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SI Methods
Mouse Repeated Social Defeat and Proinflammatory Monocytes.
Male C57BL/6 mice between the ages of 6 and 8 wk (Charles
River Laboratories) were allowed to acclimate to the animal facility
for 1 wk before study procedures. Mice were housed in groups of
three per cage andmaintained on a 12-h light/dark schedule with the
lights on at 0600 hours in an American Association of Accreditation
of Laboratory Animal Care accredited facility. Food and water were
available ad libitum. Animals were randomized to repeated social
defeat (RSD) or home-cage control (HCC) conditions, as pre-
viously described (1–3). RSD involved introduction of aggressive
intruder male mice into cages of established cohorts of three male
mice for 2 h between 1630 and 1830 hours for six consecutive nights.
At the end of the 2-h period, the aggressor was removed and the
residents were left undisturbed until the following day when RSD
was repeated. HCC mice were housed in a separate room and left
undisturbed (except for parallel drug administrations as described
below) until the day of cell harvest. Following the sixth cycle of
RSD, circulating blood was collected by cardiac puncture for iso-
lation of peripheral blood mononuclear cells (PBMCs); bone
marrow mononuclear cells (BMMCs) were eluted from the femoral
medulla; and total spleen cells were macerated to a single-cell
suspension (3). All procedures were approved by The Ohio State
University Institutional Animal Care and Use Committee.
Transcriptome profiling. In initial transcriptome surveys (Fig. 1A),
CD11b+ cells (>96% pure as determined by flow cytometry)
were isolated from spleen cell suspensions by immunomagnetic
positive selection (Miltenyi Biotec), and monocytes were re-
tained by plastic adherence [2-h incubation of cells at 107/mL in
plastic tissue culture flask at 37 °C in 5% (vol/vol) CO2]. Total
RNA was extracted (RNeasy; Qiagen), quantified by spectro-
photometry (NanoDrop ND-1000; Thermo Scientific), and as-
sessed for integrity by capillary electrophoresis (Bioanalyzer
2100; Agilent Inc.). Splenic monocyte samples from HCC mice
yielded insufficient RNA for individual assay, so samples were
pooled in groups of two for assay. A total of 5 μg of total RNA
was assayed using Affymetrix MOE430 2.0 high-density oligonu-
cleotide arrays (4) in the University of California, Los Angeles
(UCLA) DNA Microarray Core as previously described (5–7).
Robust multiarray averaging (8) was applied to quantify expression
of 45,068 assayed transcripts, and differentially expressed genes
were identified by ≥50% difference in mean (log2) expression levels
in cells from RSD vs. HCC animals (corresponding to a false dis-
covery rate of 5%) (5). Differentially expressed genes were identi-
fied based on biological effect size (i.e., difference = meanRSD –

meanHCC) rather than statistical effect size (e.g., t statistic or P
value) because previous research has shown that biological effect
size-based criteria yield more replicable results than do statistical
effect size criteria (e.g., t statistics, P values, or false discovery rate
q values) (5, 9–11). Differentially expressed genes are listed in
Dataset S1, and gene expression data are deposited in the National
Center for Biotechnology Information Gene Expression Omnibus
(GEO; accession no. GSE28830).
Confirmatory RT-PCR. Ten gene transcripts characteristic of key
biological functions of immature, proinflammatory monocytes
(inflammation, proliferation, and differentiation) were selected
for independent verification of differential expression by quan-
titative real-time RT-PCR using TaqMan Gene Expression Assays
(Applied Biosystems Inc.) for mouse Arg2,Ccr1,Ceacam10,Mmp9,
Mpo, Myc, Ptges, Ptgfrn, Sod2, Tgfb, Gapdh, and 18s RNA. Assays
were performed on an Applied Biosystems real-time PCR in-
strument using standard procedures previously described (12, 13),

and mRNA abundance was derived from standard threshold cycle
number analysis after normalization of values for each target
transcript to the average of 18s and Gapdh threshold cycle
numbers. Results confirmed >50% differential expression for
eight of the 10 target genes assayed. Microarray results were
also validated by consistency with previously published RSD
experiments assessing CD11b+ cell expression of mRNA and/or
protein levels of IL-1β, IL-6, TNF-α, and IFN-γ (1, 12, 14–19).
Also consistent with previous observations (12, 16, 20), the GR
Nr3c1 gene was expressed at comparable levels in monocytes
from RSD vs. HCC animals (3% difference in average expression
across five Nr3c1 probe sets on the MOE430 2.0 array; difference
P = 0.457). This finding provides a negative control indicating no
difference in microarray-derived gene expression when no dif-
ference would be expected based on previous protein- and RNA-
based studies (12, 16, 20).
Transcription control pathway analysis.We used a two-sample variant
of the Transcription Element Listening System (TELiS; www.
telis.ucla.edu) (6) to compare the prevalence of transcription
factor-binding motifs (TFBMs) from the TRANSFAC database
(21) in promoters of genes overexpressed in cells from RSD- vs.
HCC-treated animals (Fig. 2C). Primary analyses tested activity
of the myeloid differentiation transcription factor PU.1 [marked
by the consensus E-twenty six (ETS) family transcription factor
motif V$ELK1_02]; transcription factors involved in expression of
immune response effector genes, including NF-κB (V$CREL_01),
EGR1 (V$EGR1_01), MZF1 (V$MZF1_01), and the redox-
responsive transcription factor NRF2 (V$NRF2_01); and tran-
scription factors involved in terminal differentiation of myeloid
cells, including E2-2 (V$E2_01) and Gfi1 (V$GFI_01); factors
specifying dendritic cell fate; and cMaf/MafB (V$VMAF_01),
CREB (V$CREB_01), and AP-1 (V$AP1_C) factors linked to
macrophage differentiation (22–25). Analyses of glucocorticoid
insensitivity compared the prevalence of V$GR_Q6 TFBMs in
promoters of genes overexpressed in cells from RSD- vs. HCC-
treated animals (7, 26, 27). In each case, initial analyses defined
promoters as nucleotide sequences spanning the region −600 bp
to +0 bp relative to the gene transcription start site (6) and
detected TFBMs using a MatSim match stringency of 0.80 (28).
Additional sensitivity analyses averaged results derived from
nine parametric variations of promoter length (−300 bp relative
to RefSeq transcription start site, −600 bp, and −1000 bp to
+200) and target TFBM match stringency (MatSim = 0.80, 0.90,
0.95) (6). Differential TFBM prevalence was assessed by two-
tailed P values from a paired-sample t test (29).
Transcriptome representation analysis.To quantify group differences in
the prevalence of the Ly-6chigh monocyte transcriptome within the
total mouse monocyte pool, we analyzed differential expression of
genes that empirically showed substantial differential expression
between Ly-6chigh and Ly-6clow monocytes in a previous reference
study of isolated monocyte subsets. A set of cell type-diagnostic
transcripts was defined by ≥6 SD difference in average (log2) ex-
pression in genome-wide transcriptional profiling of isolated mouse
Ly-6chigh and Ly-6clow monocytes from GEO accession no.
GSE17256 (30), and these cell type-diagnostic transcripts were
then tested in the present study for differential representation in
RSD vs. HCC total monocyte samples by a paired-sample t test
(29) (individual gene results are listed in Dataset S2). This tran-
scriptome representation analysis (TRA) assesses differential ex-
pression of genes previously identified as highly diagnostic of
a given cell type in a separate validation sample (i.e., differential
expression in the present study j cell type diagnosticity ≥ threshold
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d in the previous reference study). In contrast, the previously
published transcript origin analysis (TOA) (27) tests the cell type
diagnosticity of genes already identified as differentially expressed
(i.e., cell type diagnosticity in previous reference study j differential
expression ≥ threshold d in the present study). TOA seeks to
identify the cell type(s) contributing to observed differences in gene
expression within a heterogeneous RNA pool, regardless of
whether those differences stem from per-cell changes in gene ex-
pression or differential prevalence of total cell transcriptomes (i.e.,
differential cell type prevalence). Because TRA tests differential
expression of all genes previously identified as highly diagnostic of
a given cell type, this approach is insensitive to per-cell changes in
expression of selected genes, and is highly sensitive to correlated
variation in the relative prevalence of all genes within a given
cellular transcriptome (i.e., TRA is primarily sensitive to variations
in total cell transcriptome prevalence).
Confirmatory PBMC transcriptome profiling and monocyte-depletion
analysis. To determine whether monocytes in particular mediate
the effects of RSD on proinflammatory gene expression within the
total PBMC pool, we carried out confirmatory transcriptome
profiling on total PBMC samples and parallel PBMC samples
from which CD11b+ cells (monocytes) were depleted by im-
munomagnetic negative selection (Miltenyi Biotec). In each of
three separate experiments, three mice were randomized to six
cycles of RSD or parallel HCC conditions as described above,
and PBMCs were obtained from cardiac puncture blood samples
subject to standard KCl red blood cell lysis. From samples of 106

PBMCs and CD11b-depleted PBMCs (>98% purity; i.e., <2%
CD11b+ cells as determined by flow cytometry), total RNA was
extracted (Qiagen RNeasy), quantified by spectrophotometry
(NanoDrop ND-1000), and assessed for integrity by capillary
electrophoresis (Agilent Bioanalyzer 2100). All samples met
quality assurance criteria and were subject to transcriptome
profiling by Illumina MouseRef-8 BeadArrays according to the
manufacturer’s standard protocol (Illumina Inc.) in the UCLA
Neuroscience Genomics Core, as previously described (27). Data
are deposited in GEO accession no. GSE47154. Expression
values for 18,118 assayed genes were quantile normalized and
log2 transformed for assessment of differential gene expression
as the difference between average expression values for RSD vs.
HCC conditions (i.e., difference = meanRSD – meanHCC). Lin-
ear difference scores were back-transformed for presentation as
a fold difference in gene expression (i.e., fold-difference =
2difference). To assess the extent to which CD11b+ cells mediated
the general transcriptomic effect of RSD on the total PBMC
pool, the general transcriptomic effect of RSD was defined as
the average change in expression for the top 100 genes showing
the largest magnitude of RSD-induced up-regulation in PBMCs
(i.e., the top 100 values of differencePBMC). Differential expres-
sion of the same genes was quantified in parallel in CD11b-de-
pleted PBMC (i.e., differencePBMC-CD11b), and the statistical
significance of the difference in RSD-induced transcriptome al-
teration in total PBMCs vs. CD11b-depleted PBMCs was as-
sessed in a mixed-effect linear model (31) analysis of gene
expression values for the top 100 RSD up-regulated genes as
a function of gene-specific differences in average expression level
(treated as a repeated measure), experimental condition (RSD
vs. HCC), cell population (total PBMCs vs. CD11b-depleted
PBMCs), and the interaction of experimental condition × cell
population (the parameter representing the target of analysis, i.e.,
capturing the magnitude of difference in RSD effect on gene
expression in total PBMCs vs. CD11b-depleted PBMCs). Fol-
lowing the identification of a statistically significant overall ex-
perimental condition × cell population interaction, the pattern of
differential RSD results was defined in follow-up simple effects
analyses of experimental condition (difference = meanRSD –

meanHCC) nested within cell population (total PBMCs or CD11b-
depleted PBMCs). All models were fit using SAS PROC MIXED

(SAS 9.3; SAS Institute), with estimated means and SEs back-
transformed to a linear (fold difference) metric for presentation in
Fig. 1B as described above. Fig. 1B also presents results for six
individual representative proinflammatory genes within the top
100 up-regulated genes (Ly6c, Il1b, Myd88, Tlr2, Fos, Il8rb).
Throughout all analyses, all P values are two-tailed, and P < 0.05
serves as the threshold of statistical significance.
Flow cytometry. Prevalence of CD11b+/Gr1+/Ly-6chigh monocytes
was assessed in BMMCs, circulating PBMCs, and splenocytes by
flow cytometry as described previously (13, 17, 18). Briefly, 2.5 ×
105 cells were incubated at 4 °C for 45 min with FITC-conjugated
Abs to mouse Ly-6c, PE-conjugated Abs to mouse Gr1, and
APC-conjugated Abs to mouse CD11b (all Abs from BD Bio-
sciences). Samples were subsequently washed twice in FACS
buffer, and fluorescence intensity data were acquired for 10,000
lymphocyte-gated events on a FACSCalibur instrument (BD Bio-
sciences). Compensation and isotype and negative controls were
used to control for background and for instrument set-up. Results
were analyzed using FlowJo (Tree Star Inc.) or CellQuest software
(BD Biosciences) with leukocytes gated based on forward- vs. side-
scatter profiles, monocytes gated within the leukocyte population
based on CD11b+/Gr1+ immunofluorescence, and Ly-6chigh vs. Ly-
6clow monocyte phenotypes subsequently gated within the CD11b+

/Gr1+ monocyte population. Similar analyses were carried out on
BMMCs to identify mixed-lineage progenitor cells and cells com-
mitted to lymphoid, erythroid, granulocytic, and monocytic lineages
based on Ly-6c–FITC and CD31–PE immunofluorescence (32, 33).
Differences between RSD and HCC conditions were analyzed using
Welch two-sample t tests (29).
β-Adrenergic regulation of proinflammatory gene expression. To de-
termine the role of β-adrenergic signaling in RSD-induced up-
regulation of proinflammatory gene expression in peripheral
blood monocytes, mice were injected s.c. with 10 mg/kg pro-
pranolol (Sigma) in saline containing 0.2% ethanol, or the same
volume of vehicle, 30 min before each cycle of RSD (or at
a parallel time point under HCC conditions) in a 2 (experimental
condition: RSD vs. HCC) × 2 (drug: propranolol vs. vehicle)
factorial design with n = 3 mice per condition in each of four
independent experiments. This dose has been empirically shown
to optimize functional β-blockade in previous studies of the
mouse RSD paradigm (34). Following six cycles of RSD (or
parallel HCC conditions), peripheral blood CD11b+ monocytes
were isolated from cardiac puncture blood samples and subject
to transcriptome profiling using Illumina MouseRef-8 BeadArrays
as described in Confirmatory PBMC transcriptome profiling and
monocyte-depletion analysis. Data are deposited in GEO accession
no. GSE47154. Seventeen genes were selected a priori as repre-
sentative proinflammatory transcripts based on Gene Ontology
and EntrezGene functional annotations of proinflammatory che-
mokine activity (Cxcl1, Cxcl2), AP-1 signaling (Fos, Fosb, Fosl1,
Jun, Junb, Jund1), proinflammatory cytokine activity (Il1a, Il1b, Il6,
Tnf), inflammatory prostaglandin synthesis (Ptgs1, Ptgs2), Toll-like
receptor signaling (Myd88, Tlr2), and proinflammatory monocyte
phenotyping markers (Ly6c, Tlr2). Log2-transformed expression
values for these genes were analyzed in a mixed-effect linear model
(31), including parameters representing gene-specific differences in
average expression (treated as a repeated measure), experimental
condition (RSD vs. HCC), drug (propranolol vs. vehicle control),
and the interaction of experimental condition × drug (the primary
target of analysis, testing the extent to which propranolol abrogated
RSD-induced up-regulation of proinflammatory gene expression).
Following the identification of a statistically significant overall
experimental condition × drug interaction, the pattern of differ-
ential RSD effects was defined in follow-up simple effects analyses
of experimental condition (difference = meanRSD – meanHCC)
nested within drug (propranolol vs. vehicle control). All models
were fit using SAS PROCMIXED, with estimated means and SEs
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back-transformed to a linear (fold difference) metric for pre-
sentation in Fig. 3D as described above.
Role of myelopoietic growth factors GM-CSF and M-CSF. To determine
whether the myelopoietic growth factor GM-CSF might mediate
RSD-induced up-regulation of myelopoiesis, RSD andHCCmice
were injected s.c. with either 300 μg of anti-mouse GM-CSF–
neutralizing antibody MP1-22E9 or an equivalent volume of
isotype control IgG2a κ antibody (eBioscience) at 48-h intervals
starting 1 d before RSD. This dose of MP1-22E9 has been shown
to block biological activity of GM-CSF in multiple in vivo mouse
models of immune function and disease (35–37). In three sep-
arate experiments, n = 8 mice per condition were randomized to
six cycles of RSD or parallel HCC conditions in a 2 (experi-
mental condition: RSD vs. HCC) × 2 (drug: anti–GM-CSF vs.
isotype control) factorial design. Following six cycles of RSD (or
parallel HCC conditions), PBMC and BMMC samples were
assayed as described above (flow cytometry) to assess prevalence
of CD11b+/Ly-6chigh monocytes and CD11b+/Ly-6cintermediate

granulocytes (in PBMCs) and CD31+/Ly-6chigh monocyte pre-
cursors and CD31+/Ly-6cintermediate granulocyte precursors (in
BMMCs). The percentage of each cell type within the total
mononuclear cell population was analyzed in a factorial analysis of
variance model (29), including parameters representing the effects
of experimental condition (RSD vs. HCC), drug (anti–GM-CSF
vs. isotype control), and the interaction of experimental condition ×
drug (the primary target of analysis testing the extent to which anti–
GM-CSF abrogated RSD-induced up-regulation of myelopoiesis).
Following the identification of a statistically significant overall ex-
perimental condition × drug interaction, the pattern of differential
RSD effects was defined in simple effects analyses of experimental
condition (difference = meanRSD – meanHCC) nested within drug
condition (anti–GM-CSF vs. isotype control). Data were analyzed
using SAS PROC GLM, with estimated means and SEs presented
in Fig. 3 E and F.
To determine whether the myelopoietic growth factor M-CSF

might mediate RSD-induced up-regulation of monopoiesis, we
carried out studies parallel to those described above using 160 mg/
kg of the M-CSF receptor (CSF1R) antagonist GW2580 [5-(3-
methoxy-4-[(4-methoxybenzyl)oxy]benzyl)-pyrimidine-2,4-diamine]
(Rhode Island Chemical) or an equivalent volume of vehicle (0.5%
hydroxypropyl methylcellulose, 0.1% Tween 20; Sigma). GW2580
was administered daily by oral gavage beginning 24 h before RSD.
This dosing regimen has been shown to block multiple monocyte-
dependent immunologic processes and disease parameters in in
vivo mouse models (38–44). Following six cycles of RSD (or par-
allel HCC conditions), PBMC monocyte and granulocyte pop-
ulations and BMMC monocytic and granulocytic progenitor cell
populations were quantified by flow cytometry and subject to sta-
tistical analysis as described above.

Human Socioeconomic Status and Proinflammatory Monocytes.
Sample and design. Data are from a previously detailed gene ex-
pression study of PBMC samples from 60 adults recruited from
Vancouver through postings in local media and public transit (45,
46). Demographic and behavioral characteristics of the sample
have been previously reported (45, 46). To be eligible, partic-
ipants had to be 25–40 y of age and in good health (no history of
chronic disease and free of infection for the past 4 wk). Participant
socioeconomic status (SES) was defined by occupational status
over the past 5 y (low SES: routine, manual, or lower supervisory

occupations; high SES: managerial or professional occupations;
with participant SES defined by the higher of either participant’s
or romantic partner’s occupational status) using the United
Kingdom’s National Statistics Socioeconomic Classification (47).
Age, sex, race, and smoking were measured using established
self-report instruments, and body mass index (BMI) was de-
termined from directly measured height and weight (45, 46). The
project was approved by the University of British Columbia’s
Research Ethics Board, and all subjects gave written consent
before participating.
Transcriptome profiling. PBMCs were isolated from whole blood
through density-gradient centrifugation, lysed in RNA stabiliza-
tion buffer (Qiagen RLT), homogenized (Qiagen QiaShredder),
and frozen at −80 °C for subsequent gene expression profiling in
batch. At gene expression profiling, RNA was extracted using
AllPrep DNA/RNA kits (Qiagen); RNA purity and integrity
were verified using an Agilent 2100 Bioanalyzer; and 50 ng of
total RNA was assayed on an Illumina BeadStation 500 using
HumanRef-8 v3.0 Expression BeadArrays (Illumina) following
the manufacturer’s standard protocol in the Genome Quebec
Innovation Centre (Montreal). Raw expression values were log2
transformed, and differentially expressed genes were identified
by ≥20% difference in mean expression levels between low- and
high-SES groups (following thresholds used in previous analyses
of this dataset) (45, 46) in multiple regression models controlling
for age, sex, race, BMI, and smoking. Data are deposited in GEO
accession no. GSE15180. To assess the role of the β-adrenergic
transcription factor CREB in structuring the observed differences
in gene expression, we conducted TELiS promoter-based bio-
informatics analyses (6) as described above (Transcription Control
Pathway Analysis) using the TRANSFAC V$CREB_01 position-
specific weight matrix (21). The cellular origins of differentially
expressed genes were inferred by TOA using PBMC constituent
reference cell populations [monocyte, plasmacytoid dendritic cell,
CD4+ T-cell, CD8+ T-cell, B-cell, and natural killer (NK) cell] as
described previously (27). Parallel aliquots of whole blood were
analyzed by Coulter Counter to quantify the absolute numbers
and relative percentages of monocytes, lymphocytes, eosinophils,
basophils and neutrophils.
Transcriptome representation analysis. To quantify group differences
in the prevalence of total monocytes and the CD16− monocyte
subset within the total PBMC pool, we conducted TRA as de-
scribed above. In analyses of the CD16− monocyte subset, cell
type-diagnostic genes were defined by a standardized difference
(Cohen’s d) ≥6 SD in average transcript abundance within iso-
lated human CD16− vs. CD16+ monocytes from GEO accession
no. GSE18565 (30). In analyses of overall monocyte prevalence
within the PBMC pool, cell type diagnosticity was defined as
a score ≥6 SD on a standardized expression index previously
shown to identify transcripts expressed specifically by monocytes
in comparison with parallel-isolated populations of plasmacytoid
dendritic cells, NK cells, B cells, CD4+ T cells, and CD8+ T cells
in transcriptome profiling of human leukocyte subsets from GEO
accession no. GSE1133 (27, 48). In both analyses, paired t tests
assessed differences in average expression of cell type-diagnostic
transcripts within PBMC samples from the present low-SES vs.
high-SES groups (29). In these analyses, all reported P values are
two-tailed, and P < 0.05 constitutes the threshold of statistical
significance.
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Fig. S1. Role of β-adrenergic signaling in RSD effects on monocyte and granulocyte prevalence. To determine whether RSD effects on peripheral myeloid cell
prevalence were mediated by β-adrenergic signaling, mice received an i.p. injection of propranolol (or an equivalent volume of saline vehicle) once daily before
experimental procedures. Following six cycles of RSD or parallel HCC conditions, total splenocytes were assayed by flow cytometry for prevalence of Ly-6chigh/
CD11b+ monocytes (rectangles) and Ly-6cintermediate/CD11b+ monocytes and granulocytes (ovals). Dot plots show one representative sample from n = 9 animals
per condition (three per condition in each of three independent studies). Average percentages across all assayed samples are given in Fig. 3C.

Fig. S2. Role of GM-CSF in RSD effects on monocyte and granulocyte prevalence. To determine whether RSD effects on myeloid cell prevalence were me-
diated by GM-CSF, mice received an i.p. injection of anti-mouse GM-CSF–neutralizing antibody MP1-22E9 or an equivalent volume of isotype control IgG2a κ
antibody once every other day starting 24 h before experimental procedures. Following six cycles of RSD or parallel HCC conditions, (i) BMMCs (Left) were
assayed by flow cytometry for prevalence of Ly-6chigh/CD31+ monocyte progenitors (rectangles) and Ly-6cintermediate/CD31+ granulocyte progenitors (ovals) and
(ii) PBMCs and total splenocytes (Center and Right) were assayed by flow cytometry for Ly-6chigh/CD11b+ monocytes (rectangles) and Ly-6cintermediate/CD11b+

granulocytes (ovals). Dot plots show one representative sample from n = 8 animals per condition (pooled across three independent studies). Average per-
centages across all assayed samples are given in Fig. 3 E and F.
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