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Across a variety of adverse life circumstances, such as social isolation
and low socioeconomic status, mammalian immune cells have been
found to show a conserved transcriptional response to adversity
(CTRA) involving increased expression of proinﬂammatory genes.
The present study examines whether such effects might stem in part
from the selective up-regulation of a subpopulation of immature
proinﬂammatory monocytes (Ly-6chigh in mice, CD16− in humans)
within the circulating leukocyte pool. Transcriptome representation
analyses showed relative expansion of the immature proinﬂammatory monocyte transcriptome in peripheral blood mononuclear cells
from people subject to chronic social stress (low socioeconomic status)
and mice subject to repeated social defeat. Cellular dissection of the
mouse peripheral blood mononuclear cell transcriptome conﬁrmed
these results, and promoter-based bioinformatic analyses indicated
increased activity of transcription factors involved in early myeloid
lineage differentiation and proinﬂammatory effector function (PU.1,
NF-κB, EGR1, MZF1, NRF2). Analysis of bone marrow hematopoiesis
conﬁrmed increased myelopoietic output of Ly-6chigh monocytes and
Ly-6cintermediate granulocytes in mice subject to repeated social defeat,
and these effects were blocked by pharmacologic antagonists of
β-adrenoreceptors and the myelopoietic growth factor GM-CSF.
These results suggest that sympathetic nervous system-induced
up-regulation of myelopoiesis mediates the proinﬂammatory component of the leukocyte CTRA dynamic and may contribute to the
increased risk of inﬂammation-related disease associated with
adverse social conditions.
social genomics

that induce per-cell changes in gene transcription (7) or compartmental redeployment of a ﬁxed population of monocytes (21,
22). Neural and endocrine dynamics could also conceivably expand the total body pool of monocytes via increased hematopoietic output of myeloid lineage immune cells (myelopoiesis)
(23). Hematopoiesis and monocyte differentiation occur in a bone
marrow microenvironment that receives direct innervation from
the sympathetic nervous system (SNS) (24), and SNS activation
can alter hematopoietic stem cell mobilization (25–27) and myelopoietic responses to systemic infection (28, 29). It is not known
whether social processes can inﬂuence monocyte differentiation,
or what role the SNS might play in such dynamics.
A proinﬂammatory dynamic similar to the human leukocyte
CTRA has been observed in monocytes from mice exposed to
repeated social defeat (RSD; i.e., repeated territorial intrusion by
an aggressive conspeciﬁc) (30). In addition to enhancing general
Signiﬁcance
Chronic exposure to adverse social environments is associated
with increased risk of disease, and stress-related increases in
the expression of proinﬂammatory genes appear to contribute
to these effects. The present study identiﬁes a biological
mechanism of such effects in the ability of the sympathetic
nervous system to up-regulate bone marrow production of
immature, proinﬂammatory monocytes. These effects are mediated by β-adrenergic receptors and the myelopoietic growth
factor GM-CSF, and suggest new targets for interventions to
protect health in the context of chronic social stress.
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cross a variety of adverse life circumstances, such as social
isolation (1, 2), imminent bereavement (3), low socioeconomic status (SES) (4, 5), early life social deprivation (6), late-life
social adversity (7), traumatic stress (8), diagnosis with a lifethreatening illness (9), and experimentally imposed social stress
(7, 10–13), the pool of circulating leukocytes has been found to
show a conserved transcriptional response to adversity (CTRA)
involving increased expression of genes involved in inﬂammation
(e.g., IL1B, IL6, IL8, TNF) and decreased expression of genes
involved in innate antiviral responses (IFNB, IFIs, MX, OAS) (13–
17).†Bioinformatic analyses indicate that the proinﬂammatory
component of the leukocyte CTRA originates predominately from
monocytes (2, 9, 13). The biological mechanism of this monocyterelated proinﬂammatory transcriptional skew is unknown, but is
important to deﬁne because chronic inﬂammation contributes to
many of the diseases that drive contemporary morbidity and
mortality (18) and disproportionately impact socially disadvantaged groups (e.g., those of low SES) (19, 20).
Adverse social conditions may up-regulate inﬂammatory gene
expression via stress/threat-related neural and endocrine signals
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Social epidemiologists use “adversity” to denote health risk factors deﬁned by objective
external conditions of one’s life (e.g., low SES, bereavement, caregiving for a dying
spouse) as opposed to internal subjective reactions to those conditions (e.g., stress, depression) or physiological responses (e.g., allostatic load). This presentation does not require
any distinction between chronic stress and adversity, and we use the terms interchangeably.
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inﬂammatory responses (31–36), and antigen-presenting cell
(APC) stimulation of adaptive immune responses (34, 37, 38),
RSD can functionally desensitize the monocyte glucocorticoid
receptor (GR) (39–43). In the present studies, we used genomicsbased strategies to dissect the cellular mechanisms of the leukocyte CTRA in observational studies of human social adversity and
the RSD experimental mouse model to determine whether chronic
social stress might induce a proinﬂammatory skew in the circulating leukocyte transcriptome through selective expansion of
a speciﬁc subpopulation of immature, proinﬂammatory monocytes
(Ly-6chigh in mice, CD16− in humans) (23, 44–46). Low SES was
selected as a model of human social adversity due to its chronic
and pervasive effects, as well its previously documented association
with elevated SNS activity (47–49) and up-regulated proinﬂammatory gene expression (6).
Results
Mouse Social Stress and Monocyte Transcriptome Representation. To
determine whether chronic social stress might increase representation of the monocyte transcriptome within the circulating
leukocyte pool, we assessed the effects of six daily cycles of 2-h
RSD (32–34) on the prevalence and transcriptome differentiation state of mouse CD11b+ monocytes. Relative to home cage
control (HCC) conditions, RSD induced an average fourfold
increase in the frequency of monocytes in circulating blood
[HCC: 2.2 ± 0.4% of circulating peripheral blood mononuclear
cells (PBMCs); RSD: 9.8 ± 1.3%; difference, P < 0.001] and
spleen (HCC: 6.0 ± 0.6%; RSD: 22.7 ± 1.8%; difference, P =
0.018), and a twofold increase in bone marrow monocytes (HCC:
5.9 ± 0.7%; RSD: 14.0 ± 3.0%; difference, P < 0.001).
Genome-wide transcriptional proﬁling of isolated spleen
monocytes identiﬁed 2,976 transcripts showing ≥50% difference
in average expression level in RSD animals vs. HCC, including
up-regulation of 1,142 transcripts and down-regulation of 1,730
transcripts (Fig. 1A and Dataset S1). Differentially expressed
transcripts derived from 2,013 distinct named genes (6.6% of the
mouse genome; 1,142 up-regulated, 871 down-regulated). As
shown in Fig. 1A, RSD up-regulated genes involved in cell growth
and differentiation (cell cycle progression, proliferation, apoptosis,
growth-factor signaling, and immature monocytic lineage), myeloid
lineage effector functions (cytokines and their receptors; prostaglandin synthases; reactive oxygen species-related molecules;
pathogen pattern recognition receptors and associated signaling
molecules; Ig receptors; and mediators of extracellular matrix
remodeling), APC function (endocytosis and exocytosis, lipid metabolism, and cytoskeletal remodeling), and signal transduction and
transcription control (particularly, MAP kinase signaling). RSD
down-regulated genes involved in myeloid lineage terminal differentiation, lymphocyte costimulation, and signaling by regulatory
cytokines and their receptors.
To determine whether increased monocyte prevalence could
account for the proinﬂammatory CTRA shift in the overall mouse
PBMC transcriptome, we conducted genome-wide transcriptional
proﬁling of total PBMCs and monocyte-depleted PBMC populations. RSD up-regulated proinﬂammatory gene expression in
total PBMC (Fig. 1B; +343.8 ± 26.1% difference in average expression of six representative proinﬂammatory genes, P < 0.001).
Both the general transcriptomic effects of RSD and its up-regulation of speciﬁc proinﬂammatory genes were largely abrogated
by monocyte depletion (85.5 ± 10.7% reduction in top 100 RSD
up-regulated genes, P < 0.001; 91.2 ± 26.1% reduction in six
proinﬂammatory genes, P = 0.013). Monocyte depletion also
abrogated bioinformatic indications of RSD-induced activation of
the proinﬂammatory transcription factors NF-κB (total PBMC: +
73.7 ± 19.6%, P = 0.015; monocyte-depleted PBMC: −31.9 ±
18.0%, P = 0.951) and AP-1 (total PBMC: +12.3 ± 4.3%, P =
0.025; monocyte-depleted PBMC: −7.0 ± 4.6%, P = 0.857).
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Fig. 1. Differential gene expression in mouse CD11b+ monocytes and PBMCs.
(A) Genome-wide transcriptional proﬁling of (unstimulated) adherent CD11b+
spleen monocytes harvested after 6 d of RSD or HCC conditions identiﬁed 2,976
transcripts showing ≥50% difference in mean abundance across groups (n = 6
animals per condition pooled into three groups of two for microarray assay;
results representative of two independent experiments). Red, overexpressed in
RSD; blue, overexpressed in HCC (underexpressed in RSD). (B) Effects of RSD on
gene expression in total PBMCs (black bars) and monocyte-depleted PBMCs
(CD11b−, gray bars). Data represent mean fold difference (±SE) in expression of
100 genes showing greatest RSD-induced up-regulation in total PBMCs (RSD
transcriptome shift; Upper) or six representative proinﬂammatory genes
(Lower); n = 3 animals per condition in one experiment representative of three
independent experiments. (C) Promoter-based bioinformatic analysis of myeloid lineage transcription factors in genes up-regulated in RSD vs. HCC monocytes (A). Data represent mean fold difference (±SE) in prevalence of
transcription factor binding motifs, averaged over nine parametric combinations of promoter length and motif detection stringency. P values, two-tailed
difference from null difference of 0%.

Regulation of the Mouse Monocyte Transcriptome. Promoter-based
bioinformatic analysis of genes up-regulated by RSD indicated
increased activity of the PU.1 transcription factor involved in early
myeloid lineage commitment and decreased activity of transcription factors involved in terminal differentiation of myeloid cells to
a mature macrophage fate (cMaf, MafB, CREB, AP-1) or dendritic cell fate (E2-2, Gﬁ1) (23, 50–52) (Fig. 1C). These results
raised the possibility that increased myelopoietic production of
immature monocytes might contribute to their relative up-regulation within the total PBMC transcriptome. Consistent with
previous results from the RSD paradigm (41–43), promoter-based
bioinformatics also indicated increased activity of transcription
factors mediating inﬂammatory/antimicrobial effector functions
(NF-κB, EGR1, MZF1, NRF2), and decreased activity of the GR
(Fig. 1C). Reduced GR-mediated gene transcription was not attributable to reduced expression of the GR-encoding Nr3c1 gene,
which showed an average 3% difference in expression across ﬁve
Nr3c1 probe sets on the microarray; P = 0.457. This general pattern
of results suggested that the monocyte pool itself may show selective expansion of the immature proinﬂammatory Ly-6chigh subset
(23, 44–46).
Mouse Monocyte Subset Differentiation. To directly assess whether
RSD up-regulated the immature/proinﬂammatory monocyte transcriptome (45), we used a bioinformatic transcriptome representation analysis (TRA) to decompose the complex gene
expression proﬁle of the total splenic monocyte transcriptome
into subcomponents originating from distinct Ly-6chigh and
Ly-6clow monocyte subsets (Dataset S2). Results indicated an
average 22.7% (±3.1%) expansion of the Ly-6chigh monocyte
Powell et al.

Mouse Myeloid Lineage Differentiation. To more directly assess the
role of myelopoiesis in RSD up-regulation of Ly-6c+ monocytes
and granulocytes, we examined bone marrow prevalence of
multilineage progenitor cells (CD31high/Ly-6chigh) and lineagecommitted erythroid (CD31−/Ly-6c−), lymphoid (CD31+/Ly-6c−),
granulocytic (CD31+/Ly-6c+), and monocytic progenitor cells
(CD31+/Ly-6chigh; Fig. 3 A and B) (53, 54). RSD up-regulated
both myeloid lineages, approximately doubling monocyte progenitors (P = 0.0074) and increasing granulocyte progenitors by
70% (P = 0.020). Multilineage progenitor-cell prevalence did
not change signiﬁcantly (P = 0.140), and erythroid and lymphoid progenitors both showed relative decreases (P = 0.019
and P = 0.002, respectively).
Consistent with previous indications that β-adrenergic signaling
can promote myelopoiesis (28, 29), pretreatment of animals with
the β-antagonist propranolol abrogated both RSD-induced expansion of peripheral Ly-6chigh monocytes (Fig. 3C and Fig. S1;
RSD × antagonist interaction, P < 0.001) and RSD-induced upregulation of proinﬂammatory gene expression in peripheral blood
monocytes (Fig. 3D; RSD × antagonist interaction, P = 0.001).
Moreover, among the 17 genes selected a priori as representative
inﬂammatory markers, those showing the greatest magnitude of
RSD-induced up-regulation in monocytes from vehicle-treated
mice also showed the most pronounced inhibition of RSD response in propranolol-treated mice (r = 0.74, P < 0.001; Fig. 3D).
To deﬁne the speciﬁc myelopoietic growth factor mediating
these effects, we examined the role of the general myeloid lineage differentiation factor GM-CSF and the monocyte-speciﬁc
differentiation factor M-CSF. Consistent with the fact that RSD
up-regulated both myeloid cell lineages (Figs. 2C and 3 A–C),
expression of GM-CSF (Csf3) and its receptor (Csf3r) were upregulated in monocytes from RSD animals (Csf3: +80.6 ± 20.3%,
P < 0.001; Csf3r: +38.0 ± 10.6%, P < 0.001). In contrast, M-CSF
expression was signiﬁcantly down-regulated (Csf1: −39.9 ± 10.4%,
P < 0.001). A mechanistic role for GM-CSF was conﬁrmed by

Fig. 2. Monocyte subset prevalence in bone marrow and peripheral compartments. (A) Average prevalence (±SE) of CD11b+/Gr1+ monocytes within
total spleen cells (n = 6 per condition, representative of three independent
experiments). (B) Average prevalence (±SE) of Ly-6chigh cells within splenic
CD11b+/Gr1+ monocyte pool (samples from A). (C) Flow cytometric quantiﬁcation of Ly-6cintermediate and Ly-6chigh (horizontal axis) CD11b+ (vertical
axis) mononuclear cells in spleen, blood, and bone marrow from RSD and
HCC mice. Percentages represent total CD11b+/Ly-6c+ myeloid cells (monocytes + granulocytes).
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Fig. 3. Role of lineage differentiation and β-adrenergic/GM-CSF signaling.
(A) Flow cytometric assessment of mixed-lineage progenitors (Pro), and
erythroid (Er), lymphoid (Ly), granulocytic (Gr), and monocytic (Mo) lineage
cells in bone marrow. (B) Average prevalence (±SE) of each progenitor cell
type (n = 3–7 per condition, representative of three independent experiments). *P < 0.05; **P < 0.001. (C) Effect of the β-adrenergic antagonist
propranolol on RSD-induced expansion of splenic Ly-6chigh monocytes. Data
represent mean prevalence (±SE) of Ly-6chigh/CD11b+ cells as a percent of
total splenocytes (n = 9 per condition; Pro, propranolol; Veh, vehicle). (D)
Effect of propranolol on RSD-induced up-regulation of 17 proinﬂammatory
gene transcripts in peripheral blood monocytes (Cxcl1, Cxcl2, Fos, Fosb, Fosl1,
Il1a, Il1b, Il6, Jun, Junb, Jund1, Ly6c, Myd88, Ptgs1, Ptgs2, Tlr2, Tnf). Data
represent mean percent difference in gene expression (RSD – HCC, ±SE) in
vehicle-treated vs. propranolol-treated mice (n = 3 per condition; representative of results from four independent experiments). RSD up-regulated
proinﬂammatory gene expression by an average 25.1% in vehicle-treated
animals (P < 0.001) vs. an average −11.7% difference in propranolol-treated
animals (P = 0.017). (E) Effect of GM-CSF–neutralizing antibody MP1-22E9
(or isotype control antibody) on average prevalence (±SE) of peripheral
blood Ly-6chigh monocytes and Ly-6cintermediate granulocytes (as determined
by ﬂow cytometry in n = 8 animals per condition pooled across three independent experiments). (F) Parallel assessment of bone marrow CD31+/Ly6chigh monocyte progenitors and CD31+/Ly-6cintermediate granulocyte progenitors.

studies showing that administration of a neutralizing antibody to
GM-CSF efﬁciently blocked RSD-induced expansion of both peripheral blood Ly-6chigh monocytes and Ly-6cintermediate granulocytes (both RSD × antagonist interactions, P < 0.001; Fig. 3E
and Fig. S2). GM-CSF blockade also inhibited RSD-induced upregulation of bone marrow monocyte and granulocyte progenitor
cell populations (both P < 0.001; Fig. 3F). These effects were
speciﬁc to GM-CSF because M-CSF blockade with the antagonist
GW2580 failed to inhibit RSD up-regulation of blood monocytes
(P = 0.898) or bone marrow monocytic progenitors (P = 0.134).
Human Socioeconomic Status and Monocyte Transcriptome. To determine whether monocyte population dynamics similar to those
observed in mouse RSD might contribute to the leukocyte CTRA
in humans subject to chronic stress, we used TRA to decompose
the complex gene expression proﬁle of circulating PBMCs into
subcomponents originating from monocytes, plasmacytoid dendritic cells, NK cells, B cells, CD4+ T cells, and CD8+ T cells (2,
55). Analyses of archival PBMC transcriptome proﬁles from 60
healthy young adults identiﬁed 387 gene transcripts showing ≥20%
differential expression between individuals with low vs. high SES
[as assessed by 5-y occupational status, and controlling for age, sex,
race, body mass index, and smoking as previously described (6);
genes listed in Dataset S3]. Differentially expressed genes exempliﬁed the general leukocyte CTRA proﬁle (17) in showing
increased expression of proinﬂammatory genes (e.g., IL1A, IL1B,
PNAS Early Edition | 3 of 6
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transcriptome in RSD animals vs. controls (P < 0.0001). Flow
cytometry conﬁrmed increased Ly-6chigh monocytes in the
blood, spleen, and bone marrow (Fig. 2). RSD also increased
Ly-6cintermediate cells (granulocytes) in each compartment (Fig.
2C), suggesting a potential effect on myeloid differentiation
more broadly.

IL8, COX2/PTGS2, TNF) and decreased expression of innate
antiviral response genes (e.g., IFI27, IFIT1, IFITM1, ISG15) in
low-SES individuals relative to high-SES individuals. Some 32.3%
of genes identiﬁed as differentially expressed in PBMCs from
low-SES humans were also differentially expressed in monocytes
from RSD mice (signiﬁcantly exceeding the <0.1% overlap expected by chance, P < 0.001). As in previous studies of other types
of human social adversity, transcript origin analysis (2) identiﬁed
monocytes and plasmacytoid dendritic cells as the predominate
cellular sources of transcripts up-regulated in PBMCs from lowSES individuals (Fig. 4A). Transcript origin analysis cannot distinguish differential cell prevalence from per-cell changes in gene
expression, so we conducted a more focused TRA analysis specifically assessing cell prevalence. Results indicated a greater prevalence of the monocyte transcriptome (but not the plasmacytoid
dendritic cell transcriptome) in PBMC from low- vs. high-SES
individuals (Fig. 4B). Automated complete blood count conﬁrmed greater numbers and percentages of monocytes (but not
lymphocytes or granulocytes) in circulating blood from low-SES
individuals (Fig. 4C).
Human Monocyte Subsets. To determine whether chronic social
adversity might be associated with up-regulated expression of the
immature/proinﬂammatory monocyte transcriptome in humans,
we used TRA to assess prevalence of the CD16− monocyte
transcriptome (homologous to the mouse Ly-6chigh monocyte
subset) (23, 44–46) in PBMCs from individuals with high vs. low
SES (Dataset S4). Low-SES individuals show elevated circulating

Fig. 4. Socioeconomic status and human leukocyte subsets. (A) Transcript
origin analysis assessing predominate cellular sources of 387 gene transcripts
found to be differentially expressed by ≥20% in genome-wide transcriptional proﬁling of PBMCs from 30 low-SES healthy young adults and 30
matched high-SES individuals. (B) Transcriptome representation analysis
assessing prevalence of transcriptomes corresponding to major leukocyte
subsets in total PBMC RNA samples. (C) Relative percent and absolute frequency of monocytes, lymphocytes, and granulocytes in circulating blood
samples.
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catecholamines (47–49), and promoter-based bioinformatic analysis of genes up-regulated in PBMCs from the present low-SES
sample (Dataset S3) indicated increased activity of the β-adrenergic transcription factor cAMP response element-binding protein
(CREB; +69.1 ± 8.0%, P < 0.001). Consistent with potential
β-adrenergic up-regulation of proinﬂammatory monocytes, TRA
indicated an average 8.4% (±0.9%) expansion of the CD16−
monocyte transcriptome in PBMCs from low-SES individuals (P
< 0.001). Expression of the GM-CSF receptor (CSF3R) was also
up-regulated by an average of 21.8% (±9.1%) in PBMC from
low-SES individuals (P = 0.026, controlling for age, sex, race,
body mass index, and smoking, as previously described) (6).
Discussion
These studies identify β-adrenergic up-regulation of myelopoiesis as one molecular mechanism by which chronic stress may
induce the proinﬂammatory CTRA gene expression dynamic
previously observed in the circulating leukocyte pool of people
confronting a diverse array of adverse life circumstances (1–9,
11). In the present study, healthy young adults exposed to the
chronic stress of low SES showed selective expansion of both the
total monocyte transcriptome and the immature CD16− monocyte transcriptome within the PBMC pool. Parallel expansion of
the Ly-6chigh monocyte population was observed in mice subject
to a very different type of chronic social stress in RSD, which
nevertheless shares with human low SES the involvement of elevated SNS catecholamine signaling (47–49, 56). Bioinformatic
analysis of differentially expressed genes suggested increased myelopoiesis as a potential mechanism for the selective up-regulation of
immature proinﬂammatory monocytes. Direct analyses of myelopoiesis conﬁrmed that result and implicated a β-adrenoreceptor–
mediated pathway involving the myelopoietic growth factor GMCSF in driving RSD-induced expansion of the mouse Ly-6chigh
monocyte subpopulation. These results suggest that SNS/β-adrenergic up-regulation of myelopoiesis may play a key role in mediating
the proinﬂammatory component of the leukocyte CTRA dynamic
(13, 17) and could potentially contribute to the increased risk of
inﬂammatory disease observed in individuals confronting chronic
social adversity (19, 20).
The present ﬁndings are consistent with previous data showing
that myeloid lineage immune cells and their innate effector molecules, such as proinﬂammatory cytokines and type I interferons, are
regulated by β-adrenergic signaling (7, 57–62) and adverse socioenvironmental conditions (2, 7, 10, 13, 17, 63). These results are
also consistent with previous ﬁndings that nonsocial activators of
β-adrenergic signaling, such as burn-induced sepsis, can enhance
monocyte differentiation (28, 29). SNS induction of a “primed” or
hyperreactive bias in the circulating leukocyte pool may have
evolved to help the immune system anticipate wound-related bacterial infections historically associated with adverse social conditions
(17, 18). However, in contemporary social environments, such
dynamics would needlessly undermine antiviral responses and
promote chronic inﬂammation (17, 18). In addition to identifying
one general physiological mechanism of such effects, the present
data imply speciﬁc molecular strategies (e.g., β-blockade) and
cellular biomarkers (e.g., CD16− monocytes) that could potentially be harnessed in future studies to develop health-protective
interventions.
Results from the mouse RSD model demonstrate a causal
pathway by which chronic social stress can remodel the circulating monocyte pool via a β-adrenergic up-regulation of myelopoiesis. The study showing parallel observations in human low
SES is broadly consistent with these experimental results, but is
nevertheless subject to some interpretive limitations. The human
low-SES data come from an observational study in a single cohort and will require replication in future studies. The associations observed there do not demonstrate a causal effect of SES
and do not indicate that observed effects are speciﬁc to low SES
Powell et al.
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the range of physiological mechanisms by which adverse social
environments may increase the risk of inﬂammation-related
disease (19, 20).
Methods
Mouse RSD and β-Adrenergic Signaling. Young adult male C57BL/6 mice were
subject to six daily cycles of 2-h exposure to an aggressive male intruder
mouse (RSD) or HCC conditions as described (39). Where indicated, mice were
injected with 10 mg/kg propranolol (Sigma) or equivalent volume of vehicle
30 min before each RSD cycle; injected with 300 μg of anti–GM-CSF neutralizing antibody (nAb) MP1-22E9 or an equivalent volume of control IgG2a
κ Ab (eBioscience) at 48-h intervals starting 1 d before RSD; and administered 160 mg/kg of the CSF1R antagonist GW2580 (R. I. Chemical, Inc.) or
vehicle daily by oral gavage beginning 1 d before RSD. Immunomagnetically
isolated CD11b+ monocytes (Miltenyi Biotec) were subject to genome-wide
transcriptional proﬁling using Affymetrix MOE430 2.0 high-density oligonucleotide arrays as described (7) [Gene Expression Omnibus (GEO) accession
no. GSE28830]. Genes showing ≥50% difference in average (quantile-normalized, log2-transformed) expression were subject to TRA as described
below to quantify Ly-6clow and Ly-6chigh monocyte transcriptomes and subject to Transcription Element Listening System (TELiS) promoter bioinformatics to assess transcription factor activity (7). Results were conﬁrmed
by ﬂow cytometry for CD11b/Gr1/Ly-6c in splenocytes, PBMCs, and bone
marrow mononuclear cells (BMMCs), and ﬂow cytometry for CD31/Ly-6c
lineage-speciﬁc progenitor/precursor populations in BMMCs. Additional
conﬁrmatory transcriptome proﬁling studies used Illumina MouseRef-8
BeadArrays to survey gene expression in total PBMCs, PBMC-derived CD11b+
monocytes, and CD11b-depleted PBMCs from RSD vs. HCC mice (GEO accession
nos. GSE47153 and GSE47154). See SI Methods for detailed methods. Procedures
were approved by The Ohio State University Institutional Animal Care and Use
Committee.
Human SES and Proinﬂammatory Monocytes. PBMCs from 30 low-SES and 30
high-SES young adults were subject to automated complete blood count with
differential and parallel genome-wide transcriptional proﬁling as previously
published (6) (GEO accession no. GSE15180) and described in SI Methods.
Genes showing ≥20% difference in average expression across low- vs. highSES individuals (classiﬁed by 5-y occupational status) were identiﬁed in
general linear models controlling for age, sex, race, body mass index, and
smoking (6); cellular origin of these genes was analyzed by transcript origin
analysis (2); activity of CREB transcription factors was assessed by TELiS
promoter-based bioinformatics (7); and TRA was conducted as described
below to quantify prevalence of major leukocyte subsets and CD14+/CD16−
proinﬂammatory monocytes. All studies were approved by the University
of British Columbia Research Ethics Board, and all subjects gave written
informed consent (6).
Transcriptome Representation Analysis. We assessed a composite index of cell
type-diagnostic transcripts (55) to quantify the relative prevalence of discrete cellular transcriptomes within heterogeneous RNA pools (e.g., human
monocytes vs. other leukocyte subsets in PBMCs; mouse Ly-6chigh vs. Ly-6clow
subsets in total monocytes; human CD14+/CD16+ and CD14+/CD16− subsets
in PBMCs). Cell type-diagnostic transcripts were deﬁned by average expression ≥6 SD above the mean level of all other candidate cells (2) in reference gene expression proﬁles derived from isolated cell types [mouse
Ly-6chigh/Ly-6clow monocytes from GEO accession no. GSE17256 (45); human
leukocyte subsets from GSE1133 (66); and human CD16−/CD16+ monocytes
from GSE18565 (45)] and tested for difference in average expression across
groups by paired t test (methods are detailed in SI Methods).
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