the running enrichment score as well as the position of the specific genes in the ranked gene sorting. qPCR for TREM2 expression in 30-month-old

female brains (F). Quantification of microglial BODIPY+ lipid droplet content by flow cytometry in 18-month-old female brains (neocortex) (G). Quantification of

microglial numbers by anti-CD11b/CD45 staining and flow cytometry of 18-month-old female brains (neocortex) (H). Quantification of IBA1 staining in 30-month-

old female brains by immunohistochemistry (I and J). Scale bar, 20 mm. Normalized expression of ATF4 mRNA and some of its target genes (K) in 30 month-old-

female brains. The parallel rod floor test (PRFT) was performed for analyzing ataxia in two independent cohorts of 24-month-old WT and CD300f�/� female mice

at two different animal facilities (L). MFI, mean fluorescent intensity.
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However, in the aged brains of CD300f�/� female mice, a trend

toward displaying reduced numbers of microglia at 18 months

(Figure 3H), or in the percentage of the IBA1-stained area at

30 months, was observed (Figures 3I and 3J).

Further exploration of brain RNA-seq results showed that

KEGG enrichment analysis also highlighted growth hormone

secretion and the action pathway. Indeed, the increase in

mRNA for gh, prl, and cga (alpha polypeptide shared by

several pituitary hormones) confirmed the previous qPCR data

suggesting that CD300f�/� female mice develop pituitary neo-

plasms. Another differentially expressed gene in 30-month-old

CD300f�/� female mice brain was atf4, which is a central effector

of the integrated stress response. Proteostasis alteration is a

hallmark of aging, and upregulation of pathways such as atf4

have been associated to conditions that extend lifespan.43

Interestingly, 30-month-old CD300f�/� mice showed decreased

mRNA for atf4 and some of its target genes (Figures 3C and 3K).

Finally, the RNA-seq study also detected increasedmRNA levels

of inflammatory markers related to astrocytes (gfap), microglia

(clec7a), and chemokines (ccl3) (Figure 3C). This confirmed

whole-brain qPCR analysis of expression of chemokines (ccl3)

(Figure 3A).

Frailty, another hallmark of aging, is considered an overall

measure of unexplained heterogeneity in the accumulation of

health-related problems of people of the same chronological

age.44 Interestingly, the frailty indexes have been shown to be

similar in mice and people across the life course45; they are clin-

ically relevant and predict rodent mortality in a similar manner as

clinical frailty indices for humans.45 The brain of CD300f�/� mice

showed a significant enrichment for the frailty markers sug-

gested by Cardoso et al.46 such as kl, csf1, gh, and plau (Fig-

ure 3E).Other genes that, although non-significantly differentially

expressed, contribute to the frailty running enrichment score in

the GSEA were gpnmb, tgfb1, c3, c1qa, c1qb, and c1qc (Fig-

ure 3E; Table S5). Frailty includes decline in muscle strength

and coordination47; also, in support of the increased frailty of

aged CD300f�/� mice, two different cohorts of female mice dis-

played motor coordination deficits at age 24 months (Figure 3L).

Cognitive decline, and in particular learning and memory, is

another defining feature of aging.48 To uncover putative differ-

ences in cognitive decline, CD300f�/� mice were exposed to

two different tests for evaluating learning and memory: the novel

object recognition (NOR) test that provides an index of recogni-

tion memory, and the Barnes maze test that evaluates spatial

learning and memory. No differences were observed in the per-

formance of 18-month-old females in the NOR test (Figure 4A).

However, 24-month-old CD300f�/� females, but not 22-month-

old males, displayed a decreased capacity for the recognition

of a new object (Figures 4B, 4C, and S5E). In a similar fashion,

while 12-month-old mice of both sexes did not show learning

and memory alterations in the Barnes maze (Figures 4D, 4G,

S5A, and S5C), 18-month-old CD300f�/� female and male

mice began to show alterations in memory for the escape posi-

tion (Figures 4E, 4H, S5B, and 5D). This loss of memory was also

observed in CD300f�/� females at age 24 months (Figures 4F

and 4I–4J).

Taken together, and in accordance with the putative increased

aging phenotype of the CD300f�/� mice, our results show an

age-dependent brain inflammaging, senescence, enhanced

age and neurodegeneration of microglial/macrophage (DAM/

DIM) state, frailty/motor coordination deficits, and cognitive

decline.

Absence of CD300f induces age-related decrease in
CNS glucose uptake
Early brain hypometabolism observed by 18F-fluorodeoxyglu-

cose positron emission tomography (18F-FDG PET) scans is a

hallmark of aging and is associated to AD and cognitive

decline.49 Alterations in brain microglial immune receptors

such as TREM2 or GRN induce profound changes in microglial

phenotype and brain function. Independently of the inflamma-

tory profile of these TREM2�/� and GRN�/� brains, they share

decreased global glucose uptake,50,51 which, at least in the

case of TREM2, is age dependent.52 We reproduced these ex-

periments using 18F-FDG PET/computed tomography scans im-

aging in adult and aged (18months old) CD300f�/� andWTmice.

Although no changes were observed in adult mice, 18-month-

old CD300f�/� female mice showed a decreased global brain
18F-FDG uptake (Figures 5A–5C), an effect that was evident in

all of the brain areas analyzed (Figure 5D). Of note, we only

observed this effect in aged female but not aged male mice (Fig-

ure 5C). Remarkably, the studies describing reduction of glucose

uptake in TREM2�/�, TREM2T66M AD mutation, or Grn�/� mice

were performed only in females aged 8–12 months, and no

data are available for male mice.50–52

Elevated blood lactate can decrease brain 18FDG uptake due

to a switch in energy substrate usage53; however, no alterations

in blood lactate levels were observed in CD300f�/� mice under

basal conditions (Figure 5E). Moreover, the decrease in brain

glucose uptake was not due to alterations in circulating glucose

availability as glycemia did not change under physiological con-

ditions (Figure 1I). Taken together, these results suggest that mi-

croglia/macrophage CD300f may be involved in age-dependent

brain glucose uptake reduction that contributes to cognitive

decline. Whether the reduced glucose uptake represents

neuronal death, reduced brain metabolism, or alternative sub-

strate utilization of, for instance, lactate or ketone bodies needs

to be determined.

Absence of CD300f induces macrophage metabolic
alterations
Aging induces a decrease of glycolysis and oxidative phosphor-

ylation rates in aged human andmicemacrophages.26 This pros-

taglandin E2-dependent decrease of metabolic fitness of micro-

glia/macrophages was shown to worsen age-dependent

cognitive decline.26 Moreover, CD300f deficiency decreasedmi-

croglial glycolysis and oxidative phosphorylation under inflam-

matory conditions in female mice.7 However, it is not known

whether this is restricted tomicroglial cells or if it extends to other

monocyte/macrophage populations of the organism. Thus, we

isolatedWT and CD300f�/�BMDMand analyzed their metabolic

profile using a Seahorse Extracellular Flux Analyzer. BMDMwere

cultured in limiting M-CSF (5 ng/mL) concentrations as this was

shown to better uncover metabolic fitness alterations.27 Female

CD300f�/�BMDMshowed reduced basal extracellular acidifica-

tion rates (ECAR) (Figure 6A) and basal mitochondrial oxygen
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consumption rates (OCR) (Figure 6B). Moreover, they also

showed a decrease in maximum respiration rates and spare res-

piratory capacity, indicative of an impaired capacity for meta-

bolic reprograming in response to a sudden increase in energy

demands (Figures 6C and 6D). No significant differences were

observed in the ATP-dependent and ATP-independent OCR

of WT and CD300f�/� BMDM (Figure S6). However, male

CD300f�/� macrophages did not show alterations in basal

OCR (Figures 6E and 6G) nor in basal ECAR (Figures 6F and

6H), and only a tendency to decreased spared respiratory ca-

pacity. Moreover, inhibition of mitochondrial respiration induced

the expected increase in ECAR in WT and CD300f�/� male

BMDM (Figure 6F), while female CD300f�/� BMDM were not

able to reprogram their metabolism under these conditions (Fig-

ure 6F). The absence of CD300f also demonstrated an alteration

at the level of mechanistic target of rapamycin (mTOR) activa-

tion, a central coordinator of cellular metabolism in female

BMDM. No changes were observed in the phosphorylation of

the mTOR targets S6 or 4EBP1 under basal culture conditions

with high MCSF concentrations (20 ng/mL), in MCSF limiting

conditions (5 ng/mL), or after inhibition of mTOR by rapamycin

(Figures 6I and 6J). However, after LPS treatment, WT BMDM

increased mTOR activity, as observed by the increase in the

phosphorylation of its target S6, while CD300f�/� BMDM did

not (Figures 6I and 6J). Also, phosphorylated 4EBP1 showed

a trend toward a decrease in CD300f�/� LPS-treated BMDM.

Taken together, these data suggest that the absence of

CD300f derails macrophage metabolic fitness with a more pro-

nounced effect in females. In addition to this effect in microglial

cells,7 it could contribute to the diverse age-associated effects

observed in CD300f�/� mice such as increased cognitive

decline.

DISCUSSION

The main finding of this study is that CD300f�/� male and female

mice have shortened lifespan and healthspan. The underlying

causes of death are probably multifactorial and variable depend-

ing on the subject, as would be expected for aging. CD300f defi-

ciency leads to widespread deficits in microglia/macrophage

Figure 4. Absence of CD300f induces age-related cognitive decline

WT and CD300f�/� mice were followed for 24 months using the novel object recognition (NOR) and Barnes maze tests. CD300�/� females at 18 months showed

no alterations in the NOR test (A), but lost the ability to recognize a new object at age 24 months (B and C). In the Barnes maze test experiments, CD300f�/�

females did not show significant alterations in the time needed to learn which was the escape hole at age 12, 18, and 24 months (D, E, and F, respectively), or in

memory 3 days after the last learning session at age 12months (G) (day 7 from the beginning of the test). However, CD300f�/� females showed increased time for

reaching the escape hole at age 18 and 24 months (H, I, and J).
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metabolic fitness, which, with aging, may alter the function of

macrophages of different tissues, inducing inflammaging,

senescence, cognitive decline, proteostasis alteration, systemic

metabolic changes, and frailty.

Maximum lifespan has been the foremost criteria in aging

research. However, while informative, longevity by itself is an

incomplete estimation of health, assessment of physiologic,

behavioral, and pathological states of the mice coupled to life-

span extension generates a more accurate characterization of

the aging process and its associated diseases.54 Defining what

constitutes health and therefore healthy aging in mice or humans

is not a simple task. Some evidence points toward the notion that

CD300f�/� mice display several hallmarks of aging and aging-

associated pathologies that are associated to decreased health-

span. They include earlier emergence of different neoplasms,

chronic low-grade organismal inflammation or inflammaging,

frailty, alterations in brain proteostasis pathways, increased

brain senescence and cognitive decline, and, in the case of fe-

males, also systemic metabolic alterations.

An important process that makes it difficult to understand the

possible cause of death during aging is the fact that biological

age differs from chronological age and between subjects.55 We

were unable to determine one specific pathology associated to

CD300f deficiency, as would be anticipated for the non-syn-

chronous aging process in combination with the wide variety

of pathologies associated with aging. In fact, an important

dispersion of the data was observed with time, supporting dif-

ferences in chronological and biological age and the gradual

but unsynchronous emergence of aging-associated pathol-

ogies. Although we have not ruled out every possible cause

of death, we have analyzed many relevant biological parame-

ters. No general alterations were observed, neither in clinical

blood markers of renal and hepatic pathologies nor in most

blood cell counts until age 18 months. Scattered CD300f�/�

mice showed pathological alterations in different systems

as strongly reduced platelet counts (thrombocytopenia),

increased spleen weight (putatively indicative of autoimmune

diseases), hypoglycemia, or anemia. Thus, our data point to

Figure 5. Absence of CD300f reduces brain glucose uptake in aged females

Adult (6 months) and aged (18 months) WT and CD300f�/� male and female mice were subjected to 18F-FDG PET/computed tomography scans (A and B). Aged

CD300f�/� female mice showed a reduced 18F-FDG standard uptake value (SUV) when compared with the other groups (C) (n = 8 for WT and n = 9 for CD300f�/�

18-month-old female mice, Brown-Forsythe ANOVA test followed by Dunnett’s T3 multiple comparisons test). This reduction was observed in all brain areas

analyzed (D) (r, right; l, left; *p < 0.05, **p < 0.01, ***p < 0.001 by two-tailed Student’s t test). The standardized uptake value (SUV) units are the average activity per

volume unit (kBq/cc) subsequently corrected for injected radioactivity and mouse weight. No alterations were observed in basal blood lactate levels (E)

(18-month-old female mice).
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Figure 6. Absence of CD300f alters macrophage metabolism

Basal extracellular acidification rate (ECAR) (A) and oxygen consumption rate (OCR) (B) were decreased in CD300f�/� BMDM from adult female mice under

limiting MCSF concentrations (5 ng/mL) when compared with WT. Moreover, they also showed impaired maximum respiration rates (C) and spare respiratory

capacity (D). The OCR and ECAR under different conditions were compared between female and male BMDM cultures (E–H). Female BMDM cultures were

incubated with 20 ng/mL MCSF, and treated with vehicle, 100 ng/mL LPS, or 100 mM rapamycin (Rap), or only incubated with 5 ng/mL MCSF, and the phos-

phorylation of several mTOR signaling pathway components was analyzed by western blot (I and J).
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the absence of an important unique underlying pathology in

CD300f�/� mice; however, they do point to the expected gen-

eral causes of death related to aging. Accordingly, increased

plasma GGT was observed in CD300f�/� female mice that

had to be euthanized due to ethical endpoint considerations,

and elevated circulating levels of this enzyme have been asso-

ciated with all causes of mortality.32

We have found several sex-related alterations in aged

CD300f�/�males and females, such as systemicmetabolic alter-

ations, macrophage metabolism, reduced brain glucose uptake,

or earlier cognitive decline in females. For instance, hepatic

gluconeogenesis capacity decreased with age in WT female

mice, and this effect occurred earlier in CD300f�/� female mice

than in WT mice, and was not observed in male mice. Also,

CD300f�/� female mice showed reduced capacity for discrimi-

nating a new object in the NOR test at age 24 months, while

CD300f�/� male mice did not. This correlates with the known

epidemiology of AD dementia, which shows that females are

more affected.56 Accordingly, sex differences regarding the

role of CD300f have also been described for psychiatric condi-

tions such as depression and anxiety.7,24 Better understanding

of sex and gender differences is leading to improved care and

treatment for both women and men, and identifying new mech-

anisms and molecular targets will provide better treatment and

care for both. However, regarding lifespan, we observed that

CD300f�/� mice of both sexes show a similar reduction. This

could imply that the reduced lifespan in both females and males

is related to the general aging processes not dependent on sex,

or alternatively that both sexes display different causes of death

due to different age-associated pathologies with similar reduc-

tions in lifespan. This should be analyzed in detail in further

studies.

CD300f has been shown to regulate microglial phenotype,

and here we extend these data to other macrophage popula-

tions. This could expand the effect of CD300f deficiency to

the whole organism, affecting tissue-resident macrophages

around the body and in different organs. As a putative DAMP re-

ceptor, CD300f may cooperate with other receptors such as

TREM2 to sense DAMPs and other toxic lipids derived from

chronic low-grade tissue damage during aging,57 clearing

them from the extracellular space and at the same time damp-

ening the inflammatory reaction, contributing to the reestab-

lishment of homeostasis. CD300f can in fact also inhibit the

proinflammatory signaling of PAMP receptors such as Toll-

like receptors.58 This is particularly important for the CNS, as

it tolerates inflammation badly; also, it contains an important

amount of lipids and lipid debris generated by normal myelin

turnover, after a lesion, or under chronic neurodegenerative

conditions. According to a recent study,41 DAM microglia are

embryonically derived and would appear only in the context

of neurodegeneration and not significantly during normal aging.

Conversely, the same study suggested that monocyte-derived

DIMs would accumulate mainly with age, neuroinflammation

and, at least, AD-related neurodegeneration. Our analysis of

microglial and macrophage phenotype by RNA-seq showed

increased DAM and DIM stages in 30-month-old female

CD300f�/� mice. Thus, these data would point toward

increased aging but also neurodegenerative processes in the

CD300f�/� brain. Moreover, in opposition to TREM2, CD300f

would contribute to the maintenance of the microglial homeo-

static phenotype during aging. If the maintenance of the micro-

glial homeostatic phenotype is necessary for healthy brain ag-

ing or, on the contrary, if the DAM phenotype is an important

reaction of microglial cells to cope with aging-associated brain

changes needs to be established in future studies.

The aging-related longevity pathways of growth, meta-

bolism, nutrient sensing, autophagy, and stress response

are intertwined, as demonstrated by many connected effector

proteins that interact either directly or through their network

neighbors. Strategies such as dampening mTOR or activating

AMP-activated protein kinase modulate aging and extend life-

span.59 These connected signaling pathways indicate the

interplay between metabolism and molecular and cellular de-

fenses against aging and its associated pathologies such as

AD. A robust example is that aged macrophages display

metabolic alterations and induce cognitive decline, an effect

that is reversed by the restitution of macrophage meta-

bolism.26 There is transcriptomic and biochemical experi-

mental evidence for the in vivo importance of CD300f�/� in

microglial metabolic fitness,7 and CD300f has also been

recently shown to be among the top 20 upregulated genes

in microglia of naive mice after specific genetic microglial

mTOR activation.60 The same work reported that activation

of microglial mTOR induced increased microglia homing to

Ab plaques, reduced accumulation of plaques, maintained

spine density, and improved memory in 5xFAD mice. We

show here that, as occurs with microglia,7 the absence of

CD300f in macrophages alters their metabolic fitness,

affecting mitochondrial function and mTOR activation. In this

context, our data suggest that, because of its role in meta-

bolic activation and autophagy, CD300f may function as a

costimulatory molecule that sustains microglia/macrophage

transition to different relevant phenotypes that are triggered

by various receptors engaged by tissue injury or dysfunction,

such as apoptotic cells, debris, Ab plaques, and myelin

damage. In this way, CD300f malfunction would affect myelin

debris phagocytosis/myelin recycling, lipoprotein interaction

and lipid metabolism, neuroinflammation, and synaptic

pruning, ultimately enhancing neurodegeneration and cogni-

tive decline. Understanding CD300f function in the CNS,

the role of single-nucleotide polymorphisms or their therapeu-

tic CD300f activation could contribute to the design of new

treatment paradigms for AD and other aged-related

neuropathologies.

In wider terms, this work suggests that the study of the biology

of immune receptors in the context of aging could contribute to

the elucidation of novel predictors of both health and lifespan,

and may identify therapeutic targets for attenuating aging and

abrogating age-related diseases. More than 90% of individuals

over 65 years of age have at least one chronic disease, such

as cardiovascular disease, cancer, dementia, diabetes, osteoar-

thritis, or osteoporosis, and >70% have at least two such condi-

tions.61 Thus, on a wider perspective, therapeutic strategies to

target fundamental aging mechanisms, as opposed to treating

each age-associated disease separately, could have a tremen-

dous effect on global health.
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Limitations of the study
Althoughwe have employedmultiple approaches and thoroughly

analyzed many parameters to discover a single specific cause of

death of CD300f�/� mice, we could not determine a single alter-

ation leading to the reduced lifespan. We could not follow some

parameters such as cardiovascular alterations. However, aging

also induces cardiovascular alterations and thus this could fit in

the hypothesis of CD300f participating in maintaining health dur-

ing aging. Another limitation was determined by the cost of these

experiments and the necessity to obtain animals for analysis of

the putative causes of death and mechanisms of injury or aging.

We decided to stop the experiments before losing all CD300f�/�

mice (despite close follow-upmany times the animalswere found

dead and could not be collected) and thus did not obtain data

regarding the median lifespan of the WT mice. Total male data

show a 104-week median survival for CD300f�/� mice and at

least 136weeks forWTmalemice (Figure S1D). Total femaleme-

dian survival was 121 weeks for CD300f�/� mice and at least

134 weeks for WT mice (Figure S1C), indicating a decrease of

around 23% for males and 10% for females. However, although

this estimation is probably similar to the real median survival for

male mice (data fromy55%mice alive), it is an underestimation

for femalemice (data fromy65%mice alive) as the data used for

median survival for WT mice are the latest data available at the

end of the experiment. In this context, when analyzing the puta-

tive progression of survival curves, the estimated reduction in

lifespan for female mice is probably similar to that of male

mice. We are aware that the data presented here may not be

true for human aging. Data relating CD300f with longevity, for

instance, in centenarian human cohorts would strengthen the hy-

pothesis proposed in this work. Another limitation of this study is

that this manuscript analyzed bulk RNA-seq data obtained from

whole brains of aged mice, and the data represent an average of

genes expressed by different cell types and in different brain re-

gions. GSEA analysis clearly showed interesting changes in mi-

croglia/macrophage phenotypes, although more specific exper-

iments (e.g., RNA-seq of FACS-sorted microglia or single-cell

RNA-seq) are required to discard effects of the change of cell

proportionswith aging or genotype, and further dissect their phe-

notypes. Finally, because CD300f is expressed on circulating

monocytes, tissue-resident macrophages in the periphery and

other myeloid cells, it will be important to unravel the relative

role of CD300f expression in peripheral cells versus CD300f ex-

pressed bymicroglia and BAMs in the nervous system. Address-

ing these questions will contribute to a more comprehensive un-

derstanding of the significance of CD300f in the context of

neurodegeneration and aging.

STAR+METHODS

Detailed methods are provided in the online version of this paper

and include the following:

d KEY RESOURCES TABLE

d RESOURCE AVAILABILITY

B Lead contact

B Materials availability

B Data and code availability

d EXPERIMENTAL MODEL AND STUDY PARTICIPANT DE-

TAILS

d METHOD DETAILS

B Complete blood count

B Hepatic and renal function

B Metabolic tests: Glucose tolerance test, pyruvate toler-

ance test, and insulin tolerance test

B Histological and immunohistochemistry procedures

B RNA extraction and qPCR

B RNA sequencing and transcriptomic analysis

B Flow cytometry

B Novel object recognition (NOR)

B Barnes Maze test

B Parallel rod floor test (ataxia)

B Bone marrow derived macrophages cultures

B Measurement of oxygen consumption rates

B Western blotting

B PET/CT imaging

d QUANTIFICATION AND STATISTICAL ANALYSIS

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.

celrep.2023.113269.

ACKNOWLEDGMENTS

This work has been supported by grants fromComisión Sectorial de Investiga-

ción Cientı́fica (CSIC-UDELAR I+D 2020 ID 184 and ID 424, Espacio Interdis-

ciplinario - UDELAR Centros 2015 and Espacio Interdisciplinario-UDELAR

Grupos 2021), Uruguay; PEDECIBA, Uruguay; FOCEM (MERCOSUR Struc-

tural Convergence Fund), COF 03/1111; Banco de Seguros del Estado

(BSE), Uruguay; Ministerio de Ciencia e Innovación, Gobierno de España

(PID2021-123272OB-I0/Financiado por MCIN/AEI/10.13039/501100011033/

y por FEDER Una manera de hacer Europa), and International Centre for

Genetic Engineering and Biotechnology (ICGEB, CRP/URY19-01). N.L. is a

recipient of a Marie Sk1odowska-Curie Individual Fellowship (H2020-MSCA-

IF-2020 no. 101030280). We thank Mauro Costa-Mattioli for interesting dis-

cussions; and Florencia Fontes and Mariela Santos and the rest of the

URBE Facultad de Medicina UDELAR personnel, and Sergio Ancheta and

the rest of the UBAL-Institut Pasteur de Montevideo personnel.

AUTHOR CONTRIBUTIONS

H.P.,M.L.N.-D., F.E., andN.L. conceived the study. F.E. performedmost of the

experiments. B.P., F.A.C., N.L., M.L.N.-D., P.S.-M., A.C.-G., A.P., L.R.,

J.R.-D., V.P.-T., and M.B. performed the experiments. N.R. performed all bio-

informatics analysis. L.R., A.P., H.P., and E.S. performed and analyzed PET

experiments. M.N.M., G.S., A.P.M., and M.C. generated the CD300f�/�IPMon

mice. F.E., H.P., N.R., C.E., C.Q., C.M., and N.L. analyzed and discussed

the results. H.P. drafted the original manuscript and F.E., N.R., C.E., M.C.,

N.L., E.S., C.M., P.S.-M., and C.Q. contributed to the edition of the final

version. All authors have read and agreed to the published version of the

manuscript.

DECLARATION OF INTERESTS

The authors declare no competing interests.

Received: March 10, 2023

Revised: August 25, 2023

Accepted: September 28, 2023

12 Cell Reports 42, 113269, October 31, 2023

Article
ll

OPEN ACCESS

https://doi.org/10.1016/j.celrep.2023.113269
https://doi.org/10.1016/j.celrep.2023.113269


REFERENCES

1. Jaitin, D.A., Adlung, L., Thaiss, C.A., Weiner, A., Li, B., Descamps, H.,

Lundgren, P., Bleriot, C., Liu, Z., Deczkowska, A., et al. (2019). Lipid-Asso-

ciated Macrophages Control Metabolic Homeostasis in a Trem2-

Dependent Manner. Cell 178, 686–698.e14. https://doi.org/10.1016/j.

cell.2019.05.054.

2. Wynn, T.A., and Vannella, K.M. (2016). Macrophages in Tissue Repair,

Regeneration, and Fibrosis. Immunity 44, 450–462. https://doi.org/10.

1016/j.immuni.2016.02.015.

3. Schwarz, F., Pearce, O.M.T., Wang, X., Samraj, A.N., Läubli, H., Garcia,
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STAR+METHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Rabbit polyclonal anti-IBA1 Wako Cat # 019-19741

RRID:AB_839504

Rabbit polyclonal anti-PU1 Cell Signaling Technology Cat # 2258

RRID:AB_2186909

Brilliant Violet 785TM anti-mouse CD45.2 antibody BioLegend Cat# 109839, RRID:AB_2562604

Brilliant Violet 605(TM) anti-mouse/human CD11b BioLegend Cat# 101237, RRID:AB_11126744

APC anti-P2RY12 BioLegend Cat# 848006, RRID:AB_2721469

InVivoPlus anti-mouse CD16/CD32 Bio X Cell Cat# BE0307, RRID:AB_2736987

Rabbit monoclonal anti-phospho S6 (Ser235/236) Cell Signaling Technology Cat # 4858

RRID:AB_916156

Mouse monoclonal anti-S6 Cell Signaling Technology Cat # 2317 RRID:AB_2238583

Rabbit monoclonal antiphospho- 4E-BP1 (Thr37/46) Cell Signaling Technology Cat # 2855 RRID:AB_560835

Rabbit monoclonal anti-4E-BP1 Cell Signaling Technology Cat # 9644 RRID:AB_2097841

Goat Anti-Rabbit IgG Antibody, Peroxidase Conjugated Milipore Cat# AP132P RRID:AB_90264

Anti-actin antibody conjugated to horseradish peroxidase Merck Cat # A3854 RRID:AB_262011

Goat anti-mouse conjugated to horseradish peroxidase Thermo Fisher Scientific Cat # 31430 RRID:AB_228307

Goat anti-rabbit conjugated to horseradish peroxidase Thermo Fisher Scientific Cat # 31460 RRID:AB_228341

Rat anti-mouse CLEC7a/DECTIN1 Novus Cat # MAB17561 RRID:AB_2081654

Rabbit monoclonal anti-mouse/human NLRP3 Cell Signaling Technology Cat # 15101T RRID:AB_2722591

Chemicals, peptides, and recombinant proteins

M16 medium Sigma Aldrich Cat #M7292

Embryo tested mineral oil Sigma Aldrich Cat # 76235

GeneArtTM CRISPR Nuclease mRNA Invitrogen Cat # A29378

Paraformaldehyde Sigma Aldrich Cat #P6148

Ethylene glycol Sigma Aldrich Cat # 324558

Polyvinylpyrrolidone Sigma Aldrich Cat # PVP40

Hematoxylin Solution, Mayer0s Sigma Aldrich Cat # MHS16

Eosin B Sigma Aldrich Cat # 861006

Triton X-100 Sigma Aldrich Cat #T8787

Fetal Bovine Serum Invitrogen Cat # A99835

3,30-Diaminobenzidine (DAB) Sigma Aldrich Cat #D8001

DPX Mountant for histology Sigma Aldrich Cat # 06522

TRIzol Reagent Invitrogen Cat # A93003

M-MLV reverse transcriptase Invitrogen Cat # 28025013

TaqMan Fast Advanced Master Mix Applied Biosystems Cat # 4444557

Percoll� PLUS Sigma Aldrich Cat # GE17-5445-02

BODIPYTM 493/503

(4,4-Difluoro-1,3,5,7,8-Pentamethyl-

4-Bora-3a,4a-Diaza-s-Indacene)

Invitrogen Cat #D3922

DMEM/F-12, GlutaMAXTM supplement Gibco Cat # 10565018

Recombinant Mouse M-CSF (carrier-free) Biolegend Cat # 576406

Lipopolysaccharides from Escherichia

coli O55:B5

Sigma Aldrich Cat #L2880

L-Glutamine Sigma Aldrich Cat #G8540

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Sodium pyruvate Sigma Aldrich Cat #P5280

Dextrose Sigma Aldrich Cat #D9434

HEPES Sigma Aldrich Cat # PHR1428

Oligomycin from Streptomyces

diastatochromogenes

Sigma Aldrich Cat #O4876

Carbonyl cyanide 4-(trifluoromethoxy)

phenylhydrazone

Sigma Aldrich Cat #C2920

Antimycin A from Streptomyces sp. Sigma Aldrich Cat # A8674

Rotenone Sigma Aldrich Cat #R8875

Bicinchoninic Acid solution Sigma Aldrich Cat #B9643

18F-2-fluor-2-desoxi-d-glucosa (18F-FDG) Synthetized in

house at CUDIM

N/A

Heparin sodium salt Sigma Aldrich Cat #H3149

Rapamycin from Streptomyces hygroscopicus Sigma Aldrich Cat #R0395

Bio-Rad Protein Assay Dye Reagent Concentrate Bio-Rad Cat #5000006

NuPAGETM 4 to 12%, Bis-Tris Invitrogen Cat # NP0321BOX

NuPAGE TM MOPS SDS Running buffer Invitrogen Cat # NP0001

iBlot2� Transfer Stack Invitrogen Cat # IB23002

RestoreTM PLUS Western Blot Stripping Buffer Thermo Fisher Scientific Cat # 46430

Insulin 2.5cc - 40UI CANINSULIN MSD Animal Health N/A

Critical commercial assays

Direct-zol RNA Miniprep Plus Kits Zymo Research Cat #R2070

TruSeq Stranded mRNA LT Sample Prep Kit Illumina 15031047 Rev. E

LEGENDplex Mouse Inflammation Panel (13-plex) Biolegend Cat # 740446

Seahorse XFp FluxPak Agilent Technologies Cat # 103022-100

Deposited data

Raw data RNAseq This article Deposited in NCBI (SRA) under accession

number SRR21771247-SRR21771254

(PRJNA885873).

Experimental models: Organisms/strains

C57BL/6J The Jackson Laboratory RRID:IMSR_JAX:000664

CD300f knockout mice (CD300f�/�) Xi et al., 201013 -Genentech N/A

CD300f knockout mice

(CD300f�/�IPMon)

This article MGI:7525705

B6D2F1 UBAL Facility N/A

Oligonucleotides

See Table S6 N/A

Software and algorithms

ImageJ (Rasband, NIH) NIH https://ImageJ.nih.gov/ij/download.html

BBMap Bushnell, 201462 https://www.osti.gov/biblio/1241166

FastQC v0.11.9 Andrews 2010 http://www.bioinformatics.babraham.

ac.uk/projects/fastqc/

MultiQC v1.11 Ewels et al., 201663 https://multiqc.info

STAR 2.7.10a Dobin et al., 201364 https://github.com/alexdobin/STAR

FeatureCounts v2.0.1 Liao et al., 201465 https://subread.sourceforge.net

DESeq2 v1.36.0 Anders and Huber,

201066; Love et al. 201467
https://bioconductor.org/packages/

release/bioc/html/DESeq2.html

FactoMineR v2.4 Lê et al., 200868 https://CRAN.R-project.org/

package = FactoMineR

(Continued on next page)
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RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Hugo

Peluffo (Hugo.Peluffo@ub.edu).

Materials availability
All unique/stable reagents generated in this study are available from the lead contact with a completed materials transfer agreement.

Data and code availability
- RNA-seq data have been deposited at NCBI and are publicly available as of the date of publication. Accession numbers are

listed in the key resources table. Microscopy data reported in this paper will be shared by the lead contact upon request.

- This paper does not report original code.

- Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

All experimental protocols were approved by the Institutional Animal Ethics Committee (protocol number 014–16, 014-14, 007–18,

021–22), in accordance with national law 18.611 and international animal care guidelines (Guide for the Care and Use of Laboratory

Animal). Both male and female mice were used with ages from 6 to 30 month old. The sex and the age of the mice is indicated in the

text and figure legends. Mice were housed under SPF conditions on individually ventilated cages (5–6 mice per cage, Tecniplast,

Milan, Italy) containing chip bedding (Toplit 6, SAFE, Augy, France), in a controlled environment at 20 ± 1�C with a relative humidity

of 40–60%, in a 14/10 h light-dark cycle. Autoclaved food (Labdiet 5K67, PMI Nutrition, IN, US) and autoclaved filtered water were

administered ad libitum.

Homozygous CD300f knockout mice (CD300f�/� from Genentech, termed CD300f�/� herein) on a C57BL6J (The Jackson Lab,

RRID:IMSR_JAX:000664) backgroundwere backcrossed to homozygosis two timeswith theC57BL/6JWT colony of the Institut Pas-

teur de Montevideo to ensure that WT animals represent proper controls. Mice were housed separated by genotype, except for one

cohort. The criteria for animal sacrifice of the aging cohorts were decided by the Laboratory Animal Biotechnology Unit (UBAL) animal

facility personnel that were unaware of the genotype and in accordance with their welfare protocols. Intensive monitoring of aged

mice was performed to avoid unnecessary suffering and loss of valuable data when mice are found dead. However, excessive

censoring of mice can impact aging studies and longevity estimation due to easily observable external non-lethal lesions. To take

these two concepts into account, animals were considered to be at the endpoint and euthanized when they showed one or more

Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Factoextra v1.0.7 Kassambara & Mundt, 202069 https://CRAN.R-project.org/

package = factoextra

Pheatmap v1.0.12 Kolde 2019 https://CRAN.R-project.org/

package = pheatmap

EnhancedVolcano v1.14.0 Blighe et al. 2014 https://github.com/kevinblighe/

EnhancedVolcano

ClusterProfiler 3.17 Wu et al. 202170

Yu et al. 201271
https://bioconductor.org/

packages/clusterProfiler

Enrichplot v1.16.2 Yu 202272 https://bioconductor.org/

packages/enrichplot

Org.Mm.e.g.,.db 3.8.2 Carlson 201973 https://bioconductor.org/

packages/org.Mm.eg.db

AnyMaze software Stoelting Co. https://www.any-maze.com/

PMOD software, v. 3.8 PMOD Technologies,

Ltd., Zurich, Switzerland

N/A

Prism 8 software version 8.2.1 GraphPad https://www.graphpad.com/

Biorender https://www.biorender.com/

Other

Accu-Check active glucose strips Roche Cat # 06656757
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clinical signs suggestive of imminent death such as reluctance to move, low body temperature, anorexia, slow or laborious respira-

tion, 20% loss of body weight relative to baseline, ascites, or persistent rectal or uterine prolapses.

A new CD300f knockout mice line was generated (C57BL/6J-Cd300lf<em1Ipmon>/Ipmon, MGI:7525705, termed CD300f�/�IPMon

herein). All animal procedures to generate the knock-out line were performed at the SPF animal facility of the UBAL of Institut Pasteur

de Montevideo. The CD300f�/�IPMon knockout line was produced using CRISPR/Cas9 system. Cytoplasmic microinjection was per-

formed in C57BL/6J (The Jackson laboratory, RRID:IMSR_JAX:000664) zygotes using amix of 100 ng/mLGeneArt CRISPRNuclease

mRNA (Invitrogen, Cat # A29378) and 25 ng/mL of each sgRNA (2 guides were used, Figure S7) (Synthego), diluted in standard micro-

injection buffer. Viable embryos were cultured overnight in M16 medium (Sigma Aldrich, Cat #M7292) microdrops under embryo

tested mineral oil (Sigma Aldrich, Cat # 76235), in 5% CO2 in air at 37�C. The next day, 2-cell embryos were transferred into the

oviduct of B6D2F1 0.5 days postcoitum pseudopregnant females (20 embryos/female in average), following surgical procedures es-

tablished in our animal facility. For surgery, recipient females were anesthetized with a mixture of ketamine (110 mg/kg, Pharmaser-

vice, Ripoll Vet, Montevideo, Uruguay) and xylazine (13mg/kg, Seton 2%; Calier, Montevideo, Uruguay). Tolfenamic acid was admin-

istered subcutaneously (1 mg/kg, Tolfedine, Vetoquinol, Madrid, Spain) in order 18 to provide analgesia and anti-inflammatory

effects.74 Pregnancy diagnosis was determined by visual inspection by an experienced animal caretaker two weeks after embryo

transfer, and litter size was recorded on day 7 after birth. Pups were tail-biopsied and genotyped 21 days after birth, and mutant an-

imals were maintained as founders. Genetic modification (Figure S7) was confirmed by Sanger sequencing. The CD300f�/�IPMon line

was established after producing F4 homozygous animals that were used for experiments.

To obtain data relevant for aging under closer to physiological conditions in non-laboratory animals, one cohort of CD300f�/�
(Genentech) mice and one of CD300f�/�IPMon mice were maintained at a specific location of the URBE animal facility of the Faculty

of Medicine (UDELAR) which is not specific pathogen free (SPF). Mice were housed on individually non-ventilated cages (5–6 mice

per cage, Tecniplast, Milan, Italy), in a controlled environment at 20 ± 1�C with a relative humidity of 40–60%, in a 14/10 h light dark

cycle. Autoclaved food (Labdiet 5K67, PMI Nutrition, IN, US) and autoclaved filtered water were administered ad libitum. Under these

conditions, animals may be infected with Corynebacterium kutscheri, Mycoplasma pulmonis, Murine hepatitis virus (MHV), Sendai

virus (HVJ), Minute virus of mice (MVM), Theiler’s murine encephalomyelitis virus (TMEV-GDVII), but are free from endo and ectopar-

asites and zoonosis.

METHOD DETAILS

Complete blood count
For complete blood counts, blood was drawn frommice (by cardiac puncture using deep anesthesia or from the submandibular vein)

and immediately transferred to tubes containing EDTA potassium salts as an anticoagulant and evaluated on an automated

analyzer BC-5000Vet (Mindray Medical International Ltd., Shenzhen, China). Among the hematological parameters examined

were total white blood cells (WBC) count, lymphocyte count, neutrophils count, monocyte count, basophils count, eosinophil count,

red blood cells (RBC) count, hemoglobin (HGB) concentration, hematocrit (HCT) level, mean corpuscular volume (MCV), mean

corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet (PLT) count and the mean platelet

volume (MPV).

Hepatic and renal function
To assess liver and kidney function whole blood from cardiac puncture was analyzed using the Pointcare V2 Chemistry Analyzer

(Tianjin MNCHIP Technologies Co., China). The parameters determined were total proteins (TP), albumin (ALB) level, globulin

(GLO) level, ALB/GLO ratio, total bilirubin (TBIL) level, alanine aminotransferase (ALT) level, aspartate aminotransferase (AST) level,

gamma glutamyl transpeptidase (GGT) level, blood urea nitrogen (BUN) level, creatinine (CRE) level, BUN/CRE ratio and glucose

(GLU) level.

Metabolic tests: Glucose tolerance test, pyruvate tolerance test, and insulin tolerance test
Mice subjected to the glucose tolerance test (GTT) were fasted for 12–14 h and injected via i.p. with a dextrose solution (1.5 g/kg,

Sigma Aldrich, Cat #D9434). For the pyruvate tolerance test (PTT) and insulin tolerance test (ITT) mice were fasted for 6 h and

were injected via i.p. with sodium pyruvate (1.5 g/kg, Sigma Aldrich, Cat #P5280) or insulin (0.5 U/kg, MSD Animal Health, 2.5cc -

40UI CANINSULIN). Blood samples were obtained from the tail at 0, 10, 20, 60 and 120 min after i.p injection and glucose concen-

tration were determined using Accu-Check active glucose strips and a glucometer (Roche, Cat # 06656757).

Histological and immunohistochemistry procedures
Deeply anesthetized mice with ketamine/xylazine were intracardially perfused with ice-cold 4% solution of paraformaldehyde (PFA)

(Sigma Aldrich, Cat #P6148) in phosphate buffer and the different tissues and organs were collected. The tissues were postfixed at

4�C in the same fixative for 3–4 h, cryoprotected with a 30% sucrose solution in phosphate buffer for 72 h at 4�C and rapidly frozen in

liquid nitrogen and stored at �80�C. Parallel sections of brain (coronal) and liver were obtained using a cryostat (Leica CM1850 UV).

Thirty mm-thick sections were either mounted in gelatinized slides or stored as free-floating sections in an antifreeze solution contain-

ing 30% sucrose, 30% ethylene glycol and 1% polyvinylpyrrolidone (Sigma Aldrich, Cat # PVP40) in PBS at �20�C. Liver sections
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were stained with Mayer’s Hematoxylin (Sigma Aldrich, Cat # MHS16) and Eosin (Sigma Aldrich, Cat # 861006). The percentage of

infiltrated area in the liver sections was assessed in at least 5 different x4 fields by an observer blinded for the genotype group.

For immunohistochemical staining anti-Iba1 (1:1600, Wako, Cat # 019–19741, RRID:AB_839504), anti-CLEC7a/DECTIN1 (Novus,

Cat # MAB17561) and anti-PU1 (1:400, Cell Signaling, Cat # 2258 RRID:AB_2186909) antibodies were used to label microglia and

macrophages/monocytes in brain and liver. In all cases, frozen free-floating sections were washed with PBS-1% Triton X-100

(PBS-T) and incubated for 10 min with 2% H2O2 and 70% methanol in PBS solution to block endogenous peroxidase. An antigen

retrieval treatment was applied to unmask the PU.1 nuclear antigen by incubating the liver sections in sodium citrate buffer (pH 8.5)

for 40min at 80�C and 20min at room temperature (RT), previous to the endogenous peroxidase inhibition. Non-specific binding was

avoided by incubating the sections for 1 h at RT with blocking buffer (BB) containing 10% fetal bovine serum (FBS) (Invitrogen, Cat #

A99835) in PBS-T. The sections were then incubated with the corresponding primary antibody overnight at 4�C. After washing, the

sections were incubated for 1 h at room temperature with an anti-mouse antibody conjugated to horseradish peroxidase (Thermo

Fisher Scientific, Cat # 31430, RRID:AB_228307) for the CLEC7a antigen and with an anti-rabbit IgG Antibody, Peroxidase Conju-

gated (Millipore, Cat# AP132P, RRID:AB_90264) for IBA1 and PU1. Following a washing step, the sections were further incubated

for 3–5 min with 3,3-diaminobenzidine (Sigma Aldrich, Cat #D8001), washed and mounted in DPX (Sigma Aldrich, Cat # 06522).

RNA extraction and qPCR
Total RNA was isolated from frozen brain, liver, or lung using TRIzol Reagent (Invitrogen, Cat # A93003), and further purified employ-

ing the Direct-zol RNA MiniPrep Plus kit (Zymo Research, Cat #R2070) following the manufacturer’s protocol. All samples were

treated with DNase I. RNA concentrations were quantified using Nanodrop and reversed transcribed usingM-MLV reverse transcrip-

tase (Invitrogen, Cat # 28025013) and random primers (Invitrogen, Cat #48190011). Quantitative PCR (qPCR) was performed using

Applied Biosystems TaqMan reagents including Fast Advanced Master Mix (Cat # 4444557) and the following probes: il1b (Cat #

Mm01336189_m1), il6 (Cat # Mm00446190_m1), ccl2 (Cat # Mm00441242_m1), ccl3 (Cat # Mm00441259_g1), trem2 (Cat #

Mm04209424_g1), cd11c/itgax (Cat # Mm00498698_m1), gh (Cat # Mm00433590_g1), prl (Cat # Mm00599950_m1) and gapdh

(Cat # Mm99999915_g1). The relative gene expression of each sample was determined with the 2-DDCT (Livak) method of analysis.

Target genes were normalized to the reference gene gapdh. qPCR was performed using the QuantStudio 3 apparatus with the

following cycling conditions: 50�C for 2 min, 95�C for 2 min, 40 cycles at 95�C for 1 s and 60�C for 20 s.

RNA sequencing and transcriptomic analysis
For the RNAseq experiment, one brain hemisphere of four CD300f�/� and four WT 30 months old female mice were processed to

extract total RNA, as described above. RNA quality was determined in a Bioanalyzer 2100 (Agilent). An RNA Integrity Number (RIN)

higher than 8 was considered acceptable to continue to library construction and sequencing, which was carried out at Macrogen

(Korea). TruSeq Stranded mRNA LT Sample Prep Kit (Illumina, 15031047 Rev. E) was used for library construction and paired-

end reads (150x2 base pairs) were obtained by Illumina sequencing. Raw data were deposited in NCBI (SRA) under accession num-

ber SRR21771247-SRR21771254 (PRJNA885873). BBduk62 was used to trim the reads. Sequence quality of raw and processed

reads was assessed with FastQC v0.11.9 (Andrews 2010, http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) and

MultiQC v1.11.63 STAR75 was used to map the reads to the mouse genome using GRCm39.primary_assembly and Gencode release

M25 gene annotations; alignment was performed using standard ENCODE options.76 Expression counts were obtained at the gene

level using FeatureCounts v2.0.165 with options -p -s 2 -M–fraction. Summary results of read numbers, mapping and gene counts are

indicated in Table S2.

Given the obtained read count matrix, the R package DESeq2 v1.36.0 was used to normalize the data, correct for the different

sequencing depth of the libraries and to test for differential expression. A minimum pre-filtering of the count matrix was done to

keep only those rows that have at least 10 reads. Principal component analyses were performed with the R packages

FactoMineR v2.468 and factoextra v1.0.769 and was based in variance stabilized transformation of data (vst, blind = TRUE) after se-

lection of the 500 top leading genes. To test for differential expression and estimate the log2 fold changes (log2FC) between

CD300f�/� and WT genotypes, Wald tests were performed for both the hypothesis |log2FC|>0 and |log2FC|>1. Shrinkage of effect

size estimates (log2FC) was done by the apeglm method77 implemented in DESeq2. For multiple testing correction, we used a strat-

ified false discovery approach, with Benjamini and Hochberg FDR corrected p values. We defined as differentially expressed genes

those presenting FDR-corrected p value <0.1 and abs(log2FC corrected by apeglm) > 0.35, a threshold that implies aminimum effect

size of about 25%. Expression heatmaps were based on vst data (blind = FALSE) and produced with the R pheatmap v1.0.12 pack-

age (Kolde 2019 _pheatmap: Pretty Heatmaps_. R package version 1.0.12, https://CRAN.Rproject.org/package=pheatmap>); for

each gene set of interest, only those genes with average expression value above 10 and |apeglm log2FC|>0.35 were included in

the heatmap. Volcano plots were produced with the R/Bioconductor package EnhancedVolcano v1.14.0 (Blighe K., Rana S., Lewis

M. EnhancedVolcano 2019: publication-ready volcano plots with enhanced coloring and labeling, https://github.com/kevinblighe/

EnhancedVolcano). Functional analysis was performed through over-representation analysis (ORA) of KEGG pathways and Gene

Ontology (Biological Process domain) terms. Gene set enrichment analysis (GSEA) of particular gene sets was also conducted.

The R/Bioconductor packages ClusterProfiler70,71, enrichplot (Yu G. 2022. enrichplot: Visualization of Functional Enrichment Result.

R package version 1.16.2, https://yulab-smu.top/) and org.Mm.e.g.,.db (Carlson M. 2019 Genome wide annotation for Mouse.

R package version 3.8.2.) were used for these functional analyses. Gene sets of interest were obtained from the following
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sources: ATF4 gene set was kindly provided by Mauro Costa-Matioli; disease associated microglia (DAM) and disease inflammatory

macrophages (DIM) gene sets were obtained from41,78 (broad DAM, conserved DAM, ‘‘Keren-Shaul’’ DAM, broad DIM and

conserved DIM); the frailty gene list was obtained from (46); the SenMayo senescence gene signature was obtained from38. We

also evaluated the lipid-droplet accumulation microglia phenotype using gene lists specified in42, though no enrichment was found

by the GSEA analysis.

Flow cytometry
Mice brains were placed into a Dounce homogenizer with RPMI and thoroughly homogenized. After adding 30% of Percoll PLUS

(Sigma Aldrich, Cat # GE17-5445-02), the homogenized samples were centrifuged at 800 g for 15 min. The supernatant was dis-

carded and the pellet was resuspended in FACS buffer (2% FBS in DPBS) and further centrifuged at 800 g for 5 min. Samples

were then stained with BODIPY 493/503 (Invitrogen, Cat #D3922) 2M together with an antibody mixture containing brilliant Violet

785 anti-mouse CD45.2 antibody (BioLegend, Cat# 109839, RRID:AB_2562604), brilliant Violet 605(TM) anti-mouse/human

CD11b (BioLegend, Cat# 101237, RRID:AB_11126744), APC anti-P2RY12 (BioLegend, Cat# 848006, RRID:AB_2721469) and

InVivoPlus anti-mouse CD16/CD32 (Bio X Cell, Cat# BE0307, RRID:AB_2736987) in FACS buffer. All the antibodies were diluted

1/250. Samples were incubated in dark for 15 min at 37�C followed by a wash with FACS buffer. The samples were immediately

analyzed using a BD FACSymphony A5 cytometer.

Novel object recognition (NOR)
Micewere placed in awhite acrylic chamber (253 25 cmbase and 35 cm height) over the course of three days during the habituation,

familiarization and testing sessions. Before each session, mice were transferred and adapted, for at least 1 h, to the room where

behavioral procedures were conducted. On day 1, mice were habituated to the chamber for 5 min. The next day, in the familiarization

session, mice were placed in the chamber, for 10 min, with two identical objects laid on the diagonal. On the third day, during the

testing session, one of the familiar objects was replaced by a new object. Mice were allowed to explore the objects for 10 min.

No preference for the familiar or the novel object was previously verified on a pilot test. The objects and chamber were cleaned before

and between sessions with 70% ethanol to remove odor cues. Testing sessions

were recorded using AnyMaze software (Stoelting Co.) and later analyzed by a trained observer blinded to the experimental group.

The time exploring each object over a 20 s period of exploration of both objects was analyzed.

Barnes Maze test
The Barnes Maze apparatus and protocol have been previously described26, and consisted on a white circular acrylic slab (75 cm in

diameter and elevated 58 cm above the floor), with twenty holes at regular distances (5 cm in diameter and located 5 cm from the

perimeter). A black acrylic escape box (19 3 8 3 7 cm) was placed under one of the holes. Four different spatial cues were located

around the maze and remained unaltered throughout the entire test. Before each phase, mice were transferred and adapted, for at

least 1 h, to the room where behavioral procedures were conducted. On day one, mice were subjected to a habituation phase in

which they were first placed in the escape box for 1 min and later allowed to freely explore the maze for 5 min or until they entered

the escape box. There was an interval of at least 1 h before initiating the training phase. The training phase consisted of two sessions

in which the mice was placed in one of the quadrants of the maze and allowed to freely explore the apparatus until they entered the

escape box or after 3 min had elapsed. The training sessions (2 per day) were conducted for four consecutive days. The maze was

cleaned between the sessions with 70% ethanol. Three days after the final training day (Day 7), mice underwent a 1 min probe trial in

which the escape box was removed from the apparatus. During the trial sessions and probe trial the time latency to encounter the

escape box was recorded.

Parallel rod floor test (ataxia)
Mice in their home cages were placed for 30 min in the behavior testing room for

habituation to the new environment. After habituation, mice were placed in the parallel rod floor apparatus (Stoelting Co.) coupled

to the ANY-maze Software for animal tracking. This apparatus consists of a clear acrylic chamber enclosure (20 cm3 20 cm x 30 cm

height) with a floor consisting of 1.6-mm diameter rods that are spaced 6.5 mm apart and elevated 1.2 cm above a metal plate. The

computer records a foot fault when the mouse’s paw slips through the parallel rods and contacts the metal plate closing the circuit.

Themice are placed in the apparatus and are allowed to freely explore for 10min in the absence of the researcher. The apparatus was

cleaned with 70% ethanol before continuing with the next mouse.

Bone marrow derived macrophages cultures
Bone marrow derived macrophages (BMDM) were isolated from adult female and male WT and CD300f�/� mice as previously

described elsewhere. Briefly, bone marrow was flushed from the femur and tibia with DMEM/F12 (Gibco, Cat # 10565018) supple-

mented with Penicillin/Streptomycin and 10% FBS (complete DMEM/F12). Cells were plated on to 100 mm bacteriological Petri dish

with complete DMEM/F12 and 20 ng/mL recombinant mousemacrophage colony stimulating factor protein (M-CSF) (Biolegend, Cat

#576406). On day 4, cells were subcultured in XFe24 plates at 100,000 cells per well or at 200.000 cells per well in XFe96 plates.
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Measurement of oxygen consumption rates
Oxygen consumption rates (OCR) and extracellular acidification rates (ECAR) were determined using Seahorse XFe24 extracellular

flux analyzer (Agilent Technologies) for initial female cell cultures, or Seahorse XFe Pro 96 for experiments comparing male and fe-

male cells. BMDM seeded on XFe24 plates were pretreated for 18 h with 100 ng/mL Lipopolysaccharide (LPS) (Sigma Aldrich, Cat

#L2880) in complete DMEM/F12 and 5 ng/mL M-CSF. Prior to the metabolic measurements, cells were incubated for 1 h with Sea-

horse media (DMEM supplemented with 1 mM sodium pyruvate, 5 mM glucose, 2 mM glutamine, 5 mMHEPES, pH 7.4), in a stove at

37�Cwithout CO2. Following the initial basal measurements, successivemeasurements were thenmade after the sequential addition

of 2.5 mM oligomycin (Sigma Aldrich, Cat #O4876), 2 mM carbonyl cyanide- 4-(trifluoromethoxy) phenylhydrazine (FCCP) (Sigma Al-

drich, Cat #C2920) (two 1 mM additions), and a mixture of 2.5mM antimycin (AA) (Sigma Aldrich, Cat # A8674) and 2.5 mM rotenone

(Rot) (Sigma Aldrich, Cat #R8875). After each assay, the protein content of each well was determined with the bicinchoninic acid

(BCA) assay and the OCR and ECAR were normalized to the protein content. The non-mitochondrial respiration (AA/Rot-resistant

respiration) was subtracted from all the OCR. Maximum oxygen consumption rate (or maximum respiration rate) was determined

after the addition of FCCP, and spare respiratory capacity was calculated as the difference between the maximum and basal

OCR. ATP-independent respiration was determined after the addition of oligomycin. ATP-dependent respiration was calculated sub-

tracting the ATP-independent respiration from the basal oxygen consumption rate.

Western blotting
BMDM cultures were incubated with 20 ng/mL MCSF alone or in addition with LPS (Sigma Aldrich, Cat #L2880) 100 ng/mL for

12 h or with Rapamycin 100 mM (Sigma Aldrich, Cat #R0395) for 1.5 h in DMEM/F12 media. An additional group was generated

by incubation in low MSCF (5 ng/mL) for 12 h. Whole-cell extracts were lysed and centrifuged at 14,000 3 g to remove cell

debris and protein concentration was measured using Bradford reagent (Bio-Rad, Cat #5000006), following the manufacturer’s

instructions. Samples (15–20 mg) were mixed with loading buffer and resolved in 4–12% polyacrylamide gels (NuPAGETM

NovexTM 4–12% Bis-Tris) (Invitrogen, Cat # NP0321BOX) using the NuPAGE TM MOPS SDS Running buffer (Invitrogen, Cat

# NP0001). The transference to a nitrocellulose membrane was performed using iBlot2 Transfer Stack supports (Invitrogen,

Cat # IB23002).

The following primary antibodies were used (1:1,000 if not stated otherwise): rabbit monoclonal anti-phospho S6 (Ser235/236)

(Cell Signaling Technology, Cat # 4858, RRID:AB_916156), mouse monoclonal anti-S6 (Cell Signaling Technology, Cat #

2317, RRID:AB_2238583), rabbit monoclonal antiphospho-4E-BP1 (Thr37/46) (Cell Signaling Technology, Cat # 2855,

RRID:AB_560835), rabbit monoclonal anti-NLRP3 (Cell Signaling Technology, Cat # 15101T) and rabbit monoclonal anti-4E-

BP1 (Cell Signaling Technology, Cat # 9644, RRID:AB_2097841). Membranes were incubated with the antibodies for 16 h

at 4�C in agitation. Anti-actin antibody conjugated to horseradish peroxidase (1:100,000), (Merck, Cat # A3854, RRID:

AB_262011) was incubated for 30 min at RT and used as loading control. Anti-mouse and anti-rabbit secondary antibodies pro-

duced in goat and conjugated to horseradish peroxidase (1:10,000) (Thermo Fisher Scientific, Cat # 31430, RRID:AB_228307

and Cat # 31460, RRID:AB_228341 respectively) were incubated for 1h at RT. Chemiluminescent images were acquired using

a Chemidoc imager (BioRad) and quantified by computer-assisted densitometric analysis (ImageJ). To remove the signals and

allow the incubation with other antibodies the Restore PLUS Western Blot Stripping Buffer (Thermo Fisher Scientific, Cat #

46430) was used.

PET/CT imaging
Brain glucose uptake was evaluated by in vivo imaging using positron emission tomography/computed tomography (PET/CT)

scans with 18F-2-fluor-2-desoxi-d-glucosa (18F-FDG) as radiotracer. The study was performed in the Centro Uruguayo de Im-

agenologı́a Molecular (CUDIM). A nanoScan PET/CT Mediso Preclinical Imaging system based on LYSO scintillators for small

animal PET imaging was used. This scanner has a spatial resolution of 0.9 mm and a transaxial field of view (FOV) of 8.0 cm. The

data were acquired in list mode in a 212 3 212 3 235 matrix with a pixel size of 0.4 3 0.4 3 0.4 mm and a coincidence window

width of 1.0 nsec. The animals were anesthetized with 2% isoflurane in an oxygen flow of 2 L/min, placed in prone position on

the scanner bed, and injected i.v. via the caudal vein tail with 100–200 mL of 18F-FDG (25.67 ± 6.09 MBq). PET images (static

studies) acquisition started 20 min after radiotracer administration and performed over 30 min. Sinograms were reconstructed

using 3D maximum likelihood expectation maximization (MLEM) with 4 iterations and 6 subsets. Semiquantitative analysis was

done using PMOD software, v. 3.8 (PMOD Technologies, Ltd., Zurich, Switzerland). PET studies were co-registered with the

corresponding CT scan studies for anatomical localization. The images were displayed as coronal, sagittal and axial slices. Us-

ing the PFUS module, the brain images were spatially normalized to the mouse brain magnetic resonance imaging (MRI) tem-

plate included in the PMOD software, to scale the images to the Paxinos and Watson coordinate system (Paxinos and Watson,

1998). The images were previously masked to exclude extracerebral activity and enhance the normalization data. The inverse

mathematical transformation was estimated and applied to the volumes-of-interest (VOIs) included in the PMOD mouse brain

atlas to fit the VOIs for each animal. The average activity per volume unit (kBq/cc) was subsequently corrected for injected

radioactivity and mouse weight and expressed in standardized uptake value (SUV) units. Different VOIs representing brain areas

were selected for further evaluation.
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QUANTIFICATION AND STATISTICAL ANALYSIS

Continuous variables were evaluated using Student’s two-tailed t test, one-way analysis of variance (ANOVA), or two-way ANOVA for

repeated measures followed by Sidak’s post hoc test, as appropriate. ANOVA followed by Tukey’s post-hoc analysis was used for

experimental data with more than two experimental groups and normal distribution. For qPCR analysis, non-parametrical Mann-

Whitney test was used. Statistical analyses were performed with the Prism 8 software (version 8.2.1) and data were presented as

mean ± SEM, considering p < 0.05 as statistically significant. Figures were created with BioRender.
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