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Abstract

We have previously demonstrated that geniposide attenuates the production of Aβ1–42 both in vitro
and in vivo via enhancing leptin receptor signaling. But the role played by geniposide in the phos-

phorylation of tau and its underlying molecular mechanisms remain unclear. In this study, we inves-

tigated the effect of geniposide on the phosphorylation of tau and the role of leptin signaling in this

process. Our data suggested that, accompanied by the up-regulation of leptin receptor expression,

geniposide significantly decreased the phosphorylation of tau in rat primary cultured cortical neu-

rons and in APP/PS1 transgenic mice, and this geniposide-induced decrease of tau phosphorylation

could be prevented by leptin antagonist (LA). Furthermore, LA also prevented the phosphorylation of

Akt at Ser-473 site andGSK-3β at Ser-9 site induced by geniposide. All these results indicate that gen-

iposide may regulate tau phosphorylation through leptin signaling, and geniposide may be a prom-

ising therapeutic compound for the treatment of Alzheimer’s disease in the future.
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Introduction

With improvement of living conditions, life expectancy is increasing
steadily and as a consequence more individuals are suffering from
age-related disorders such as Alzheimer’s disease (AD). The preva-
lence of AD is predicted to rise rapidly in the coming decades,
which is likely to pose a huge burden on health care services in the fu-
ture [1]. Although it is widely accepted that senile plaques (SP) com-
posed of an extra-cellular core of the insoluble form of β-amyloid (Aβ)
are associated with AD, intracellular neurofibrillary tangles (NFTs)
formed by the hyperphosphorylation of tau protein also play an essen-
tial role in the neurodegeneration and cognitive decline of AD [2].

In recent years, there has been significant progress in the studies of
tau hyperphosphorylation, and a large number of protein kinases and
protein phosphatases have been identified to be involved in the regu-
lation of tau phosphorylation [3]. Glycogen synthase kinase-3β
(GSK-3β) (also known as tau protein kinase [4]) is a proline-directed
serine/threonine kinase which has been identified as one of the major

candidates found in brain tissues fromAD [5]. Abnormal activation of
GSK-3β will lead to tau phosphorylation. However, the signal trans-
duction pathways involved in the abnormal activation of GSK-3β have
not been completely clarified.

It has been demonstrated that leptin can inactivate GSK-3β
through phosphorylation of Ser-9, leading to the reduction of tau
phosphorylation [6]. Most interestingly, leptin-deficient mice have dis-
tinctively different synaptic profiles from wild-type mice, as revealed
by electron microscopy and electrophysiology [7]. And in AD patients,
the level of circulating leptin is inversely proportional to the severity of
cognitive decline. These observations suggest that leptin supplementa-
tion therapy may be beneficial for AD patients [8].

Our previous work demonstrated that geniposide could decrease
the production of Aβ1–42 in primary cultured cortical neurons and in
APP/PS1 transgenic mice [9]. Geniposide could also attenuate the
level of Aβ1–42 and tau phosphorylation in streptozotocin (STZ)-
induced diabetic rats [10,11]. But the role of leptin signaling on

Acta Biochim Biophys Sin, 2015, 47(12), 1018–1022
doi: 10.1093/abbs/gmv106

Advance Access Publication Date: 24 October 2015
Short Communication

© The Author 2015. Published by ABBS Editorial Office in association with Oxford University Press on behalf of the Institute of Biochemistry and Cell Biology, Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences. 1018

D
ow

nloaded from
 https://academ

ic.oup.com
/abbs/article/47/12/1018/1343 by guest on 23 April 2024

http://www.oxfordjournals.org


geniposide-regulating tau phosphorylation remains to be explored. In
this study, we tried to investigate the effect of geniposide on the phos-
phorylation of tau in vitro and in vivo, and to clarify its molecular
mechanisms.

Materials and Methods

Animal experiment

APPswe/PS1dE9 double transgenic AD mice (C57BL/6 background)
were obtained from Model Animal Research Center of Nanjing
University (Nanjing, China). These mice express a chimeric mouse/
human amyloid precursor protein (Mo/HuAPP695swe) and a mutant
human presenilin 1 (PS1-dE9). All experiments and protocols de-
scribed in the present study were performed in accordance with the
principles and guidelines of the Chinese Council Animal Care and
also approved by the Institutional Animal Care and Use Committee
at Chongqing University of Technology (Chongqing, China).

Geniposide, bought from Sichuan Dicotyledonous Bio-tech Co,
Ltd (purity is over 99.5%, UR20060421; Chengdu, China), was ad-
ministered with intragastric administration (once a day) for 4 weeks.
As a positive control, liraglutide (Lir; Novo Nordisk, Bagsvaerd,
Denmark), a human GLP-1 analog, was administered with intraperi-
toneal injection (i.p.) at 100 µg/kg once a day.

Primary cortical neuronal culture and treatment

Rat primary cortical neurons were prepared from fetus cortex at
embryonic day 19–20 as described before [12,13]. Briefly, the cortexes
were dissected in cold PBS. Tissues were collected and washed with
PBS, and 0.25% (V/V) trypsin was added for digestion at 37°C for
15 min. The digestion was stopped by addition of fetal bovine serum
(FBS, Neurobasal; Gibco, Carlsbad, USA) at a final concentration of
10% (V/V). Cells were collected by centrifugation at 1000 rpm for
10 min to remove PBS, and were then suspended in neurobasal medium
(Gibco) supplemented with 10% FBS.

Cells were plated onto poly-D-lysine (10 µg/ml) pre-coated 24-well
plates and were cultured at 37°C in 95% humidified atmosphere with
5% CO2 until use. The initial medium (Neurobasal containing 10%
FBS) was removed on day 2 and replaced by fresh medium (Neuroba-
sal containing 2%B27) without serum. After seven days, the cells were

incubated with indicated dose of geniposide for 1 h, the cell lysates
were used to determine the level of phosphorylated tau protein. To
determine the effect of geniposide on the phosphorylation of GSK-3β
at ser-9 site and Akt ser-473 site, cells were incubated with 10 µM
geniposide for the indicated time in the presence or absence of leptin
antagonist (LA, leptin antagonist triple mutant rat recombinant;
Prospec, Rehovot, Israel), and the phosphorylation of Akt at ser-473
site and GSK-3β at ser-9 site were measured by western blot analysis.

Western blot analysis

Hemibrain samples were taken frommice and snap-frozen for biochem-
ical assays. For western blot analysis, each sample was homogenized in
10 volumes of modified RIPA buffer (Biyotime, Shanghai, China) con-
taining 150 mMNaCl, 50 mM Tris. HCl (pH 8.0), 1 mM EDTA, 1%
igepal, 0.5% sodium deoxycholate, 0.1% SDS and protease/phosphat-
ase inhibitor cocktail (Calbiochem, La Jolla, USA) and centrifuged at
10,000 g for 10 min to remove the insoluble material. Protein concen-
trations were determined by a BCA protein assay kit (Biyotime), and
10–20 µg protein was resolved on 10% SDS-PAGE and transferred
to polyvinylidene difluoride (PVDF) membranes. After blocking,
membranes were probed with anti-leptin receptor (OBR), anti-Akt,
anti-GSK-3β, anti-β-Actin, anti-phos-Akt473 and anti-phos-GSK-3β
antibodies (1:2000–3000; Santa Cruz Biotechnology, Santa Cruz,
USA), anti-tau and anti-phos-tau at ser-396 site (Immunoway, Newark,
USA) or horseradish peroxidase labeled anti-GAPDH antibody
(1:10,000, Genetimes Technology Inc., Shanghai, China). After exten-
sivewash, membranes were then incubatedwith horseradish peroxidase-
conjugated secondary IgG. Immunoblot signals were visualized by an
ECL chemiluminescence substrate reagent kit (Millipore, Billerica,
USA) and were quantified by densitometric scanning and image analysis
using the software of Quanty One (Bio-Rad, Hercules, USA).

Statistical analysis

Data are presented as mean ± SD from at least three independent
experiments. Analysis of variance was carried out using Origin soft-
ware, with P < 0.05 considered statistically significant, as assessed by
student’s t-test with corrections for multiple comparisons to a single
group (Dunnett’s t-test) and between multiple groups (Bonferroni
and Tukey’s tests).

Figure 1. Effects of geniposide on the phosphorylation of tau in vitro and in vivo (A) After rat primary cortical neurons were incubated with 0, 0.01, 0.1, 1 10 or

20 µM geniposide for 60 min, the cell lysates were collected to determine the level of phosphorylated tau by western blot analysis. Data are shown as mean ± SD

from three independent experiments, *P < 0.05, **P < 0.01 vs. control. (B) To determine the effect of geniposide on the phosphorylation of tau in APP/PS1 transegnic

mice, the mice were treated with 10, 20 and 40 mg/kg geniposide (i.g. once daily) for 4 weeks, the level of phosphorylated tau in the brain tissues were determined

with ELISA according to themanufacturer’s protocol. Data aremean ± SD (n = 6–10mice per group). Liraglutide (100 µg/kg; i.p. once daily), the humanGLP-1 analog,

was used as positive control (Lir) in this experiment. *P < 0.05 vs. control (C).
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Results

Effects of geniposide on the phosphorylation of tau

in vitro and in vivo
As shown in Fig. 1A, geniposide decreased the phosphorylation of tau
directly in a dose-dependent manner in rat primary cultured cortical
neurons. Treatment with 20 µM geniposide for 1 h could decrease
the level of phosphorylated tau by 40%. To confirm the effect of gen-
iposide on the phosphorylation of tau in vivo, we treated the APP/PS1
transgenic mice with geniposide (intragastric administration, once

daily) at indicated dosages for 4 weeks. The results demonstrated
that geniposide also attenuated the level of phosphorylated tau protein
in the brain of APP/PS1 transgenic mice (Fig. 1B).

Effect of geniposide on the protein of leptin receptor

in vitro and in vivo
It was speculated that a high concentration of leptin receptor (OBR) in
the hippocampus (center for cognition and memory) underscores the
possibility of a multifaceted role for leptin [8]. We therefore deter-
mined the influence of geniposide on the expression of OBR. Our
results indicated that geniposide could induce the expression of
OBR in primary cultured cortical neurons; and treatment with
10 µM geniposide for 24 h increased the expression level of OBR by
2.2-folds (Fig. 2A). Additionally, the influence of geniposide on the
protein level of OBR in vivo was also determined. Figure 2B showed
that geniposide also significantly enhanced the expression of OBR in
APP/PS1 transgenic mice.

Effect of leptin signaling on geniposide-regulated

tau phosporylation

To determine the role of leptin signaling in geniposide-regulated tau
phosphorylation, we tested the influence of leptin antagonist (LA)
on the phosphorylation of tau in primary cultured cortical neurons.
Our data showed that inhibition of geniposide on the phosphorylation
of tau was prevented by the pre-incubation with 50 nM LA (Fig. 3).

Effect of leptin signaling on geniposide-regulated

GSK-3β and Akt phosporylation

Much evidence has suggested that GSK-3β is physically complexed
with tau in the brain and phosphorylates tau in vitro and in vivo
[14,15], and plays an important role on the phosphorylation of tau
through the activation of phosphatidylinositol 3-kinase (PI3K)
[16,17]. To clarify the role of leptin signaling on the activation of
Akt and GSK-3β, we determined the effects of LA on the phosphoryl-
ation of Akt at ser-473 site and GSK-3β at ser-9 site in rat primary cul-
tured cortical neurons. The results demonstrated that geniposide

Figure 2. Effects of geniposide on the expression of leptin receptor in vitro and in vivo (A) After rat primary cortical neuronswere incubatedwith 10 µMgeniposide

for 0, 0.25, 0.5, 1, 2, 4, 8 and 24 h, the cell lysateswere collected to determine the expression level of OBR bywestern blot analysis. Data are shown asmean ± SD from

three independent experiments, *P < 0.05, **P < 0.01 vs. control (0 h). (B) To explore the influence of geniposide on the phosphorylation of tau in APP/PS1 transegnic

mice, the micewere treated with 10, 20 and 40 mg/kg geniposide (i.g.) for 4 weeks, the level of phosphorylated tau in the brain tissues were determined with ELISA.

Data are mean ± SD (n = 6–10 mice per group). Liraglutide (100 µg/kg) was used as positive control (Lir) in this experiment. *P < 0.05 vs. control (C).

Figure 3. Effect of LA on the phosphorylation of tau in primary cultured cortical
neurons To determine the influence of LA on geniposide regulating the

phosphorylation of tau protein, rat primary cortical neurons were

pre-incubated with 50 ng/ml LA for 30 min before addition of geniposide.

After the cells were treated with 10 µM geniposide for 60 min, the cells

lysates were used to determine the phosphorylation of tau protein by

western blot assay. Data are shown as mean ± SD from three independent

experiments. *P < 0.05, vs. control (C) and #P < 0.05 vs. the group treated

with geniposide alone (Gen).
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induced the phosphorylation of Akt and GSK-3β, and pre-incubation
with 50 nM LA prevented the role of geniposide on the phosphoryl-
ation of Akt at ser473 and GSK-3β (Fig. 4A,B). Together with the re-
sult of LA on geniposide-regulated tau phosphorylation (Fig. 3), the
present data indicated that geniposide enhanced the leptin signaling
to regulate phosphorylation of Akt and GSK-3β, which might play a
critical role on geniposide-regulated tau phosphorylation.

Discussion

Alzheimer’s disease (AD) is one of the most common cases of demen-
tia, and formation of NFT from hyperphosphorylated tau is one of the
typical hallmark lesions of AD. Although the pathogenesis of this dis-
ease is not yet fully understood, it is reported that NFTs are structures
present in the neuronal cell body, and GSK-3β plays an critical role in
the phosphorylation of tau [5,14]. GSK-3β is physically complexed
with tau and phosphorylates tau in vitro and in vivo [15,18]. In the
present study, our data suggested that geniposide decreased the level
of phosphorylated tau in rat primary cortical neurons and in APP/
PS1 transgenic mice via enhancing leptin signaling to regulate the
phosphorylation of Akt at ser-473 site and GSK-3β at ser-9 site,
indicating that geniposide might be useful for the treatment of AD.

Our previous studies suggested that geniposide isolated from
Gardenia jasminoide was a novel agonist for glucagon-like peptide
1(GLP-1) receptor. It induced the neuronal differentiation of PC12
cells via the MAP kinase pathway by the activation of GLP-1 receptor
[19]. Pretreatment with geniposide also prevented neurons from oxida-
tive stress via PI3K signaling pathway in PC12 cells and primary
cultured cortical neurons [20,21]. Furthermore, with the activation
of GLP-1 receptor, geniposide also up-regulated insulin-degrading
enzyme expression to antagonize the cytoxicity of Aβ in primary
cultured cortical neurons [13]. A recent study revealed that a single in-
jection of geniposide to the lateral ventricle prevented STZ-induced spa-
tial learning deficit by ∼40% and reduced tau phosphorylation by
∼30%, demonstrated byMorris watermaze test and quantitative immu-
nohistochemical analysis, respectively [10]. But themechanisms through
which geniposide regulates tau phosphorylation are still unknown.

A number of studies have demonstrated that leptin treatment
reduces Aβ production and tau phosphorylation in neuronal cultures

[22]. Furthermore, leptin treatment reversed these effects by decreas-
ing the expression of BACE1 and the activity of GSK-3β [2,23]. These
studies support the scenario where leptin inhibits Aβ production and
tau phosphorylation. Currently, leptin therapymay provide promising
hopes for the treatment of both the metabolic syndrome and AD. In
this study, geniposide was shown to induce the expression level of
leptin receptor and decrease the phosphorylation of tau in rat primary
cultured cortical neurons as well as in APP/PS1 transgenic mice. Our
data further revealed that geniposide is able to enhance the phosphor-
ylation of Akt at ser-473 site and GSK-3β at ser-9 site, which leads to
the decrease of its activity, and thus prevents the phosphorylation of
tau protein. Furthermore, our data also indicated that LA suppresses
the effect of geniposide on the phosphorylation of tau, Akt and
GSK-3β in rat primary cortical neurons. All these results suggest
that leptin signalingmay play a critical role in the geniposide-regulated
tau phosphorylation.
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