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Curcumin Inhibits the AKT/NF-κB Signaling via CpG Demethylation
of the Promoter and Restoration of NEP in the N2a Cell Line
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Abstract. Curcumin (CUR), a non-toxic polyphenol from Curcuma longa, has been investigated as a
potential therapy with anti-inflammatory and anti-oxidative effects for Alzheimer’s disease (AD), which
depicts features of chronic inflammatory environment resulting in cellular death. However, it remains
largely unknown whether the anti-inflammatory effect of CUR in AD is associated with its property of
CpG demethylation, which is another function of CUR with the most research interest during recent
years. Neprilysin (NEP, EP24.11), a zinc-dependent metallopeptidase expressed relatively low in the
brain, is emerging as a potent inhibitor of AKT/Protein Kinase B. In addition, hypermethylated promoter
of NEP has been reported to be associated with decreases in NEP expression. In the present study, using
bisulfite-sequencing PCR (BSP) assay, we showed that the CpG sites in NEP gene were hypermethylated
both in wild-type mouse neuroblastoma N2a cells (N2a/wt) and N2a cells stably expressing human
Swedish mutant amyloid precursor protein (APP) (N2a/APPswe) associated with familial early onset
AD. CUR treatment induced restoration of NEP gene via CpG demethylation. This CUR-mediated
upregulation of NEP expression was also concomitant with the inhibition of AKT, subsequent
suppression of nuclear transcription factor-κB (NF-κB) and its downstream pro-inflammatory targets
including COX-2, iNOS in N2a/APPswe cells. This study represents the first evidence on a link between
CpG demethylation effect on NEP and anti-inflammation ability of CUR that may provide a novel
mechanistic insight into the anti-inflammatory actions of CUR as well as new basis for using CUR as a
therapeutic intervention for AD.
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INTRODUCTION

Alzheimer’s disease (AD), the most common dementia
that accounts for an estimated of 60–80% of cases, is one of
the leading causes of morbidity and death worldwide (1).
Accumulating evidence has shown that excessive and dysreg-
ulated inflammation is implicated in the progression of AD,
contributing to the cellular death and associated neurodegen-
eration (2,3). AKT/nuclear transcription factor-κB (NF-κB)
signaling is a critical cell signaling pathway that plays a major

role in various biological functions including inflammation,
cell growth, and differentiation (4,5). It is reported that
aberrant activation of NF-κB induced by amyloid β-peptide
(Aβ), a generally accepted contributor to the etiology of AD
(6), contributes to the initiation and progression of AD
through upregulation of pro-inflammatory proteins such as
cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase
(iNOS) in experimental models of AD (7,8). All the above
reports suggest that targeting AKT/NF-κB proteins may
represent a potential therapeutic strategy for AD therapy.

Neprilysin (NEP, EP24.11), a zinc-dependent
metallopeptidase expressed relatively low in the brain, has
been characterized as capable of reducing neurotoxicity
through degradation of Aβ in AD (9,10). Increasing evidence
also indicates an important function of its inhibition in AKT
activation (11,12). However, NEP, which alters with age,
chronically decreases in AD brains (13). DNA methylation is
known to be involved in gene suppression (14). Recent
studies have demonstrated that hypermethylation of CpG
islands within NEP gene is an important mechanism to
inactive NEP expression (15,16).

Curcumin (CUR) is a natural and non-toxic polyphenol
of turmeric, a yellow spice isolated from Curcuma longa (17).
With anti-inflammatory, anti-oxidative, and anti-carcinogenic
properties by targeting various molecules such as interleukin-
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1β (IL-1β) and tumor necrosis factor-α (TNF-α), CUR has
been extensively used as a food preservative in India (18–20).
Now, it is showing promising results in clinical trials as a
potential therapy for inflammatory and malignant diseases
(21,22). Besides the roles of CUR in anti-inflammation and
anti-oxidative stress, accumulating evidence indicates that
CUR is a potential epigenetic inhibitor, particularly
possessing inhibitory effects on DNA methyltransferases
(DNMTs) with low concentration (23,24). Moreover, the
potential of CUR analogues EF31 and UBS109 as epigenetic
modifier and anti-carcinogenic agent is also being delineated
(25,26). To date, little is known about the effect of CUR on
the CpG methylation of potential genes in AD and whether
this hypomethylating activity of CUR is associated with its
role of anti-inflammation.

In this study, we used wild-type mouse neuroblastoma
N2a cells (N2a/wt) and N2a cells stably expressing human
Swedish mutant amyloid precursor protein (APP) (N2a/
APPswe) associated with familial early onset AD (27) as cell
models. Our aim is to explore whether CUR has CpG
demethylation and upregulation effects on NEP gene and
subsequent regulates NEP-mediated anti-inflammation
pathway.

MATERIALS AND METHODS

Cell Culture and Treatment

Wild-type mouse neuroblastoma N2a cells (N2a/wt) and
N2a cells stably expressing human Swedish mutant APP
(N2a/APPswe) were generously provided by Dr. Huaxi Xu
(Burnham Institute for Medical Research, La Jolla, USA).
N2a cells at the fourth passage were used. N2a cells were
cultured in a 1:1 mixture of DMEM and OPTI-MEM
supplemented with 5% fetal bovine serum (Gibico, Carlsbad,
CA) at 37°C in 5% CO2, and 150 μg/mL G418 was added in
the culture media of N2a/APPswe cells. Cells were seeded for
24 h and then treated with 0.1% DMSO, 2.5 μM CUR, 5 μM
CUR for 48 h, 5 μM 5-aza-2′-deoxycytidine (5-aza-CdR) for
72 h, 10 μM LY294002 for 24 h, or combination of 5 μM CUR
and 30 μM Thiorphan for 48 h. All the chemicals were
obtained from Sigma–Aldrich (St. Louis, MO, USA). Cells
were harvested for DNA, RNA, and protein analyses
outlined below.

RNA Isolation and Quantitative Real-Time Polymerase
Chain Reaction

Total RNAs were extracted from the treated cells using
Trizol reagent (TaKaRa, Japan). The template cDNA was
synthesized from total RNA by reverse transcription (RT)
using PrimeScript reverse transcription kit (TaKaRa, Japan),
real-time PCR was performed by Thermal Cycler Dice Real
Time System (Thermo, USA) using SYBR PrimeScript PCR
kit (TaKaRa, Japan) according to the manufacturer’s instruc-
tions. Quantitative real-time polymerase chain reaction
(qPCR) was performed by an Eppendorf Mastercycler nexus
instrument (Eppendorf, Germany) with initial heating at 95°C
for 30 s, followed by 40 cycles of denaturation at 95°C for 5 s
and annealing plus extension at 60°C for 30 s. The level of
gene was normalized to the expression of GAPDH. The

following sequences of the primers were used for amplifica-
tion: NEP forward (5′-CTCTCTGTGCTTGTCTTGCTC-3′)
and reverse (5′-GACGTTGCGTTTCAACCAGC-3′) and
GAPDH forward (5′-GGTGAAGGTCGGTGTGAACG-3′)
and reverse (5′-CTCGCTCCTGGAAGATGGTG-3′)
(Sangon Biotech, China). Relative quantification in each
sample was performed using the 2−ΔΔCT method.

Preparation of Protein Lyses and Western Blotting

Total proteins, cytoplasm protein fragments, and nuclear
protein fragments were extracted, respectively, as described
previously (28). The protein concentrations were determined
using the bicinchoninic acid (BCA) method (Pierce, Rock-
ford, IL). Equal amounts (50 mg of protein per lane) of
proteins from each sample were separated by SDS-PAGE
(Bio-Rad, CA, USA). After electrophoresis, the proteins
were transferred to the polyvinylidene difluoride (PVDF)
membranes (Millipore, USA). After blocking with 5% BSA
for 2 h, the PVDF membranes were incubated at 4°C
overnight with specified primary antibodies against NEP
(Epitomics, USA; 1:1,000) and phosphorylated AKT (p-Akt)
(Ser473), AKT, phosphorylated p65 (p-p65) (Ser536), p65
(Cell Signaling Technology, USA; all 1:1,000), or iNOS,
COX-2 (Cell Signaling Technology, USA; all 1:500), β-actin
(Santa Cruz, CA, USA; 1:1,000), or Lamin A/C (Abcam,
USA; 1:500). β-actin or Lamin A/C was used as a loading
control. After washing with blocking buffer, membranes were
incubated with horseradish peroxidase-conjugated secondary
antibody (Zhongshan Golden Bridge, Beijing, China; 1:100).
Immunoreactive bands were visualized by Chemiluminescence
reagents (Beyotime, China). The intensity of each band was
measured using Quantity One (Bio-Rad, CA, USA).

Immunocytochemistry Staining

N2a cells were fixed on the glass slides with 4%
paraformaldehyde for 10 min at room temperature. After a
brief washing in phosphate-buffered saline (PBS), cells were
incubated with or without 0.4% Triton for 10 min at room
temperature. The cells were blocked with 5% normal goat
serum for 2 h and then incubated with anti-NEP (Santa Cruz
Biotechnology, USA; 1:50) for 2 h at 37°C or anti-p-p65 (Cell
Signaling Technology, USA; 1:100) antibodies overnight at
4°C. After incubation, cells were washed and then incubated
with Cy3-conjugated secondary antibody (Beyotime, China;
1:100) for 1.5 h at 37°C and counterstained for nuclei with
DAPI (Beyotime, China) for 3 min at room temperature.
Cells were finally washed three times with PBS and then
analyzed under a laser scanning confocal microscope (A1R,
Nikon, Japan).

Bisulfite-Sequencing PCR

Genomic DNA was extracted from the DMSO and
CUR-treated N2a cells using the DNeasy Tissue Kit
(QIAGEN, Valencia, CA, USA). The bisulfite conversion
was carried out with 1 mg of genomic DNA using Methylamp
DNA Modification Kit (Epigentek, Brooklyn, NY, USA)
according to the manufacturer’s instructions. The bisulfite-
modified DNA was amplified by PCR with the primers that
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amplify the 41 CpGs from −95 to +245 of the murine NEP gene,
with the translation start site referenced as +1. The forward and
reverse primers were 5 ′-AATTTTTAGGTTATTT
AGGGAATTGT-3′ and 5′-AAACRACTAAACAAAC
ACATCCC-3′, respectively. PCR amplification conditions were
as follows: 98°C 4min, 94°C 45 s, 66°C 45 s, 72°C 1min, 20 cycles.
Then, the first-stage PCR product was amplified at the following
conditions: 94°C 45 s, 56°C 45 s, 72°C 1 min, 20 cycles, and a final
extension at 72°C for 8min. PCRproducts were purified using the
QIAquick PCR purification kit (QIAGEN, Valencia, CA, USA)
and sequenced by Sangon Biotechnology.

Statistical Analysis

All data were expressed as mean±SD of at least three
separate experiments. Differences between two groups were
analyzed using Student’s t test. Differences between multiple
groups were analyzed using ANOVA. The CpG methylation
rates of NEP gene were analyzed by Fisher’s exact test. p
value <0.05 was regarded statistical significance.

RESULTS

CUR Induces Restoration of NEP in N2a/wt
and N2a/APPswe Cells

To test whether CUR has an effect on NEP expression,
qPCR and Western blot were used to establish the messenger
RNA (mRNA) and protein levels of NEP in N2a cells
exposed to different concentrations of CUR. We found that
5 μM but not 2.5 μM of CUR significantly increased the
mRNA and protein levels of NEP both in N2a/wt and N2a/
APPswe cells (Fig. 1a, b). Immunocytochemistry further
confirmed that 5 μM of CUR caused more intense staining
of NEP in plasma membrane than that from controls
(Fig. 1c). Since demethylation of CpG sites is involved in
gene reactivation and 5-aza-CdR is a widely used cytosine
methylation inhibitor (29), we used 5-aza-CdR-treated sam-
ple as a positive demethylation control to test whether NEP
transcription is associated with its DNA methylation status in
these two N2a cell lines. Our data showed remarkably
increased levels of NEP following 5-aza-CdR treatment
(Fig. 1a, b).

CUR Reverses Hypermethylated CpG Sites of NEP Gene
in N2a/wt and N2a/APPswe Cells

Forty one CpG sites ranging from −95 to +245 nt relative
to the exon 1 (with the translation initiation site designated as
+1) in a CpG island were identified on the mouse NEP
promoter by sequence analysis (www.genome.ucsc.edu)
(Fig. 2a). To investigate whether upregulation of NEP by
CUR is associated with modification of DNA methylation of
NEP, bisulfite-sequencing PCR (BSP) was performed to
quantitatively analyze the methylation levels of CpG sites in
NEP gene in N2a/wt and N2a/APPswe cells incubated with or
without CUR. We selected ten clones to analyze for each
CpG site. BSP revealed that the percentages of total
methylated CpG sites in NEP gene in N2a/wt and N2a/
APPswe cells were 92.19 and 90.73%, respectively, indicating
the baseline hypermethylation level of these regions. Then,

5 μM instead of 2.5 μM of CUR was selected to treat N2a
cells due to its significant upregulation effect on NEP
expression, which was revealed in Western blot and qPCR.
Compared to the control, the average proportion of methyl-
ated CpGs decreased to 77.56% (Fisher exact test, p value
<0.0001) in N2a/wt cells treated with CUR. Among the whole
41 CpGs, the region from −50 to +185 containing 27 CpG
sites was dramatically demethylated (decreased from 95.56 to
68.15%, Fisher exact test, p value <0.0001) (Fig. 2b). Mean-
while, the methylation of CpGs was also reduced by CUR in
N2a/APPswe cells (decreased from 90.73 to 81.7%, Fisher
exact test, p value <0.0001). The region from −12 to +150
containing 19 CpG sites was particularly demethylated
(decreased from 90 to 70.53%, Fisher exact test, p value
<0.0001) (Fig. 2c).

CUR-Induced NEP Upregulation Suppresses
the AKT/NF-κB Pathway in N2a/APPswe Cells

NEP has been demonstrated as an inhibitor of AKT (11).
To determine whether upregulation of NEP induced by CUR
mediates downregulation of activation of AKT and its
downstream target NF-κB, the N2a/APPswe cells, engineered
to over-produce Aβ (30), was used. 5 μM of CUR was added
to N2a/APPswe cells and incubated for 48 h. Western blot
showed that CUR significantly reduced the protein expres-
sion of phosphorylated AKT (p-AKT), which indicates the
level of AKT activation, although the least effect was
observed on AKT levels (Fig. 3a). p65, the subunit of the
NF-κB, containing transactivation domain, is phosphorylated
and translocated to the nucleus when NF-κB is activated (31).
Thus, proteins of nuclear and cytoplasmic extracts were
examined for the expression of p65 and phosphorylated p65
(p-p65) to analyze the activation of NF-κB. We found that
CUR treatment resulted in remarkable decrease of protein
expression of p65 in nuclear and p-p65 both in nucleus and
cytoplasm, although synthesis of the cytoplasmic p65 protein
remained unaffected (Fig. 3a). To test whether inhibition of
NF-κB is associated with loss of AKT activation in this cell
line, LY294002 (10 μM), an AKT inhibitor, was also added.
We observed the decrease of NF-κB activation following
inhibition of AKT by LY294002 (Fig. 3a). Furthermore, the
reduced translocation of p-p65 to the nucleus was revealed by
immunocytochemistry (Fig. 3b), whereas the highly specific
NEP inhibitor, Thiorphan (30 μM), added to N2a/APPswe
cells during incubation with CUR, prevented CUR-induced
inactivation of AKT and p65 (Fig. 3a, b).

Inhibition of AKT/NF-κB Signaling by CUR Is Associated
with Modulation of NF-κB Downstream Gene Products
in N2a/APPswe Cells

To test whether alterations in the AKT/NF-κB signaling
by CUR lead to changes in downstream targets, the
expression of COX-2 and iNOS, the major pro-inflammatory
markers of NF-κB targets, was examined. N2a/APPswe cells
were treated with CUR at 5 μM for 0, 24, 48, and 72 h.
Western blot revealed that CUR led to a decrease in both
COX-2 and iNOS expression in a time-dependent manner
(Fig. 4).
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Fig. 1. Effects of CUR treatment on NEP expression in N2a/wt and N2a/APPswe cells.
N2a cells were incubated with DMSO (0.1%), CUR (2.5 μM, 5 μM) for 48 h, or 5-aza-CdR
(5 μM) for 72 h. Cells in each group were then collected; RNA and proteins were assessed.
a qPCR analysis of NEP mRNA level. GAPDH was assessed as a loading control. b
Western blot analysis of NEP protein level. β-actin was assessed as a loading control. c
Immunocytochemistry analysis of NEP protein expression and distribution. N2a cells were
treated with 5 μM CUR for 48 h and labeled with anti-NEP antibody (red) and DAPI
(blue). Scale bar 100 μm. All data were represented as a mean±SD of three independent
experiments. *p<0.05, **p<0.01
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DISCUSSION

DNA methylation, one of epigenetic regulations, refers
to the methylation of the fifth cytosine in the pyrimidine ring
catalyzed by DNMTs. In general, DNA methylation is
associated with blockade of gene expression (14). Several
lines of evidence now demonstrate that aberrant DNA
methylations of genes in AD are implicated in the initiation
and progression of AD (32). Neprilysin (NEP), a zinc-
dependent metallopeptidase, serves as the major physiologi-
cal Aβ-degrading enzyme (9). However, both the expression
and activity of NEP decrease with age in AD brains (13,33),
and the transcriptional regulatory mechanisms that regulate
NEP expression are relatively unknown. In the present study,
we observed the DNA methylation status of NEP gene in
wild-type N2a cells (N2a/wt), which is devoid of NEP (34),
and N2a cells stably expressing human Swedish mutant APP
(N2a/APPswe) associated with familial early onset AD (27).
Interestingly, the CpG sites in promoter region of NEP were
hypermethylated both in N2a/wt and N2a/APPswe cells at the
fourth passage. This aberrant DNA methylation pattern of
NEP gene at early passage suggests that it may be imprinted
from primary N2a cells. Chen et al. have demonstrated that
hypermethylation level of the same region on NEP promoter

was associated with suppression of NEP expression. Howev-
er, they also reported that 25 μM exogenous Aβ40 could
induce changes of DNA methylation level of NEP in murine
cerebral endothelial cells (15). N2a/APPswe cells are
engineered to overexpress APP, the precursor for Aβ. We
have examined expression of Aβ in these two cell lines by a
sandwich ELISA and found that levels of the secreted Aβ40
and Aβ42 were 1.5 and 0.625 pM in N2a/wt cells, respectively.
Compared with N2a/wt cells, levels of the secreted Aβ40 and
Aβ42 were increased by 3.3- and 2.8-fold in N2a/APPswe
cells, respectively (data not shown). These data indicate that
the similar DNA methylation level of NEP in these two cell
lines may be due to the far lower concentration of endoge-
nous Aβ produced by N2a/APPswe cells that fails to play a
role in NEP expression. Moreover, NEP is poorly expressed
in N2a/wt cells (34), even if Aβ is at a baseline low level.
Thus, it seems that Aβ level is not necessary for DNA
methylation-associated changes of NEP in N2a cells.

Further, we found treatment of 5-aza-CdR, the well-
known cytosine methylation inhibitor (29), resulted in re-
markable increases of NEP expression in N2a/wt and N2a/
APPswe cells, which is consistent with the upregulation of
NEP induced by 5-aza-CdR in other age-associated diseases
such as prostate cancer (16,35). These data indicate that

Fig. 2. Effects of CUR on DNA methylation of NEP in N2a/wt and N2a/APPswe cells. a
Genomic structure of the CpG island in the mouse NEP promoter region. The arrow
represents the transcription initiation site (+1). b, c Bisulfite sequencing chromatogram of
NEP CpG sits in N2a/wt cells (b) and N2a/APPswe cells (c) treated with or without CUR
at 5 μM for 48 h. The vertical bars delineate the position of CpG sits. Each row of
circles indicates a single cloned allele. Black and open circles represent methylated
and unmethylated cytosines, respectively. Three independent experiments were
analyzed for BSP
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Fig. 3. Effects of CUR-induced NEP upregulation on AKT/NF-κB signaling in N2a/APPswe cells. N2a/
APPswe cells were treated with DMSO (0.1%), CUR (5 μM), combination of CUR (5 μM) and NEP
inhibitor Thiorphan (Th, 30 μM) for 48 h, or AKT inhibitor LY294002 (10 μM) for 24 h. Cells in each
group were collected and protein levels were then assessed. a Western blot analysis of the protein levels of
p-AKT, AKT, and p-p65, p65 both in nucleus and cytoplasm. β-actin was assessed as a cytoplasmic protein
loading control. Lamin A/C was assessed as a nucleus protein loading control. b Immunocytochemistry
analysis of p-p65 translocation. N2a/APPswe cells were labeled with anti-p-p65 antibody (red) and DAPI
(blue). Scale bar 100 μm. Th Thiorphan, NE nuclear extracts, CE cytoplasmic extracts. All data were
represented as a mean±SD of five independent experiments. *p<0.05, **p<0.01
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DNA methylation of the NEP promoter is an important
mechanism that mediates its transcriptional repression in the
N2a cell lines at early passage in vitro. However, Belyaev et
al. reported that 5-aza-CdR could not upregulate NEP in
human neuroblastoma SH-SY5Y cells (36). We suppose this
divergence may be due to the species-associated difference in
NEP promoter or different approach of drug treatment.

Since epigenetic regulation is more amenable than irrevers-
ible genetic mutation (37), 5-aza-CdR has been extensively
studied in cancer therapy. But its utility is limited due to its
nonspecificity and undesirable side effects (29). Recent studies
have identifiedCURas a potential player in epigenetic regulation
based on its inhibitory effect on DNMTs, histone deacetylases
(HDACs), and histone acetyltransferases (HATs) (23). Using

DNAmethylation arrays, Link et al. reported that CUR-induced
DNA demethylation occurred only in partially methylated genes
(38), which suggests CUR may serve as a more valuable
epigenetic inhibitor. However, no reports delineate the effect of
CUR on the CpG methylation of potential genes in AD so far.
We proceeded to test whether CUR could reactivate the
expression of NEP gene in N2a/wt and N2a/APPswe cells
through promoter DNA demethylation. Our findings showed
that CUR demethylated CpG sites of NEP gene at 5 μM in these
two cell lines, along with a significant upregulation of NEP level,
which is as effective as 5-aza-CdR treatment. Similar effects of
CUR on DNA demethylation have been shown in several genes
such as Nrf2 and Neurog 1 (39,40). However, it is also reported
that demethoxycurcumin and bisdemethoxycurcumin but not

Fig. 4. Effects of CUR-induced AKT/NF-κB signaling disruption on NF-κB downstream targets.
N2a/APPswe cells treated with CUR at 5 μM for 0, 24, 48, and 72 h. Proteins were then assessed
for levels of COX-2 and iNOS. β-actin was assessed as a loading control. All data were represented as a mean±
SD of five independent experiments. *p<0.05, **p<0.01

Fig. 5. The possible mechanism of anti-inflammation induced by CUR in the N2a cell line. CUR induces CpGs
demethylation of NEP promoter, leading to NEP restoration, then inhibiting the NEP-dependent activation of AKT/NF-κB
signaling and its pro-inflammatory targets COX-2 and iNOS
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CUR could demethylate the promoter region (41). In the present
study, we confirmed that CUR could restore the expression of
NEP in a methylation-dependent manner in N2a/wt and N2a/
APPswe cells, providing a new insight into the mechanism
beyond the conventional effects of CUR in AD.

CUR has been demonstrated to exert its demethylation
effect through covalent binding to the catalytic thiolate of C1226
of DNMT1, which was further validated by the inhibitory effect
of CUR on M.Sss1 activity with an IC50 of 30 nM (24). Several
studies have also reported that CUR could inhibit the activity or
expression ofDNMTs (40,42). Further, the effect of CUR and its
analogues EF31 and UBS109 on inhibiting HSP-90 and NF-κB,
the positive regulators of DNMT-1 transcription, has been
suggested as a possible mechanism responsible for downregula-
tion of DNMT-1 (25).Whether upregulation of NEP induced by
CUR in these two cell lines was mediated by either or both of
these mechanisms is needed to be further validated.

Based on the amyloid cascade hypothesis, aggregation of
Aβ could evoke inflammation stress. On the other hand, Aβ-
induced neurotoxicity is exacerbated under conditions of
inflammation dysregulation (43). Subsequent studies have
demonstrated that the pro-inflammatory factor NF-κB acti-
vated by several molecules including AKT is involved in the
inflammation progress of AD (7,8). Besides the property of
Aβ clearance in AD brains, NEP has also been reported to
have negative regulatory effect on AKT signaling (11). In this
study, we confirmed the ability of CUR treatment to inhibit
AKT/NF-κB signaling by suppressing the activation of AKT
and NF-κB in N2a/APPswe cells in NEP-dependent way. We
found CUR led to remarkable decreases of not only p-p65
levels but also the total amount of p65 proteins in nucleus,
suggesting that downregulation of p-p65 by CUR is due to
both dephosphorylation and downregulation of total p65
protein. The prevention of translocation of p-p65 to nucleus
by CUR has also been demonstrated by immunofluorescence
microscopy. However, when specific NEP inhibitor Thiorphan
was added, the effects of CUR on this signaling were
abolished. These above findings indicate that CUR-induced
upregulation of NEP is indeed responsible for the inhibition
of AKT/NF-κB signaling, whereas the ability of CUR to
inhibit the activation of AKT/NF-κB signaling has been
reported in many other diseases and is not involved in NEP
gene (44,45). Thus, there may be more mechanisms contrib-
uting to the inhibitory effect of CUR on this signaling. In this
study, we hypothesize the entire disruption of suppression of
AKT/NF-κB signaling by CUR/Thiorphan combination treat-
ment probably due to the higher effect of Thiorphan on
activating this signaling because of its ability to exacerbate
Aβ accumulation (46,47), thus masking CUR effect. Further,
when we tested the proteins known to be downstream targets
of NF-κB, we found that CUR reduced protein levels of
COX-2 and iNOS in a time-dependent manner. These data
suggest that disruption of AKT/NF-κB signaling may be at
least one of the causes of modification of these proinflamma-
tory genes by CUR in N2a/APPswe cells.

CONCLUSIONS

The present study was the first to show that CUR can
elicit its neuroprotective effect, potentially at least in part,
through DNA methylation modification of NEP gene with its

subsequent induction of the NEP-mediated AKT/NF-κB
pathway in the N2a cell line in vitro (Fig. 5). Our findings
may help to fully appreciate the anti-inflammatory effects of
CUR and provide a new basis for potential NEP-based
epigenetic modifying therapeutic intervention in AD.
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