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Abstract 

 

Due to decreases in dehydroepiandrosterone (DHEA) levels in an age group where there is 

increased incidence of chronic degenerative diseases, like diabetes mellitus type 2, we sought to 

identify the effect of incubation with DHEA on insulin secretory and cytoprotective capacity in 

pancreatic beta cells. The INS-1E cells were incubated in different concentrations of DHEA (10 

µM, 100 nM and 1 nM) or vehicle (dimethyl sulfoxide; DMSO) for 1 or 7 days. Insulin secretion 

stimulated by glucose (2.8 mM and 16.7 mM), determination of superoxide content, and the 

protein content of insulin receptor substrate-2 (IRS-2), extracellular regulated kinase 1 and 2 

(ERK ½), phosphorylated extracellular kinase 1 and 2 (pERK ½), phosphorylated c-Jun N-

terminal kinase (pJNK), cleaved caspase-3 and pancreatic duodenal homebox-1 (PDX-1) were 

analyzed. We observed no effects of DHEA incubation on insulin secretion. In contrast, DHEA 

incubation improved total insulin content. Moreover, we have observed no influence on the 

production of superoxide. In addition, an increased PDX-1 and reduced cleaved caspase-3 

concentration were observed. Our data point out to a stimulatory action of DHEA on insulin 

production and cytoprotective effects.  

 

Keywords: Dehydroepiandroterone, insulin secretion, apoptosis, pancreatic beta-cell.  

 

Introduction 

 

Diabetes mellitus is seen as one of the main 

threats to human health. The past two 

decades have seen an explosive increase in 

the number of people diagnosed 

worldwide, affecting, nowadays, about 250 

millions of people. In addition, it has been 
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estimated that in 2025 about 380 millions 

of people will be suffering from this disease 

(Hegart et al. 2009). 

 

Diabetes mellitus can be caused by 

destruction of pancreatic β-cells islets due 

to an autoimmune attack on these cells, 

characterizing diabetes mellitus type 1 

(DM1) (Eizirik et al. 2009). However, the 

most common form of diabetes mellitus, 

known as diabetes mellitus type 2 (DM2), 

results from a sequence of events. In a 

person with pancreatic β-cells responding 

normally, an increase in glycaemia is 

accompanied by a transitory increase in 

insulinemia, with glycaemia returning to 

baseline values. In people prone to 

developing DM2, the failure of 

compensation in pancreatic β-cells 

(associated or not with peripheral insulin 

resistance and/or genetic predisposition) 

maintain glycaemia in a chronically 

elevated state. Consequently, in the course 

of time, the association of glucotoxicity and 

lipotoxicity promote a failure/destruction 

of pancreatic β-cells, reducing its mass, and 

difficulting even more the process of 

glycaemic control (Eizirik and Cnop, 2010; 

Guillausseau et al. 2008; Kahn, 2003; 

Poitout and Robertson, 2002).  

 

Due to the role of pancreatic β-cells in 

diabetes, therapies that support their 

functionality are necessary. 

Dehydroepiandrosterone (DHEA) is a 

steroid hormone synthesized and secreted 

by adrenal gland cortex, and shows an 

oscillatory rhythm (high and low levels) in 

the circulation. Its peak occurs in the third 

decade of life, and it decays from 40 years 

old (Rainey and Nakamura, 2008; Rainey et 

al. 2002). In accordance with it, it is also 

observed an increasing incidence of several 

chronic-degenerative diseases in the 

population, including DM2. In this sense, 

many researchers sought to study the 

relationship between DHEA and insulin 

resistance (Weiss et al. 2011), vascular 

functionality (Camporez et al. 2011), 

adipose tissue (Fujioka et al. 2012), 

neuroprotection (Aly et al. 2011), among 

others. 

 

In addition, previous data from our 

laboratory demonstrated an increase in 

insulin secretory capacity in pancreatic 

islets of rats with 12-14 months-old that 

received only one dose of DHEA (Medina et 

al. 2006). Therefore, with this research, we 

intended to identify the effects of 

incubation with DHEA on insulin secretory 

and cytoprotective capacity in INS-1E beta 

cells. 

 

Materials and Methods 

 

INS-1E Cell Culture 

 

The INS-1E cell line was cultured as 

previously described (Merglen et al. 2004). 

INS-1E cells were cultured in a humidified 

atmosphere containing 5% CO2 in complete 

medium composed of RPMI 1640 

supplemented with heat-inactivated fetal 

calf serum, 1mM sodium pyruvate, 50 µM 

2-mercaptoethanol, 2 mM glutamine, 10 

mM HEPES, 100 U/ml penicillin, and 100 

µg/ml streptomycin. In DHEA treated cells, 

the culture medium was replaced by a 

medium with DHEA in different 

concentrations (10 µM, 100 nM, and 1 nM). 

Control group was incubated with vehicle 

(DMSO). Two different periods of 

incubations were used (1 and 7 days) 

(Santos et al. 2011).  

 

Insulin Secretion 

 

INS-1E cells were starved in RPMI medium 

without glucose for 2 h. After this period, 

cells were preincubated for 30 min at 2.8 

mM glucose in Krebs-Henseleit (KH) buffer 

[in mM: 115 NaCl, 24 NaHCO3, 5 KCl, 1 

MgCl2, 1 CaCl2 (pH 7.4)] supplemented with 

0.1% BSA and equilibrated in a mixture of 

O2 (95%) and CO2 (5%) at 37ºC. After that, 

the medium was changed, and INS-1E cells 

were incubated for an additional 60 min in 

the absence or presence of 2.8 and 16.7 

mM glucose. At the end of the experiment, 

the supernatant was collected, and the total 

insulin content was obtained by disrupting 

cells in a mixture of ethanol, water, and HCl 

(52:17:1, vol/vol). Insulin secretion and 

insulin content were measured by RIA 

(Santos et al. 2011). DNA content was also 

determined using NanoDrop. The results of 

insulin secretion were calculated as 

secreted insulin per DNA content.  
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Determination of Superoxide Content 

 

Cells were preincubated at 37ºC for 30 min 

in KH buffer at 2.8 mM glucose. After that, 

the cells were incubated for 40 min in KH 

buffer at 2.8 or 16.7 mM glucose. After 

incubation, the cells were loaded with 25 

μM hydroethidine (HE) and incubated for 

20 min at room temperature. INS-1E 

superoxide content was evaluated by flow 

cytometry (Guava; Millipore, Billerica, MA) 

(Santos et al. 2011). 

 

Western Blot Analysis 

 

Total protein content of INS-1E cells was 

extracted in protein extraction buffer (100 

mM Tris, 1% sodium dodecyl sulfate, 10 

mM EDTA, 100 mM Na2P2O7, 100 mM NaF, 

10 mM Na2VO4). The extracts were 

centrifuged at 12.900 × g for 20 min at 4ºC. 

The supernatant was used to protein 

quantification that was performed by the 

Bradford method. Proteins were treated 

with Laemilli buffer, subjected to SDS-PAGE 

and transferred to nitrocellulose 

membranes. Membranes were blocked for 

2 hours, and incubated with primary 

antibodies IRS-2, ERK ½, pERK ½, pJNK, 

PDX-1 (Santa Cruz Biotechnology), and 

cleaved caspase-3 (Upstate Biotechnology). 

 

Statistical Analysis  

 

Results are presented as mean ± SEM, and 

the statistical analyses were carried out 

using one-way ANOVA (comparisons 

between three or more groups) with 

Tukey’s test multiple comparisons. 

Statistical significance was set to P < 0.05. 

 

Results 

 

Glucose-Stimulated Insulin Secretion  

 

In figure 1, we present data from glucose-

stimulated insulin secretion in insulin-

secreting INS-1E beta cells incubated with 

DHEA for 24 hours and 7 days. As one can 

observe, DHEA incubation for 24 hours 

(Figure 1A) or 7 days (Figure 1 B) did not 

reflect in insulin secretion capacity of INS-

1E cells.  

 

 
Figure 1. Glucose-Stimulated Insulin Secretion of INS-1E Cells Incubated with Different 

Concentration of Dehydroepiandrosterone for (A) 24 Hours, and (B) 7 Days. Values were 

Corrected by DNA Content. (N=5-8 Different Experiments). 
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In contrast, as observed in figure 2, total 

insulin content after insulin secretion assay 

is higher in cells incubated with different 

concentrations of DHEA (10 µM, 100 nM 

and 1 nM), and this could be an indicator of 

increased insulin production. 
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Figure 2. Total Insulin Content after Glucose-Stimulated Insulin Secretion Assay in INS-

1E after 7 Days of Incubation with Different Concentrations of DHEA. *P<0.05 in Relation 

to Control Group. (N=5-8 Different Experiments). 

 

Superoxide Production 

 

Afterward, due to known antioxidants 

effects of DHEA and the influence of 

reactive oxygen species on insulin 

secretion, we perform an assay to verify 

superoxide production in INS-1E cells 

incubated with low (2.8 mM) and high 

(16.7 mM) glucose concentrations. As 

observed in figure 3, the incubation with 

DHEA for 7 days did not influence 

superoxide production. 

 

0

50

100

150
Without DHEA
DHEA 10 uM
DHEA 100 nM
DHEA 1 nM

glucose 2.8 mM glucose 16.7 mM

F
lu

o
re

ce
n

ce
 in

te
n

si
ty

(a
rb

it
ra

ry
 u

n
it

)

 
Figure 3. DHEA Does Not Change Superoxide Content in INS-1E Cells after 1 Hour of 

Incubation with Low (2.8 Mm), and High (16.7 Mm) Glucose. (N=5-8 Different 

Experiments). 

 

Protein Concentration 

 

In addition to secretion assays, we 

extracted the proteins and performed 

western blotting to analyze some protein 

concentration that could help us to explain 

our results. In this sense, proteins involved 

in cell proliferation pathways (IRS-2, 

pERK1/2 and ERK1/2), apoptosis (pJNK 

and cleaved caspase-3) and insulin 

synthesis/development and maturation of 

pancreatic β-cells (PDX1) were evaluated 

(Figure 4). The treatment with DHEA for 7 

days did not change the levels of any 

protein involved in cell proliferation. On 

the other hand, it reduced cleaved caspase-

3 expression (at 100 nM concentration of 

DHEA) and increased protein 

concentration of PDX1 (at 100 nM and 1 

nM, and also a strong tendency at 10 µM 

concentrations of DHEA). 
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Figure 4. Protein Concentration of IRS-2, Perk 1/2, ERK 1/2, PDX1, Pjnk, and Cleaved 3-

Caspase of INS-1E Cells Obtained by Western Blotting. Cells were Incubated with 

Different Concentrations of DHEA for 7 Days. *P<0.05 in Relation to Control Group. 
#P<0.05 in Relation to 10 µm and 1 Nm Groups. 

 

Discussion 

 

The present work sought to identify the 

effects of DHEA treatment on insulin 

secretory and cytoprotective capacity in 

INS-1E cells. As observed, DHEA 

incubations did not resulted in an 

increased insulin secretory capacity but 

increases insulin content, PDX-1 

concentration and reduced cleaved 3-

caspase.  

 

Although the relation between the 

reduction of DHEA circulating levels and 

chronic-degenerative diseases like obesity, 

insulin resistance and diabetes mellitus 

type 2, few studies aimed to study the 

effects of DHEA on insulin secretory 

capacity. Ladriele et al. (1997) identified 

that the treatment of Goto-Kakizaki rats 

with DHEA improved the relation 

insulinemia/glycaemia indicating a greater 

insulin sensibility, associated to a greater 

sensibility of pancreatic islets to glucose. 

Additionally, Dillon et al. (2000) 

demonstrated that the treatment with 

sulfated form of DHEA (DHEA-S) for 3 and 

7 days increased insulin secretory capacity 

in pancreatic islets, INS-1E and HIT-T15 

cells. These authors indicated that these 

increases did not occur with 24-hour 

treatment, so the action was not direct, but 

it was mediated by gene alteration (they 

observed an increased gene expression of 

compounds involved in mitochondrial and 

peroxisomal lipid oxidation). Posteriorly, 

data from our laboratory (Medina et al. 

2006) identified an increased insulin 

secretory capacity in pancreatic isles of rats 

treated with DHEA. Thus, our data in INS-

1E cells do not corroborate those from 

literature demonstrating a new vision in 

this topic. 

 

When analyzing total insulin content, we 

observe that DHEA treatment, 

independently of the concentration, 

increased the amount of total insulin in 
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INS-1E cells (~10%). Probably, DHEA 

improves the machinery involved in this 

process. The higher insulin content could 

be reflected of an elevated number of cells. 

In this sense, analyzing protein 

concentration we sought to identify the 

pathways in which this changes occurred. 

First of all, we analyzed PDX1. PDX1 is the 

greater regulator of glucose-stimulated 

gene transcription, it is essential to the 

embrionary development of pancreas; it 

plays a central role in maturation and 

functioning of pancreatic β-cell in adult life, 

and is related with pancreatic β-cell 

apoptosis (Fujimoto and Polonsky, 2009; 

Andrali et al. 2008; Kaneto et al. 2007). As 

observed, DHEA treatment elevated the 

concentration of PDX1 (100nM and 1nM, 

p<0.05; 10µM - tendency of statistical 

significance), what could be one of the 

causes for the increase in insulin content 

and/or pancreatic β-cell. 

 

In addition, we investigated protein 

concentration of IRS-2, due to its 

participation in the stimulation of 

pancreatic islet development (Kubota et al. 

2000; Whiters et al. 1998).  Previous data 

from our laboratory observed a reduction 

in protein concentration of IRS-2 in 

pancreatic islets of rats treated with DHEA 

(Medina et al. 2006). However, in the 

incubations in vitro with DHEA in INS-1E 

cells, we did not observe any change in 

protein concentration of IRS-2. Other 

protein analyzed, and that is associated 

with pancreatic β-cells proliferation and 

with insulin gene transcription, is ERKs 1 

and 2 (Lawrence et al. 2008). Once again, 

DHEA treatment did not act on ERK1/2 

protein concentration and in its 

phosphorylated form pERK1/2. 

 

Another mechanism that could be related 

with the increase in pancreatic β-cells 

concentration is the inhibition of apoptosis 

pathways, autophagia and necrosis 

(Scarlatti et al. 2009). Apoptosis is the 

major cause of cell death in pancreatic β-

cells (Chang-Chen et al. 2008; Butler et al. 

2007). In this sense, we sought to identify 

protein concentration of cleaved caspase-3, 

a final effector of apoptosis pathway 

(Tomita, 2010). We observed that with 

DHEA treatment, at the concentration of 

100 nM, reduced protein concentration of 

cleaved caspase-3, indicating a 

cytoprotective effect of DHEA. This activity 

of DHEA is interesting, since the reduction 

of the amount of pancreatic β-cells is one 

key characteristic in the development of 

DM2 (Cnop et al. 2011). Nevertheless, due 

to the absence of a stimulus triggering cell 

death, we should be cautious about this 

conclusion, since it can result in tumor 

growth. 

 

Finally, due to some DHEA effects being 

mediated by changes in cell oxidative 

balance (Huerta-Garcia et al. 2012; 

Camporez et al. 2011) and, the influence of 

oxygen reactive species in insulin secretory 

capacity (Rebelato et al. 2011), we verified 

if DHEA treatment would result in changes 

of superoxide production in INS-1E cells, 

but we did not found any influence.  

 

In conclusion, the incubations of pancreatic 

β-cells (INS-1E line) with DHEA increased 

insulin content, without effects in insulin 

secretion. This effect can be observed in 

this research with 7 days of incubation. 

Partly, the mechanism responsible for this 

greater insulin content should be the 

protein concentration of PDX1. Another 

important result involves the 

cytoprotective effect of DHEA at the 

concentration of 100 nM. These results 

indicate that different concentrations could 

reflect in different effects. Thus, other 

studies are necessary to investigate these 

potential effects in higher PDX-1/insulin 

production and reduced cleaved-caspase 

3/cell apoptosis of DHEA. 
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