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GLP-1 agonists protect pancreatic ββββ-cells from lipotoxic endoplasmic 

reticulum stress through upregulation of BiP and JunB 
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SUPPLEMENTARY METHODS 

Assessment of cytochrome C release. To study cytochrome C release 3x10
6
 cells were 

harvested in cold PBS, centrifuged (500 g for 2 min), resuspended with 50 µl lysis buffer (75 

mM NaCl, 1 mM NaH2PO4, 8 mM Na2PO4, 250 mM sucrose, 21 µg/µl aprotinin, 1 mM PMSF 

and 0.8 µg/µl digitonin) and vortexed for 30 s. After centrifugation (20,000 g for 1 min) the 

supernatant was collected as the cytoplasmic fraction. The pellet was resuspended in 50 µl lysis 

buffer containing 8 µg/µl digitonin, centrifuged for 1 min at 20,000 g and the supernatant 

collected as the mitochondrial fraction. 

Real-time PCR and Western blot. Poly(A)
+
-RNA was isolated from INS-1E cells and 

reverse transcribed as described (1). The real-time PCR amplification was done on a LightCycler 

(Roche Diagnostics) and the PCR product concentration calculated as copies/µl using a standard 

curve (2). mRNA expression was normalized to the housekeeping gene glyceraldehyde-3-

phosphate dehydrogenase (GAPDH). The primers are described in Supplementary Table 1 

below. 

Western blots were performed using 20 µg of INS-1E whole cell extract protein as 

described (3). The antibody sources are provided in Supplementary Methods. The protein-

specific signals were detected using chemiluminescence Supersignal (Pierce) and quantified 

using Scion Image (Scion Corporation, Frederick,
 
MD). 

Antibodies used for Western blotting. The primary antibodies were anti-P-eIF2α 

(1:1000), anti-P-PERK (1:1000), β-actin (1:2000), BiP (1:1000) and AIF (1:1000), from Cell 

Signaling (Beverly, MA), anti-eIF2α (1:500), CHOP (1:2000), XBP1 (1:1000), JunB (1:3000), 

ATF4 (1:400) from Santa Cruz Biotechnology (Santa Cruz, CA), anti-α-tubulin (1:10000) from 

Sigma and anti-cytochrome C (1:1000) from BD Biosciences (San Jose, CA). Horseradish 

peroxidase-labeled goat anti-rabbit (1:5000) or goat anti-mouse (1:5000) antibodies from Pierce 

(Rockford, IL) were used as secondary antibodies. 
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Supplementary Table 1. Primer sequences for real-time (RT) or standard (ST) PCR. 
Gene Forward (5’-3’) Reverse (5’-3’) Product (bp) 

ATF4 RT GTTGGTCAGTGCCTCAGACA CATTCGAAACAGAGCATCGA 109 

ATF4 ST TCCTGAACAGCGAAGTGTTG ATTCTTGCAGCCTCTTCCCT 471 

CHOP RT CCAGCAGAGGTCACAAGCAC CGCACTGACCACTCTGTTTC 125 

CHOP ST GTCTCTGCCTTTCGCCTTTG CTACCCTCAGTCCCCTCCTC 606 

GADD34 RT AGGGATGTGGAGAAGCAGAG AAAGATCTGAGCCGCTTCTG 123 

GADD34 ST GCCAGAGTACCCAGCATTGT GCAGTGGAAGAGACGAGGAC 893 

XBP1s RT GAGTCCGCAGCAGGTG GCGTCAGAATCCATGGGA 65 

XBP1s ST AAACAGAGTAGCAGCGCAGACTGC GGATCTCTAAGACTAGAGGCTTGGTG 600 

BiP RT CCACCAGGATGCAGACATTG AGGGCCTCCACTTCCATAGA 100 

BiP ST CTCAAAGAGCGCATTGACA AATGCTATAGCCCAAGTGGCT 447 

XIAP RT TTAACAAGGAGCAGCTTGCA TTCCCAAGGGTCTTCACTTG 119 

XIAP ST TATGACGCACGGATCGTTAC AGCACTCACAAGATCTGCAATC 459 

P58
IPK 

RT CCGAAGCAGAGGATGACTT CGGCTTTTACGAGTTGAGAC 90 

P58
IPK 

ST GCAGCACTGCCTGATTTAAC GGTCCTGGTCAAGTTTCAGA 499 

ORP-150 RT TCAGATGCCAAAGAGAATGG TTCAGCTTCCTCCTTGAGTTC 111 

ORP-150 ST AACACCATTTCCAGCCTGTT CAAGTCTGGCAGGTCCAAGA 399 

GAPDH RT AGTTCAACGGCACAGTCAAG TACTCAGCACCAGCATCACC 136 

GAPDH ST ATGACTCTACCCACGGCAAG TGTGAGGGAGATGCTCAGTG 930 
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SUPPLEMENTARY FIGURES 

Supplementary Figure 1. Schematic representation of ER stress pathways in pancreatic ββββ-

cells. 

 

 
 

When misfolded proteins accumulate in the ER lumen, the ER chaperone BiP dissociates from 

the luminal side of the ER stress transducers IRE1, ATF6 and PERK, thereby activating them. 

IRE1 activates XBP1 by its alternative splicing. Spliced XBP1s is a transcriptional transactivator 

of genes regulating protein maturation, folding and export from the ER as well as export and 

degradation of misfolded proteins via ER-associated degradation (ERAD). IRE1 also degrades 

ER-targeted mRNAs to decrease the production of new proteins in the organelle, such as insulin, 

and activates JNK. ATF6 translocates to the Golgi and is cleaved by the S1P and S2P proteases. 

ATF6 induces transcription of ER chaperones such as BiP, thereby increasing ER protein folding 

capacity. PERK phosphorylates eIF2α, thereby inhibiting global protein synthesis and 

decreasing the protein load in the ER. Translation of some proteins such as ATF4 is facilitated 

and downstream CHOP expression is induced. The PERK-eIF2α branch undergoes negative 

feedback through GADD34-PP1-mediated eIF2α dephosphorylation, which is inhibited by 

salubrinal. 
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Supplementary Figure 2. Exendin-4 or forskolin modulate the PERK signaling pathway. 

 

 
 

INS-1E cells were cultured for 7 (A-C) or 14 h (D) in the presence or absence of 0.5 mM oleate 

(O) or palmitate (P), 75 µM salubrinal (S) or 25 µM CPA, alone or in combination with 50 nM 

exendin-4 (E) or 20 µM forskolin (F). ATF4, CHOP and GADD34 mRNA expression was 

analyzed by real time PCR, normalized for the expression level of the housekeeping gene 

GAPDH (A). ATF4 or CHOP protein expression (B) and phosphorylation of eIF2α 

(quantification is shown under the blot, C) or PERK (D) was analyzed by Western blot, 

normalized for the expression level of β-actin or total eIF2α and expressed as fold induction of 

control. Results represent means ± S.E. of 3-5 independent experiments. * p < 0.05 against 

untreated cells, # p < 0.05. 
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Supplementary Figure 3. Forskolin does not protect against CPA-induced apoptosis 

through CHOP induction. 

 

 
 

(A) Representative blot of 3 similar experiments showing CHOP protein expression in INS-1E 

cells following CHOP knockdown and 14 h incubation with 25 µM CPA, alone or in 

combination with 20 µM forskolin (F). Cells were transfected with negative siRNA (N, black 

bars) or CHOP siRNA (Ch, hatched bars) 2 days before treatment. (B) Apoptosis following 

CHOP knockdown and exposure for 14 h to CPA, alone or in combination with forskolin. Data 

are means ± S.E. of 3 independent experiments. * p < 0.05 against untreated cells, # p < 0.05. 
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Supplementary Figure 4. Exendin-4 and forskolin increase XBP1s and BiP expression in ββββ-

cells. 

 

 
 

INS-1E cells were cultured for 7 (A, B) or 14 h (C) and primary rat β-cells for 24 h (D) in the 

presence or absence of 0.5 mM oleate (O) or palmitate (P) or 75 µM salubrinal (S), alone or in 

combination with 50 nM exendin-4 or 20 µM forskolin. (A, B) XBP1s and BiP mRNA 

expression was analyzed by real time PCR and normalized for the expression level of the 

housekeeping gene GAPDH. (C, D) Densitometric quantification of BiP protein expression 

(expressed per β-actin, used as a control for protein loading) in experiments shown in Figure 5B, 

5C and 5D. Data are means ± S.E. of 4 independent experiments. * p < 0.05 against non-treated 

cells, # p < 0.05. 
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Supplementary Figure 5. Exendin-4 and forskolin modulate the intrinsic mitochondrial 

apoptosis pathway. 

 

 
 

(A) Blot densitometry of cytoplasmic protein fractions shown in Figure 6A and 6B. INS-1E cells 

were exposed for 14 h to 0.5 mM palmitate (P) or 75 µM salubrinal (S), alone or in combination 

with exendin-4 (E, 50 nM) or forskolin (F, 20 µM). Data are means ± S.E. of 4 independent 

experiments. (B, C) Densitometry of Bcl-2 and XIAP blots shown in Figure 6C. INS-1E cells 

were incubated for 14 h with 0.5 mM oleate (O), palmitate, salubrinal or 25 µM CPA, alone or in 

combination with exendin-4 or forskolin. Data are means ± S.E. of 4-5 independent experiments. 

* p < 0.05 against untreated cells, # p < 0.05. 
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Supplementary Figure 6. Exendin-4 and forskolin increase JunB expression in insulin-

producing cells. 

 
 

Densitometry of JunB protein expression of experiments shown in Figure 7A and 7B. INS-1E 

cells (A) or primary rat β-cells (B) were exposed for 14 (A) or 24 h (B) to 0.5 mM oleate (O) or 

palmitate (P), 75 µM salubrinal (S) or 25 µM CPA, alone or in combination with exendin-4 (50 

nM) or forskolin (20 µΜ). ∆ατα αρε µεανσ ± S.E. of 4 independent experiments. * p < 0.05 

against untreated cells, # p < 0.05. 
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Supplementary Figure 7. The induction of anti-apoptotic proteins and the protection 

against palmitate by exendin-4 and forskolin is mediated by PKA. 

 

 
 

INS-1E cells were cultured for 14 h in the presence or absence of 0.5 mM palmitate (P), 15 µM 

of the PKA inhibitor H89, 50 nM exendin-4 (E) or 20 µM forskolin (F). (A) BiP, JunB and Bcl-2 

protein expression was analyzed by Western blot. Representative blots of 4 independent 

experiments and densitometric quantification (means ± S.E., n=4) are shown. (B) Apoptosis was 

measured under the same conditions as in A. Data are means ± S.E. of 4 independent 

experiments. * p < 0.05 against untreated cells, # p < 0.05. 
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Supplementary Figure 8. Effects of different interventions on ββββ-cell survival and 

delineation of context-dependent mechanisms through which GLP-1 agonists protect 

pancreatic ββββ-cells from ER stress. 

 

 
 

(A) Effect of GLP-1 agonists and protein knockdown on β-cell viability. Green arrows up 

represent improvement of INS-1E cell viability, red arrows down represent worsening apoptosis 

and gray bars stand for no effect. NE denotes not evaluated. (B) The blue shaded area represents 

pathways engaged in the protection by GLP-1R activation against the synthetic ER stressors 

CPA and salubrinal; the yellow shaded area those mediating protection against lipotoxic ER 

stress. 

 


