Original paper Folia

Neuropathologica

LncRNA HOTAIR in exercise-induced neuro-protective function
in Alzheimer’s disease

Jianxia Lu»?", Lihua Liu»3", Jin Chen?, Juan Zhi?, Jiabin Li4 Le Li?, Zhongli Jiang!

IDepartment of Rehabilitation Medicine, the Affiliated Sir Run Run Hospital of Nanjing Medical University, Nanjing, China, 2School
of Rehabilitation, Jiangsu Vocational College of Medicine, Yancheng, China, 3Department of Neurology, Jurong Hospital Affiliated
to Jiangsu University, Jurong People’s Hospital, Jiangsu, China, “Department of Rehabilitation Medicine, the First People’s Hospital
of Yancheng City, Yancheng, China

“Jianxia Lu and Lihua Liu contributed equally to this work.

Folia Neuropathol 2022; 60 (4): 414-420 DOI: https://doi.org/10.5114/fn.2022.118961

Abstract

Introduction: Exercise is effective in Alzheimer’s disease (AD), which is characterized by neuro-degenerative progress with
increasing morbidity. The present study aimed to explore whether HOTAIR participated in the regulation of exercise in AD.
Material and methods: A relative expression of serum HOTAIR was detected using quantitative real-time polymerase chain
reaction (PCR). The diagnostic significance of HOTAIR on distinguishing AD patients was evaluated by receiver operating
characteristic (ROC) curve. Correlations between HOTAIR expression and Mini-Mental State Examination (MMSE) score or
Alzheimer’s Disease Assessment Scale-Cognitive (ADAS-Cog) score were analyzed with Pearson’s test. Logistic regression
analysis was applied to investigate factors as independent indicators for HOTAIR expression.

Results: In AD patients, the expression of HOTAIR was increased, and it could function as a diagnostic marker in AD
patients. The expression of HOTAIR was associated with MMSE score and ADAS-Cog score in AD patients before exercise.
Exercise ameliorated the cognitive impairment and reduced the relative serum expression of HOTAIR. Exercise was proved
to be an independent indicator of HOTAIR expression.

Conclusions: HOTAIR was a possible biomarker for indicating AD patients, and it was correlated with MMSE scores and
ADAS-Cog results. Exercise might moderate AD progress via controlling HOTAIR.
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Introduction

Alzheimer’s disease (AD) is a common neuro-dege-
nerative brain disease of dementia [14]. As a con-
sequence of raised life expectancy, the incidence of
dementia is increased worldwide and becomes one
of the biggest global public challenges [6]. More impor-
tantly, COVID-19 disease may exacerbate the trajectory
of deaths resulting from AD [1]. AD is the most preva-
lent form of dementia [15]. Neuro-psychological scale
tests, imaging examinations, and biomarker detection

of cerebrospinal fluid, are the three main methods for
the diagnosis of AD [10,16]. However, cerebrospinal
fluid detection is an impaired method, and it is difficult
to promote it as a routine test. Searching for biomark-
ers of AD in blood might enrich the existing diagno-
sis theory. Loss of physical exercise is one of the most
general preventable risks of AD [20]. Exercise has been
considered as a management and prevention strategy
for AD patients [4]. Aerobic exercise of six months can
ameliorate memory performance and inhibit hippo-
campal atrophy, indicating that exercise may be ben-

Communicating author:

Zhongli Jiang, Department of Rehabilitation Medicine, the Affiliated Sir Run Run Hospital of Nanjing Medical University, No. 109 Long

Mian Avenue, Nanjing, 211166 Jiangsu, China, phone: +86-138-5189-8370, e-mail: jiangzhongli_njmu@163.com

414

Folia Neuropathologica 2022; 60/4



eficial for AD patients [21]. Therefore, the underlying
mechanism attracts our attention.

Non-coding RNAs (ncRNAs) are substances that
can predict or reflect changes in specific biological
processes, including exercise. For obese children and
adolescents, exercise can protect endothelial dysfunc-
tion by inhibiting the expression of long non-coding
RNA (IncRNA) MALAT1 [33]. A previous study reveals,
exercise may participate in hippocampal neurogenesis
and prevent cognitive decline by downregulating miR-
135a-5p [23]. All these pieces of evidence provide that
exercise can suppress the progression of diseases and
improve the recovery of normal function via regulating
the expression of specific ncRNAs. In addition, several
research on clinical roles of IncRNAs in AD patients have
been published. In a study by Fotuhi et al., the expres-
sion of BACE1-AS was reduced in plasma samples
compared with healthy controls, and BACE1-AS was
considered a biomarker in predicting AD patients [11].
Zhang et al. reported that the expression of IncRNA
MAGI2-AS3 was elevated in AD patients, and it was
associated with the severity of AD [31]. LncRNA HOTAIR
has been broadly examined in numerous investiga-
tions. In in vivo and in vitro Parkinson’s disease models,
the expression of HOTAIR is enhanced and its’ over-
expression aggravates dyskinesia, which indicates that
HOTAIR may participate in neuro-degenerative disor-
ders [3].

Considering the previous results of publication,
our hypothesis was that HOTAIR was associated with
exercise in Alzheimer’s patients. We purposed to detect
the expression and clinical appliance of HOTAIR in AD.
The diagnostic value of HOTAIR for AD patients as well as
the connections between HOTAIR and cognitive function
in AD patients were evaluated. Moreover, the expression
of HOTAIR in AD patients before and after exercise was
detected as well as the associations between HOTAIR
and exercise were certified in this publication.

Material and methods
Participants and sample extraction

We collected 79 healthy subjects and 82 patients
with AD from the First People’s Hospital of Yancheng
City. All healthy individuals, who took regular exam-
ination volunteered to participate in this study. AD
patients were confirmed by the revised NINCDA-ADRDA
criteria [8]. Patients with vascular dementia, malignant
tumors, systemic inflammatory dysfunctions, cerebral
trauma, or serious nervous system diseases were limit-
ed to this study. All participants or their families signed
informed consent forms. Our design and experiments
of this study were approved by the ethics committee
of the First People’s Hospital of Yancheng City. All AD
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patients were randomly divided into exercise group
and matched group. Forty-three patients in the exer-
cise group underwent a three-month bicycle training,
with 70% of maximum heart rate. Other 39 AD patients
in the matched group took a three-month healthy
consultation. Blood samples were collected from each
group of patients. For AD patients, blood samples, Mini-
Mental State Examination (MMSE) score, and Alzhei-
mer’s Disease Assessment Scale-Cognitive (ADAS-Cog)
score were collected before and after three-month
experiment. The collected blood samples were used to
extract serum specimens.

RNA extraction and quantitative
real-time polymerase chain reaction

Total RNA samples were isolated from serum sam-
ples using a total RNA extraction kit (BIOTEKE, Beijing,
China). TRIpure LS reagent was mixed with serum sam-
ple, and the mixture was separated with chloroform,
precipitated with isopropanol, and then washed with
70% ethanol. Next, RNA precipitate was air-dried and
dissolved in RNase-free water, and gDNase (TIANGEN,
Beijing, China) was used to remove residual genomic
DNA from RNA samples. Concentration and purity were
detected using Nanodrop 2000. About 1 pg RAN spec-
imens with 0D260/280 of 1.8-2.0 were transcripted to
synthesize cDNA. The reverse transcription kit applying
in this experiment was Quantscript RT kit (TIANGEN,
Beijing, China). ABI 7500 quantitative real-time poly-
merase chain reaction (gRT-PCR) system was used to
assess the relative expression of HOTAIR, and GAPDH
was used as a reference gene. The following primers
were used: HOTAIR 5’-GCAGTGGAATGGAACGGATT-3’
(forward), 5-CGTGGCATTTCTGGTCTTGTA-3’ (reverse);
GAPDH 5’-GGAGCGAGATCCCTCCAAAAT-3’  (forward),
5’-GGCTGTTGTCATACTTCTCATGG-3" (reverse). Talent
gPCR premix (TIANGEN, Beijing, China) was applied in
this detection. Relative expression was calculated by
2(-deltadeltaCt) method.

Statistical analysis

All experimental data were analyzed with Graph-
Pad and SPSS software. All data were exhibited as
number or mean + standard deviation. Student’s t-test
was applied to analyze the differences between two
groups. Receiver operating characteristic (ROC) curve
was conducted to predict the diagnostic possibility of
HOTAIR. Correlations between HOTAIR expression and
MMSE score or ADAS-Cog score were confirmed by
Pearson’s test. Logistic regression analysis was used to
analyze factors responsible for the changes in HOTAIR
expression. The criterion for statistical significance was
p < 0.05.

415



Jianxia Lu, Lihua Liu, Jin Chen, Juan Zhi, Jiabin Li, Le Li, Zhongli Jiang

Table I. Subjects’ basic clinical information

Indicator Subjects (N = 161) P-value
Healthy subjects (n = 79) AD subjects (n = 82)
Age (years) 65.15 +6.04 65.32 £5.95 0.861
Gender (male/female) 36/43 46/36 0.182
BMI (kg/m?) 24.08 +2.61 24.58 +2.57 0.223
FBG (mg/dl) 103.13 £11.50 100.70 £11.16 0.176
DBP (mmHg) 82.11+10.35 82.07 £9.76 0.980
SBP (mmHg) 123.96 +13.74 121.17 £15.31 0.226
TC (mg/dl) 195.38 +8.57 194.55 +9.53 0.564
TG (mg/dl) 125.26 +115.16 128.24 +17.57 0.252
MMSE score 29.39 +0.65 20.35+2.91 < 0.001
ADAS-Cog score 4.14 £2.77 21.41+8.32 < 0.001

AD — Alzheimer’s disease, BMI — body mass index, FBG — fasting blood glucose, DBP — diastolic blood pressure, SBP — systolic blood pressure, TC — total chole-
sterol, TG — triglycerides, MMSE — Mini-Mental State Examination, ADAS-Cog — Alzheimer’s Disease Assessment Scale-Cognition. Data are expressed as n or

mean + standard deviation

Results
Baseline information of all subjects

Baseline characteristics were collected and analyzed
to reveal the differences between healthy controls and
AD patients. As shown in Table |, the average age of
79 healthy people was 65.15 +6.04 years, and the aver-
age age of 82 AD subjects was 65.32 £5.95 years. There
were no obvious differences in age, gender, body mass
index (BMI), fasting blood glucose (FBG), diastolic blood
pressure (DBP), systolic blood pressure (SBP), total cho-
lesterol (TC), and triglycerides (TG) between the healthy
group and the AD patients (Table I, p > 0.05), which
indicated comparable data between the healthy group
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and the AD group. However, MMSE score in AD patients
was lower than that in the healthy group, and ADAS-
Cog score in AD patients was higher than that in the
healthy subjects (Table I, p < 0.001).

Elevated expression of HOTAIR in AD
patients and its’ diagnostic accuracy

To estimate the expression of HOTAIR in 82 AD
patients, qRT-PCR was carried out. As seen in Figure 1A,
the expression of HOTAIR increased in the AD patients
relative to 78 healthy individuals (p < 0.001).

ROC curve was used to analyze the diagnostic sig-
nificance of HOTAIR on distinguishing AD patients from
healthy individuals. As seen in Figure 1B, the area under
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Fig. 1. A) Expression of HOTAIR was significantly increased in 82 Alzheimer’s disease (AD) patients com-
pared with 78 healthy individuals. B) The expression of HOTAIR showed a high possibility of diagnosing AD

patients. ***p < 0.001.
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Fig. 2. Correlations between cognitive scores and HOTAIR in 82 Alzheimer’s disease (AD) patients before
exercise. A) The relative expression of HOTAIR was linked to MMSE score; B) An association between
expression of HOTAIR and ADAS-Cog was found in AD patients.

the curve of HOTAIR was 0.891, indicating HOTAIR
might be helpful in diagnosis of AD patients. Besides,
the sensitivity of 84.1% and specificity of 80.8% further
confirmed the diagnostic accuracy.

Correlation of serum HOTAIR level
with MMSE score and ADAS-Cog score

The correlations between the level of HOTAIR and
cognitive tests in 82 AD patients were evaluated before
exercise. The expression levels of HOTAIR were cor-
related with the MMSE scores in AD patients (Fig. 2A,
r=-0.6788, p < 0.001), and were related to the ADAS-
Cogscores in AD patients (Fig. 2B, r=0.7243, p < 0.001).

Beneficial influence of exercise in AD

AllAD patients were divided into two groups, includ-
ing 39 matched patients and 43 exercise patients. Fur-
ther analysis was performed to confirm the correlation

between clinical parameters and exercise. Before exer-
cise, no significant differences were observed between
the matched group and the exercise group (Table I,
p > 0.05). After exercise, the average MMSE score in the
exercise group was significantly higher than that in the
matched group (Table Il, p < 0.001). The average ADAS-
Cog scores in the exercise group decreased in compari-
son with the matched group (Table II, p = 0.032).

Expression of HOTAIR in AD patients
before and after exercises

In order to analyze the expression change of
HOTAIR in AD patients before and after exercise, we
detected HOTAIR expression in all AD patients before
and after 3 months. In comparison with the matched
group, expression levels of HOTAIR in the exercise
group decreased significantly after three-month exer-
cises (Fig. 3, p < 0.001). However, in the matched group,

Table II. Changes of various indexes in patients with Alzheimer’s disease (AD) before and after exercise

Indicator Before exercise P-value After exercise P-value
Matched group Exercise group Matched group  Exercise group
BMI (kg/m?) 24.27 +2.47 24.86 +2.64 0.299 24.61 +2.67 24.60 +2.70 0.983
FBG (mg/dl) 101.39 +11.60 100.07 +£10.83 0.597 101.41 +11.69 97.93 +11.89 0.186
DBP (mmHg) 81.59 +9.21 92.51+10.33 0.672 82.41+9.99 80.21 +10.13 0.326
SBP (mm Hg) 121.97 £15.28 120.44 +15.48 0.654 120.05 #13.23 124.35 +13.83 0.155
TC (mg/dl) 194.79 £9.25 194.34 +9.89 0.833 194.17 +9.48 194.91 +8.36 0.711
TG (mg/dl) 128.64 +16.34 127.89 +18.81 0.848 128.68 +14.68 127.85 +15.21 0.801
MMSE score 19.76 +2.86 20.80 +2.88 0.083 19.54 +3.53 22.60 +3.78 < 0.001
ADAS-Cog score 22.13 +8.89 20.77 £7.82 0.463 21.79 +8.32 17.70 +8.55 0.032

AD — Alzheimer’s disease, BMI — body mass index, FBG — fasting blood glucose, DBP — diastolic blood pressure, SBP — systolic blood pressure, TC — total chole-
sterol, TG — triglycerides, MMSE — Mini-Mental State Examination, ADAS-Cog — Alzheimer’s Disease Assessment Scale-Cognition. Data are expressed as n or

mean + standard deviation
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Fig. 3. HOTAIRwas at a low levelin 43 Alzheimer’s
disease (AD) patients after exercise compared
with HOTAIR level in these patients before exer-
cise. The difference in HOTAIR expression was
not statistically significant in matched group;
***p < 0.001.

the difference in HOTAIR expression was not statisti-
cally significant (Fig. 3, p > 0.05).

Exercise as an independent indicator
of HOTAIR expression

As seen in Table lll, we used multivariate logistic
regression analysis to evaluate the effects of age, gen-
der, body mass index (BMI), diabetes, hypertension,
hyperlipidemia, and exercise on HOTAIR expression,
and found that exercise was significantly associated
with HOTAIR expression (OR = 0.134, 95% Cl: 0.046-
0.393, p < 0.001).

Table Ill. Association of different variables with
the occurrence of IncRNA HOTAIR expression

level

Variables OR 95% Cl P-value
Gender 1.245 0.427-3.632 0.689

(male and female)

Age (years) 2.061 0.734-5.788 0.170

BMI (kg/m?) 1.341 0.478-3.766 0.577

Diabetes 0.573 0.202-1.623 0.294

Hypertension 1.464 0.520-4.122 0.470

Hyperlipidemia 0.362 0.123-1.065 0.065

Exercise 0.134 0.046-0.393 < 0.001

BMI —body mass index
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Discussion

As a progressive neuro-degenerative disease, AD
is characterized by multidomain cognitive dysfunc-
tion, including deterioration in thinking and indepen-
dence [2]. The risk of AD is dependent on age, lifestyle,
causal gene mutations, and infection [24,25]. Label-
ing, clinical presentation, and imaging methods were
broadly utilized within the current state of AD diagnos-
tics [26,29]. Specific biomarkers have their predomi-
nance in recognizing AD, since they may diagnose AD
patients before clinical diagnose of primary symptoms
[18]. Regular physical exercise seems to be beneficial
for Alzheimer’s patients by suppressing several patho-
physiological pathways implicated in AD [19]. Exercise
may act as a novel preventative and/or therapeutic
management for progressive AD by fortifying beneficial
molecular instruments [7]. Nevertheless, the mecha-
nism underlying exercise in AD is unclear.

In the present study, the expression of HOTAIR
was raised in Alzheimer’'s patients compared with
the healthy individuals, indicating that AD progres-
sion might contribute to the enhanced expression of
HOTAIR. Moreover, the results of ROC curve revealed
that HOTAIR might be used as a diagnostic biomark-
er in the clinical identification of Alzheimer’s patients.
The clinical utility of ncRNAs has been investigated
by hundreds of researchers. Yang et al. reported that
a panel of miR-135a, miR-193b, and miR-384 serves
as an early diagnostic biomarker of AD [30]. LncRNA
BACE1 is a promising indicator in distinguishing Alzhei-
mer’s patients [9]. MMSE and ADAS scores were used
as important methods to evaluate the mental situ-
ation of AD patients in several reports [5,22]. A lower
MMSE score and higher ADAS-Cog score indicated more
severe cognitive impairment[28]. The mechanism under-
lying exercise in AD has been explored by some authors.
For example, the exercise meliorates MMSE and ADAS-
Cog scores, and inhibits the raised expression of IncRNA
SNHG14[13].Inanotherinvestigation of AD patients, the
levels of miR-129-5p were enhanced induced by phys-
ical exercise, and correlations were identified between
miR-129-5p and ADAS-Cog and MMSE scores [17].
Therefore, we further analyzed the association between
HOTAIR and cognition. Our investigation indicated that
the expression of HOTAIR was correlated with the MMSE
score and ADAS score, which discovered that HOTAIR
might ameliorate AD by cognition recovery.

Physical activity is related to maintenance or
advancements of brain normal function by lessening
the hazard of AD [12]. In the present study, we found
the MMSE score was elevated in the exercise group
compared with the matched group, providing that
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three-month bicycle training could meliorate the pro-
gression of AD. The ADAS-Cog score was lessened in
the AD patients after 3-month exercise, which eluci-
dated that exercise might be beneficial to Alzheimer’s
patients. Besides, several experiments on the associ-
ations between exercise and ncRNAs have been car-
ried out. In a report on vascular cognitive impairment,
aerobic exercise alleviated the learning impairment in
mice model by regulating TUG1 [27]. In Parkinson’s dis-
ease, aerobic exercise training alters the motor perfor-
mance of animal models by changing the expression
of IncRNA LOC102633466 and IncRNA LOC102638670
[32]. Paronetto et al. validated the expansionary effect
of physical activities in attenuating abnormal IncRNA
MALAT1 expression by improving the levels of SOD1
and SOD2 antioxidant genes [2]. In the exercise group,
the expression of HOTAIR in patients after exercise
was decreased, which suggested that exercise might
reduce the expression of HOTAIR. Furthermore, multi-
variate logistic regression analysis was conducted to
analyze the correlation between exercise and HOTAIR.
This finding showed that exercise was an independent
marker in forecasting HOTAIR expression. Our analysis
results can be beneficial to novel therapeutic targets
and research strategies of AD. However, small sample
size and no further studies on the molecular mecha-
nisms were the limitations of this research.

In conclusion, the expression of HOTAIR was ascend-
ed in Alzheimer’s patients, and HOTAIR was an alternative
diagnostic biomarker for AD patients. The items of cog-
nitive function were linked to the expression of HOTAIR.
The cognitive situation of Alzheimer’s patients was melio-
rated due to exercises. The expression of HOTAIR was
declined in AD patients after three-month exercises. Exer-
cise was an independent indicator for HOTAIR expression
in Alzheimer’s patients who undertook exercise.
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