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 779 

FIGURE LEGENDS 780 

 781 

Figure 1.  Pioglitazone treatment results in greater weight gain but improved serum lipids 782 

in db/db mice.  Male C57BLKs/J-db/db mice were treated with either vehicle (“db/db”) or 783 

pioglitazone (“Pio-db/db”) for 6 weeks, and compared to age- and sex-matched lean C57BLKs/J 784 

mice.  Following the treatment period, mice were evaluated for (A), body weight; (B), serum 785 

total cholesterol; (C), serum triglycerides; and (D), serum free fatty acids.  Results are the mean 786 

± standard error of 12 mice per group.  *Significantly different (p<0.05) compared to C57BLKs/J 787 

mice; #Significantly different (p<0.05) compared to db/db mice. 788 

 789 

Figure 2.  Pioglitazone treatment improves glycemic control and insulin levels in db/db 790 

mice.  Male C57BLKs/J-db/db mice were treated with either vehicle (“db/db”) or pioglitazone 791 

(“Pio-db/db”) for 6 weeks, and compared to age- and sex-matched lean C57BLKs/J mice. (A), 792 

results of random blood glucose tests at the end of the 6 week treatment period; (B), results of 793 

intraperitoneal glucose tolerance tests at the end of the 6 week treatment period.  Pio-db/db 794 

animals exhibited significantly improved glucose tolerance compared to db/db animals (p<0.001 795 

for the comparison by two-way ANOVA); (C), results of random serum insulin levels at the end 796 

of the 6 week treatment period; (D), results of insulin tolerance tests.  No difference in insulin 797 

tolerance was observed between the db/db and Pio-db/db groups, whereas both groups had 798 

significantly impaired insulin tolerance as compared to C57BLKs/J mice (p<0.001 for the 799 

comparison by two-way ANOVA.  Results are the mean ± standard error of at least 12 animals 800 
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per group.  *Significantly different (p<0.05) compared to C57BLKs/J mice; #Significantly 801 

different (p<0.05) compared to db/db mice. 802 

 803 

Figure 3.  Islet architecture and insulin staining. Pancreata from male C57BLKs/J-db/db mice, 804 

treated with either vehicle (“db/db”) or pioglitazone (“Pio-db/db”) for 6 weeks, were fixed and 805 

stained and compared to pancreata from age- and sex-matched lean C57BLKs/J mice.  (A, B, and 806 

C), hematoxylin and eosin staining of pancreatic sections from C57BLKs/J, db/db, and Pio-db/db 807 

mice; (D, E, and F), immunofluorescence staining of islets from C57BLKs/J, db/db, and Pio-808 

db/db mice for insulin (red) and glucagon (green).  Nuclei were counterstained with Hoechst dye 809 

(blue).  The figure shows representative islets from among 3 pancreata analyzed per group of 810 

mice. 811 

 812 

Figure 4:  Pioglitazone treatment improves islet function in db/db mice.  Islets from male 813 

C57BLKs/J-db/db mice, treated with either vehicle (“db/db”) or pioglitazone (“Pio-db/db”) for 6 814 

weeks, were compared to islets from age-matched lean C57BLKs/J mice.  (A), results of glucose-815 

stimulated {Ca2+} i response (GSCa) studies in isolated islets.  The panel shows the continuous 816 

fura-2 AM fluorescence ratio (340/380 nm) as glucose in the incubation chamber was increased 817 

from 3 mM to 28 mM.  Data represent the mean ± standard error from at least 30 islets from 12 818 

different animals per group;  (B), data from panel A was used to calculate a “GSCa Index,” 819 

which represents the fura-2 AM fluorescence ratio at 28 mM glucose divided by the ratio at 3 820 

mM glucose; (C), insulin content of islets used for static release assays was measured by ELISA 821 

after acid extraction; (D), islets were incubated in 3 and 28 mM glucose for one hour and insulin 822 

secretion into the supernatant was measured by ELISA.  Data represent the mean of at least 3 823 
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independent experiments using 50 islets per group. *Significantly different (p<0.05) compared to 824 

C57BLKs/J mice; #Significantly different (p<0.05) compared to db/db mice.  825 

 826 

Figure 5.  Pioglitazone treatment improves islet calcium oscillations. Islets from male 827 

C57BLKs/J-db/db mice, treated with either vehicle (“db/db”) or pioglitazone (“Pio-db/db”) for 6 828 

weeks, were harvested and compared to islets from age-matched lean C57BLKs/J mice.  (A-C), 829 

shown are 3 representative calcium oscillations at 11 mM glucose concentration from islets 830 

isolated from C57BLKs/J mice (A), db/db mice (B), and Pio-db/db mice (C);   (D), percent of 831 

islets exhibiting endogenous calcium oscillations; (E), amplitude of calcium oscillations; (F), 832 

period of oscillations.  Data in panels D-F result from analysis of at least 30 islets from 12 833 

different animals per group. *Statistically different (p<0.05) compared to C57BLKs/J mice; 834 

#Statistically different (p<0.05) compared to db/db mice. 835 

 836 

Figure 6.  Pioglitazone treatment improves islet function in mice fed a high fat diet.  Male 837 

C57BLKs/J mice were fed a high fat diet (42% of calories from fat) and gavaged with either 838 

vehicle (“HFD”) or pioglitazone (“Pio+HFD”) for 4 weeks.  Results were compared to age- and 839 

sex-matched C57BLKs/J mice fed a regular chow diet (17% of calories from fat, “Chow”).  (A), 840 

body weight at end of study; (B), results of intraperitoneal glucose tolerance tests at the end of 841 

study.  Pio+HFD animals exhibited significantly improved glucose tolerance compared to HFD 842 

animals (p<0.05 for the comparison by two-way ANOVA); (C), results of serum insulin levels at 843 

time 0 and 30 minutes during the glucose tolerance test in panel (B); (D), islets were incubated in 844 

3 and 28 mM glucose for one hour and insulin secretion into the supernatant was measured by 845 

ELISA.  Data represent the mean of at least 3 independent experiments using 50 islets per group.  846 
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Results in panels (C) and (D) were analyzed by one-way ANOVA.  #Significantly different 847 

(p<0.05) compared to Chow mice; *Significantly different (p<0.05) compared to HFD mice.   848 

 849 

Figure 7.  Pioglitazone treatment improves the expression of key  cell genes.  Islets from 850 

age- and sex-matched male C57BLKs/J and C57BLKs/J-db/db mice, treated with either vehicle 851 

(“db/db”) or pioglitazone (“Pio-db/db”) for 6 weeks, were harvested and subjected to real-time 852 

RT-PCR for analysis of islet growth and function genes (A), glucose sensing genes (B), growth 853 

factor signaling genes (C), and SERCA genes (D).  Data are the mean ± standard error of at least 854 

three different biologic replicates.  Data were analyzed by one-way ANOVA.  *Statistically 855 

different (p<0.05) compared to C57BLKs/J mice; #Statistically different (p<0.05) compared to 856 

db/db mice. 857 

 858 

Figure 8.  Pioglitazone treatment enhances euchromatin markers at the Ins1/2 and Glut2 859 

promoters.  Islets from male C57BLKs/J-db/db mice, treated with either vehicle (“db/db”) or 860 

pioglitazone (“Pio-db/db”) for 6 weeks, were harvested and subjected to chromatin 861 

immunoprecipitation (ChIP) analysis as detailed in “Research Design and Methods.”  Real-time 862 

PCR was used to quantitate recovery of the proximal Ins1/2 and Glut2 promoters, and results are 863 

expressed as percent recovery of the gene fragment relative to input chromatin.  (A), ChIP using 864 

normal rabbit serum (NRS) or antibody to acetylated H4, followed by analysis of recovered 865 

Ins1/2 promoter fragments; (B), ChIP using NRS or antibody to acetylated H3, followed by 866 

analysis of recovered Ins1/2 promoter fragments; (C),  ChIP using NRS or antibody to H3-867 

dimethyl-Lys4, followed by analysis of recovered Ins1/2 promoter fragments; (D), ChIP using 868 

NRS or antibody to H3-dimethyl-Lys4, followed by analysis of recovered Glut2 promoter 869 
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fragments.  Results are the mean ± standard error for 3 independent ChIP experiments.  Results 870 

were analyzed using either a t test or one-way ANOVA (panel C). *Comparison is significantly 871 

different for the comparision shown (p<0.05). 872 

 873 

Figure 9.  Expression patterns of Pdx-1 and the methyltransferase Set7/9.  Islets and 874 

pancreata from male C57BLKs/J-db/db mice, treated with either vehicle (“db/db”) or 875 

pioglitazone (“Pio-db/db”), were harvested and subjected to real-time RT-PCR, immunoblotting, 876 

or immunohistochemistry.  (A), results of real-time RT-PCR analysis for Setd7 mRNA using 877 

RNA from isolated islets.  Data are the mean ± standard error from 2 independent islet isolations 878 

from 6 animals each; (B), results of immunoblot analysis for Set7/9 (upper panel), Pdx-1 (lower 879 

panel), or glyceraldehyde 3-phosphate dehydrogenase (GAPDH, both panels) using total protein 880 

from isolated islets.  Data are from pooled islets from 6 different animals per group.  Data from a 881 

second islet pool were similar; (C-H), pancreata from db/db and Pio-db/db animals were 882 

peroxidase-stained for Set7/9 (C, D) and Pdx-1 (E, F) and counterstained with hematoxylin, or 883 

stained for both Set7/9 (green) and Pdx-1 (red) and visualized by immunofluorescence (G, H).  884 

Nuclei were counterstained using Hoechst dye in panels G and H.  Data in panels C-H show 885 

representative islets from among 3 pancreata analyzed per group of mice. 886 

 887 

Figure 10.  PPAR-  activation in vitro improves glucose-stimulated calcium response in 888 

db/db islets.  Islets from 8-wk old male C57BLKs/J-db/db mice were incubated for 24 hours with 889 

10  M pioglitazone (“Pio-db/db”) or vehicle control (“db/db”).  (A), results of glucose-890 

stimulated {Ca2+} i response (GSCa) studies in isolated islets.  The panel shows the continuous 891 

fura-2 AM fluorescence ratio (340/380 nm) as glucose in the incubation chamber was increased 892 

 on M
ay 8, 2021 by guest

http://m
cb.asm

.org/
D

ow
nloaded from

 

http://mcb.asm.org/


 44 

from 3 mM to 28 mM  Data represent the mean ± standard error from at least 10 islets per group;  893 

(B), data from panel A was used to calculate a “GSCa Index,” which represents the fura-2 AM 894 

fluorescence ratio at 28 mM glucose divided by the ratio at 3 mM glucose; (C),  islets were 895 

incubated in 3 and 28 mM glucose for one hour and insulin secretion into the supernatant was 896 

measured by ELISA.   Data represent the mean of at least 3 independent experiments using 50 897 

islets per group.  Results were analyzed using a t test.  *Statistically different (p<0.05) compared 898 

to db/db islets treated with vehicle control. 899 

 900 

Figure 11.  PPAR-  activation in vitro upregulates SERCA genes and reduces ER stress in 901 

db/db islets.  Islets from 9-10 week old C57BLKs/J-db/db mice, treated with either vehicle 902 

(“db/db”) or 10  M pioglitazone (“Pio-db/db”) for 24 hours were subjected to real-time RT-PCR 903 

for anlysis of SERCA genes (A) and ER stress markers (B). Data are the mean ± standard error 904 

from five biologic replicates.  Results were anlayzed by one-way ANOVA.  *Significantly 905 

different (p<0.05) compared to db/db mice. 906 

 907 

Figure 12.  PPAR-  activation in vitro reduces ER stress in INS-1 (832/13)  cells.  (A), INS-908 

1   cells were incubated with vehicle (DMSO), 1  M thapsigargin (Thap), or 1  M thapsigargin 909 

plus 10  M pioglitazone (Thap+Pio) for 6 hours, then subjected to immunoblot analysis for the 910 

proteins indicated.  (B-D), quantitation of the immunoblots shown in panel A.  Data represent the 911 

mean ± standard error of 3 independent biological replicates.  Data were analyzed by one-way 912 

ANOVA, and statistical significance (p<0.05) was obtained for data in panel D for the 913 

comparison of Thap vs. DMSO and for Thap+Pio vs. Thap. 914 

 915 
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Figure 13.  PPAR-  activation in vitro promotes nuclear recovery of Set7/9 in INS-1 916 

(832/13)  cells.  INS-1   cells were incubated with vehicle (DMSO, panels A-B), 1  M 917 

thapsigargin (Thap, panel C-D), or 1  M thapsigargin plus 10  M pioglitazone (Thap + Pio, 918 

panels E-F) for 6 hours, then subjected to fixation and immunostaining for Set7/9 or DAPI (to 919 

visualize nuclei), as indicated at the top.  The relative nuclear to cytoplasmic intensity ratios for 920 

Set7/9 were calculated in panel G for a minimum of 10 cells per condition.  Data in panel G 921 

were analyzed by one-way ANOVA, and statistical significance (p<0.05) was obtained for the 922 

comparision of Thap vs. DMSO and for Thap+Pio vs. Thap. 923 

 924 

Figure 14.  Inducible deletion of Pdx1 in pancreatic islets causes a nuclear to cytoplasmic 925 

shift in Set7/9.  Pdx1tTA/tTA;TgPdx1 mice (20) were treated with vehicle for 7 days as described in 926 

the Methods section, and pancreata were harvested and fixed for immunostaining for Pdx1, 927 

Set7/9, and DAPI, as indicated.  (A-C), pancreatic section from a representative control animal 928 

treated with vehicle (-DOXY); (D-F), pancreatic section from a representative animal treated 929 

with doxycycline (+DOXY). 930 

 931 

Figure 15.  Schematic diagram proposing a model for PPAR-  action in the setting of 932 

diabetes or insulin resistance.  The figure suggests two arms in the pathway through which 933 

PPAR-! might improve glycemic control in the setting of diabetes and insulin resistance.  The 934 

left arm proposes PPAR-! action on insulin sensitive tissues such as muscle and adipose tissue, 935 

and the right arm proposes PPAR-! action in the islet directly.  See text for details. 936 

937 
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Figure 2 940 
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