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Supplementary Table S1. Basic Parameters of Diabetic Mice Subjected to Exercise 
Basic parameters including body weight, 8 hr-fasting glucose, total cholesterol, triglyceride, high-density 
lipoprotein (HDL) cholesterol, non-HDL cholesterol in 4 groups of mice. After 8 hrs of fasting, blood was drawn 
from the tail and blood glucose was measured with a commercial glucometer. Lipid profile was examined in the 
plasma samples. After mice were sacrificed by CO2 inhalation, blood was drawn from the inferior vena cava and 
collected in heparin-coated test tube. Plasma was separated by centrifugation and kept at -80 ºC until further 
assay. Plasma levels of total cholesterol, triglyceride, HDL cholesterol and non-HDL cholesterol were determined 
using enzymatic methods (Stanbio, Boerne, TX, USA). Cholesterol sample was substituted with 0.01 mL of 
distilled water to form the blank. Samples were mixed and incubated for 15 min at 37 °C. Triglycerides were 
converted to glycerol and fatty acids, and then into NADH. Finally, colored formazan was formed in response to 
the addition of 2-(p-iodophenyl)-3-p- nitrophenyl-5-phenyltetrazolium. Absorbance at 500 nm was recorded using 
a spectrophotometer and the reading was directly proportional to the concentration of triglycerides in the sample. 
For measurement of HDL cholesterol level, HDL cholesterol assay reagent (Sigma, kit number 352-4) was added 
to the cholesterol sample to remove the low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) 
portions. The remaining level of cholesterol, that is HDL, was obtained. Data are mean ± SEM from 8 
experiments. *p<0.05 vs db/m+ Control, #p<0.05 vs db/db Control.  
 

Parameters db/m+ 
Control

db/m+ 
Exercise

db/db
Control  

db/db Exercise 

Body weight (g)  29.9±0.5 28.5±0.7 53.8±1.3*  50.2±1.5*

Fasting glucose (mmol/L)  7.3±0.5 7.7±0.2 24.0±5.5*  23.7±2.2* 

Plasma level (mg/mL) 

Total cholesterol  76.7±5.3 71.3±4.5 127.8±4.1*  112.2±5.0*# 

Triglyceride 87.7±13.0 97.5±14.8 175.0±14.0*  193.4±21.4* 

HDL  35.5±0.9 33.4±2.2 53.0±3.6*  56.8±6.8* 

Non HDL  41.2±4.7 41.1±5.2 74.8±3.7*  55.5±5.8# 

Non HDL/HDL  1.2±0.1 1.1±0.1* 1.6±0.1*  1.2±0.1# 

Total/HDL  2.2±0.1 2.1±0.1 2.6±0.1*  2.1±0.2# 
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Supplementary Table S2. Basic Parameters of Diabetic Mice after Chronic Treatment of ER Stress 
Alleviators 
Basic parameters in db/m+, db/db, and db/db mice chronically treated with PBA or TUDCA (100 mg/kg/day, 4 
weeks). Data are mean ± SEM from 8 experiments. *p<0.05 vs db/m+, #p<0.05 vs db/db.  
 

Parameters db/m+ db/db db/db PBA  db/db  TUDCA 
Body weight (g)  30.8±0.5 57.2±1.0* 54.7±2.0*  52.3±2.0*

Fasting glucose (mmol/L)  7.3±0.5 23.1±1.6* 22.9±3.7*  26.5±2.6* 

Plasma level of (mg/mL) 

Total cholesterol  67.5±3.0 150.7±10.6* 146.3±16.1*  131.7±17.8* 

Triglyceride 85.1±8.5 208.2±19.3* 146.6±4.6*#  150.3±18.1*# 

HDL  32.9±2.5 49.0±3.7* 51.4±5.1*  52.7±5.7* 

Non HDL  34.6±1.3 101.7±10.1* 86.3±12.1*  76.5±13.5* 

Non HDL/HDL  1.1±0.1 2.2±0.3* 1.7±0.2*  1.4±0.2# 

Total/HDL  2.1±0.1 3.2±0.3* 2.6±0.2*  2.4±0.2# 
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Supplementary Table S3. Basic Parameters of PPARδ Wild-type and Knockout Mice with High Fat Diet 
and Exercise 
Basic parameters of PPARδ wild-type (WT) and knockout (KO) mice on normal (control) or high fat diet (DIO) 
with or without exercise (Ex) for 4 weeks. Results are means ± SEM from 8 experiments. *p<0.05 vs Control, 
#p<0.05 vs DIO from each genotype. 
 

Parameters WT Control WT 
DIO 

WT
DIO Ex

KO Control KO 
DIO 

KO 
DIO Ex 

Body weight (g)  31.5±0.9 59.7±0.7* 59.1±1.4* 27.4±0.2 38.1±0.8* 40.6±3.2* 

Glucose (mmol/L)  5.1±0.6 6.9±0.2* 5.4±0.2# 4.9±0.2 7.1±0.4* 5.4±0.5# 

Plasma levels of (mg/mL) 

Total cholesterol 77.5±4.4 166.6±12.3* 165.5±8.7* 66.2±2.5 94.2±6.5* 94.3±5.0* 

Triglyceride 100.8±9.4 86.5±8.2 73.8±6.6* 67.6±8.1 93.0±11.1 86.0±12.4 

HDL  51.4±2.2 85.3±6.9* 78.2±5.8* 46.1±1.9 60.4±2.7* 55.3±1.9* 

Non-HDL  26.1±4.1 84.3±7.3* 87.3±8.5* 13.2±3.0 30.7±4.7* 35.5±4.3* 

Non-HDL/HDL  0.5±0.1 1.0±0.1* 1.1±0.2* 0.3±0.1 0.6±0.1* 0.7±0.1* 

Total//HDL  1.5±0.1 2.0±0.1* 2.2±0.2* 1.3±0.1 1.6±0.1* 1.7±0.1* 
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Supplementary Figure S1. Exercise Activates AMPK/eNOS and PPARδ Pathway and Reduces 
Inflammation in db/db Mice 
(A, B) Summarized data of Western blotting showing total AMPKα and total eNOS in aortas of db/db 
mice with 4 week-exercise. (C) Phospho-eNOS at Ser633 with total eNOS. (D) Plasma nitrite level. 
Total nitrite level in mouse plasma collected was quantified using a colorimetric assay kit that involved 
the Griess reaction (Molecular Probes, Eugene, OR, USA). Absorbance was read at 548 nm and 
compared with a standard nitrite curve. (E) Overexpression of PPARδ in HUVECs treated with 
adenovirus Ad-CA-PPARδ (106 pfu/cell, 24 hr) and Ad-GFP as control. HUVECs obtained from Lonza 
(CC-3317) were grown in EGM supplemented with bovine brain extract. Experiments were performed 
on cells at passage 6-8 when 80-90% confluency was achieved. (F) Effect of treatments with Ad-
CAPPARδ (106 pfu/aortic segment, 24 hr) on ACh-induced relaxations in db/db mouse aortas and Ad-
GFP as control. (G) Effect of treatments with PPARδ antagonist GSK0660 (500 nmol/L, 16 hr) on ACh-
induced relaxations in aortas from db/db mice after 4 week-exercise. (H, I) Representative images and 
summarized data of in situ VCAM-1 expression co-staine with CD144 in endothelial cells of thoracic 
aortas. Segments of thoracic aortas were fixed by 4% paraformaldehyde, washed in PBS, and 
permeabilized by 0.01% Triton X-100. The segments were incubated with anti-VCAM-1 and anti-
CD144 (Santa Cruz Biotechnology), followed by fluorescent secondary antibodies. The endothelial side 
was placed upside down between two coverslips on the confocal microscope. Endothelium was located 
by positive staining of CD144. Data are mean ± SEM from 5 (E - I) or 8 experiments (A - D). *p<0.05 
vs db/m+ Control, #p<0.05 vs db/db Control, †p<0.05 vs db/db Exercise. 
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Supplementary Figure S2. Chemical Chaperones and ROS Scavengers Reverse the Effect of ER 
stress Inducer in Aortas 
(A) Concentration-dependent effect of pre-treatments with tunicamycin (Tuni, 16 hr) on ACh-induced 
relaxations in C57BL/6J mouse aortas. (B) Effect of pre-treatments with tunicamycin (2 μg/mL, 16 hr) 
on ACh-induced relaxations in C57BL/6J mouse aortas, some of which were co-treatment with PBA (10 
μmol/L) or TUDCA (20 μmol/L). (C, D) DHE staining and chemiluminescence showing tunicamycin (2 
μg/mL, 16 hr)-induced oxidativestress with the presence of PBA (10 μmol/L) or TUDCA (20 μmol/L) in 
aortas. Lucigenin (Sigma-Aldrich)-enhanced chemiluminescence method was applied to determine the 
vascular superoxide (O2-) formation. Aortic rings from mice, after incubation with different drugs, was 
incubated with DETCA (1 mmol/L) to inactivate superoxide dismutase and NADPH (0.1 mmol/L, 
Sigma-Aldrich) as a substrate for NADPH oxidase in Krebs-HEPES buffer for 45 min at 37 °C. 
Inhibitor of NADPH oxidase, DPI (5 μmol/L) was added as positive control. Prior to measurement, vials 
containing 300 μL Krebs–HEPES buffer with 10 μmol/L lucigenin and 0.1 mmol/L NADPH was read as 
blank using a luminometer (GloMax® 20/20 Luminometer, Madison, WI, USA) and then aortic rings 
were transferred into the vials forluminescent detection. Repeated measurements were made over 10 min 
in 1 min intervals.The rings were dried for 48 h at 65 °C to obtain the dry weight. The data were 
expressed as average counts per mg of vessel dry weight. (E, F) Effects of co-treatment with ROS 
scavengers including tempol (100 μmol/L), tiron (1 mmol/L) plus DETCA (100 μmol/L), DPI (100 
nmol/L) and apocynin (100 μmol/L). (G, H) Expressions of ER stress markers including phospho-eIF2α 
with total eIF2α, ATF3 and cleaved ATF6 in aortas treated with tunicamycin and ROS scavengers. (I) 
Expression of cleaved caspase-3 in HUVECs treated with tunicamycin (2 μg/mL, 16 hr) and PPARδ 
agonist GW1516 (1 μmol/L). Data are mean ± SEM from 4 (G-I) or 5 experiments (A-F). *p<0.05 vs 
Control, #p<0.05 vs Tuni. 
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Supplementary Figure S3. PPARδ Activation Reverses the Effect of ER Stress Inducer in 
Endothelial Cells 
(A) PCR array data showing ER stress gene expressions in HUVECs treated with tunicamycin (2 
μg/mL, 4 hr) vs control. (B-F) Expressions of different ER stress-related genes in HUVECs treated with 
tunicamycin (2 μg/ml) and GW1516 (1 μmol/L) for 4 hours. Total RNA was extracted from HUVECs 
using TRIzol reagent according to manufacturer's protocol (Invitrogen). Total RNA (2 μg) was 
processed for the first-strand synthesis with iScriptTM cDNA Synthesis Kit (BIO-RAD). Real-time PCR 
was performed to measure the cellular mRNA levels of ATF4, CEBPB, and DDIT3, using SYBR Green 
PCR master Mix (Invitrogen) with a ViiA7 Real-Time PCR Detection System (Invitrogen). The 
fluorescenece  curves were analyzed by ViiA 7 RUO Software. The pairs of primers are: ATF4 
(Forward: 5'-ATG ACC GAA ATG AGC TTC CTG-3'; Reverse: 5'-GCT GGA GAA CCC ATG AGG 
T), CEBPB (Forward: 5'-CAA AAA TGC TTA GCG CCC TTT-3'; Reverse: 5'-CGA TCCGAT ATT 
GTC TGC TGA GA-3'), DDIP3  (Forward: 5'-GGA AAC AGA GTG GTC ATT CCC-3'; Reverse:5'-
CTG CTT GAG CCG TTC ATT CTC-3'). Data are mean ± SEM from 4 experiments. *p<0.05 vs 
Control, #p<0.05 vs Tuni. 
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Supplementary Figure S4. Chemical Chaperones Reduce Oxidative Stress and Increase NO 
Production 
(A) Summarized graph showing the effect of pre-treatments with high glucose (HG, 30 mmol/L) on 
oxidative stress in C57BL/6J mouse aortas, some of which were co-treatment with PBA (10 μmol/L) or 
TUDCA (20 μmol/L). (B) Effect of oral administration of PBA or TUDCA (100 mg/kg/day, 4 weeks) 
on oxidative stress in db/db mouse aortas. (C, D) NO production upon A23187 stimulation (1 μmol/L) in 
primary mouse aortic endothelial cells treated with tunicamycin (2 μg/ml) and ER stress alleviators for 
16 hours. Data are mean ± SEM from 5 (C, D) or 6 experiments (A, B). *p<0.05 vs Control, NG (normal 
glucose, 5 mmol/L) or db/m+, #p<0.05 vs Tuni, HG or db/db. 
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Supplementary Figure S5. Roles of PPARδ and ER Stress Alleviators to Vascular Benefit in DIO 
Mice 
(A) Genotyping of Ppard WT and KO mice. About 2 mm tail tip of each mouse was excised and 
incubated in 500 μl complete lysis buffer which was prepared by freshly dissolving 100 μg/ml of 
proteinase K in 0.1 mol/L Tris-HCl (pH 8.5), 5 mmol/L EDTA (pH 8.0), 0.2% SDS and 0.2 mol/L NaCl. 
After overnight incubation at 55 oC, the lysates were centrifuged at 3000 rpm for 10 min.The 
supernatant was collected and further centrifuged at 14000 rpm. The supernatant was mixed with the 
same volume of isopropanol and genomic DNA was precipitated. The pellet was dissolved in 150 μl of 
TE buffer containing 10 mmol/L Tris-HCl and 0.1 mmol/L EDTA (pH 7.5). Genomic DNA extracted 
from mouse's tail was amplified by PCR with the use of a pair of forward primer (5'-
TGAATGTGCCCCAGGTAG-3') and reverse primer (5'-TGGCTGGTCCTGAACA-3'), which flanks 
the Xba I site of exon 8 of the mouse PPARδ gene. The expected size of PCR products amplified from 
genomic DNA of Ppard WT mice is 300 bp. With the insertion of a NEO cassette (1146 bp) into the 
Xba I site of exon 8 of the mouse Ppard gene, the expected size of PCR products from genomic DNA of 
Ppard KO mice is 1446 bp. Agarose gel electrophoresis was then applied to distinguish the PCR 
products. (B) Comparison of ACh-induced relaxations in aortas between Ppard WI and KO mice using 
the same data shown in Fig. 4A and B. (C) Summarized analysis of immunofluorescence of VCAM-1 in 
mouse aortas. (D, E) Effect of treatment with PBA (10 μmol/L) or TUDCA (20 μmol/L) for 16 hours on 
SNP-induced relaxation in aortas from DIO Ppard WT and KO mice. Data are mean ± SEM from 4 
experiments. *p<0.05 vs Control, #p<0.05 vs DIO from each genotype, †p<0.05 vs DIO Ppard WT at 
maximal dose of ACh. 
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Supplementary Figure S6. ER Stress Markers in Aortas from db/db Mice (A-C) Western blotting 
showing the expressions of ER stress markers including phosphoeIF2α, ATF3 and cleaved ATF6 in 
aortas from mice with treadmill exercise for 4 weeks. (DF) Western blotting showing the expressions of 
ER stress markers including phospho- eIF2α, ATF3 and cleaved ATF6 in aortas from mice with oral 
administration of PBA or TUDCA (100 mg/kg/day, 4 weeks). 
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Supplementary Figure S7. ER Stress Markers in Aortas from DIO Mice (A-D) Western blotting 
showing the expressions of ER stress markers including phosphoeIF2α, spliced XBP1, ATF3 and 
cleaved ATF6 in aortas from DIO Ppard WT and KO mice with treadmill exercise for 4 weeks. 
 

 


