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Abstract: The main purpose of this research was to explore the molecular mechanisms of Jumonji Domain-Con-
taining Protein 3 (JMJD3) in Alzheimer’s disease (AD) and to analyze its role in the anti-AD mechanism of cur-
cumin (CUR). In the in vitro study of AD, JMJD3 overexpression promoted the trimethylation of histone H3 lysine 27
(H3K27me3), downregulated brain-derived neurotrophic factor (BDNF ), improved the abnormality of mitochondrial
stress response (MSR) markers, A accumulation, increased cell proliferation and inhibited apoptosis. Upregulat-
ing BDNF also achieved above similar results. Knockout of JMJD3 could downregulate BDNF, upregulate the level
of H3K27me3 methylation and inhibit MSR markers, while transfection of JMJD3 RNAi could counteract the up-
regulated effect of BDNF. Then, MSR activator could also improve AD. In addition, JMJD3 in AD in vitro models was
obviously upregulated under CUR stimulation, and it triggered a series of reactions as mentioned above. In the in
vivo study, the levels of JMJD3, the mRNA and protein levels of BDNF in the right brain tissues of AD mice were
downregulated, the methylation of H3K27me3 increased, and the MSR markers (ClpP, HSP6, HSP-60, ATFS-1, etc.)
were downregulated; the above indexes were improved in varying degrees with the intervention of CUR. Thus, we
conclude that CUR can induce the upregulation of JMJD3 and improve BDNF expression by promoting the demethyl-
ation of H3K27me3, thereby maintaining the balance of MSR and thus, preventing AD development.
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Introduction mitochondrial dysfunction relating to A aggre-

gation has become a hot issue and break-

Alzheimer’s disease (AD) is a progressive neu-
rodegenerative disease characterized by mem-
ory and cognitive loss, which has affected near-
ly 50 million people worldwide [1]. Its main
pathological features are related to the deposi-
tion of brain amyloid-B (AB), and its prevalence
is on the rise, which brings challenges to the
medical care of the elderly [2, 3]. Up to now,
there is no reliable and effective prevention or
treatment, which brings a heavy public health
burden to the society [4]. Hence, exploring the
pathogenesis of AD and finding new drug tar-
gets are quite significant for its prevention and
treatment.

The pathological mechanism of AD involves
toxic effects caused by AR aggregation, such
as mitochondrial dysfunction. Thus, minimizing

through in AD treatment [5, 6]. It's known that
mitochondrial dysfunction is accompanied by
mitochondrial protein imbalance. A series of
stress reactions reflecting this imbalance, also
called mitochondrial stress response (MSR),
such as mitochondrial unfolded protein res-
ponse (UPRmt), mitochondrial autophagy and
mitochondrial oxidative phosphorylation (OX-
PHOS), are key mechanisms to regulate mito-
chondrial protein balance [7, 8].

Brain-derived neurotrophic factor (BDNF), a
member of the neurotrophic factor family, regu-
lates brain physiological processes such as
brain development, neuron regeneration and
synaptic plasticity [9]. Its enhanced expression
in AD is likely to improve MSR by activating
UPR™, thus maintaining mitochondrial protein
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balance, but the expression level is low in
AD patients [10-12]. It is well acknowledged
that a large number of genes are methylated
in the pathological process of AD, which has
epigenetic modification effects on the patho-
logical process, which is mainly manifested
by hypermethylation of gene promoter region
and trimethylation of histone H3 lysine 27
(H3K27me3) [13, 14]. It has been reported that
the methylation of H3K27Me3 in BDNF promot-
er region is negatively correlated with Jumoniji
Domain-Containing Protein 3 (JMJD3). When
the level of JMJD3 decreases, the methylation
of H3K27Me3 can increase, suggesting that
JMJD3 can mediate the demethylation process
of H3K27Me3 and promote BDNF expression
[15, 16]. JMJD3, a selective demethylase con-
taining Jumonji domain, has been reported to
be involved in the regulation process of UPRmt;
Deficiency of JMJD3 will lead to decreased level
of UPR™ and even reduced life span of nema-
tode [17, 18].

Based on the above research results, we as-
sume that the decrease of JMJD3 expression in
AD may lead to the increase of methylation of
H3K27Me3 in BDNF promoter region and the
inhibition of BDNF expression. This will cause
MSR abnormality and further aggravate the
development and progression of AD.

Curcumin (CUR), the main component of tradi-
tional Chinese medicine turmeric, is a potenti-
al drug for AD treatment. It helps to inhibit
the deposition and improve the depolyme-
rization of AB, and is usually safe with multi-
target effects [19-21]. However, it is unclear
whether it has a regulatory effect on the JM-
JD3-BDNF axis. This research aimed to reveal
the role of JMJD3 in the pathogenesis of AD
and further explore the molecular mechanisms
of CUR.

Materials and methods
Animals

Male APP/PS-1 transgenic AD mice (APP/PS-1
group, n = 40) and control wild-type C57BL/6
mice (WT group, n = 10) aged 6 months were
purchased from the Institute of Medical La-
boratory Animals, Chinese Academy of Medical
Sciences. They were fed routinely in SPF-grade
animal houses. This research was approved
by the Animal Care and Protection Committee
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of Qilu Medical College (SA-184760), and the
experimental steps were strictly in line with the
animal care guidelines.

Animal grouping and drug intervention

All animals were divided into WT group (n =
10), APP/PS-1 group (n = 10) and CUR group
(n = 10). For the CUR group, APP/PS-1 mice
were peritoneally injected with CUR (Bao-
man Biotechnology Co., Ltd., Shanghai, Chi-
na, C0190) at a dose of 200 mg/kg/d through
a stereotactic instrument (Yuyan Scientific
Co., Ltd., Shanghai, China) [22]. The treatment
lasted for two weeks before the follow-up
experiment.

Behavioral assessment

The cognitive function of mice was tested by
the Morris water maze (MWM) 5 days after
administration. First, the mice were random-
ized in four quadrants, their heads facing the
wall were put in the water, and the time mice
took to find a platform was measured. If they
failed to reach the platform with 2 min, we then
guided them to do so, and the mice were kept
on the platform for 30 s, and the time in water
was 120 s. After that, the mice were dried,
placed in cages and trained twice a day. We
recorded the time when mice searched for plat-
forms in each quadrant and took the average
escape latency in four quadrants as the final
latency of the day. On the sixth day, the space
probe test was carried out in the maze without
platform, and the mice were placed at the
marked position in the quadrant. The number
of times when the mice passed the platform
was recorded. It was tested twice, and the aver-
age value was the final result. The swimming
speed was recorded. Afterwards, they were
euthanized, and the right brain tissue samples
were collected.

Pathological evaluation

We evaluated the pathological morphology
and neuronal apoptosis level of brain tissues
of mice mainly through hematoxylin and eo-
sin (HE) staining and transferase-mediated
deoxyuridine triphosphate-biotin nick end label-
ing (TUNEL) method. HE staining (Biolab Te-
chnology Co., Ltd., Beijing, China, ZN1970-KPC)
and TUNEL detection kits (Qiming Biotechnolo-
gy Co., Ltd., Shanghai, China, 0X02752) were

Am J Transl Res 2022;14(8):5280-5294



JMJD3 in Alzheimer’s disease

used. The accumulation and clearance of AB
were determined by immunohistochemistry.

In HE staining, paraffin-embedded mouse brain
tissues were sliced into 4 ym sections. After
being dewaxed in xylene, the tissues were then
hydrated with ethanol in gradient concentration
and washed with tap water. Finally, the slices
were dyed with hematoxylin for 1 min. After
being washed with tap water and intervened
with 1% hydrochloric acid-ethanol (to distin-
guish them), the slices were put in 1% ammonia
water and stained with eosin for 2 min after
they turned blue for 30 s. Afterwards, the tis-
sues were dehydrated by alcohol with gradient
concentration, fixed in xylene and sealed with
neutral balsam. Its morphological changes
were observed under microscope.

In TUNEL assay, the antigens from brain slices
after fixation were recovered, and the slices
were paraffin embedded, dewaxed, hydrated
with ethanol gradient concentration and wa-
shed at 80°C. Thereafter, the slices were incu-
bated with proteinase K and TDT buffer succes-
sively. After being washed with PBS, they were
cultivated with anti-digoxin and antiserum alka-
line phosphatase complex at 37°C all night
long. While after being washed in Tris-buffer,
they were reversely dyed with corresponding
reagents and finished with Tris-buffer. The
apoptosis of rat hippocampus was observed
under microscope, and the results were quanti-
fied by Image-Pro Plus. The apoptosis rate =
TUNEL positive cells/total number of cells x
100%.

For IHC (immunohistochemistry) assay, the
brain slices were dewaxed with xylene and
graded ethanol solution, and then treated with
3% H,0, for 10 min. Next, the anti-AB, ,, anti-
body (Yubo Biotechnology Co., Ltd., Shanghai,
China, YB-01103) was added for co-incuba-
tion overnight (dilution ratio 1:200) at 4°C.
After being washed, it was incubated 20 min
with biotinylated goat anti-mouse secondary
antibody (Yanhui Biotechnology Co., Ltd., Sh-
anghai, China, 115-035-003) at room tempera-
ture, and then intervened with avidin-biotin per-
oxidase complex reagent for 20 min. The per-
oxidase activity was observed with 3, 3’-dia-
minobenzidine (DAB), and then stained with
hematoxylin. Finally, it was observed by optical
microscope and quantitatively analyzed by
evaluating the area of AB, ,, plaque.
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Cell culture and passage

The neuroblastoma SH-SY5Y cells (iPhase
Pharmaceutical Services, Beijing, China) with
APP Swedish K67T0ON/M671L double mutation
(APPswe) were used as in vitro AD cell model
(AD group), and common SH-SY5Y without
mutation were regarded as control group (CG).
The cells were placed in DMEM/F-12 medium
(Gaochuang Chemical Technology Co., Ltd.,
Shanghai, China) containing 10% FBS (Lian-
shuo Biotechnology Co., Ltd., Shanghai, China,
A3160802 10 x 50 ml/box) and penicillin-
streptomycin (Zhonggiao Xinzhou Biotechnolo-
gy Co., Ltd., Shanghai, China, 0513-2). Before
the experiment, the cells were passaged for
three generations under the selective antibio-
tic of geneticin (Yaji Biotechnology Co., Ltd.,
Shanghai, China, YS-10555R) at 4 pg/ml.

Construction of over-expression and knockout
models of JMJD3 and BNDF

The AD cell models (Hanheng Bioengineering
Co., Ltd., Shanghai, China) with JMJD3 overex-
pression (JMJD3), JMJD3 knockdown (JMJD3
RNAi) and BNDF overexpression (BNDF) were
constructed in AD cells by using adeno-associ-
ated virus (AAV) system and RNA interference
technology (RNAI), and their empty vectors
were used as negative controls (NC). Forty-
eight hours after transfection, the successful
construction was verified by gPCR and western
blot (WB).

Drug intervention of in vitro AD cell models

According to different medication, AD cells was
divided into two different subgroups, namely
MSR activator nicotinamide ribose (NR) (Acmec
Technology Co., Ltd., Shanghai, China.) and
CUR, which were treated with 10 yM NR [23]
and 20 uM [24] CUR respectively for two weeks.

gPCR

The total RNA of brain tissues was extracted
by using high purity total RNA extraction kit
(Angfei Biotechnology Co., Ltd., Guangzhou,
China, RZ102), and cDNA was synthesized by
Super M-MLV reverse transcriptase (BioTeke
Corporation, Beijing, China, PR6502). Then, we
amplified the reverse transcription products
through SYBR Green reaction mixture (Think-
Far Technology Co., Ltd., Beijing, China, 4913-
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Table 1. Primer sequence

Genes Upstream primer Downstream primer

JMJD3 5-TCAGGAGAGGAAGGCCTCAG-3’ 5-AGCTGGGTATGGATGAGGGT-3’
BDNF 5-CCAGGAGCGUGACAACAAUTT-3’ 5’-AUUGUUGUCACGCUCCUGGTT-3’
ClpP 5’-GCCAAGCACACCAAACAGA-3’ 5’-GGACCAGAACCTTGTCTAAG-3’
HSP6 5’-CACTCTGTCCCTCACTCGCCG-3’ 5’-AACGGCCACAGCATCGGCTAAA-3’
HSP-60 5’-ATCCGAAGGGGTGTCATGATGG-3’ 5’-GCAGAGATGGTTGCTACTTGTG-3’
ATFS-1 5'GACGGTCAATTGTGAATTGTC3’ 5’-GCCTAGAAGCTTCCATCATGC-3’
PINK1 5’-GGAGGAGTATCTGATAGGGCAG-3’ 5’-AACCCGGTGCTCTTTGTCAC-3’
PARK2 5’-AAAGGCCCCTGTCAAAGAGT-3’ 5 -TTGTTGCGATCAGGTGCAAA-3’
BNIP3 5’-TCCAGCCTCGGTTTCTATTT-3’ 5-AGCTCTTGGAGCTACTCCGT-3’
P62 5’-GATGAGGAAGATCGCCTTGG-3’ 5’-TCTGGCATCTGTAGGGACTG-3’
LC3(l) 5’-TACGAGCAGGAGAAAGACGAGG-3’ 5-GGCAGAGTARGGTGGGTTGGTG-3’
Cox5a 5 -TTAGTTTGTAGAGGGTTGGGATTATAGTA-3’ 5’-ACCACAACACACTAA CTAAAACTAAAAA-3’
Cox2 5’-AGTCCCTGAGCATCTACGGT-3’ 5’-AAAGGTGTCAGGCAGAAGGG-3’
Nd1 5’-GCCCATGTCTCCTATGCAGT-3’ 5’-GCCCATGAGTACAGCCATTT-3’
Sdhc 5’-GAAAATAATTAGTAAATTAGTTAGGTAG-3’ 5’-ACTAAAATCACCTCAACAACAAC-3’
GAPDH 5’-ACCACAGTCCATGCCATCAC-3’ 5’-TTTAATG TCACGCACGATTTC-3’

914001). Soon afterwards, PCR reaction was
conducted with quantitative PCR instrument
(Image Trading Co., Ltd., Beijing, China, 100-
131), and the data were determined by 244¢T
method (Table 1).

Western blot (WB)

The treated hippocampal tissues and cells
were homogenized in RIPA lysis buffer (Run-
well Industrial Co., Ltd., Shanghai, China, N653-
100ML). After the sample was centrifugated
at 1500xg, 4°C for 10 min, the supernatant
was collected, and the protein concentration
was measured by BCA kit (Biolab Technology
Co., Ltd., Beijing, China, GL1484). The protein
was treated by SDS-PAGE (Neobio Science and
Trade Co., Ltd., Beijing, China, WB1102) to
move onto the polyvinylidene fluoride (PVDF)
membrane (Weijin Biotechnology Co., Ltd.,
Shanghai, China, IPVHOO0010). The blot was
sealed with 5% skimmed milk powder in TBST
(Xinfan Biotechnology Co., Ltd., Shanghai,
China, XF-P438), and incubated with primary
antibodies (the dilution concentration was 1:
1000) including JMJD3, BDNF and GAPDH
(Wuhan Fine Biotech Co., Ltd., China, FNab04-
440, FNab10014, FNab03343) at 4°C for 12
h. After being washed with TBST, it was culti-
vated with HRP coupled secondary antibody
(Saihongrui Biotechnology Co., Ltd., Nanjing,
China, 330) for 1 h at indoor temperature.
Proteins were visualized and quantitatively ana-
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lyzed through enhanced chemiluminescence
(ECL) reagent (Huzhen Industrial Co., Ltd., Sh-
anghai, China, HZ-F252), chemiluminescence
imaging system (Xinyu Biotechnology Co., Ltd.,
Shanghai, China, XY-I600C) and Quantity One.

gPCR-chromatin immunoprecipitation (ChIP-
qPCR)

Firstly, DNA-protein complex reacted with 1%
formaldehyde for 15 min. The immune comple-
xes were formed with nonspecific IgG against
BDNF, H3K27me3 and JMJD3. Next, DNA in the
complex was eluted and purified. Finally, the
BDNF promoter was detected by PCR.

Cell proliferation assay

We measured cell proliferation by cell count-
ing kit 8 (CCK-8) (Jingke Chemical Technology
Co., Ltd., Shanghai, China, CK04-2). In the first
place, the cells in logarithmic phase were in-
oculated into a 96-well plate (6 x 10° cells/
well). In the second place, they were cultured i
n 10% CCK-8 for 1 h, and the absorbance at
450 nm was measured by microplate read-
er (Yanhui Biotechnology Co., Ltd., Shanghai,
China, HBS-1096A).

Determination of apoptosis
Annexin V-FITC/PI fluorescence double stain-

ing apoptosis detection kit (Sanshu Biotech-
nology Co., Ltd., Shanghai, China, BYTO035)
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was applied. The washed and digested APPswe
SH-SY5Y cells were centrifuged at 1500xg, 4°C
for 10 min, and then suspended in 100 uL bind-
ing buffer (1 x 10° cells). Subsequently, they
were incubated with 5 yL annexin V-FITC and 5
uL Pl for 15 min. Finally, we quantitatively ana-
lyzed the apoptosis by FACSCalibur flow cytom-
etry (Shiwei Experimental Instrument Techno-
logy Co., Ltd., Shanghai, China) within 1 h.

Statistical analysis

All data were statistically analyzed, and the pic-
tures were generated by GraphPad Prism 6. All
experiments were independently conducted at
least 3 times, and the numerical value was
expressed as mean * standard deviation (S +
D). We compared the differences between mul-
tiple groups by one-way ANOVA followed with
Dunnett’s or Bonferroni post hoc analysis. P <
0.05 was considered to be statistically marked.

Results

Construction of in vitro AD model and abnor-
mal expressions of JMJD3, H3K27me3 and
BDNF

Compared with the CG, we found that AB in the
cells of AD group accumulated dramatically
(Figure 1A), cell proliferation decreased (Figure
1B), and neuron apoptosis level increased sig-
nificantly (Figure 1C). On the other hand, the
mRNA and protein levels of JMJD3 and BDNF in
the AD group were remarkably lower than those
in the CG (Figure 1D-G), while the level of BDNF
promoter H3K27me3 was higher than that in
the CG (Figure 1H). The above results indicate
that the in vitro AD cell model had obvious AD
characteristics, which were also accompanied
by JMJD3, H3K27me3 and BDNF abnormalities
(Figure 1).

Upregulating JMJD3 suppressed the progres-
sion of AD in cell model

To verify our conjecture, we constructed the
overexpression models of JMJD3, and verified
the transfection efficiency by qPCR and WB
(Figure 2A, 2B). Upregulating JMJD3 could up-
regulate BDNF (Figure 2C, 2D), downregulate
the methylation of H3K27me3 (Figure 2E),
decrease the accumulation of AB (Figure 2F),
increase cell proliferation level, inhibit apopto-
sis (Figure 2G, 2H) and upregulate the expres-
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sion levels of MSR markers (Figure 2l). The
above results indicate that up-regulating JMJD3
suppressed AD progression in cell model by
increasing BDNF expression and inhibiting
H3K27me3 methylation (Figure 2).

Upregulating BDNF suppressed AD progres-
sion in AD cell model

We constructed the overexpression model of
BDNF, carried JMJD3 RNAi on the basis of this
model, and verified the transfection efficiency
of BDNF by qPCR and WB (Figure 3A, 3B). The
results showed that upregulating BDNF show-
ed similar anti-AD effects as upregulation of
JMJD3. That was, compared with AD group,
the accumulation of AB in the BDNF group
decreased (Figure 3C), the level of cell prolifer-
ation increased (Figure 3D), the level of neuro-
nal apoptosis decreased (Figure 3E), and the
levels of MSR markers increased (Figure 3F).

BDNF was upregulated, and then a knock-down
model of JMJD3 was constructed. The data
revealed that compared with BDNF group, the
changes of the above indexes in the BDNF +
JMJID3 RNAi group were dramatically offset.
There was no marked difference to the AD
group, which indicated that JMJD3 silence
could downregulate BDNF and offset the anti-
AD effect after BDNF upregulation. The above
results suggest that upregulating BDNF also
has anti-AD effect, and the anti-AD mechanism
of BDNF is positively regulated by JMJD3
(Figure 3).

MSR activator promoted AD progression of AD
cells

We proved the role of MSR activator NR in anti-
AD process. The data signified that compared
with AD group, the NR treatment promoted the
levels of MSR markers in different degrees
(Figure 4A); further, there was a decreased
level of AB (Figure 4B), and increased cell prolif-
eration level increased (Figure 4C), while the
neuron apoptosis level decreased (Figure 4D).
The above results indicate that NR, as an acti-
vator of MSR, can restrain AD process by
improving MSR balance (Figure 4).

CUR induced JMJD3 and suppressed AD pro-
gression in in vitro cell models

Previous research confirmed that upregulating
JMJD3 could suppress the progression of AD
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Figure 1. Construction of AD models in vitro and abnormal expressions of JMJD3, H3K27me3 and BDNF. AR accumulation was detected by WB (A); cell prolifera-
tion (B) was tested by CCK-8 method; apoptosis level was analyzed by Flow cytometry (C); the mRNA and protein levels of JMJD3 and BDNF (D-G) were tested by
gPCR and WB; the level of H3K27me3 in BDNF promoter region was assessed by ChIP-qPCR (H). Note: compared with Ctrl, *means P < 0.05; **means P < 0.01;
compared with AD.
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Figure 2. Upregulating JMJD3 suppressed AD progression in vitro models. mRNA and protein expressions of JMJD3
and BDNF (A-D) were examined by gPCR and WB; methylation of H3K27me3 was detected by ChIP-gPCR (E); AB ac-
cumulation (F) was tested by WB; cell proliferation and neuronal apoptosis were tested by CCK-8 method and Flow
cytometry (G, H); MSR markers (l) were tested by qPCR. Note: compared with Ctrl, "means P < 0.05; ““means P <

0.01; compared with AD, fmeans P < 0.05.

by upregulating BDNF and MSR markers. Fur-
thermore, we verified whether CUR could in-
duce JMJD3 and suppress AD progression. It
showed that JMJD3 in in vitro AD cell model
was dramatically upregulated under CUR sti-
mulation (Figure 5A, 5B), and triggered the
series of cascade reactions mentioned above.
Namely, the mRNA and protein expressions of
BDNF was markedly upregulated (Figure 5C,
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5D), and the methylation of H3K27me3 (Figure
5E) and accumulation of AR were reduced
(Figure 5F). The level of cell proliferation in-
creased (Figure 5G) and neuronal apoptosis
decreased (Figure 5H), and the MSR markers
were upregulated in different degrees (Figure
5l). This suggests that CUR can suppress AD
progression in in vitro cell model by inducing
JMJD3 (Figure 5).
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Figure 3. Upregulation of BDNF suppressed AD progression of in vitro cell models. The transfection efficiency of
BDNF was detected by gPCR and WB (A, B); AB accumulation was tested by WB (C); cell proliferation and neuronal
apoptosis were detected by CCK-8 method and Flow cytometry (D, E); MSR markers were detected by qPCR (F).
Note: compared with Ctrl, "means P < 0.05; ““means P < 0.01; compared with AD, fmeans P < 0.05.

Improvement of pathological conditions under
CUR intervention

The cognitive impairments of AD mouse mod-
els were evaluated through pathological and
behavioral analysis. Compared with WT gro-
up, the motor and cognitive functions of the
mice in APP/PS-1 group were obviously inhibit-
ed in MWM test, while the above behavioral
indexes were improved in different degrees
under CUR intervention, which was mainly
reflected in the shortening of escape latency,
and the increase of platform crossing times,
target quadrant staying time and swimming
speed (Figure 6A-D). Pathological study reve-
aled that compared with WT group, AB was
dramatically accumulated in the APP/PS-1
group (Figure 6E). There were remarkable path-
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ological changes in cortex, hippocampus and
other brain tissues (Figure 6F, 6G), and the
level of neuronal apoptosis increased (Figure
7). However, under the treatment of CUR, the
above pathological results were improved to
various degrees. The above results indicate
that the AD mouse models were successfully
constructed and CUR attenuated the pathologi-
cal deterioration in AD mice (Figures 6, 7).

Effect of CUR on JMJD3, H3K27me3 and
BDNF of AD mouse models

In addition, we detected the levels of JMJD3,
H3K27me3 and BDNF in AD mouse models.
The results manifested that the mRNA and pro-
tein levels of JMJD3 and BDNF in the APP/PS-1
group were lower than those in the WT group

Am J Transl Res 2022;14(8):5280-5294
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(Figure 8A-D), and the H3K27me3 level was
obviously higher than that in the WT group (Fi-
gure 8E). However, all the above indexes were
reversed to various degrees under the treat-
ment of CUR. It suggests that the abnormal
expression of JMJD3, H3K27me3 and BDNF in
AD mice was regulated by CUR (Figure 8).

CUR increased MSR of AD mouse models

MSR is related to AB accumulation caused by
mitochondrial dysfunction [25]. So, we explored
the effect of CUR on MSR of APP/PS-1 mice.
Compared with the WT group, the UPRmt in
dexes such as ClpP, HSP6, HSP-60, ATFS-1
(Figure 9A) and mitochondrial autophagy mark-
ers PINK1, PARK2, BNIP3, P62, LC3 in the APP/
PS-1 group decreased (Figure 9B). The OXPHOS
indexes such as Coxba, Cox2, Nd1, Sdhc were
markedly downregulated (Figure 9C). However,
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the above results were improved to various
degrees under the treatment of CUR. This sug-
gests that the MSR disorder in AD mice were
recovered to some extent under the influence
of CUR (Figure 9).

Discussion

Alzheimer’s disease (AD) severely affects pa-
tients’ quality of life in varying degrees. It main-
ly manifested as memory loss, cognitive impair-
ment, life restriction etc [26-28]. The main
pathological feature is abnormal protein depo-
sition or plaque of AB. Although there have
been a lot of researches on the pathogenesis
of AD, the cognition of specific pathological pro-
cess is still very limited [29, 30].

In this research, both in vivo and in vitro mo-
dels of AD were verified. Our in vitro study

Am J Transl Res 2022;14(8):5280-5294
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compared with AD, fmeans P < 0.05.

analyzed the anti-AD mechanism of JMJD3.
APPswe SH-SY5Y cells were employed as an
AD cell model, the successful construction of
the model was verified by AB and molecular
expression analyses, and there were abnormal
H3K27me3 methylation levels in the promoters
of JMJD3 and BDNF. Then, we found that upreg-
ulation of JMJD3 or BDNF, and administration
of MSR activator NR or CUR could inhibit the
pathological process of AD in vitro. Besides, we
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discovered that upregulating JMJD3 could pro-
mote BDNF expression, which was accompa-
nied by decreased level of methylation of
H3K27me3 in BDNF promoter region, which
improves MSR and further restrains AD patho-
logical changes. Most importantly, CUR had a
positive regulatory effect on JMJD3, and it also
activated a series of cascade reactions as
mentioned before. Zhu X et al. [31] explained
that CUR could exert analgesic effects by regu-
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lating the expression of BDNF in neuropathic
pain rat models, which suggested that it had a
certain regulatory effect on BDNF. Many stud-
ies have also clarified that CUR can regulate
the methylation of H3K27me3 in the promoter
region [32, 33].

We also analyzed the effect of CUR on the
above cascade reaction in vivo. Firstly, the
behavior and pathology were evaluated in AD
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mouse models, which confirmed the reliability
of the model construction. In MWM test, the
ability of spatial learning and memory of APP/
PS-1 mice was obviously lower than that of WT
mice. Compared with WT group, the cortex and
hippocampus of the APP/PS-1 group showed
typical pathological morphology of AD, and the
level of neuronal apoptosis increased, and the
level of protein AB highly relating to the patho-
genesis of AD increased. On the other hand, AD
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mouse models were intervened by CUR, and
the above pathological changes were remark-
ably improved, suggesting that CUR had anti-
AD effect, which has also been demonstrated
in previous studies [34, 35]. What’s more, com-
pared with the WT group, the APP/PS-1 mice
had lower levels of JMJD3, BDNF and higher
methylation of HSK27me3. It could be improved
by CUR, which indicated that CUR could regu-
late the levels of JMJD3, BDNF and H3K27me3
promoter region of BDNF. Popov N and Gil J
[36] pointed out that JMJD3 could indirectly
control INK4b-ARF-INK4a locus through the
interaction site with Polycomb inhibitory com-
plex, and then partially manipulate antisense
non-coding RNA in the INK4 locus (ANRIL) to
influence AD process. According to previous
reports, BDNF is a crucial regulator of neuronal
activity and memory process. The serum BDNF
level of AD patients is dramatically lower than
that of healthy subjects, suggesting that its
abnormal level may facilitate AD process, which
is similar to our research [37, 38]. Furthermore,
JMJD3 is a key factor in the regulation of
demethylation of H3K27me3 in BDNF promot-
er region. Improving JMJD3 expression helps to
reduce the methylation level of H3K27me3 in
BDNF promoter region, stimulate the transcrip-
tion of BDNF, and then improve the neuropathy
of central nervous system [39]. MSR research
found that the indexes of UPR™, mitochondrial
autophagy and OXPHOS in the APP/PS-1 group
were markedly lower than those in the WT
group but increased under the action of CUR,
which indicated that CUR could improve MSR
and maintain mitochondrial protein balance.
Many studies have shown that activation of
UPR™ after mitochondrial protein imbalance
can help alleviate MSR, which is mainly reflect-
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ed in the upregulation of markers such as CIpP,
HSP6, HSP-60 and ATFS-1, accompanied by
the upregulation of mitochondrial autophagy
markers PINK1, PARK2, BNIP3, P62, LC3 and
OXPHOS markers Cox5a, Cox2, Nd1 and Sdhc.
These results indicate that UPRmt, mitochon-
drial autophagy and OXPHOS play a synergistic
role in maintaining mitochondrial protein bal-
ance and function [7, 40, 41].

The above research confirms that upregulating
JMJD3 improves MSR by reducing the methyla-
tion level of H3K27me3 and promoting BDNF
expression, thus inhibiting AD progression. The
innovation of this research is that we analyzed
and confirmed the anti-AD molecular mecha-
nism of CUR by inducing JMJD3 and further pro-
moting BDNF expression. Nevertheless, there
is still room for improvement. It's a preliminary
research, and the number of animal samples
needs to be further increased. Secondly, the
research on the MSR-related pathways can be
further supplemented to further explore the
potential molecular mechanism.

In brief, we first proposed that upregulating
JMJD3 could improve the BDNF level by induc-
ing demethylation of H3K27me3, thereby main-
taining the MSR balance and preventing AD
development and progression. JMJD3 could
also be induced by CUR. So, it further uncov-
ered the molecular mechanism of CUR in treat-
ing AD, providing a solid theoretical basis for its
clinical application.
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