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Supplemental Material 

L929 conditioned media  

L929 conditioned media was prepared as previously reported(Weischenfeldt and Porse, 2008). 

Briefly, 4.7 × 10
5
 L929 cells were seeded in a 75 cm

2
 flask in 55 mL of DMEM-high glucose 

(WELGENE; LM 001-05) containing 10% FBS, 10 mM HEPES, 1X GlutaMax-I (Gibco; 

35050), and antibiotics. Cells were cultured for 7 days in a humidified incubator with 5% 

CO2 at 37 °C. Culture supernatant was collected and filtered using a 0.2-µm filter and then 

stored at –80 °C. 

Nitric oxide (NO) secretion level 

Secreted levels of NO in culture supernatants were measured using the Griess reagent system 

(Promega; TB229) following the manufacturer’s instructions. 

Bactericidal efficacy test 

Bactericidal activities of WT- or DKO-PMs were determined as previously reported(Liao et 

al., 2011). Briefly, 5 × 10
6
 PMs were incubated with 2.5 × 10

8
 E. coli for 2 h at 37 °C. The 

cells were then thoroughly washed with PM culture media containing antibiotics followed by 

a wash with PBS, then incubated for 24 h at 37 °C in PM culture media containing antibiotics. 

The cells were then collected by scraping in deionized water and plated onto agar plates to 

determine bacterial viability. 

Cell adhesion assay 

Cell adhesion assay was performed as previously reported(Min et al., 2013). Briefly, 96-well 

plates were coated with 10 μg/mL of collagen and incubated overnight on a clean bench 

under UV light. Six-well plates were seeded with 1 × 10
6
 THP-1 cells, and serum starvation 

was performed for 6 h. The cells were then treated with DCA and incubated overnight. 

Thereafter, 5 × 10
4
 cells were transferred to collagen-coated wells in serum-free media in the 

presence or absence of DCA and LPS. After 24 h, unbound cells were eliminated by washing 

with cold PBS followed by triplicate washes using serum-free media. The Cell Counting Kit-

8 (CCK-8) solution (Dojindo; CK04) was added to each well and incubated for 1 h. 

Absorbance at 450 nm was measured by a microplate reader (Molecular Devices; VERSA 

max). 

3T3-L1 conditioned media 

3T3-L1 cells were differentiated as previously reported(Kang et al., 2013). After 8 days, the 

cells were washed before being treated with BSA or BSA-conjugated palmitate (500 µM) for 

24 h. After the treatments, the media was collected from the incubated cells. 

Isolation of the stromal vascular fraction (SVF) from the epididymal AT 

Epididymal AT was dissected and digested with type I collagenase (Worthington; CLS-1) for 

20 min at 37 °C. An equal volume of α-MEM medium containing 10% FBS was added to 

stop the reaction. After filtration through a 100-µm mesh filter, the media was centrifuged at 

1500 rpm for 5 min and the cell pellet resuspended in α-MEM medium containing 10% FBS. 

The resulting cell suspension was filtered through a 40-µm mesh filter and then centrifuged at 

1500 rpm for 5 min. The cell pellet was resuspended in FACS buffer for FACS analysis using 

BD Accuri
TM

 C6 flow cytometer (BD Biosciences, CA, USA). 



In vivo migration 

In vivo migration assays were performed as described previously (Oh et al., 2012). Briefly, 

monocytes were isolated from 8-week-old mice and enriched using an EasySep mouse 

monocyte enrichment kit (STEMCELL Technologies; 19761) according to the manufacturer’s 

instructions. Isolated monocytes were stained with PKH26 (Sigma Chemical; PKH26GL) at 5 

mM, and 1 × 10
6
 stained, viable cells were injected into the tail vein of 4 week HFD-fed 

recipient mice. Two days after the injection, the macrophages were isolated from epididymal 

AT and the PKH26-positive macrophages (PKH26+F4/80+CD11b+) were analyzed by BD 

AccuriTM C6 flow cytometer (BD Biosciences, CA, USA). 

Flow cytometry analysis 

Isolated SVFs from the epididymal AT were incubated with Fc blocker (BD Biosciences; 

553142) for 5 min on ice. The cells were then incubated with F4/80 (eBioscience, #45-4801-

82), CD11c (eBioscience; 12-0114-82), CD11b (BD Biosciences; 561039), and CD206 

(BioLegend; 141703) for 1 h on ice. The size of the cell population and protein levels were 

determined using the BD Accuri
TM

 C6 cytometer. The acquired data was analyzed by FlowJo 

(version X) flow cytometry analysis software (FlowJo, LLC). 

FACS analysis for LPS-induced PM polarization in vivo 

LPS-activated PMs were isolated as previously described(Ni Gabhann et al., 2014). Briefly, 

WT or PDK2/4 DKO mice were i.p. injected with LPS (1 mg/kg). Twenty-four hours later, 

the mice were sacrificed, and the peritoneal fluids were isolated using the standard PM 

isolation method. Isolated peritoneal fluid was incubated with Fc blocker (BD Biosciences; 

553142) for 5 min on ice. The cells were then incubated with antibodies against (eBioscience; 

45-4801-82), CD11c (eBioscience; 12-0114-82), CD11b (BD Biosciences; 561039), and 

CD206 (BioLegend; 141703) for 1 h on ice. Cell populations were analyzed by FACS 

analysis. 

Enzyme-linked immunosorbent assay (ELISA) for cytokines 

Secreted levels of TNF-α, IL-6, IL-1β, MCP-1, TGFβ, and IL-10 were determined in cell 

culture media using ELISA Ready Set-Go kits (eBioscience) or R&D system according to the 

manufacturer’s instructions, respectively. 

Glucose & insulin tolerance test (GTT & ITT) 

GTT was performed by injecting mice with D-glucose (1.5 g/kg) i.p. after 16 h fasting. Blood 

glucose levels were measured at the indicated time points with a standard glucometer (Roche; 

Accu-Check Active). Likewise, for ITT, insulin (0.75 U/kg) was injected i.p. into mice after a 

6 h period of fasting; blood glucose levels were measured at indicated time points using a 

glucometer.  

LC-MS/MS analysis 

The samples were separated on a pentafluorophenyl column (100 × 2.1 mm, 3 µm) by 

gradient elution using an HPLC Nexera coupled with an LCMS-8060 mass spectrometer 

(Shimadzu, Japan). The mobile phase consisted of water-acetonitrile in 0.1% formic acid at a 

flow rate of 0.2 mL/min. The Q3 selected ion monitoring (SIM) scan mode was used to 

obtain target metabolite isotopomer information, and raw spectrum intensity data were 

extracted from within a retention time range for each multiple reaction monitoring scan 



performed simultaneously. Subsequently, 
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C-mass isotopomer distributions were determined 

and corrected for natural isotope abundance from the SIM scan data for target metabolite 

isotopomers. 

Quantitative real-time polymerase chain reaction (qPCR) 

Total RNA was extracted from mouse tissue or cells by QIAzol lysis reagent (Qiagen; 79306) 

following the manufacturer’s instructions. Total RNA (2 µg) was used for cDNA synthesis by 

the cDNA synthesis kit (Thermo Fisher Scientific; K1621). The qPCR analysis was 

performed with SYBR Green (Thermo Fisher Scientific; 4367659) using the ViiA 7 real-time 

PCR system (Applied Biosystems, USA). 36B4 was used as an endogenous control.  

mRNA-sequencing and data analysis 

PMs were isolated from 8- to 10-week-old WT and DKO mice. For mRNA-sequencing, total 

RNAs were prepared from WT PMs untreated (Cont-WT) or treated with LPS (100 ng/mL) 

and IFN-γ (10 ng/mL) for 12 h (M1-WT), and DKO PMs treated with LPS and IFN-γ for 12 

h (M1-DKO). Total RNAs were purified with QIAzol lysis reagent (QIAGEN; 79306) and 

RNeasy Plus Micro kit (QIAGEN; 74034). Poly(A) mRNA isolation from total RNAs and 

fragmentation were performed using the Illumina Truseq Stranded mRNA LT Sample Prep 

Kit with poly-T oligo-attached magnetic beads, according to the manufacturer’s protocol. The 

adaptor ligated libraries were sequenced using an Illumina Hi-Seq 2500 (Illumina, USA). 

From the resulting read sequences for each sample, adapter sequences (TruSeq universal and 

indexed adapters) were removed using the cutadapt software (ver. 1.4.2)(Martin, 2011). The 

resulting reads were then aligned to the Mus musculus reference genome (GRCm38) using 

TopHat aligner (ver. 2.0.10)(Trapnell et al., 2009) with the default options. After the 

alignment, we counted the mapped reads for gene features (GTF file of GRCm38) using 

HTSeq (ver. 0.6.1)(Anders et al., 2015) and also estimated fragments per kilobase of 

transcript per million fragments mapped (FPKM) using Cufflinks (ver. 2.1.1)(Trapnell et al., 

2010). The raw and normalized data of mRNA-sequencing were deposited at the Gene 

Expression Omnibus database (GSE112595). 

Identification of differentially expressed genes (DEGs) 

We first identified ‘expressed’ genes as the ones with FPKM larger than 1 in at least one of 

the six samples (two samples per condition). For these expressed genes, the number of reads 

counted by HTseq were normalized using the TMM normalization method(Robinson and 

Oshlack, 2010) provided in the edgeR package(Robinson et al., 2010). The normalized counts 

were converted to log2-read counts after adding one to the normalized counts. The log2-read 

counts for the samples were then normalized using the quantile normalization 

method(Bolstad et al., 2003). For each gene, we calculated T-statistic values using Student’s 

t-test and also log2-fold-changes in the two comparisons: M1-WT versus Cont-WT (M1-

WT/Cont-WT) and M1-DKO versus M1-WT (M1-DKO/M1-WT). We then estimated 

empirical distributions of T-statistics and log2-fold-change for the null hypothesis by random 

permutation of the six samples. Using the estimated empirical distributions, we computed 

adjusted p-values for the two tests for each gene and then combined these p-values with 

Stouffer’s method(Hwang et al., 2005). Finally, we identified DEGs as the ones that have the 

combined p-values < 0.05 and absolute log2-fold-changes > 0.58 (1.5-fold). To identify 

cellular processes represented by the DEGs, we performed the enrichment analysis of gene 

ontology biological processes (GOBPs) for the genes using DAVID software(Huang et al., 

2009) and selected the GOBPs with p-value < 0.05 as the processes enriched by the DEGs. 



Reagents 

REAGENT or RESOURCE SOURCE IDENTIFIER 

Antibodies 

Anti-PDK2 antibody Santa Cruz Biotechnology sc-100534 

Anti-PDK4 antibody (Jeoung and Harris, 2008) N/A 

Anti-iNOS antibody BD Biosciences 610328 

Anti-HIF-1α antibody Novus Biologicals NB100-479 

Anti-Arg-1 antibody Santa Cruz Biotechnology sc-18351 

Anti-F4/80 antibody Thermo Fisher Scientific MA1-91124 

Anti-β-actin antibody Sigma-Aldrich A5441 

Anti-F4/80-PecCP-Cy5.5 antibody eBioscience 45-4801-82 

Anti-CD11b-APC-Cy7 antibody BD Biosciences 561039 

Anti-CD11c-PE antibody eBioscience 12-0114-82 

Anti-CD206-FITC antibody BioLegend 141703 

Anti-IgG2a-PecCP-Cy5.5 antibody eBioscience 45-4321-80 

Anti-IgG2b-APC-Cy7 antibody BD Biosciences 552773 

Anti-IgG-PE antibody eBioscience 12-4888-81 

Anti-IgG2a-FITC antibody BioLegend 400505 

Anti-CD16/CD32 antibody (Fc blocker) BD Biosciences 553142 

Chemicals, Recombinant Proteins, and Analysis kits 

Thioglycollate BD Biosciences 211716 

LPS Sigma-Aldrich L4391 

Zymosan A Sigma-Aldrich Z4250 

Recombinant rat IFN-γ R&D Systems 585-IF-100 

Recombinant mouse IL-4 R&D Systems 404-ML-010 

Recombinant human IL-10 R&D Systems 217-IL-005 

Recombinant mouse CCL2 (MCP-1) R&D Systems 479-JE-010 

Oligomycin A Sigma-Aldrich 75351 

CCCP Sigma-Aldrich C2759 

Rotenone Sigma-Aldrich R8875 

Antimycin A Sigma-Aldrich A8674 

D-Glucose-
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C6 Sigma-Aldrich 389374 

Collagenase, Type 1 Worthington CLS-1 

Collagen, Bovine, Type 1 BD Biosciences 354231 

Sodium dichloroacetate (DCA) Sigma-Aldrich 347795 

Aprotinin AMRESCO E429 

Leupeptin AMRESCO M180 

QIAzol lysis reagent Qiagen 79306 

Power SYBR™ Green PCR Master Mix Thermo Fisher Scientific 4367659 

cDNA synthesis kit Thermo Fisher Scientific K1621 

Phosphatase inhibitor cocktail 3 Sigma-Aldrich P0044 

Succinate assay kit Abnova KA3955 

RNeasy Plus Micro kit Qiagen 74034 

Mouse TNF-α ELISA Thermo Fisher Scientific 88-7324 

Mouse IL-6 ELISA Thermo Fisher Scientific 39-8061 

Mouse IL-1β ELISA Thermo Fisher Scientific 29-8012 

Mouse IL-10 ELISA R&D Systems M1000B 

Mouse TGFβ ELISA Thermo Fisher Scientific 88-8350 

Human TNF-α ELISA Thermo Fisher Scientific 88-7346 



Human IL-8 ELISA Thermo Fisher Scientific 29-8089 

Human IL-1β ELISA Thermo Fisher Scientific 29-8018 

Human MCP-1 ELISA Thermo Fisher Scientific 88-7399 

Griess reagent system Promega TB229 

Mouse monocyte enrichment kit STEMCELL Technologies 19761 

PKH26 cell linker kit Sigma-Aldrich PKH26GL 

 

Critical Commercial Assays 

Truseq Stranded mRNA LT  

Sample Prep Kit 

Illumina RS-122-2101 

Software and Algorithms 

cutadapt v1.4.2 (Martin, 2011) http://cutadapt.r

eadthedocs.io/e

n/stable/index.h

tml 

TopHat v2.0.10 (Trapnell et al., 2009) https://ccb.jhu.e

du/software/top

hat/index.shtml 

Bowtie v2.1.0.0 (Langmead and Salzberg, 

2012) 

http://bowtie-

bio.sourceforge.

net/bowtie2/ind

ex.shtml 

Samtools v0.1.18.0 (Li et al., 2009) http://samtools.

sourceforge.net/ 

Picard v1.85  https://broadinst

itute.github.io/p

icard/ 

HTSeq v0.6.1 (Anders et al., 2015) http://www-

huber.embl.de/

HTSeq/doc/ove

rview.html 

Cufflinks v2.1.1 (Trapnell et al., 2010) http://cole-

trapnell-

lab.github.io/cu

fflinks/ 

edgeR R package (Robinson et al., 2010) https://biocondu

ctor.org/packag

es/release/bioc/ 

html/edgeR.htm

l 

DAVID v6.8 (Huang et al., 2009) https://david.nci

fcrf.gov/home.j

sp 

Deposited Data 

Raw and analyzed data this paper GEO: 

GSE112595 

ENSEMBL GRCm38 (Yates et al., 2016) http://www.ense

mbl.org/index.h

tml 



Quantitative real-time PCR primers 

Gene name (mouse) Sequence 

Pdk1 - Forward CACCACGCGGACAAAGG 

Pdk1 - Reverse GCCCAGCGTGACGTGAA 

Pdk2 - Forward CCCCGTCCCCGTTGTC 

Pdk2 - Reverse TCGCAGGCATTGCTGGAT 

Pdk3 - Forward GGAGCAATCCCAGCAGTGAA 

Pdk3 - Reverse TGATCTTGTCCTGTTTAGCC 

Pdk4 - Forward CCATGAGAAGAGCCCAGAAGA 

Pdk4 - Reverse GAACTTTGACCAGCGTGTCTACAA 

Emr1 (F4/80) - Forward TGGCTGCCTCCCTGACTTT 

Emr1 (F4/80) - Reverse TCCTTTTGCAGTTGAAGTTTCCAT 

Itgax (CD11c) - Forward CTGGGCCTGTCCCTTGCT 

Itgax (CD11c) - Reverse ACAGTAGGACCACAAGCGAACA 

CD68 - Forward CGCTTATAGCCCAAGGAACA 

CD68 - Reverse CGTAGGGCTGGCTGTGCTT 

TNF-α - Forward GACGTGGAACTGGCAGAAGA 

TNF-α - Reverse CCGCCTGGAGTTCTGGAA 

Ccl2 (Mcp-1) - Forward CCCACTCACCTGCTGCTACTCA 

Ccl2 (Mcp-1) - Reverse GCTTCTTTGGGACACCTGCTG 

IL-6 - Forward GTTGCCTTCTTGGGACTGAT 

IL-6 - Reverse TTGGGAGTGGTATCCTCTGT 

IL-1β - Forward GAGCACCTTCTTTTCCTTCATCTT 

IL-1β - Reverse TCACACACCAGCAGGTTATCATC 

Nos2 (iNOS) - Forward GGCAGCCTGTGAGACCTTTG 

Nos2 (iNOS) - Reverse TGCATTGGAAGTGAAGCGTTT 

IL-10 - Forward CCAAGCCTTATCGGAAATGA 

IL-10 - Reverse TTTTCACAGGGGAGAAATCG 

TGFβ - Forward TGCTAATGGTGGACCGCAA 

TGFβ - Reverse CACTGCTTCCCGAATGTCTG 

36B4 - Forward ACCTCCTTCTTCCAGGCTTT 

36B4 - Reverse CTCCAGTCTTTATCAGCTGC 

 

 

 

 

 

 

 

 

 

 



 



Figure S1. Expression levels of PDK2 and PDK4 in M1 and M2 macrophages. (A) 

Densitometric analysis graphs for the individual western blotting results related with Fig. 1B.  

(B) Densitometric analysis graphs for the individual western blotting results related with Fig. 

1C. (C) mRNA expressions levels of PDK isoforms were measured in PMs after LPS (100 

ng/mL) + IFN-γ (10 ng/mL) stimulation for 24 h; n = 3 per group. Values are expressed as 

mean ± standard deviation (SD). Statistical analysis was performed using Student’s t test. *p 

< 0.05 vs. control, #p < 0.05 vs. M1 or M2 activation. (D) PDK expression levels in BMDMs 

after M1 stimulation with different LPS + IFN-γ concentrations. (E) Arg-1 protein levels 

were assessed in PMs after stimulation with IL-4 (5 ng/mL) at the indicated times. (F-G) M1 

and M2 markers in BMDMs and PMs prepared from WT- and DKO mice after treatment with 

or without a combination of M1 stimulants [LPS 100 ng/mL+ IFN- γ 10 ng/mL] and M2 

stimulants [IL-4 5 ng/mL], respectively. 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S2. Deficiency of PDK2 and PDK4 drives dynamic conversion of the 

intermediates in glycolysis and TCA cycle. (A and B) Extracellular lactate levels (A) and 

intracellular succinate levels (B) after LPS (100 ng/mL) + IFN- γ (10 ng/mL) stimulation of 

PMs for 12 h; n = 3 per group. Values are expressed as mean ± SD. Statistical analysis was 

performed using Student’s t test. *p < 0.05 vs. (-) M1 stimulation and #p < 0.05 vs. M1-WT. 

(C–E) The relative amounts and 
13

C enrichment patterns of the intermediates of the glycolytic 

cycle (C), TCA cycle (D), and pentose phosphate pathway (E) in WT- and DKO-PM 

compared with control-WT; n = 4–5 per group. Values are expressed as mean ± SEM. 

Statistical analysis was performed using Student’s t test. *p < 0.05 vs. (-) M1 stimulation, †p 

< 0.05 vs. control-WT, and #p < 0.05 vs. M1-WT.  



 

 

Figure S3. The beneficial effect of PDK2/4 deficiency is not mediated by the induction of 

anti-inflammatory responses. (A) Heat map of genes involved in anti-inflammatory 

cytokines like IL-10 and Tgfb1/2/3 by RNA-sequencing analysis. The color bar represents the 

gradient of log2 (fold change) of mRNA expression levels in each comparison. The genes 

that were up- (down-) regulated in M1-WT compared to Control-WT and down- (up-) 

regulated in M1-DKO compared to M1-WT at the same time were indicated by an asterisk. 

(B) mRNA expressions of IL-10 and Tgfb. (C) Secreted IL-10 level. Values are expressed as 

mean ± SD Statistical analysis was performed by Student’s t test. *p < 0.05 vs. Control-WT, 

and #p < 0.05 vs. M1-WT.  



 

 

Figure S4. Hematopoietic cell-specific PDK2/4 deletion alters the epididymal AT 

macrophage polarization. Representative flow cytometric profiles of M1 and M2 

macrophage populations in the SVF of the epididymal AT from WT- and DKO-BMT mice. 

SVF, stromal vascular fraction. 

 

 



 

 

 



 

 

 

Figure S5. Macrophage activation is suppressed by the novel PDK inhibitor, KPLH1130. 

(A) Molecular structure of KPLH1130. (B) IC50 value of KPLH1130 determined by 

measurement of PDK4 activity. (C) Inhibition of PDK isoform activity by KPLH1130 

measured by in vitro assay; n = 4 per group. Values are expressed as mean ± SEM. Statistical 

analysis was performed using Student’s t test. *p < 0.05 vs. V.C. (D–H) Secreted 

proinflammatory effectors (D, E, F, and H) and mRNA expression (G) were measured 

following KPLH1130 (10 μM) treatment of BMDMs incubated with LPS (100 ng/mL) + 

IFN-γ (10 ng/mL) for 12 h; n = 3–4 per group. (I) Densitometric analysis graphs for the 

individual western blotting results related with Fig. 7G.  (J) Densitometric analysis graphs 

for the individual western blotting results related with Fig. 8H. (K) M1 markers were 

assessed following KPLH1130 (10 μM) treatment of PMs incubated with LPS (100 ng/mL) + 

IFN-γ (10 ng/mL) for 12 h. Statistical analysis was performed by Student’s t test. *p < 0.05 

vs. control, #p < 0.05 vs. vehicle in M1 activation. (L) MCP-1-induced migration was 

evaluated in KPLH1130-treated BMDMs using a trans-well migration assay; n = 4 per group; 

magnification: 200X; scale bar: 50 µm. The relative number of migrated cells per field was 

counted. Values are expressed as mean ± SEM. Statistical analysis was performed by 

Student’s t test. *p < 0.05 vs. control, #p < 0.05 vs. MCP-1 induction. (M) 3T3-L1-

conditioned medium (C.M.)-induced migration was evaluated in KPLH1130-treated BMDMs 

using a trans-well migration assay; n = 4 per group; magnification: 200X; scale bar: 50 µm. 

The relative number of migrated cells per field was counted. Values are expressed as mean ± 

SEM. Statistical analysis was performed by Student’s t test. *p < 0.05 vs. control, #p < 0.05 

vs. palmitate C.M. 
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