
 

 

Introduction 
 
Type 2 diabetes is tightly linked to obesity char-
acterized by hyperlipidemia and elevated circu-
lating free fatty acids (FFAs) [1;2]. Excessive 
accumulation of unoxidized long-chain fatty ac-
ids can lead to the overflow of lipid to non-
adipose tissues such as pancreatic islets [3-5]. 
Intracellular accumulation of lipid in the pancre-
atic islets is associated with β cellular dysfunc-
tion and death and ultimately contributes to the 
pathogenesis of type 2 diabetes [6-8]. There-
fore, a progressive deterioration of β-mass and 
reduced β-cell function were observed in pa-
tients with type 2 diabetes [9]. Studies have 
shown that islet function was about 50% of nor-
mal upon the onset of diabetes, while β- mass 
remained only about 40% of normal [10]. There 
is compelling evidence that the reduction of β-
mass is attributable to the accelerated apop-
tosis [11-13]. Factors responsible for the pro-

gressive loss of β-cell function and β-mass in-
clude glucotoxicity [14], lipotoxicity [15-17], pro-
inflammatory cytokines [18;19], leptin [20;21], 
and islet amyloidosis [22]. Conventionally, type 
2 diabetes has been defined in a glucocentric 
perspective (insulin resistance), while elevated 
systemic levels of fatty acids has now been con-
sidered a significant contributor towards the 
pathophysiological aspects, as dysregulated 
lipid homeostasis not only contributes to the 
development of insulin resistance but also plays 
a primary role in the progressive loss of pancre-
atic β cells [16;23]. As a result, chronic expo-
sure to long-chain FFAs is associated with re-
duced insulin content, defective insulin secre-
tion and β-cell apoptosis (lipoapoptosis). Despite 
recent extensive studies, the underlying molecu-
lar mechanisms leading to lipoapoptosis, how-
ever, remained poorly understood.  
 
MicroRNAs (miRNAs) are short, noncoding RNAs 
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cent studies suggested an important role for the ceramide pathway in the late destructive phase of lipid overload in 
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lin secretion and β-mass turnover. In the present study we further examined its effect on palmitate-induced lipoapop-
tosis in NIT-1 cells, a NOD-derived β-cell line. It was found that NIT-1 cells with ectopic mir-375 expression were much 
more susceptible to palmitate-induced lipoapoptosis. In contrast, knockdown of endogenous pri-mir-375 expression 
by a modified antisense oligo, 2′-O-me-375, almost completely protected NIT-1 cells from palmitate-induced lipoapoptosis. 
We further demonstrated that mir-375 could target V1 mRNA and repress its translation. Consistent with this as-
sumption, NIT-1 cells transfected with 2′-O-me-375 showed significant higher levels of V1 protein after palmitate induction. 
Together, our data suggest that mir-375 could be a potential therapeutic target for prevention and intervention of β-
cell dysfunction and β-mass lose in type 2 diabetes.  
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that have recently been found to be pivotal for 
the regulation of gene expressions [24;25]. 
miRNA genes are transcribed primarily by RNA 
polymerase II into long precursor molecules 
which are then processed via RNase III enzymes 
Drosha and Dicer into the matured 21 - 23 nu-
cleotide miRNA. Matured miRNAs subsequently 
bind to the specific sequences in the 3'UTR of 
mRNAs to regulate protein translation or mRNA 
stability. miRNAs are now known to be virtually 
ubiquitous among vertebrates, and are involved 
in a remarkable array of key cellular activities 
including differentiation, proliferation and apop-
tosis. Studies in animal model suggested that 
mir-375 is a pancreatic specific miRNA impli-
cated in the maintenance of normal pancreatic 
α- and β-mass [26]. More interestingly, recent 
studies further demonstrated that mir-375 is 
also important in the regulation of β-cell apop-
tosis and insulin secretion [27-30]. Based on 
these observations, we sought to test the hy-
pothesis that mir-375 is also important in the 
regulation of β-cell lipoapoptosis. Previously, we 
used NIT-1 cells, a non-obese diabetic (NOD) 
mouse derived β-cell line, to demonstrate the 
impact of G protein-coupled receptor 40 
(GPR40) on lipoapotosis in β cells [31].  We now 
also used NIT-1 cells to address the above hy-
pothesis. By transfection of NIT-1 cells with mir-
375 duplexes or an antisense oligo specific mir-
375 we have clearly demonstrated that mir-375 
is a pivotal regulator for β-cell lipoapoptosis 
and, as a result, it could be a potential thera-
peutic target for prevention of β-cell lipoapop-
tosis during type 2 diabetes. 
 
Materials and methods 
 
Cell culture and treatment 
 
NIT-1 cells originated from NOD mice were 
grown in Dulbecco’s modified Eagle’s medium 
(DMEM) containing 10% (v/v) fetal bovine se-
rum (FBS, Hyclone, USA) and 1% penicillin-
streptomycin. The cells were incubated at 37oC 
in a humidified atmosphere of 5% CO2. Culture 
medium was refreshed every three days and NIT
-1 cells with passages 20 - 40 in actively grow-
ing condition were used for the experiment. 
Long chain saturated palmitic fatty acid 
(palmitate, Sigma, USA) was employed to induce 
lipoapoptosis in NIT-1 cells. After 2 h of preincu-
bation in serum-free condition, NIT-1 cells were 
cultured in the presence of 500 μM BSA-bound 
palmitate or control medium for 48 h as previ-
ously reported [31]. 

mir-375 preparation and transfection 
 
mir-375 duplexes (5'- UUU GUU CGU UCG GCU 
CGC GUG A-3' and 5'-ACG CGA GCC GAA CGA 
ACA A AU U-3') were commercially synthesized 
from GenePharma (Shanghai, China). An unre-
lated known miRNA (mir-375-NC, 5′-UUC UCC 
GAA CGU GUC ACG UTT-3′ and 5′-ACG UGA CAC GUU 
CGG AGA ATT-3′, Invitrogen, China) was used as a 
negative control. Knockdown of mir-375 was carried 
out by using 2′-O-me-375 (5′-CAG UAC UUU UGU 
GUA GUA CAA-3′), and a control oligo named inhibi-
tor-NC (5′-CAG UAC UUU UGU GUA GUA CAA-3′) was 
used as a negative control.  NIT-1 cells were pre-
pared at 30 - 50% confluence at the time of 
transfection. Lipofectamine 2000 transfection 
reagent (Invitrogen, China) was used to trans-
fect NIT-1 cells. A total of 80 pmol mir-375 du-
plex, 2′-O-me-375, mir-375-NC, and inhibitor-NC 
were used along with 2 μl Lipofectamine 2000 
per well with each containing 5 × 105 cells (six-
well plate), respectively. Cells with Lipofec-
tamine 2000 only (lipo2000) were used as a 
control.   
 
MiroRNA qRT-PCR 
 
Relative mir-375 expression levels were deter-
mined using a TaqMan MicroRNA Assay kit (ABI, 
USA) according to the manufacturer’s instruc-
tion. Total RNAs from transfected NIT-1 cells 
were extracted with an RNeasy mini kit (Qiagen, 
USA), and 10 ng of total RNAs were then used 
for reverse transcription (RT) using the TaqMan 
MicroRNA Reverse Transcription kit (ABI, USA) in 
the presence of TaqMan MicroRNA Assay RT 
primer (1 μl). The reactions were carried out at 
16°C for 30 min followed by 42°C for 30 min 
and 85°C for 5 min. The resulting cDNA prod-
ucts were diluted at 20×, and 1.33 μl of the 
diluted cDNA were used for PCR reaction (total 
volume 20 μl) with 1 μl of TaqMan MicroRNA 
Assay mix and 10 μl of TaqMan 2× Universal 
PCR Master Mix. The PCR reaction was con-
ducted at 95°C 10 min followed by 40 cycles of 
95°C 15s and 60°C 60s in an ABI 7900HT fast 
real-time PCR system. The real-time PCR results 
were analyzed as relative mir-375 expression of 
CT (threshold cycle) value to U6 internal control, 
which were then converted to fold changes. 
 
Apoptosis assay 
 
Palmitate-induced NIT-1 cell apoptosis was 
evaluated by terminal deoxynucleotidyl trans-
ferase-mediated deoxyuridine triphosphate nick 
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end-labeling (TUNEL) and flow cytometry. For 
TUNEL assay, the cells were harvested after 48 
h of palmitate treatment. After washing with 
PBS, the cells were fixed and permeabilized, 
followed by TUNEL labeling using a One Step 
TUNEL Apoptosis Assay Kit (Beyotime, China) as 
instructed. The percentage of apoptotic cells 
was estimated by the percentage of cells with 
positive TUNEL staining of five randomly se-
lected fields in each slide under a fluorescent 
microscope. At least 100 cells were assessed in 
each selected field. Flow cytometry analysis of 
apoptotic NIT-1 cells was carried out using an 
Annexin V-FITC/PI staining kit (BD Biosciences, 
USA). After washes with cold PBS, the cells were 
resuspended in 1× binding buffer (0.1 M 
HEPES/ NaOH, pH 7.4, 1.4 M NaCl, and 25 mM 
CaCl2) followed by staining with AnnexinV-FITC/
PI at RT in darkness for 15 min. Apoptotic cells 
were then evaluated by gating both PI and An-
nexin V positive cells on a FACSCalibur (BD Bio-
science, USA). All experiments were performed 
in triplicates 
 
Western blotting 
 
Total proteins were prepared from NIT-1 cells 
using RIPA lysis buffer supplemented with prote-
ase inhibitors. Protein concentrations for all 
preparations were determined using the Brad-
ford method (Bio-Rad, USA). Equal amount (25 
– 50 μg) of cellular lysates was loaded onto a 
12% SDS-polyacrylamide gel and run for 2 h at 
constant voltage (200V). Resolved proteins 
were then electrophoretically transferred to 
polyvinylidene fluoride (PVDF) membranes, 
which were blocked for 1 h in blocking buffer 
containing 5% Non-Fat Dry Milk in TBST (10  
mM Tris pH 7.6, 150 mM NaCl, 0.05% Tween-
20) at room temperature. The membranes were 
first incubated with a primary antibody (sc-
28416, Santa Cruz, USA, 1:500) at 4oC over-
night. After washes with TBST buffer, the mem-
branes were then incubated with a secondary 
antibody conjugated to peroxidase (BA1050, 
Boster, China, 1:10000) for 1 h. After extensive 
washes, the immunoreactive bands were visual-
ized using a chemiluminescent substrate 
(M502, Jingmei Biotech, China). β-actin was 
used for normalization. The relative intensity for 
the target bands was analyzed by the Kodak 
Digital Science 1D analysis software (version 
2.0).  The results are present as a ratio with β-
actin.  
 

Statistical analysis  
 
All of our data are present as mean ± SD unless 
otherwise indicated. Comparisons between 
groups for NIT-1 cell apoptosis were accom-
plished by one-way ANOVA using SPS 11.5 for 
windows. Mean values for microRNA expression 
and target protein expression were compared by 
unpaired Student’s t-test. P < 0.05 was consid-
ered statistically significant. 
 
Results 
 
Palmitate is a strong inducer for lipoapoptosis 
in NIT-1 cells 
 
Although previous studies suggested the role of 
palmitate in the induction of β-cell lipoapop-
tosis, its effect on NIT-1 cells in our current sys-
tem is unknown. Therefore, we first sought to 
examine the effect of palmitate on NIT-1 cell 
lipoapoptosis in our culture system. For this 
purpose, NIT-1 cells were cultured in the pres-
ence of palmitate (500µM) or control medium 
for 48 h and then harvested for analysis of li-
poapoptosis by TUNEL and flow cytometry as-
says. Consistent with previous report, palmitate 
is also a strong lipoapoptosis inducer for NIT-1 
cells. Both in situ TUNEL staining and Annexin 
V/PI staining indicated significant higher levels 
of NIT-1 cells undergoing apoptosis after palmi-
tate treatment. As shown in Figure 1, in average 
around 15.3% of palmitate treated NIT-1 cells 
became apoptotic. In sharp contrast, only 3.5% 
of cells cultured with control medium showing 
apoptosis (p < 0.0001).  
 
2′-O-me-375 is potent for knockdown of the 
endogenous pri-mir-375 expression in NIT-1 
cells 
 
Next, we sought to screen antisense oligonu-
cleotides with high potency for specific knock-
down of endogenous pri-mir-375 expression in 
NIT-1 cells. To this end, we have commercially 
synthesized three 2′-OMe modified antisense 
oligos, which were then transfected into NIT-1 
cells as described earlier. As 2′-O-methyl oli-
gonucleotides are refractory to nucleolytic cleav-
age by cellular ribonucleases, they are more 
stable than that of unmodified counterparts. 
Transfection of an unrelated oligo (inhibitor-NC) 
was served as a control. Real-time PCR was 
then employed to assess the endogenous pri-
mir-375 expressions in the transfected NIT-1 
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cells. As expected, the unrelated control oligo 
did not show perceptible effect on pri-mir-375 
expressions. Of important note, one particular 
antisense oligo named 2′-O-me-375 showed 
high potency for knockdown of pri-mir-375 ex-
pressions. We then performed similar assays 
with different doses of 2′-O-me-375 and found 
that the highest reduction for pri-miRNA was 
achieved when cells transfected with 60 – 80 
pmol of 2′-O-me-375 (data not shown). As can 
be seen in Figure 2, pri-mir-375 expressions in 
NIT-1 cells had been reduced by 70% when cells 
transfected with 80 pmol of 2′-O-me-375. In 
contrast, the other two 2′-OMe modified oligos, 
oligo-2 and olig-3, only showed minor effect for 
knockdown of endogenous pri-mir-375 expres-
sions (Figure 2). Together, our data indicate that 
2′-O-me-375 possesses high potency for knock-
down of pri-mir-375 expressions in NIT- 1 cells.  
 
mir-375 enhances the susceptibility of NIT-1 
cells to palmitate-induced lipoapoptosis 
 
To demonstrate the effect of mir-375 on palmi-
tate-induced lipoapoptosis in NIT-1 cells, we 
next transfected NIT-1 cells with 80 pmol of mir-
375 duplex (mir-375) and 2′-O-me-375, respec-
tively. Transfection of NIT-1 cells with an unre-
lated known miRNA (mir-375-NC) was severed 

as a control. NIT-1 cells cultured with lipofec-
tamine 2000 only (lipo2000) or normal medium 
(normal) were used as negative controls. Follow-
ing 72 h of transfection, the cells were then 
replaced with medium containing 500 µM of 
palmitate. After culturing the cells with another 

Figure 1. Palmitate is potent to induce NIT-1 cell lipoapoptosis. A. A representative results for TUNEL staining of apop-
totic NIT-1 cells. B. A representative results for flow cytometry analysis of apoptotic NIT-1 cells. C. A bar graph showing 
the average apoptosis of NIT-1 cells cultured in the presence of palmitate and control medium. The data are present 
as mean ± SD of three independent experiments performed.  

Figure 2. 2'-O-Me-375 is potent to repress endoge-
nous pri-mir-375 expressions in NIT-1 cells. The rela-
tive expression levels for pri-mir-375 were deter-
mined by real-time PCR as described. The expression 
levels of pri-mir-375 in NIT-1 cells cultured with con-
trol medium (Normal) were considered as 100%, its 
relative expression levels in cells transfected with 
inhibitor-NC,  2'-O-Me-375, oligo-2 and oligo-3 are 
present as a ratio with that of control cells. The data 
were derived from three replicates. 



miR-375 enhances palmitate-induced lipoapoptosis  

 
 
258                                                                                                       Int J Clin Exp Pathol 2010;3(3):254-264 

48 h, the cells were harvested and subjected to 
analysis of apoptosis by in situ TUNEL staining 
and flow cytometry analysis as above. It was 
interestingly found that transfection of NIT-1 
cells with mir-375 duplexes significantly en-
hanced palmitate-induced lipoapoptosis as 
compared with that of control cells and cells 
transfected with control oligos (Figure 3, 31.2 ± 
5.3% vs. 15.4 ± 6.5% for Normal; 14.7 ± 4.7% 
for mir-375-NC; and 16.5 ± 4.1% for lipo2000, 
p < 0.001).  
 
In line with above observations, knockdown of 
endogenous mir-375 expressions by transfec-
tion of 2′-O-me-375 almost completely pro-
tected NIT-1 cells from palmitate-induced li-
poapoptosis. As shown in Figure 3, only about 
4.8% of 2′-O-me-375 transfected cells were un-
dergoing apoptosis, which is comparable to 
those cells without palmitate treatment (3.5%, 
Figure 1). Combining all of these data together, 

our results suggest that mir-375 plays a pivotal 
role in palmitate-induced lipoapoptosis in NIT-1 
cells, and as a result, it could be potential thera-
peutic target for prevention of β-cell dysfunction 
and β-mass loss during type 2 diabetes.  

 
mir-375 negatively regulates myotrophin (V1) 
expression in NIT-1 cells after palmitate      
treatment 
 
To demonstrate the underlying mechanism 
through which mir-375 promotes palmitate-
induced lipoapoptosis in NIT-1 cells, we exam-
ined the expression levels for myotrophin (V1), a 
pivotal factor implicated in the regulation of a 
variety of genes responsible for cellular apop-
tosis and proliferation. High levels of V1 protein 
were detected in NIT-1 cells in the normal cul-
ture condition. To our surprise, a significant re-
duction of V1 protein levels was observed in NIT
-1 cells upon palmitate treatment. As shown in 

Figure 3. Ectopic mir-375 duplexes enhance palmitate-induced NIT-1 cell lipoapoptosis. A. A representative results for 
TUNEL staining of apoptotic NIT-1 cells. B. A representative results for flow cytometry analysis of apoptotic NIT-1 cells.  
C. A bar graph showing the average apoptosis of NIT-1 cells transfected with mir-375-NC, mir-375 duplexes and 2'-O-
Me-375.  NIT-1 cells cultured with normal medium (Normal) or in the presence of same amount Lipofactamine 2000 
(lipo2000) were served as controls. The data are present as mean ± SD of three independent experiments per-
formed.  
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Figure 4, the protein levels for V1 in NIT-1 cells 
were decreased by 2-fold as compared with 
those NIT-1 cells cultured with control medium.  
A recent study suggested that V1 could be a 
specific target for mir-375 [27], the above re-

sults prompted us to check the effect of mir-
375 on V1 expression in NIT-1 cells.  For this 
purpose, we performed similar studies as above 
by transfection of NIT-1 cells with mir-375 du-
plexes and 2'-O-Me-375. Transfection of NIT-1 

Figure 4. Palmitate treatment is associated with a significant reduction of V1 protein in NIT-1 cells. Left: A repre-
sentative of Western blot results for V1 protein levels in NIT-1 cells treated with palmitate or control medium. 
Right: A bar graph showing the relative V1 expression levels in NIT-1 cells treated with palmitate. The relative inten-
sity of each band was determined as a ratio with its corresponding β-actin band. V1 relative expression levels are 
present as fold changes compared with control cells. The dada are present as mean ± SD of three independent 
experiments performed. 

Figure 5. Ectopic mir-375 duplexes significantly reduce V1 protein levels in NIT-1 cells. NIT-1 cells were harvested 
after 72 h of transfection, and cell lysates were prepared and subjected to Western blot analysis of V1 protein ex-
pressions. Upper panel: A representative of Western blot results for V1 protein levels in NIT-1 cells cultured with 
control medium or transfected with mir-375-NC, mir-375 duplexes and 2'-O-Me-375, respectively. Lower panel: A 
bar graph showing the relative V1 protein levels in each above indicated experimental group. Similar as Figure 4, 
V1 relative protein levels are present as fold changes compared with that of control cells (Normal). The dada are 
present as mean ± SD of three independent experiments performed. 
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cells with mir-375-NC was used as a negative 
control. The cells were harvested after 72 h of 
transfection and then subjected to semi-
quantitative Western blot analysis of V1 protein 
levels. As expected, transfection of mir-375-NC 
did not show discernible effect on V1 expres-
sion. However, Ectopic mir-375 duplexes re-
duced V1 protein levels in NIT-1 cells by 3-fold, 
while inhibition of the endogenous mir-375 ex-
pression by transfection of 2'-O-Me-375 in-
creased V1 protein levels by 1-fold (Figure 5). 

To further confirm the above observations, we 
next checked the effect of mir-375 on V1 pro-
tein expression after palmitate induction. To this 
end, the cells were treated with 500 µM of 
palmitate for 48 h after 72 h of transfection. 
The corresponding cell lysates were then pre-
pared for Western blot analysis as above. Con-
sistently, only very low levels of V1 protein can 

be detected in normal control cells and cells 
transfected with mir-375-NC. Of important note, 
V1 protein was almost undetectable in cells with 
ectopic mir-375 duplexes, while more than 3-
fold higher V1 protein was observed in cells 
transfected with 2'-O-Me-375 (Figure 6). All to-
gether, our data strongly suggest that mir-375 
could target V1 mRNA and affect its translation, 
which then promotes pamitate-induced lipo-
apoptosis in NIT-1 cells.  
 

Discussion 
 
Previous studies have consistently demon-
strated that there is a progressive deterioration 
in β-cell function and β-mass in type 2 diabetes 
[10], and the reduction of β-mass is attributable 
to the accelerated apoptosis, in which elevated 
circulating free fatty acids (FFAs) are one of the 

Figure 6. Repression of endogenous pri-mir-375 expression prevents palmitate-induced V1 reduction in NIT-1 cells.  
NIT-1 cells after 72 h of transfection were treated with 500μM of palmitate for 48 h, followed by Western blot analy-
sis of cell lysates for V1 protein expression. Upper panel: A representative of Western blot results for V1 protein levels 
in each indicated transfected NIT-1 cells after palmitate treatment. Lower panel: A bar graph showing the relative V1 
protein levels in each transfected NIT-1 cells after palmitate induction. Similarly, V1 relative protein levels are present 
as fold changes compared with that of control cells (Normal). The dada are present as mean ± SD of three independ-
ent experiments performed. It was found that repression of endogenous pri-mir-375 expressions by 2'-O-Me-375 pre-
vented NIT-1 cells from palmitate-induced V1 reduction.  
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pivotal predisposing factors responsible for β-
cell apoptosis [16;17]. Recent studies high-
lighted the importance for one particular islet 
specific miRNA, mir-375, in the regulation of β-
cell function and the maintenance of normal 
pancreatic α- and β-mass [26;27].  In the pre-
sent study, we further examined the role of mir-
375 in the regulation of palmitate-induced β-cell 
lipoapoptosis. We found that NIT-1 cells, a NOD-
derived β-cell line, with ectopic mir-375 du-
plexes are much more susceptible to palmitate-
induced lipoapoptosis. In contrast, NIT-1 cells 
are remarkably resistant to palmitate-induced 
lipoapoptosis once the endogenous mir-375 
was suppressed by a specific antisense oligo, 
2'-O-Me-375. Our study also demonstrates that 
the expression levels of V1 protein are inversely 
associated with β-cell lipoapoptosis. Since V1 
could be a target for mir-375 [27], our data sug-
gest that mir-375 probably enhances β-cell li-
poapoptosis by downregulation of V1 expres-
sions in β cells. 
 
The cellular population for a particular organ is 
determined by the balance between the rates of 
cell division and programmed cell death named 
apoptosis. Once the apoptosis rate for a particu-
lar cell type becomes higher than that of cell 
replication, a reduction for cell population would 
occur, which subsequently leads to organ de-
compensation. Loss of β-mass late in the course 
of obesity is a typical example that β-cell apop-
tosis exceeds cell division, which then predis-
poses to the development of type 2 diabetes. 
Lipoapoptosis, a type of apoptosis caused by 
dysregulated lipid metabolism, has recently 
been recognized to occur in obesity and aging. 
Excessive accumulation of long-chain fatty acids 
is associated with altered leptin liporegulation 
and, as a result, when nonadipose tissues such 
as pancreatic islets are exposed to an excess of 
long-chain fatty acids, the cell would undergo 
lipoapoptosis. The effect of thermal, hypoxic or 
cytotoxic factors on apoptosis has been well 
demonstrated [32], while metabolic causes of 
programmed cell death, particularly lipoapop-
tosis, have received less attention. Although 
recent studies in ZDF (fa/fa) rats suggested an 
important role for the ceramide pathway in the 
late destructive phase of lipid overload in the 
pancreatic β cells [16], the overall underlying 
mechanisms leading to lipoapoptosis remained 
poorly understood. Our studies in the current 
report provided strong evidence indicating a 
pivotal role for miRNA in the regulation of β-cell 

lipoapoptosis. Although we are only beginning to 
appreciate the immense potential of miRNAs as 
controllers of gene networks, there is already 
substantial evidence that these small noncod-
ing RNA molecules play a central role in a vari-
ety of physiological processes, including tissue 
differentiation, cell proliferation, and apoptosis. 
miRNAs are a growing class of non-coding RNAs 
involved in the regulation of gene expression by 
translational repression. Islet-specific mir-375 is 
originally characterized by Poy and colleagues 
from analysis of miRNAs in endocrine cell types 
of the pancreas [27]. Recent functional studies 
indicated that mir-375 plays an indispensable 
role in normal glucose homeostasis, β-mass 
turnover in newborns and adaptive β-cell expan-
sion in response to increasing insulin demand in 
insulin resistance [26]. Our data now provide 
evidence indicating that mir-375 could also act 
as a proapoptotic factor implicated in the patho-
genesis of β-cell lipoapoptosis. 
 
Studies have shown that some evolutionarily 
conserved proteins characterized in neuronal 
cells are also present in the pancreatic β cells. 
V1 is such a protein that is highly expressed in 
both neuronal cells and pancreatic β cells. V1 
(also known as myotrophin) is a 12-kD protein, 
which was originally identified from the hyper-
trophied ventricles of spontaneously hyperten-
sive rats and rat cerebellum [33;34]. By 3-
dimensional alignment, Knuefermann and col-
leagues demonstrated that mammalian V1 re-
sembles a truncated IκBα without the signal 
response domain and PEST sequence [35]. 
Therefore, V1 was later validated as an an-
tiapoptotic factor in cardiac myocytes, neuronal 
cells and fibroblasts [36-38]. In the current 
study, we further noticed that the expression 
levels for V1 in NIT-1 cells are inversely associ-
ated with palmitate-induced lipoapoptosis, indi-
cating that V1 could also act as an antiapoptotic 
factor in maintaining β-cell viability.  
 
Of important note, we limited our study in the 
current report to one of the pivotal targets for 
mir-375, the pancreatic islet-specific V1 protein. 
It is possible that mir-375 also targets addi-
tional factors implicated in the regulation of β-
cell apoptosis. For example, a recent study also 
suggests that mir-375 could target PDK1 mRNA, 
a key molecule for PI 3-kinase signaling in the 
pancreatic β cells [29], which has been demon-
strated to be involved in the regulation of cell 
survival and proliferation [39;40]. Therefore, 
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multiple signaling pathways could be regulated 
by mir-375, by which mir-375 enhances β-cell 
lipoapoptosis. 
 
The modified synthetic anti-miRNA oligonucleo-
tides (AMOs) were found to be useful tools for 
specific repression of targeted miRNA expres-
sions, thereby helping to unravel the function of 
miRNAs and their targets.  The 2′-O-methyl oli-
gonucleotides have been shown to irreversibly 
inhibit small RNA function in vitro and in intact 
cells in a sequence-specific fashion, presumably 
by stoichiometric binding to RISCs containing 
the cognate miRNA, and thus preventing inter-
action with its mRNA targets [41]. Similar to 
antisense-based oligonucleotides (ASOs), AMOs 
may contribute to the prioritization of pharma-
ceutical targets and have the potential to even-
tually progress into a new class of therapeutic 
agents. Here we have designed a 2′-OMe modi-
fied anti-mir-375 oligonucleotide, 2′-O-me-375, 
and demonstrated its high potency for repres-
sion of endogenous mir-375 expressions in NIT-
1 cells (Figure 2). As 2′-O-me-375 transfected 
NIT-1 cells were almost completely protected 
from palmitate-induced lipoapoptosis (Figure 3), 
2′-O-me-375 could be a useful “off-target” re-
agent for mir-375 with significant implications in 
both experimental and clinical studies. 
 
Impaired β-cell function and possibly β-mass 
deficit appear to be reversible, particularly at 
the early stage of disease when the limiting 
threshold for reversibility of the decreased β-
mass has probably not been passed.  Our data 
in the current report indicate that mir-375, a 

pancreatic islet-specific miRNA, could be a piv-
otal regulator of lipoapoptosis in the pancreatic 
β cells. Taking into account that mir-375 also 
regulates insulin secretion, mir-375 could 
emerge as a potential therapeutic target for 
prevention and intervention of β-cell dysfunction 
and β-mass loss in type 2 diabetes.  
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