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Abstract 

Background Sodium palmitate causes apoptosis of β-cells and the anti-apoptotic 

protein Bcl-2 has been shown to counteract this event. However, the exact 

mechanisms that underlie palmitate-induced pancreatic β-cell apoptosis and through 

which pathway Bcl-2 executes the protective effect are still unclear. 

Methods A stable Bcl-2 overexpressing RINm5F cell clone (BMG) and its negative 

control (B45) were exposed to palmitate for up to 8h and cell viability, mitochondrial 

membrane potential (Δψm), reactive oxygen species (ROS) generation, ER stress and 

NF-κB activation were studied in time course experiments.  

Results Palmitate exposure for 8h resulted in increased cell death rates, and this event 

was partially counteracted by Bcl-2. Bcl-2 overexpression promoted in parallel also a 

delayed induction of GADD153/CHOP and a weaker phosphorylation of BimEL in 

palmitate exposed cells. At earlier time points (2-4h) palmitate exposure resulted in 

increased generation of ROS, a decrease in mitochondrial membrane potential (Δψm) 

and a modest increase in the phosphorylation of eIF-2α and IRE1α. BMG cells 

produced similar amounts of ROS and displayed the same eIF-2α and IRE1α 

phosphorylation rates as B45 cells. However, the palmitate-induced dissipation of 

Δψm was partially counteracted by Bcl-2. In addition, basal NF-κB activity was 

increased in BMG cells. 

Conclusions Our results indicate that Bcl-2 counteracts palmitate-induced β-cell 

death by maintaining mitochondrial membrane integrity and augmenting NF-κB 

activity, but not by affecting ROS production and ER stress.  

Keywords Bcl-2, mitochondrial membrane integrity, NF-κB, palmitate, pancreatic 

beta cell death, reactive oxygen species 
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 Introduction 

Type 2 diabetes is often associated with obesity and increased plasma free fatty acid 

(FFA) levels. When pancreatic insulin producing cells are exposed to FFA for 

prolonged time periods, β-cell apoptosis can be observed [1]. The exact mechanisms 

that underlie palmitate-induced pancreatic β-cell apoptosis are still unclear. It may be 

that palmitate induces several different events, including endoplasmic reticulum (ER) 

stress [2], mitochondrial perturbations [3], generation of reactive oxygen species [3], 

ceramide and NO [4], altered Ca2+ homeostasis [5] and others that together or 

individually promote β-cell death.  

The anti-apoptotic protein Bcl-2 has been found to be localized at the nucleus, 

mitochondria and ER and may play an important role in the regulation of cell death 

induced by palmitate [6]. In non-β-cells, palmitate-induced apoptosis was associated 

with dissipation of the mitochondrial membrane potential (Δψm), two events that 

were counteracted by Bcl-2 overexpression [6]. FFAs may, at least in part, decrease 

Δψm by acting as uncouplers of mitochondrial respiration. The uncoupling effect of 

FFAs is associated with not only a decreased Δψm, but also increased respiration, 

enhanced ROS generation, lower ATP levels and mitochondrial swelling [3].  

Besides acting at the mitochondrial level, Bcl-2 may also affect ER stress-induced 

apoptosis since ER-targeted Bcl-2 expression protected against tunicamycin-induced 

ER stress in renal tubular cells [7], possibly via modulation of the permeability of the 

ER membrane to Ca2+ [8]. The ER of the pancreatic β-cell is highly active due to the 

engagement in synthesis and release of insulin. When ER homeostasis is lost, β-cells 

will initiate the unfolded protein response (UPR) to balance the protein synthesis 

demand against the ER protein-folding capacity. PKR-like ER kinase (PERK), 

inositol requiring ER-to-nucleus signal kinase 1 (IRE1) and activating transcription 

factor 6 (ATF6) are three ER membrane-located ER stress transducers activated by 

palmitate [2]. Active PERK phosphorylates the eukaryotic translation initiation factor 

(eIF-2α), thereby generally attenuating protein translation and decreasing the 

functional demand on the ER. Meanwhile, phosphorylation of eIF-2α induces 

activating transcription factor 4 (ATF4) expression. ATF4 is a transcription factor that 

regulates expression of C/EBP homologous protein (CHOP), also named growth 

arrest and DNA damage inducible protein 153 (GADD153). Active IRE1 splices X-
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box binding protein 1 (XBP1) mRNA. Spliced XBP1 (XBP1s) activates many UPR 

genes required for protein folding, maturation and degradation. Active ATF6 

augments the expression of ER chaperones, such as BiP/GRP78 and GRP94, to 

increase the protein folding capacity. If the UPR fails to alleviate the ER stress, cells 

undergo apoptosis, characterized by induction of CHOP and c-Jun N-terminal kinase 

(JNK), activation of caspase 12, downregulation of Bcl-2, activation of Bax/Bak, Bim, 

NOXA, PUMA and p53 [9]. 

In view of the general uncertainty as to how FFAs kill β-cells, and that Bcl-2 

intervenes in specific steps in FFA-induced cell death, we have delineated the early 

time course of palmitate-induced mitochondrial and ER stress events, and how Bcl-2 

interferes in these pathways, with the aim to better understand primary palmitate-

induced signaling events leading to β-cell death. 

 

Materials and methods 

Materials 

The chemicals were obtained from the following sources: RPMI 1640, fetal bovine 

serum, L-glutamine, benzylpenicillin, streptomycin, Hanks’ balanced salt solution, 

trypsin, carbonyl cyanide p-(trifluorometoxy)phenyl-hydrazone (FCCP), 

bisbenzimide (Hoechst 33342), propidium iodide (PI), 5, 5’, 6, 6’-tetrachloro-1, 1’, 3, 

3’-tetraethylbenzimidazolcarbocyanine iodide (JC-1), sodium palmitate, 

dichlorofluorescein-diacetate (DCFH-DA), alkaline phosphatase (from bovine 

intestinal mucosa) and albumin bovine serum (fatty acid and endotoxin free) from 

Sigma-Aldrich; Bcl-2 and GADD153 (F-168) antibodies from Santa Cruz 

Biotechnology; phospho-IRE1α from Affinity BioReagents, phospho-eIF2α, cleaved 

caspase 3 and Bim from Cell Signaling and a horseradish-peroxidase-labeled donkey 

anti-rabbit or anti-mouse antibody from GE Healthcare. All other chemicals of 

analytical grade were obtained from E. Merck. 

Cell culture 

RINm5F cells overexpressing Bcl-2 were generated previously [10] by stable 

liposome-mediated transfection with an episomally maintained multicopy bovine 
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papilloma virus (BPV)-derived BMG neo vector [11] containing the mouse bcl-2 

cDNA [12] inserted downstream of a metallothionein promoter. Stable clones with 

increased Bcl-2 expression (BMG cells) were isolated and RINm5F cells transfected 

with an empty BPV-derived neo-containing vector were used as control (B45 cells). 

The cell clones were cultured in RPMI 1640 supplemented with 10% fetal bovine 

serum, 2 mM L-glutamine and benzylpenicillin (100 U/ml), streptomycin (0.1 mg/ml) 

at 37o C in humidified air with 5% CO2. 

FFA preparation and cell treatment  

Palmitate was dissolved in 50% ethanol, heated to 45o C and used at a 1:100 dilution. 

During FFA exposure, cell were cultured in the RPMI 1640 medium supplemented 

with 0.5 mM palmitate, 0.5% BSA or 1% BSA (FFA:BSA: molar ratio of 6.6:1 and 

3.3:1, respectively). The control condition contained the same amount of vehicle. All 

cultures were supplemented with 1% FBS. 

Determination of cell viability 

After exposure to 0.5 mM palmitate (0.5% BSA or 1% BSA), or 1 µg/ml carbonyl 

cyanide p-(trifluorometoxy)phenyl-hydrazone (FCCP) (solubilized in 50% ethanol 

and used in a 1:100 dilution) for 8 h, BMG and B45 cells were vital stained with 20 

µg/ml bisbenzimide and 10 µg/ml propidium iodide for 15 min at 37o C. Free-floating 

cells and cell attached to the culture dish were then washed separately with PBS, 

pooled and examined by inverted fluorescence microscopy (excitation at 365 nm for 

HO and at 546 nm for PI). In each experimental group 3000-5000 cells were 

examined and red fluorescence (propidium iodide) and blue fluorescence 

(bisbenzimide) was quantified using Adobe Photoshop software and the ratio red over 

blue was calculated as a relative measure of cell viability. 

Determination of the mitochondrial membrane potential (Δψm) by JC-1 

fluorescence 

The mitochondrial membrane potential was semiquantitatively determined using the 

fluorescent probe JC-1. BMG and B45 cells were incubated for 1, 2, 3, 4, 5, 6, 7, 8 h 

at 37o C with 0.5 mM palmitate (0.5% BSA). FCCP (1 µg/ml) was also used in the 

incubation as a positive control of mitochondrial uncoupling. During the last 30 min 

of incubation, each group of the cells was incubated in the same medium as described 
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before with the additional supplementation of 4 µM JC-1 (solubilized in DMSO, 

diluted 1:100). After careful washings of the cells, the fluorescence was determined 

using the Kodak Image Station 4000 MM with excitation wavelength at 465 nm and 

emission wavelength at 530 nm (green, JC-1 monomers at depolarized membrane 

potential) and 585 nm (red, J-aggregates at hyperpolarized membrane potential), 

respectively. The fluorescence-ratio of red over green was used to monitor changes in 

mitochondrial membrane potential [13]. 

Determination of ROS by DCFH-DA fluorescence 

The production of ROS was estimated using the oxidation-sensitive fluorescent probe 

DCFH-DA. BMG and B45 cells were cultured for 1, 2, 3 h at 37o C with 0.5 mM 

palmitate (0.5% BSA). At the end of incubation, 10 µM DCFH-DA was applied to 

each group of cells for 20 min, followed by flow cytometry analysis with BD 

FACSCalibur (BD Biosciences, San Jose, CA). Fluorescence emission from DCF 

(green) was detected at a wavelength of 530 nm. 

Immunoblot anlysis 

After incubation with palmitate for 1-8 h, BMG or B45 cells were washed in cold 

PBS and lysed on ice in SDS-sample buffer (2% SDS, 0.15 M Tris, pH 6.8, 10% 

glycerol, 5% β-mercaptoethanol, bromphenol blue and 2 mM phenylmethylsulfonyl 

fluoride). The samples were boiled for 5 minutes and separated on 10% or 12% SDS-

PAGE gels. Proteins were transferred to Hybond-P membranes (GE Healthcare). The 

membranes were pre-blocked in 2.5% BSA for 1h and then incubated with Bcl-2 

(1:200), cleaved caspase 3 (1:1000), GADD153 (1:200), phospho-IRE1α (1:1000), 

phospho-eIF2α (1:1000), methyl-Lys221-p65, Bim (1:1000) antibodies over-night at 

4o C. After secondary antibody incubation, the bound antibodies were visualized with 

the Kodak Image Station 4000 MM using ECL plus (GE Healthcare). The band 

intensities were calculated using Kodak Molecular Imaging Software 4.5.1 SE. Total 

protein loading and transfer onto the membranes was visualized by amidoblack 

staining. 

Statistical analysis 
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Data are presented as means ± S.E.M. Statistical significance between two 

experimental conditions was analyzed using Student’s paired t-test. Statistical 

significance: *P<0.05, #P<0.01. 

Results 

Overexpression of Bcl-2 in RINm5F cells 

To confirm the possibility that overexpression of Bcl-2 might increase resistance to 

palmitate-induced β-cells death and to investigate through which mechanism Bcl-2 

overexpression might execute its protective effect, a bcl-2 transfected insulin-

producing rat pancreatic RINm5F cell line BMG was used in subsequent experiments 

[10]. BMG cells came from the stable clones of RINm5F cells overexpressing Bcl-2 

protein 3-4 fold, as assessed by Western blot analysis (Fig. 1A). B45 cells, which 

were transfected with an empty BPV-derived neo-containing vector and expressed 

low levels of Bcl-2, were used as control.  

Palmitate-induced cell death was partially counteracted by Bcl-2 overexpression. 

To investigate whether Bcl-2 protects against saturated FFA-induced cell death, B45 

and BMG cells were incubated with 0.5 mM palmitate complexed with 0.5% BSA or 

1% BSA (FFA:BSA: molar ratio of 6.6:1 and 3.3:1, respectively) for 8 h. Relative 

measurements of cell death rate given by bisbenzimide and propidium iodide staining 

showed that 0.5 mM palmitate complexed with both 0.5% BSA or 1% BSA caused 

increased cell death. Palmitate:BSA at the ratio of 3.3:1 induced less cell death than 

the ratio of 6.6:1, which might due to the higher toxicity of unbound free fatty acid. 

Bcl-2 overexpression promoted a partial protection against both 0.5 mM palmitate 

(0.5% BSA) (P=0.025) and 0.5 mM palmitate (1% BSA) treatments (P=0.029) (Fig. 

1B). Bcl-2 overexpression tended to protect against the uncoupler FCCP, but this did 

not reach statistical significance. The overexpression of Bcl-2 was maintained through 

the 8-h-incubation with 0.5mM palmitate complexed with 0.5% BSA (Fig. 1C). The 

Bcl-2 overexpression-induced partial protection against 0.5 mM palmitate (0.5% BSA) 

was further confirmed by analysis of cleaved caspase 3 activation (Fig. 1D-E). 

Palmitate-induced GADD153/CHOP induction was delayed by Bcl-2 

overexpression. 
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As an important event of palmitate-induced β-cell death, levels of the transcription 

factor GADD153/CHOP were analyzed at an interval of 2 hour during the 8 hours of 

palmitate exposure. The induction of GADD153/CHOP protein levels, which 

occurred after 6 h of palmitate exposure, was markedly delayed or counteracted by 

Bcl-2 (Fig. 2). 

Palmitate induced BimEL phosphorylation, which was attenuated by Bcl-2 

overexpression. 

Palmitate has been shown to induce the proapoptotic BH3-only protein Bcl-2-like 11 

(Bim) up-regulation [14] and Bim activity may be controlled by several 

posttranscriptional phosphorylation events at multiple serine and threonine residues 

[15]. For instance, BimEL, the longest splice form of Bim, can be phosphorylated by 

c-Jun N-terminal kinase (JNK) or MAPK-p38 at serine 65 to increase its proapoptotic 

activity [16, 17]. Using an anti-Bim antibody, we observed two bands of BimEL (Fig. 

3B). The upper band is probably the phosphorylated form of BimEL as verified by 

phosphatase treatment (Fig. 3C). When the ratio of BimEL upper (phosphorylated) to 

lower (non-phosphrylated) bands was calculated, a significant decrease of BimEL 

phosphorylation was observed in BMG cells at 4 and 8 h of palmitate incubation (Fig. 

3A). 

Palmitate induced a gradually decrease of mitochondrial membrane potential 

(Δψm), which was counteracted by Bcl-2. 

Partial mitochondrial uncoupling is induced by palmitate in pancreatic islets [3] and 

Bcl-2 overexpression can stabilize the Δψm in cytokine treated RINm5F cells [18]. 

We therefore investigated whether Bcl-2 overexpression affected palmitate-induced 

alterations in JC-1 fluorescence. A 60 min exposure to palmitate promoted a small 

increase in Δψm in both B45 and BMG cells (Fig. 4A), possibly due to an increase in 

mitochondrial fatty acid oxidation. However, at 3 - 8 h, the Δψm was instead 

gradually decreased in response to palmitate. Bcl-2 overexpression counteracted the 

palmitate-induced loss of Δψm at 3 and 8 h of palmitate exposure.  

Bcl-2 overexpression failed to counteract palmitate-induced ROS generation. 

The magnitude of the mitochondrial membrane potential is known to influence rates 

of mitochondrial ROS production [19]. We therefore analyzed ROS levels in response 
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to palmitate and Bcl-2 overexpression. Using the hydrogen peroxide and the hydroxyl 

radical sensor DCFH-DA, we observed increased ROS generation in response to a 2 h 

palmitate exposure and that this effect was even stronger at 3h in both B45 and BMG 

cells (Fig. 4B). Bcl-2 overexpression failed to counteract palmitate-induced ROS 

generation at all time points. 

Effects of Bcl-2 overexpression on palmitate-induced ER stress signaling. 

The Bcl-2 protein is known to modulate ER stress responses [20]. We therefore 

investigated the initiation of palmitate-induced ER stress in B45 and BMG cells. The 

activation of two ER stress sensors eIF-2α and IRE1α was analyzed by 

immunoblotting with phospho-specific antibodies at an interval of 1 or 2h during the 

palmitate exposure. We observed that the phosphorylation of IRE1α was only weakly 

increased by palmitate and that this event was not affected by Bcl-2 overexpression 

(Fig. 5A-B). The phosphorylation of eIF2α was also not significantly affected by Bcl-

2 overexpression (Fig. 5C-D).  

Effects of palmitate on Lys221-p65 methylation in B45 and BMG cells. 

Recently, palmitate has been shown to induce NF-κB activation in human islets [21] 

and a mouse β cell line [22]. The activation of most p65-dependent genes has been 

reported to rely on lysine methylation of the p65 subunit [23, 24]. Therefore we 

performed a time course study of Lys221-p65 methylation to monitor palmitate-

induced NF-κB activation in B45 and BMG cells. Cytokine incubation, IL-1β (20 

ng/ml) and IFN-γ (20 ng/ml) for 1 h, was used here as a positive control for NF-κB 

activation. Palmitate promoted in B45 cells, but not in BMG cells, a modest but 

significant increase in p65 methylation at 2, 4, 6 and 8 hour (P<0.05 using paired 

Student’s t-test when comparing to time zero). A significant increase in BMG cell p65 

methylation was observed at basal conditions and after 2 h of palmitate exposure 

when compared to B45 cells, which indicated an enhanced NF-κB activation through 

Bcl-2 overexpression. The augmented NF-κB pathway in BMG cells was still capable 

to be further activated as we observed higher methylation rates of p65 when exposed 

to cytokines for 1 h (Fig. 6).  
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Discussion 

We have presently investigated the impact of Bcl-2 on early mitochondrial and ER 

events induced by sodium palmitate in insulin-producing RINm5F cells. Because β-

cell levels of Bcl-2 decrease in response to prolonged exposure periods of high 

palmitate concentrations [4] and because factors that protect against lipotoxicity, i.e. 

GLP-1 and hepatocyte growth factor, increase Bcl-2 expression [25, 26], it is likely 

that the anti-apoptotic Bcl-2 protein mediates a protective action against FFA-induced 

β-cell dysfunction and death. Indeed, we presently observed partial resistance against 

palmitate-induced cell death in cells overexpressing Bcl-2. However, the mechanisms 

by which Bcl-2 promotes this beneficial effect are not well characterized. Bcl-2 is 

known to primarily counteract proapoptotic mitochondrial events leading to a loss of 

Δψm, mitochondrial permeability transition (MPT) and release of cytochrome c. 

Moreover, Bcl-2 is also found at the ER where it reduces ER stress-mediated 

apoptosis, possibly via counteraction of proapoptotic Bax/Bak and modulation of ER 

calcium homeostasis [20]. To address these possibilities, we investigated early 

palmitate-induced alterations in mitochondrial membrane potential and observed that 

Bcl-2 overexpression mediated protection against the gradual decrease in Δψm 

starting at 3 h of palmitate exposure. Palmitate-induced loss of Δψm was first reported 

by us in 1999 [3] and, more recently, it has been observed that palmitate, depending 

on dose and time of exposure, promotes both limited MPT opening, associated with 

impaired insulin secretion, and full MPT opening, associated with apoptosis [27]. 

Since Bcl-2 overexpression protected both at an early (3h) and at a late time point (8h) 

against palmitate-induced MPT, it is possible that Bcl-2 acts via inhibition of both 

limited and full MPT pore opening. 

Sodium palmitate promotes β-cell production of ROS [3] and antioxidants protect, at 

least in part, against FFA-induced β-cell dysfunction in vitro and in vivo [28]. In the 

present investigation ROS production was stimulated already at 2h after addition of 

palmitate, and Bcl-2 overexpressing cells produced similar amounts of ROS as control 

cells. The source of palmitate-induced oxygen free radicals is not known, but may be 

of mitochondrial [29] and/or plasma membrane (NADPH-oxidase) [30] origin. In 

either case, our results suggest that palmitate-induced ROS production occurs prior 

and independently of the gradual decrease in mitochondrial Δψm, indicating that the 

loss of Δψm may have resulted from the increased ROS production. Interestingly, it 
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has been observed that Bcl-2 overexpression protects against AMPK-induced β-cell 

apoptosis without affecting production of oxygen radicals [31]. Furthermore, ROS are 

recognized activators of cytochrome c release and MPT [32]. Thus, it is possible that 

palmitate-induced ROS production causes opening of mitochondrial pores, and that 

this latter event is counteracted by Bcl-2. 

We presently also report that Bcl-2 overexpression did not affect early palmitate-

induced eIF-2α and IRE1α phosphorylation events. This argues against a protective 

role of Bcl-2 at the β-cell ER membrane and instead for the notion that ER stress 

occurs as a consequence of augmented ROS production, or some other upstream event. 

The exact role of palmitate-induced ER stress in β-cell death has presently not been 

investigated, but the finding that BMG cells were partially protected against 

palmitate-induced cell death, but not against early ER stress events, diminishes the 

putative importance of the ER-stress pathway in β-cell apoptosis.  

GADD153/CHOP is thought to play a direct role in palmitate-induced β-cell 

apoptosis as siRNA-mediated knockdown of GADD153/CHOP has been observed to 

lower apoptosis rates [9]. We presently observed that Bcl-2 overexpression delayed or 

counteracted palmitate-induced GADD153/CHOP induction at 6-8h. This is a 

somewhat surprising finding because increased eIF-2α phosphorylation is generally 

associated with subsequent expression of GADD153/CHOP [9]. However, it may also 

be that the palmitate-induced expression of GADD153/CHOP is to a large extent 

controlled by non-ER stress related pathways. For example, it has long been known 

that ceramide, Fas and JNK all promote GADD153/CHOP induction [33,34]. 

Furthermore, it has been reported that the anti-apoptotic transcription factor NF-κB 

acts as a repressor of the GADD153 gene [35]. Thus, as we presently observed 

enhanced NF-κB signaling in BMG cells, both at basal conditions and when treated 

with palmitate for 2h, it is possible that Bcl-2 attenuates GADD153/CHOP induction, 

at least in part, by maintaining a higher activity of NF-κB, and not by modulating ER 

stress events.  

Bim has also been shown to be involved in palmitate-induced β-cell apoptosis [14], 

and we presently observed increased Bim phosphorylation in response to palmitate at 

4-8h. It appears that JNK phosphorylates Bim at amino acid ser65 and that this event 

is associated with increased apoptosis [36]. As overexpression of Bcl-2 has been 



12	
	

shown to suppress JNK activation [37], it is possible that palmitate-induced BimEL 

phosphorylation is mediated, at least in part, by JNK activation. In similarity with 

GADDD153/CHOP as discussed above, Bcl-2 may suppress Bim activation in β-cells 

by maintaining mitochondrial integrity and/or upregulating NF-κB activity. 

In summary, we propose a hypothetical model in which palmitate induces the 

following chain of events; a) increased ROS production (2h), b) decreased 

mitochondrial membrane potential and increased ER stress (3-4h), c) augmented 

expression of GADD153/CHOP and increased Bim phosphorylation (4-8h), and d) 

cell death (8h). In addition, our results are compatible with the view that Bcl-2 

protects β-cells against palmitate by maintaining mitochondrial membrane integrity 

and upregulating NF-κB activity, and not by affecting early ROS production and ER-

stress signaling events. Thus, mitochondria may play a pivotal role in the control of β-

cell survival and function in Type 2 diabetes. 
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Figure legends 

Fig.1. Expression of Bcl-2 in neo (B45) and bcl-2 (BMG) transfected RINm5F cell 
clones and effects of palmitate and FCCP on B45 and BMG transfected cell viability. 
(A) Expression of Bcl-2 in BMG and B45 cell clones. (B) Effects of palmitate and 
FCCP on B45 and BMG transfected cell viability. RIN cell clones were incubated 
with 0.5 mM palmitate (0.5% BSA or 1% BSA + 1% FBS) or 1 µg/ml FCCP for 8 h. 
Results are means ± S.E.M. for five separate experiments. * denotes P<0.05 using 
paired Student’s t-test when comparing vs corresponding control. (C) One 
representative inmunoblot showing Bcl-2 expression during the 8-h-incubation with 
0.5 mM palmitate (0.5% BSA). (D) One representative immunoblot showing cleaved 
caspase 3 levels from five experiments. (E) Mean optical density measurements of the 
immunoblots of cleaved caspase 3. The results are expressed as percentages of the 
control (B45 cells; Time zero) and shown as means ± S.E.M for five separate 
experiments. * denotes P<0.05 using paired Student’s t-test. 

Fig.2. Effects of palmitate on GADD 153 (CHOP) expression in B45 and BMG cells. 
RIN cell clones were incubated with 0.5 mM palmitate (0.5% BSA) for 8 h. (A) Mean 
optical density measurements of the immunoblots of CHOP. Protein values were 
normalized to amidoblack staining of total protein. The results are expressed as 
percentages of the control (B45 cells; Time zero) and shown as means ± S.E.M. * 
denotes P<0.05 using paired Student’s t-test when comparing protein induction in 
BMG cells with corresponding B45 cells. (B) One representative immunoblot of 
CHOP expression from five experiments is shown.  

Fig.3. Effects of palmitate on ratio of BimEL upper to lower band intensity in B45 
and BMG cells. Cell clones were incubated with cytokines (IL-1β 20 ng/ml and IFN-γ 
20 ng/ml) for 1 h or 0.5 mM palmitate (0.5% BSA) for 2-8 h. After the treatments, the 
cells were lysed and analyzed by immunoblotting with anti-Bim antibody. BimEL is 
the longest splice form (23 kDa) of Bim. Two bands of BimEL were observed and the 
upper band is probably the phosphorylated form of BimEL as verified by phosphatase 
treatment. (A) Ratio of BimEL upper (phosphorylated) to lower (non-phosphorylated) 
bands. The results are expressed as percentages of the control (B45 cells; Time zero) 
and shown as means ± S.E.M. * denotes P<0.05 and # denotes P<0.01 when 
comparing BMG cells with corresponding B45 cells. (B) One representative 
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immunoblot of BimEL phosphorylation from 4 experiments is shown. (C) One 
representative immunoblot of phosphatase treatment, 

Fig.4. (A) Effects of palmitate on JC-1 fluorescence in B45 and BMG cells. BMG and 
B45 cells were cultured for 1-8 h with 0.5 mM palmitate, 0.5% BSA. Data are 
expressed as the 585/530 nm fluorescence ratio normalized to the control of each time 
point. Results are means ± S.E.M for three separate experiments. # denotes P<0.01 
using paired Student’s t-test when comparing uncoupling rate of BMG cells with 
corresponding B45 cells. The basal JC-1 fluorescence ratio at time zero is B45: 100±5% 
and BMG: 86±22%. (B) Effects of palmitate on DCF fluorescence in B45 and BMG 
cells. BMG and B45 cells were cultured for 1, 2 or 3 h with 0.5 mM palmitate (0.5% 
BSA). Data are expressed as 530 nm fluorescence normalized to the control of each 
time point. Results are means ± S.E.M for three separate experiments. The basal 
signal of DCF fluorescence at time zero is B45: 100±8% and BMG: 97±8%. 

Fig.5. Effects of palmitate on Phospho-IRE1α and Phospho-eIF2α expression in B45 
and BMG cells. RIN cell clones were incubated with 0.5 mM palmitate (0.5% BSA) 
for 6 or 8 h. Western blots were quantified and protein values were normalized to 
amidoblack staining of total protein. Mean optical density measurements of the 
immunoblots for Phospho-IRE1α (A) and Phospho-eIF2α (C). The results are 
expressed as percentages of the control (B45 cells; Time zero) and shown as means ± 
S.E.M. (B) One representative immunoblot of Phospho-IRE1α expression from five 
experiments is shown. (D) One representative immunoblot of Phospho-eIF2α 
expression from six experiments is shown.  

Fig.6. Effects of palmitate on Lys221-p65 methylation in B45 and BMG cells. Cell 
clones were incubated with cytokines (IL-1β 20 ng/ml and IFN-γ 20 ng/ml) for 1h or 
0.5 mM palmitate (0.5% BSA) for 2-8 h. After the treatments, the cells were lysed 
and analyzed by immunoblotting with anti-Methyl-Lys221-p65 antibody [23]. 
Immunoblots were quantified and protein values were normalized to amidoblack 
staining of total protein. (A) Cytokines and palmitate induced methylation of p65. The 
results are expressed as percentages of the control (B45 cells; Time zero) and shown 
as means ± S.E.M. * denotes P<0.05 and # denotes P<0.01 using paired Student’s t-
test when comparing BMG cells with corresponding B45 cells. (B) One representative 
immunoblot of Lys221-p65 methylation from 7 experiments is shown.  

	


