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Abstract

Background: Alzheimer’s disease (AD) is an age-related neurodegenerative disease and exercises might mitigate the pro-
gression of AD. This investigation aimed to manifest the potential mechanism of exercises in AD.

Methods: Morris water maze (MWM) test was conducted to evaluate the cognitive function in APP/PS1 mice. Quantitative
real-time PCRwas performed to detect the expression of HOTAIR and miR-130a-3p. The enzyme-linked immunosorbent assay
was applied to appraise the concentration of IL-1β, IL-6, and TNF-α. A luciferase report experiment was implemented to
substantiate the relationship between miR-130a-3p and HOTAIR.

Results: Exercises contributed to the elevated expression of HOTAIR. The findings of MWM implied HOTAIR inhibited the
impacts of voluntary exercises on escape latency, distance moved, percentage of time spent in the target quadrant, platform
crossing times, and inflammation. MiR-130a-3p mediated the function of HOTAIR on cognitive ability and inflammation.

Conclusion: HOTAIR participated in the regulation of exercises on AD by sponging miR-130a-3p.
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Introduction

Alzheimer’s disease (AD) is a burdensome dysfunction that is
conducive to degeneration of brain and dementia.1 In the clinic,
AD is often viewed as progressive amnesia, aphasia, apraxia,
and visual space disorder.2 Beyond that, AD is accompanied by
mental and behavioral symptoms, such as anxiety, depression,
agitation, and impulse, and it exerts a serious impact on the
normal life and social activity of the elderly.3,4 For pathology,
two main neuropathological hallmarks including amyloid
plaques and neurofibrillary tangles trigger the development of
AD.5 In current days, there is no specific treatment for AD in the
clinic, but early diagnosis and intervention can enhance pa-
tients’ quality of life and relieve economic pressure and family
burden.6 The worldwide incidence of AD keeps rising and the
number of AD patients in the world will exceed .1 billion in

2050.7,8 Although AD has become a major health hazard, the
pathogenesis of AD remains obscure.
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Massive evidence supports the significance of regular
physical exercises on inhibiting thinking degeneration in AD-
affected patients.9 A study about AD provides treadmill
walking can restrict the inflammatory situation and reinforce
psychological happiness for AD patients.10 Another evidence
by Lu et al11 indicates that exercises can exert multifactorial
influence to hold back several pathological processes of AD rat
models, involving the cognitive function and inflammation.
From all these studies, physical exercise may effectively in-
tervene in neurodegenerative diseases by delaying their prog-
ress and preventing their occurrence. Besides, several lncRNAs
participate in the regulation ofmain AD pathways.12 In amyloid
β1-42 (Aβ)-induced SH-SY5Y cells, lncRNANEAT1 is highly
expressed and mediates the influence of Aβ on neurons via
miR-107.13 The expression of lncRNA BACE1-AS is ele-
vated in the AD transgenic mice and it might play essential
roles in the progression of AD via miR-214-3p/ATG5 axis.14

More importantly, the importance of HOTAIR on inflam-
mation and cognition has been reported widely. It is reported
that silenced lncRNA HOTAIR may attenuate the brain
function impairment in AD rat models by facilitating cog-
nitive responses.15 What’s more, HOTAIR is a critical player
in inflammatory and immune response in macrophages and
H9C2 cells treated by lipopolysaccharide.16,17 As a result,
the impacts of HOTAIR regarding cognitive impairment and
its possible mechanism attract our attention. In our previous
study, we found that HOTAIR was an alternative diagnostic
biomarker for AD patients and it is associated with the
cognitive situation. At the same time, the exercise should be
an independent maker of HOTAIR expression in AD
patients.

Considering the possibility of HOTAIR in AD and the
necessity of exercises for AD patients, we hypothesized
HOTAIR might play roles in APP/PS1 models. First and
foremost, the function of exercises on AD models was as-
sessed from two aspects, including inflammation and cogni-
tive situation. Secondly, the influence of HOTAIR on
voluntary exercise (VE) was evaluated. Also, the putative
target of HOTAIR was investigated in our study.

Materials and Methods

AD Mice Model Treatment and Transfection

The design of this investigation was demonstrated by the
experimental animal ethics committee of the First People’s
Hospital of Yancheng City. All methods were conducted based
on the ARRIVE guidelines. Eight-month-old double
transgenic APP/PS1 mice (B6. Cg-Tg (APPswe,
PSEN1dE9) 85Dbo/J; MRRC-034832-JAX) from the
Jackson Laboratory (Ba Harbor, ME, USA) were pur-
chased. All animals were increased in an animal room at a
temperature of 22 ± 2°C and humidity of about 50%. The
APP/PS1 mice were free to food and drink to get used to the
new environment for one week.

The sequences of HOTAIR, miR-130a-3p mimic, and mimic
negative control (mimic-NC) were purchased from GenePharma
(Shanghai, China). The pCDNA3.1 vectors carrying HOTAIR
were obtained by cloning HOTAIR sequences into pCDNA3.1
blank vectors. To detect the function of HOTAIR, a total of four
groups were set up, including the control group, VE
group, VE + pCDNA3.1 group, and VE + pCDNA3.1-
HOTAIR group. To detect the mediated function of miR-
130a-3p, the VE group, VE + pCDNA3.1 group, VE +
pCDNA3.1-HOTAIR group, VE + pCDNA3.1-HOTAIR
+ mimic NC group, and VE + pCDNA3.1-HOTAIR +miR-
130a-3p mimic group were constructed. All these ex-
perimental mice except those in the control group went
through exercises in the cages with flexible wheels for four
weeks. In the control group, the mice were not treated.
Additionally, pCDNA3.1 blank vectors and vector particles
expressing HOTAIR were stereotaxically injected into the
bilateral hippocampus of the mice in the VE + pCDNA3.1
group and the VE + pCDNA3.1-HOTAIR group, respec-
tively. A similar method was adopted in the VE +
pCDNA3.1-HOTAIR + mimic NC group and VE +
pCDNA3.1-HOTAIR +miR-130a-3p mimic group for the
delivery of relative interference reagents. Each group con-
sisted of twenty mice. Half of the mice in each group were
anesthetized to separate their hippocampus tissues. All mice
were single-housed and given free access to water and food.
These tissues obtained were put into liquid nitrogen im-
mediately for total RNA extraction and inflammatory de-
tection. The protocol was illustrated in Figure 1.

Morris Water-Maze (MWM) Test

The experimental pool was subdivided into four quadrants on
average, including northeast, northwest, southwest, and
southeast. A platform was fixed at the center of the pool. The
mice were trained four times every day, with an interval of 60
minutes each time. During the training process, the mice
were put into any water entry point at random in the pool by
facing the pool wall. If the mice did not find the platform
within the specified time (60 seconds), they should be led to
the platform to stay for 20 seconds. The escape latency and
distance moved of each mouse were recorded and summa-
rized. After five days of training, the platform was removed.
Each mouse was put into the pool facing the wall to delve
into the percentage of time staging in the target quadrant and
crossing times.

RNA Extraction and Quantitative Real-Time
PCR (qRT-PCR)

Total RNA samples were extracted from hippocampal tissues
using an RNA easy fast tissue/cell kit (TIANGEN, Beijing,
China). The purity and concentration were detected by the Da-
noDrop 2000. The first line of cDNAofHOTAIRwas synthesized
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through 1st strand cDNA synthesis superMix (Yeason, Shanghai,
China). FormiR-130a-3p, 1st strand cDNA synthesis kit (Vazyme,
Nanjing, Jiangsu, China) was adopted to synthesize cDNA. The
qRT-PCR assay was performed using the Toyobo SYBR qPCR
mix (Toyobo, Osaka, Japan). With GAPDH or U6 as the internal
references, the relative content of HOTAIR or miR-130a-3p was
calculated by the 2�ΔΔ Ct method.

Enzyme-Linked Immunosorbent Assay (ELISA)

The hippocampus was extracted from each mouse and washed
in pre-cooled PBS. Then, the hippocampus was put into the
fresh lysis buffer solution and the supernatant was obtained
after centrifuging. According to the requirements of the
specification, 100 μl prepared sample was added to each well
for 1 hour at 37°C and then the detection solutions A and B
were added and incubated in turn. Afterward, the TMB
substrate solution was added for color development without
light for 20 minutes. In the end, a termination reagent was
added and the optical density (OD) value of each well was
measured immediately with a microplate reader at 450 nm
wavelength. All ELISA kits used for detecting IL-1β, IL-6,
and TNF-α were from CLOID-CLONE CORP (Wuhan,
Hubei, China). The sensitivity of the ELISA kit for IL-1β was
15.6–1000 pg/mL, for IL-6 was 7.8–500 pg/mL, and for TNF-
α was 15.6–1000 pg/mL.

Luciferase Activity Assay

The wide type (WT) and mutation type (MUT) of HOTAIR,
mimic negative control (NC),miR-130a-3pmimic, inhibitor-NC,

and miR-130a-3p inhibitor were obtained from GenePharma
(Shanghai, China). The sequences of WT-HOTAIR and MUT-
HOTAIR were cloned into pmirGLO vectors. HEK293 cells
were inoculated into 12-well plates with 1×106 cells per well.
These cells were incubated overnight and transiently
transfected by Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) when cell density reached 70%–80%. For theWT-
HOTAIR group, the vectors carrying HOTAIR were co-
transfected with mimic NC, miR-130a-3p mimic, inhibitor-
NC, and miR-130a-3p inhibitor to HEK293 cells. The vectors
carrying MUT-HOTAIR as well as different miR-130a-3p
sequences were also co-transfected into HEK293 cells. After
48 h of transfection, we performed a luciferase reporter assay by
following the instructions of the double luciferase reporter gene
detection kit (Yeason, Shanghai, China). Ultimately, the syn-
ergy H4 microplate reader (Biotek Winooski, VT, USA) was
applied to get the fluorescence value.

Statistical Analysis

The experimental data were dissected through GraphPad
Prism 6.0 software. The numerical data were expressed as
mean ± standard deviation. T-test was applied to figure up
differences between the two groups. The one-way analysis
of variance followed by Tukey’s post hoc test and two-way
analysis of variance followed by a Sidak post hoc analysis
were applied for differences among multiple groups. The
number of mice was twenty in each group: half mice were
used for the MWM test and the other for euthanasia. P <
.05 represented statistical significance.

Figure 1. The protocol of our experiments on mice.
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Figure 2. The impacts of VE on cognition, inflammation, and the expression of HOTAIR in APP/PS1 mice. The mice in the control group
were mutant mice without exercise and the mice in the VE group were mutant mice with exercise. (A) The body weights of mice. (B) The
daily running distances of mice. (C) The influence of VE on escape latency. (D)Distance moved in the VE group was lessened compared with
the control group. (E) The percentage of time spent in the target quadrant in the VE group was increased compared with the control group.
(F) VE elevated the platform crossing times. (G) The secretion of IL-1β, IL-6, and TNF-αwas inhibited in the VE group. (H) VE contributed
to the declined expression of HOTAIR. ***P < .001, compared with the control group.
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Results

VE Contributed to the Recovery of Cognition
and Inflammation

With the purpose of detecting the movement of mice, five mice
were randomly chosen, and their daily movement distance and
weight were recorded and analyzed, as shown in Figures 2A and
2B.

After a 4-week exercise, anMWM test was performed to test
the cognitive function of APP/PS1 mice. As seen in Figure 2C
and Figure 2D, the escape latency and distance moved on the
fifth day were obviously decreased in the VE group compared
with the control group, indicating exercises might enhance the
cognitive situation (P < .001). The percentage of time spent in
the target quadrant and target platform crossing of the sixth day
in the VE group were higher than those in the control group
(Figures 2E and 2F, (p) < .001). Results of inflammatory factors
manifested that exercises could inhibit the concentration of IL-
1β, IL-6, and TNF-α (Figure 2G, (p) < .001).

VE Reduced the Level of HOTAIR in APP/PS1 Mice

The level of HOTAIR in the hippocampal tissues from APP/
PS1 mice was evaluated by qRT-PCR. As shown in Figure 2H,
HOTAIR was lowly expressed in the VE group compared with
the control group (P < .001), implying that exercises might
affect the expression of HOTAIR in APP/PS1 mice.

Increased HOTAIR Level Reversed the Beneficial
Influence of VE

ThepCDNA3.1-HOTAIRwas adopted in this study to regulate the
expression of HOTAIR in mice and to examine the function of
HOTAIR. The transfection efficiency of pCDNA3.1-HOTAIR
was detected by qRT-PCR and expressed in Figure 3A. As
exhibited in Figure 3A, the expression of HOTAIR in the
pCDNA3.1-HOTAIR group was upregulated compared with
the VE group (P < .001), which indicated that HOTAIR was
successfully transfected in mice. The enhanced HOTAIR ex-
pression in the pCDNA3.1-HOTAIR group strengthened the
escape latency, led to the promotion of distance moved, in-
hibited the percentage time staying in the target area, and re-
pressed the platform crossing times compared with the VE
group (Figures 3B-3E, (p) < .05). These findings verified that
overexpression of HOTAIR could abrogate the recovery of
learning and cognitive ability induced by VE.

Furthermore, the detection of inflammatory indicators
found that the increased HOTAIR expression contributed to
the enhanced levels of IL-1β, IL-6, and TNF-α compared with
the VE group (Figures 4A-C, (p) < .001).

MiR-130a-3p Acted as a ceRNA of HOTAIR

The potential mechanism of HOTAIR was further analyzed.
As observed in Figure 5A, the putative target sites between

miR-130a-3p and HOTAIR were proven. Results of the lu-
ciferase report experiment implied that in the group of WT-
HOTAIR, miR-130a-3p mimic induced the lessened luciferase
activity and miR-130a-3p inhibitor facilitated the luciferase
activity (Figure 5B, P < .001). Beyond that, the expression of
miR-130a-3p was increased in the VE group compared with
the control group (Figure 5C, P < .001). Accordingly, the
overexpression of HOTAIR decreased the level of miR-130a-
3p compared with the VE group (Figure 5C, P < .001).

MiR-130a-3p Mediated the Function of HOTAIR

Considering the possible functions of miR-130a-3p, we co-
transfected pCDNA-HOTAIR and miR-130a-3p mimic to AD
models. The declined expression of miR-130a-3p in the
pCDNA3.1-HOTAIR group was reversed in the pCDNA3.1-
HOTAIR + miR-130a-3p mimic group, indicating the co-
transfection of miR-130a-3p and pCDNA3.1-HOTAIR could
regulate the expression of miR-130a-3p (Figure 6A, (p) <
.001).

What’s more, the presence of miR-130a-3p mimics in the
HOTAIR + miR-130a-3p mimic group reversed the function
of HOTAIR on the escape latency, distance moved, percentage
of time spent in the target quadrant, and platform crossing
times, indicating miR-130a-3p might mediate the function of
HOTAIR on cognition (Figures 6B-6E, (p) < .05). Meanwhile,
the concentration of IL-1β, IL-6, and TNF-α was inhibited in
the HOTAIR + miR-130a-3p mimic group relative to the
pCDNA3.1-HOTAIR group (Figure 6F, (p) < .01).

Discussion

AD is a common form of dementia of growing old.18 With the
problem of aging, the incidence of AD has shown a rapid
growth trend and its diagnosis and treatment have aroused
widespread concern from governments and medical circles
around the world.19 Studies have found that physical activities
show a protective effect on brain structure and cognitive
function.20 Aerobic exercises can drive cardiorespiratory fit-
ness in patients with mild AD and may contribute to altering
disease development and cognitive function.21 Exercises may
recover the cognitive function that occurs in participants who
suffer risks of or have AD.22 However, more clarity about the
potential mechanism should be still necessary.

In the current study, we conducted anMWM test to analyze
the cognitive function in mice with/without exercises. Our
findings indicated that the exercises could be good for cog-
nitive recovery by inhibiting escape latency, repressing dis-
tance moved, promoting the percentage of time spent in the
target area, and elevating platform crossing times. Addi-
tionally, the inflammatory cytokines were inhibited in mice
undergoing exercises. The beneficial function of exercise on
learning and inflammation has been studied in several kinds of
research. A meta-analysis performed by Du et al23 offered the
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beneficial functions of physical activities to cognitive dys-
function in AD patients. Another study certifies that regular
exercises can ameliorate spatial learning ability, and thus
exercises showed a therapeutic possibility for AD.24 All these
elucidates exercises might be beneficial to AD patients by
reinforcing learning and cognitive ability.

As known, pCDNA 3.1 was used as a common carrier for
transfection.25,26 Thus, an overexpression vector of HOTAIR

was constructed. In the in vivo assay, we found the level of
HOTAIR in the mice with exercises was lessened compared
with the control mice, suggesting exercise might inhibit the
expression of HOTAIR. The expression of HOTAIR was
artificially regulated by the pCDNA3.1-HOTAIR to evaluate
the effects of HOTAIR in mice. In contrast to the beneficial
roles of VE in AD, the overexpression of HOTAIR restricted
the recovery of spatial exploration, implying the

Figure 3. The expression and roles of HOTAIR. (A) The expression of HOTAIR was increased in the pcDNA3.1-HOTAIR group. The
impacts of VE on (B) escape latency, (C) distance moved, (D) percentage of time spent in the target area, and (E) platform crossing times
were attenuated by the overexpression of HOTAIR. *P < .05, ***P < .001, compared with the VE group.
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disadvantageous influence of HOTAIR in AD. Wang et al15

also report HOTAIR develops an essential role in neurode-
generative disorders by mediating the cognitive responses.
What’s more, we found the elevated HOTAIR expression
suppressed the amelioration of IL-6, IL-1β, and TNF-α caused
by VE, indicating that HOTAIR might facilitate the inflam-
matory situation. In a study about sepsis, the upregulation of
HOTAIR can trigger the enhancement of IL-1β, IL-6, and
TNF-α by inhibiting miR-211, suggesting the positive asso-
ciation between HOTAIR and inflammation.27 In hepatocytes,
elevated expression of HOTAIR also facilitates the secretion
of IL-1β, IL-6, and TNF-α, implying that HOTAIR may
participate in the development of inflammation.28

Several investigations on the mechanism of HOTAIR have
been performed recently. In rheumatoid arthritis, miR-138

regulates the impacts of HOTAIR on inflammation by acting
as a ceRNA.29 In Parkinson’s disease, the expression of
HOTAIR is increased and it may influence disease progression
by sponging miR-126-5p.30 In our current study, we certified
that miR-130a-3p might be a ceRNA of HOTAIR by lucif-
erase report. Additionally, the expression of miR-130a-3p was
enhanced in the VE group, while the overexpression of
HOTAIR reversed the trend, further confirming the associa-
tion between HOTAIR and miR-130a-3p. In knee osteoar-
thritis, HOTAIR can repress the expression of miR-130a-3p in
chondrocytes.31 In hepatocellular carcinoma, Hu et al32 also
verify the target relationship between HOTAIR and miR-
130a-3p. Furthermore, the effects of miR-130a-3p were ex-
plored. We found that the overexpression of miR-130a-3p
reversed the function of HOTAIR on cognitive function and

Figure 5. (A) The putative sequence between HOTAIR and miR-130a-3p. (B) Overexpression of miR-130a-3p inhibited the luciferase
activity and silenced miR-130a-3p expression elevated luciferase activity in the WT-HOTAIR group. (C) The expression of miR-130a-3p
was increased in the VE group and decreased in the pCDNA3.1-HOTAIR group. ***P < .001, compared with the control group; ###P < .001,
compared with the VE group.

Figure 4. The concentration of (A) IL-1β, (B) IL-6, and (C) TNF-α in the pCDNA3.1-HOTAIR group was increased. ***P < .001, compared
with the VE group.
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Figure 6. The function of miR-130a-3p. (A) The expression of miR-130a-3p was decreased in the pCDNA3.1 group and increased in the
pCDNA3.1-HOTAIR +miR-130a-3p group. The overexpression of miR-130a-3p inhibited the influence of HOTAIR on (B) escape latency,
(C) distance moved, (D) percentage of time spent in the target area, and (E) platform crossing times. (F) The concentration inflammatory
indicators were increased by overexpression of HOTAIR and inhibited by the enhancement of miR-130a-3p. ***P < .001, compared with the
VE group; #P < .05, ##P < .01, ###P < .001, compared with the pCDNA3.1-HOTAIR group.

8 American Journal of Alzheimer’s Disease & Other Dementias® 37(0)



inflammation, showing that HOTAIR might regulate the
progression of AD by miR-130a-3p. The expression and ef-
fects of miR-130a-3p have been examined by many re-
searchers. For instance, miR-130a-3p is lowly expressed in the
AD mice, and upregulation of miR-130a-3p benefits the re-
covery of the cognitive situation.33 In aging rats, voluntary
wheel running moderates rats’ aging by elevating the ex-
pression of miR-130a-3p.34 One limitation of this publication
was the lack of other types of cognitive tests.

Collectively, we found that exercise could mitigate the
learning ability, qualify inflammation, and inhibit HOTAIR
expression in ADmice. Overexpression of HOTAIR restricted
the effects of VE on cognitive function and inflammation.
MiR-130a-3p was a ceRNA of HOTAIR. The abundance of
miR-130a-3p expression ameliorated spatial learning ability
and inflammation influenced by the HOTAIR.
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