


showed a marked, statistically significant decrease in the amount of GIPR expressed on the cell 
surface of the INS(832/13) cells grown in high glucose conditions. The number of GIPR binding 
sites per cell grown at 5.5 mM glucose was 1930 ± 200, whereas the number of GIPR binding 
sites per cell grown at 25 mM was 910 ± 130. In addition, the dissociation constant (Kd) for GIP 
was the same under both conditions, with Kd values of 86.00 ± 27 and 85.33 ± 29 fmol in 5.5 
mM and 25 mM glucose, respectively. This indicates that the kinetics of binding were identical 
under both high and low glucose conditions.  
 
The down-regulation of the GIPR mRNA was not due to a reduced half-life of GIPR mRNA. 
The half-lives of the mRNA encoding the GIPR were not statistically different at 5.5 and 25 mM 
glucose (Fig. 3). Thus, it does not appear that high glucose affected the RNA degradation 
pathway, and it is likely that there was a decrease in GIPR mRNA synthesis as a result of high 
glucose levels. 
 
In an effort to determine how the down-regulation of the GIPR mRNA was occurring, we 
cultured INS(832/13) cells in the presence of various inhibitors of cell growth and proliferation 
(shown in Fig. 4). We did not see a reversal of the effects of 25 mM glucose in any of the 
conditions that we used. However, we observed that both wortmannin, a PI-3 kinase inhibitor, 
and H89, a PKA inhibitor, significantly increased GIPR mRNA levels above basal. Furthermore, 
we used insulin to ensure that high insulin levels were not contributing to the down-regulation of 
the GIPR, because high insulin levels occur during incubation of these cells in high glucose. As 
seen in Figure 4, insulin increased GIPR expression and therefore was not contributing to the 
glucose-induced down-regulation. Neither Bis, a nonspecific PKC inhibitor, nor PD 98059, an 
MEK inhibitor, had any significant effect on GIPR expression at either glucose concentration 
(Fig. 4). 
 
The effect of free fatty acids and PPARα activation on GIPR expression in islets and in 
BRIN-D11 and INS(832/13) cells  
 
Before acquiring the recently developed INS(832/13) cell line, we carried out initial experiments 
in BRIN-D11 β-cells. As shown in Figure 5A, incubation of the BRIN-D11 cells in both 2 mM 
palmitate and WY 14643 produced significant increases in GIPR levels. Both stimuli produced 
an approximate threefold increase in GIPR expression in 5.5 mM glucose conditions. In addition, 
incubation of these cells in a medium containing a high fatty acid concentration up-regulated the 
GIPR expression at the cell surface as determined by saturation binding analyses. In fact, WY 
14643 and palmitate both markedly increase cell surface GIPR expression in the BRIN-D11 cells 
(data not shown). 
 
WY 14643 and palmitate also significantly increased GIPR mRNA levels in islets isolated from 
lean Zucker rats as seen in Figure 5B. Palmitate was a stronger stimulant of receptor 
transcription in islets, producing an 11-fold increase in GIPR mRNA expression, whereas 100 
µM WY 14643 caused a 7-fold increase in receptor expression.  
 
Fatty acids were also capable of increasing GIPR expression in the INS(832/13) cells. Figure 6 
shows that in the presence of 5.5 mM glucose, 2 mM palmitate significantly increased receptor 
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Fig. 1 
 

                          
    
Figure 1. The effect of glucose on GIP receptor mRNA expression in INS(832/13) cells. A) Time course for glucose-
induced GIP receptor down-regulation. Cells were incubated in regular media supplemented with 25 mM glucose for 
times varying between 0 and 24 h. B) Glucose dose response of GIP receptor mRNA down-regulation. Cells were 
incubated for 24 h in varying glucose concentrations between 0 and 25 mM. Following incubation, RNA was isolated and 
quantified using real-time RT-PCR as described in Materials and Methods. Data were normalized to the basal conditions: 
for A, this was 0 h; for B, it was 0 mM glucose. Asterisks indicate statistical significance compared with basal levels 
(P<0.05, n=4). 
 



Fig. 2 
 

                                           
    
Figure 2. Saturation binding analyses of INS(832/13) cells treated with high glucose (A) or WY 14643 and 2 mM 
palmitate (B). Cells were incubated for 24 h in either 5.5 mM or 25 mM glucose (A) or 5.5 mM glucose with 100 µM 
WY 14643 or with 2 mM palmitate (B). Following incubation, varying amounts of 125I-GIP were added to the cells and 
allowed to come to equilibration over 4 h at 4oC. Cells were then washed, and specific binding was calculated. Inset A: 
Number of cell surface receptors under both conditions over four separate experiments. B: Expressed as a fraction of basal 
(5.5 mM) cell surface receptors. *P<0.05. 
 



Fig. 3 
 

                
    
Figure 3. GIP receptor mRNA degradation curves in INS(832/13) cells. Cells were exposed to 5.5 mM glucose (�), 
25 mM glucose (∆), or WY 14643 (100 µM) (O) for 24 h before the addition of 5 µg/ml actinomycin D. Cells were then 
allowed to incubate with actinomycin D for varying times between 0 and 6 h before RNA was harvested and GIP receptor 
mRNA expression was assessed by real-time RT-PCR. Data are expressed as a fraction of that seen at basal conditions or 
before addition of actinomycin. 
 





Fig. 5 
 

                                                      
    
Figure 5. GIP receptor expression in BRIN-D11 cells (A) and islets (B) following incubation with PPARα 
activator, 100 µM WY 14643, or 2 mM palmitate. A) BRIN-D11 cells were cultured for 24 h in the presence of either 
WY 14643 or 2 mM palmitate (Fat). RNA was then isolated, and GIP receptor expression was quantified using real-time 
RT-PCR. GIP levels were normalized to GAPDH mRNA levels (*P<0.05, n=3). B) Islets were isolated from lean Zucker 
rats and then cultured overnight in 11 mM glucose. Following this recovery period, the islets were incubated at 5.5 mM 
glucose with either WY 14643 or 2 mM palmitate for 8 h before RNA was harvested. GIP receptor expression was 
determined by carrying out real-time PCR on total islet RNA (significance from control conditions, *P<0.05, n=4). 



Fig. 6 
 

 
 
                                                                                   
Figure 6. GIP receptor mRNA expression following culture of INS(832/13) cells for 24 h in various glucose 
concentrations with 2 mM palmitate. Cells were incubated overnight in 5.5, 8, 16, or 25 mM glucose in the presence or 
absence of 2 mM palmitate. (Fat). Following this incubation RNA was harvested and subjected to real-time PCR for 
quantification of GIP message (statistical significance compared with basal, 5.5 mM conditions, P<0.05, n=4). 
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