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Abstract. – OBJECTIVE: Menin, encoded by
the Men1 gene, is responsible for ββ-cell tumor
formation in patients with multiple endocrine
neoplasia type 1. Recently, Menin has been
proven to negatively regulate ββ-cell proliferation
in several mouse models, including hyper-
glycemia. However, it is unclear how glucose
regulates Menin expression in ββ-cells.

MATERIALS AND METHODS: In the present
study, quantitative real-time reverse transcrip-
tase-polymerase chain reaction analysis was
performed to detect the expression levels of Mi-
croRNAs in Min-6 cells treated with high glu-
cose, in which we found that miR-17 was signifi-
cantly up-regulated.

RESULTS: Further studies using bioinformatic
prediction, luciferase and protein expression
analysis suggested that miR-17 could inhibit
protein levels of Menin through targeting its 3’-
untranslated region.

CONCLUSIONS: Our results indicate that miR-
17 might serve as an important intracellular tar-
get of glucose to mediate the mitogenic effect
that glucose exerts in pancreatic ββ-cells.
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Introduction

The protein mutations of Menin, the product of
the MEN1 tumor suppressor gene, have been iden-
tified in patients with multiple endocrine neoplasia
type 1 (MEN1), including insulinoma, parathyroid
tumor and pituitary tumors1,2. Besides, Menin, also
plays a crucial role in the regulation of gene tran-
scription, cell-cycle progression and apoptosis,
DNA damage and repair3,4. Recent studies have
shown that Menin could negatively regulate pan-
creatic β-cell proliferation in several types of
mouse models, including pregnancy and obesity5.
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At the molecular level, Menin could up-regulate
p21 and p27, two inhibitory regulators of cell-cy-
cle progression5. Besides, Menin interacts with β-
Catenin, by which Menin suppresses the nuclear
translocation and transcriptional activity of Wnt/β-
Catenin signaling6.
β cell proliferation also occurs in the pres-

ence of hyperglycemia7. For instance, high glu-
cose infusion could led to an approximately
50% increase in both β cell proliferation and
mass in adult rats8,9. It has been shown that glu-
cose could activate several intracellular signal-
ing pathways, such as phosphatidylinositol 3-ki-
nase (PI3K)/Akt, to induce β cell prolifera-
tion10,11. Interestingly, Zhang et al12 reported that
glucose could reduce Menin expression in prima-
ry rat islets and INS1 cells. However, the molec-
ular mechanisms of this regulation remain poorly
understood.
In the current study, we performed a MicroRNA

expression analysis and found that high glucose
could inhibit Menin expression through up-regu-
lation of miR-17. Our data add a novel mecha-
nism for the roles of hyperglycemia-mediated β
cell proliferation. 

Materials and Methods

Cell Culture and Transfection
Min-6 cells were purchased from American

Type Culture Collection (Rockville, MD, USA).
Cells were culture in RPMI 1640 medium (GIB-
CO, Shanghai, China) supplemented with 10% fe-
tal bovine serum (GIBCO). Cultures were incubat-
ed at 37°C with 5% CO2 in a humidified incuba-
tor. Human miR-17 mimics, antisense or negative
controls were obtained from Genepharm Compa-
ny (Shanghai, China). For transfection, cells were



cultured in a 6-well plate and transiently transfect-
ed at 70-80% confluence using the Lipofecta-
mineTM 2000 reagent (Invitrogen, Carlsbad CA,
USA) following the manufacturer’s protocols.

RNA Isolation and Quantitative 
Real-time PCR
Total RNA from fresh tissues and cell lines was

harvested using mirVana miRNA Isolation Kit
(Ambion, Austin, TX, USA) according to the
manufacture’s instruction. RNA concentration was
determined using a NanoDrop ND-1000 spec-
trophotometer (NanoDrop Technologies, Wilm-
ington, DE, USA). Following the detection with
Applied Biosystems prism 7900 Real-Time PCR
System (Applied Biosystems, Foster Cyty, CA,
USA), quantitative real-time PCR was performed
using specific TaqMan MicroRNA analysis (Ap-
plied Biosystems). Small nuclear U6 snRNA (Ap-
plied Biosystems) was used as an internal control
for the expression of miR-17. Differences in gene
expression, expressed as fold-changes, were calcu-
lated using the 2-∆∆Ct method.

Western Blot
Cells or tissues were harvested and lysed with ly-

sis buffer (150 mM NaCl, 50 mM Tris-HCl, 1%
NP-40, pH 7.5). Proteins were quantified and sepa-
rated by 8% SDS-Agarose gel, transferred to NC
membrane (Amersham Bioscience, Bucking-
hamshire, UK). After blocking with 10% nonfat
milk in PBS, membranes were immunoblotted with
antibodies as indicated, followed by HRP-linked
secondary antibodies (Cell Signaling, Danvers, MI,
USA). The signals were detected by SuperSignal
West Pico Chemiluminescent Substrate kit (Pierce,
Rockford, IL, USA) according to manufacturer’s
instructions. Anti-Menin, -P21, -P27 and GAPDH
antibodies were purchased from Abcam Company
(Cambridge, MA, USA). Protein levels were nor-
malized to total GAPDH expression.

Luciferase Reporter Assay
3’-UTR of human Menin gene that were pre-

dicted to interact with miR-17 were synthesized
and inserted into pMir-Report (Ambion, Foster
City, CA. USA), yielding pMir-Report-Menin
Mutations within potential miR-17 binding sites
were generated by nucleotide replacement of wild
type sequence to inhibit miR-17 binding. Cells
were transfected with the pMir-Report vectors
containing the 3’-UTR variants, and miR-17 mim-
ics for 36 hours. Human C-myc promoter was am-
plified from the human genomic DNA template

and inserted into pGL3 basic vector (Promega,
Madison, WI, USA). The pRL-SV40 vector
(Promega) carrying the Renilla luciferase gene
was used as an internal control to normalize the
transfection efficiency. Luciferase values were de-
termined using the Dual-Luciferase Reporter As-
say System (Promega).

Statistics
Data are expressed as the mean ± SEM from at

least four separate experiments. Differences be-
tween groups were analyzed using Student’s t-
test analysis. Differences were considered statis-
tically significant when p < 0.05.

Results

Up-regulation of miR-17 by High Glucose
in Pancreatic Beta Cells
To screen potential transcriptional target of glu-

cose in pancreatic β cells, Min-6 cells were treated
with glucose at the concentration of 5 mM or 25
mM for 24 hr. The clustering analysis of
Affymetrix gene arrays revealed that 48 MicroR-
NAs were significantly up-regulated in Min-6 cells
with 25 mM glucose (p < 0.05) (Data not shown).
Based on this result, the miRNA with the largest
difference in expression between two groups was
miR-17 (Figure 1A). We further confirmed the up-
regulation of miR-17 levels by ways of Real-time
PCR (Figure 1B). Similar results were also ob-
served in mouse primary islets (Figure 1C).

miR-17 Promotes Cell Proliferation in vitro
In order to determine the precise roles of miR-

17 in β cell proliferation progression, its mimics
or negative controls (NC) were transfected into
Min-6 cells (Figure 2A). As expected, forced ex-
pression of miR-17 mimics dramatically promoted
cell proliferation as shown by MTT and BrdU in-
corporation assays (Figure 2A-2B). On the other
hand, Min-6 cells were further transfected with
miR-17 antisense to block the roles of endogenous
miR-17. Consistently, inhibition of miR-17 inhib-
ited the growth and invasion of Min-6 cells, com-
pared to NC-transfected cells (Figure 3A-3B).
Therefore, our results suggest that miR-17 could
promote β cell proliferation in vitro.

miR-17 Directly Targets the 
Menin in Osteosarcoma Cells
Next, bioinformatics software (miRWalk) was

employed to identify potential target genes for
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Figure 1. Identification of miR-17 as a novel glucose-induced target gene in pancreatic β-cells. A, Cluster analysis of hepatic
gene expression in Min-6 cells treated with 5 mM or 25 mM glucose for 24 hr (n=3). Then cells were harvested for RNA ex-
traction and genes expression was analyzed by Affymetrix array hybridization and scanning. Data sets were statistically ana-
lyzed using Student’s t test. B-C, Expression levels of miR-17 were analyzed by Real-time PCR in Min-6 cells or mouse pri-
mary islets treated with 5 mM or 25 mM glucose. **p < 0.01, ***p < 0.001.

UTR of MEN1 gene was cloned and inserted into
a luciferase reporter construct. Overexpression of
miR-17 led to a reduction of luciferase activity
when the reporter construct contained the wild-

miR-17 (Figure 4A). Among which, we found that
several genes including MEN1 harbored a poten-
tial miR-17 binding site in their 3’-untranslated re-
gions (3’-UTRs) (Figure 4A). Therefore, the 3’-

Figure 2. miR-17 mimics promotes pancreatic b-cell proliferation. A, B, The MTT and proliferative potential (BrdU) assays
were determined in Min-6 cells transfected with miR-17 mimics or negative controls (NC) for 24 hr. **p < 0.05. 
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type 3-’UTR (Figure 4B). However, mutation of
the potential miR-17 binding site abolished the re-
duced luciferase expression (Figure 4B). More-
over, transfection of miR-17 mimics in Min-6
cells resulted in a reduced Menin protein expres-
sion (Figure 4C). In agreement, a dramatic up-reg-
ulation of Menin was observed in Min-6 cells with
miR-17 inhibition (Figure 4D). Therefore, our re-
sults suggest that Menin might be a target of miR-
17 in Min-6 cells. 

miR-17 Regulates Down-Stream Target
Genes of Menin in ββ Cells
Previous studies have shown that Menin could

inhibit β cell proliferation through up-regulation
of p21 and P27. Consistently, we found that mR-
NA and protein levels of p21 and p27 were regu-
lated by miR-17 mimics or antisense oligos (Fig-
ure 5A-D), further suggesting that Menin was a
direct target of miR-17 in β cells.

Figure 3. miR-17 antisense inhibits pancreatic b-cell proliferation. A, B, The MTT and proliferative potential (BrdU) assays
were determined in Min-6 cells transfected with miR-17 antisense or negative controls (NC) for 24 hr. *p < 0.05, **p < 0.01.

Figure 4. miR-17 negatively regulates Menin expression in Min-6 cells. A, Computer prediction of miR-17 binding sites in
the 3’-UTRs of MEN1 gene. Potential binding site was highlighted in bold. B, Luciferase reporter assays in Min-6 cells. Cells
were transfected with 100 ng of wild-type 3’-UTR-reporter or mutant constructs together with miR-17 mimics, antisense or
negative control (NC). C,Western blot analysis of Menin expression in Min-6 cells transfected with miR-17 mimics or nega-
tive control (NC). D,Western blot analysis of Menin expression in Min-6 cells transfected with miR-17 antisense or negative
control (NC). **p < 0.01, ***p < 0.001.
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Discussion

In this study, we found that miR-17 expression
is up-regulated by glucose. In vitro studies fur-
ther demonstrated that miR-17 could promote
pancreatic β cell proliferation. Luciferase re-
porter assays further identified a potential bind-
ing site for miR-17 in the MEN1 3’-UTR. Be-
sides, our western blot experiments confirmed
that expression levels of Menin and its down-
stream targets were regulated by miR-17, indicat-
ing that miR-17 could inhibit Menin protein ex-
pression directly. It has been shown that high
glucose could repress MEN1 gene transcription
through attenuating the binding activity of
FoxO1 on the MEN1 gene promoter12. Given that
MicroRNAs play critical roles in the regulation
of protein translation, our data support a notion
that high glucose could modulate Menin expres-
sion at both transcriptional and translational lev-
el. Interestingly, recent studies13-15 have shown
that protein contents of Menin are regulated by
several miRNAs in tumorigenesis, including
miR-24, miR-802 and miR-421. Therefore,
whether these miRNAs could mediate the roles
of high glucose in pancreatic β cells remains to
be determined.

Recent studies16,17 have demonstrated a spe-
cific expression pattern and roles for certain
miRNAs in pancreatic β cells under different
states. For instance, overexpression of miR-375
could suppress glucose-induced insulin secre-
tion through its direct effects on insulin exocy-
tosis18. Besides, miR-26a could regulate pancre-
atic cell differentiation through targeting TET
family proteins19. Moreover, modulation of the
expression of specific microRNAs may help
promote islet engraftment and long-term func-
tion in the transplant microenvironment20.
Therefore, understanding the regulatory roles of
miRNAs might provide potential pharmacologi-
cal targets for the treatment of type 1 and type 2
diabetes.

Conclusions

Taken together, our results highlight the roles
of miR-17 in the regulation of Menin expression
as well as glucose-induced β cell proliferation.
Further studies are still needed to establish the
relationship between miR-17 and Menin expres-
sion in vivo.

Figure 5. miR-17 regulates P21 and P27 expression in Min-6 cells. A-D, mRNA and protein levels of P21 and P27 were de-
termined by real-time PCR and western blot in Min-6 cells transfected with miR-17 mimics (A-B), antisense (C-D) or negative
control (NC). **p < 0.01.
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