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e : ABSTRACT

Introduction: Klotho and Dipeptidyl Peptidase-4 (DPP4) are two proteins that modulate
inflammatory pathways. We investigated the association between circulating klotho and
. DPP4 activity and their relationship with inflammatory cytokines, miR-29a, and miR-195 in
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Methods: This study was conducted on 16 AD patients and 16 healthy age-matched controls.
Plasma levels of tumor necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1p, interleukin-6
(IL-6), klotho, and DPP4 were measured by enzyme-linked immunosorbent assay. Plasma
expression of miR-29a and miR-195 were also measured and compared by a real-time
polymerase chain reaction.

Results: There was a significant increase in TNF-a (p=0.006), IL-1p (p=0.012), and IL-6
(p=0.012) levels in the AD subjects compared with controls. Also, we found a decrease in
plasma levels of klotho and an increase in plasma levels of DPP4 in the AD group that was not
significant compared with the controls. Lower expression of miR-29a (P=0.009) and higher
expression of miR-195 (P=0.003) were observed in the AD group that was significant than
controls. Further analysis showed a negative correlation between klotho and plasma levels of
IL-6 (r=-0.58, p=0.01). Also, there was a positive correlation between plasma DPP4 activity

Keywords: and TNF-a levels (r=0.50, P=0.04) and IL-1B (=0.62, P=0.01). Likewise, plasma klotho
Alzheimer Disease (AD) :  concentration showed a negative correlation with the age of AD subjects (r=-0.56, P=0.02).
Klotho, Dipeptidyl Peptidase-4, Conclusion: TNF-q, IL-1B, and IL-6 are involved in AD pathophysiology, and dysregulation of
Inflammatory cytokines, : DPP4 and klotho may be associated with the inflammatory response of AD. Down-regulation
MicroRNAs ¢ of miR-29a and up-regulation of miR-195 indicated the role of miRNAs in the AD process.
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Highlights
e Plasma levels of IL-1p, IL-6 and TNF-a increase in the Alzheimer disease patients compared to healthy controls.

e Plasma levels of klotho proteins decrease while DPP4 increase in the Alzheimer disease patients compared to
healthy controls.

e miR-29a is down-regulated while miR-195 is up-regulated in the Alzheimer disease patients compared to healthy
controls.

e Increased DPP4 and decreased klotho concentrations are associated with dysregulation of inflammatory cytokines.

Plain Language Summary

Alzheimer Disease (AD) is the most common cause of dementia in the elderly and is complicated with neural inflam-
mation in the brain tissue. Inflammatory cytokines such as Tumour Necrosis Factor-a (TNF-a), interleukin-1-beta
(IL-1PB) and interleukin-6 (IL-6) are the most potent inflammatory cytokines and produced by activated microglia and
astrocytes in the brain. Our findings showed that TNF-a, IL-1p and IL-6 increased in AD patients. Also, plasma klotho,
which is an anti-aging protein decreased while DPP-4 increased in AD subjects compared to the healthy controls.
Furthermore, circulating miR-29a showed down regulation while miR-195 showed up regulation in the AD patients.

Down-regulation of miR-29a and up-regulation of miR-195 indicate contribution of miRNAs to process of AD.

1. Introduction

Izheimer Disease (AD) is a common

age-related disease that causes memory

loss, the decline in cognitive function,

and progressive disability (Liu & Chan,

2014; Motta, Imbesi, Di Rosa, Stivala,

& Malaguarnera, 2007). Neural inflam-
mation is a hallmark of neurodegenerative diseases, such
as AD, which is defined by the stimulation of astrocytes
and microglia, and the activation of pro-inflammatory
agents. Tumour necrosis factor-o. (TNF-a) and Inter-
leukin 1-beta (IL-1P) are the first two cytokines in the
inflammatory cascade, which are released locally and
stimulate the production of IL-6 (de Gonzalo-Calvo et
al., 2010). From the biological point of view, TNF-a, IL-
1B, and IL-6 are the most pivotal inflammatory cytokines
involved in the AD process produced by activated mi-
croglia and astrocytes in the nervous system (Dursun et
al., 2015; Faria et al., 2014).

Recent studies have reported klotho protein as an anti-
aging factor with neuroprotective effects through the
alleviation of oxidative stress in the neurodegenerative
process (Sedighi et al., 2019; Brobey, Dheghani, Foster,
Kuro-o, & Rosenblatt, 2015; Kuang et al., 2014). Klotho
is a pivotal regulator of the Insulin/insulin-like Growth
factor-1 (IGF-1) signaling pathway, which is proposed
as an evolutionary mechanism involved in the oxidative

stress process and aging. Hence, klotho might diminish
oxidative stress and progress of AD through the negative
regulation of insulin/IGF-1 signaling cascade, as well
as the alleviation of oxidative $tress in the brain tissue
(Utsugi et al., 2000).

Moreover, the Dipeptidyl Peptidase-4 (DPP4) enzyme
has shown to induce inflammation and oxidative stress
through its interaction with IL- 12 or IGF-II. Numerous
investigations have reported the relationship between
increased DPP4 activity and the pathogenesis of insu-
lin resistance and metabolic syndrome (Zheng, Chen,
Liu, Gao, & Tian, 2015; Zheng, Chen, Liu, Gao, &
Tian, 2014). A recent investigation by Wronkowitz et
al showed that MAPK and NF-kB signaling pathways
are activated by DPP4 leading to the promotion of in-
flammation and proliferation of human vascular smooth
muscle cells (Wronkowitz et al., 2014).

With the emergence of microRNAs (miRNAs) as po-
tential diagnostic factors for neurological diseases, it has
documented that several miRNAs, such as miR-29a and
miR-195 were dysregulated in AD process (Basak, Pa-
til, Alves, Larsen, & Mpller, 2016; Delay, Mandemak-
ers, & Hébert, 2012). Biologically, miR-29a directly
targets - site amyloid precursor protein cleaving en-
zyme (BACE1), which is directly involved in the pro-
cess of Amyloid-beta (AB) formation. Also, miR-195
is involved in the oxidative stress process through the
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dysregulation of inflammatory agents (Garza-Manero,
Pichardo-Casas, Arias, Vaca, & Zepeda, 2014; Shi et al.,
2013). Also, miR-195 inversely modulates the protein
level of BACE1 and A accumulation (Zhu et al., 2012).

Considering the role of klotho and DPP4 in the regula-
tion of the inflammatory process, the present study was
conducted to evaluate the comparatively the levels of in-
flammatory cytokines, including IL-1p, IL-6, TNF-a in
the plasma of AD patients and assess the relationship be-
tween plasma DPP4 and klotho activity and the above-
mentioned cytokines. Moreover, miR-29a and miR-195,
which are involved in the regulation of AD mechanisms
through targeting inflammatory cytokines were mea-
sured and compared in the AD and healthy subjects to
investigate the possible relationship between miRNAs
quantities and inflammatory cytokines levels.

2. Methods
2.1 Subjects

This study was conducted on cases referring to our neu-
rological research institute. The informed consent was
obtained from the subjects and the study was approved by
our local Ethics Committee at Iran University of Medical
Sciences (IR.IUMS #26942). Subjects were divided into
two groups: AD and healthy control (age-matched con-
trol) groups. All subjects who had diabetes mellitus and
hypertension were excluded from the study. Diagnosis of
the AD was done by the neurologist at the clinic and the
Mini-Mental State Examination (MMSE) was performed
to assess participants with mild cognitive impairment.
Further assessment was done to exclude subjects with
previous brain attack or abnormality from the study.

2.2 Sample collection and ELISA analysis

After an overnight fast, 5 ml of venous blood samples
were taken from the participants and collected in hepa-
rin lithium tubes. The blood samples were centrifuged
at 1500 g for 15 min at room temperature, and after
isolation of the serum, the levels of IL-1f, IL-6, TNF-
a, klotho, and DPP4 were measured by Enzyme-Linked
Immunosorbent Assay (ELISA) (R&D Systems, USA)
and the commercial kit according to the manufacturer’s
instructions (BioTek, Winooski, Vermon USA).

2.3 Quantitative real-time PCR

Total RNA was isolated from the plasma sample using
Qiazol (Qiagene, Germany) based on the manufacturer’s
instruction. The purity and concentration of total RNA
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were evaluated by the absorbance ratio at 260/280 nm by
the NanoDrop spectrophotometer (Thermo Fisher Sci-
entific, USA). The TagMan Advanced miRNA cDNA
Synthesis Kit (Applied Biosystems, USA) was used to
synthesize microRNA. The Tagman advanced miRNA
assays (Thermo Fisher Scientific, USA) were subse-
quently implemented to assess the expression of miR-
NAs based on the instruction provided by the manufac-
turer and included the specific Stem-Loop primer and
probe for each microRNA. Real-time Polymerase Chain
Reaction (PCR) was run in an ABI StepOne (Applied
Biosystems, USA) system using RealQ Plus 2x Mas-
ter Mix Green (Amplicon, Denmark) for 40 cycles (15
s at 95°C, 15 s at 60°C, and 30 s at 72°C). Hsa-miR-
195-5P (MIMATO0000461, miRBase) and hsa-mir-29a
(MI0000087, miRBase) profiling were performed using
specific MiScript Primer Assays.

The amplicon sizes for the hsa-mir-29a were 80 bp and
82 bp for the hsa-miR-195-5P. The following primers
were used for the PCR:

Hsa-miR-195-5P forward, 5’ CGCAGAGCTAGCAGCA-
CAG-3’and reverse, 5 GTGCAGGGTCCGAGGTAT-3’;
hsa-mir-29a forward, 5’-GACTCGTAGCACCATCTG-3’
and reverse, 5° GTGCAGGGTCCGAGGTAT-3’. The
2-AACt method was used to quantify the relative levels of
gene expression.

2.4 Statistical analysis

Data were analyzed using the SPSS V. 22 (SPSS Inc.,
Chicago IL, USA) statistical software package. Continu-
ous values were expressed as Mean+Standard Deviation
(SD) and analyzed using the Student’s t-test. The Pear-
son chi-square test was used to examine the categorical
data. The correlation coefficient was used to determine
the significant contribution of the variable parameters to
the constant parameter. P-value of <0.05 was considered
as statistically significant.

3. Results

Our study population consisted of 32 subjects, includ-
ing 12 males (37.5%) and 20 females (62.5%). Table 1
summarizes the demographic data and clinical charac-
teristics of the subjects in the healthy control and AD
groups. Both groups were homogenized for age, gen-
der, comorbidities, and consumption of nonsteroidal
anti-inflammatory drugs. The plasma IL-1p, IL-6, and
TNF-a levels in both groups are shown in Figure 1. The
plasma IL-1p levels were significantly higher in AD pa-
tients than in the control group (P=0.006). Likewise, the
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Table 1. Characteristics of the participants in the two studied groups (n=16)

Mean1SD/ No. (%)
Variables
AD HCs
Age (y) 78.0645.1 75.08+4.6
Male 6(37.5) 6(37.5)
Gender
Female 10 (62.5) 10 (62.5)
Hypertension 5(31) 4(25)
Diabetes Mellitus 2 (12.5) 3(19)
NSAIDs consumption 1(6) 2(12.5)

AD: Alzheimer Disease; HCs: Healthy Controls; NAIDs: Nonsteroidal Anti-inflammatory Drugs s L

Table 2. The correlation between klotho, DPP-4, miR-29a, miR-195, and cytokines in patients with AD

IL-18 IL-6 TNF-a
Plasma Variables
r P r P r P
Klotho 0.18 0.49 -0.58 0.01* -0.11 0.66
DPP-4 0.62 0.01* 0.45 0.07 0.50 0.04*
miR-29a 0.15 0.57 -0.25 0.34 0.48 0.056
miR-195 -0.25 0.33 -0.01 0.96 -0.35 0.18

MEUR -SCIEMDE

IL-1B: Interleukine-1beta; IL-6: Interleukine-6; TNF-a: Tumor necrosis factor-alfa; DPP-4: Dipeptidyl peptidase-4

* Correlation was significant at P<0.05 level
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Figure 1. Plasma levels of IL-1p, IL-6 and TNF-a in AD patients (n=16) compared with the age-matched controls (n=16)
*P<0.05; ** P<0.01
IL-1pB: Interleukine-1beta; IL-6: Interleukine-6; TNF-a: Tumor necrosis factor-alfa
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Figure 2. Plasma klotho and DPP4 levels in patients with AD (n=16) compared with the age-matched controls (n=16)

DPP-4: Dipeptidyl Peptidase-4

IL-6 and TNF-a levels showed a significant rise in AD
patients compared with the control group (P=0.012 and
P=0.021, respectively).

As depicted in Figure 2, the plasma level of klotho was
lower, whereas the plasma level of DPP4 was higher
in AD patients in comparison with the control group.
However, differences between the two groups based on
klotho and DPP4 were not significant (P>0.05).

As illustrated in Figure 3, the results of our Study
showed that the plasma concentration of miR-29a sig-
nificantly diminished in the AD group compared with
the control group (P=0.009). In contrast, the plasma lev-
els of mir-195 showed a remarkable increase in the AD
group compared with the healthy subjects (P=0.003).
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The correlation analysis of plasma variables showed a
remarkable positive correlation between plasma levels
of DPP4 and IL.1p (r=0.62, P=0.01) and TNF-a (r=0.50,
P=0.04) in the AD group. Also, a significant negative
correlation was found between plasma levels of klotho
and IL-6 (= -0.58, P=0.01) in the AD patients (Table
2). Further analysis disclosed an inverse correlation be-
tween plasma levels of klotho and age of AD patients
(r=-0.56, P=0.02) (Figure 4).

4. Discussion

In this study, we assessed circulating biomarkers of neu-
roinflammation, including IL-1p, IL-6, and TNF-o in AD
subjects compared with healthy controls to evaluate bio-
chemical changes in AD pathophysiology. Also, we evalu-
ated the plasma levels of klotho, DPP4, miR-29a, and
miR-195 in both groups to compare them between AD and

OCantaal DA T

mul-L5)
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Figure 3. The relative expression of plasma level of miR-29a and miR-195 by the quantitative real-time polymerase chain reac-
tion of patients with AD (n=16) compared with the healthy age-matched controls (n=16)

** P<0.01
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Figure 4. Plasma levels of klotho demonstrated a negative correlation with the age of patients with AD

healthy subjects to find the possible relationship between
plasma biomarkers and inflammatory cytokines levels.

Senescence is a physiological process, which is asso-
ciated with inflammation. Inflammatory factors, such
as interleukins promote the development of senescence
(Liu, Wu, Ren, & Gu, 2011). IL-1p plays a pivotal role
in the onset and development of various types of neu-
rodegenerative diseases, such as AD. IL-1p can activate
other cell types, especially astrocytes and microglia in
the neural system to further induction of cytokine re-
lease (Calsolaro & Edison, 2016). Accordingly, IL-13
induces IL-6 production, enhances inducible nitric ox-
ide synthase activity, and stimulates the production of
macrophage colony-stimulating factor (Rubio-Perez &
Morillas-Ruiz, 2012). Our results indicated the elevat-
ed levels of IL-1B in AD subjects in comparison with
healthy subjects (P<0.01), which is in parallel with other
investigations that reported elevated IL-1p in the plasma
and Cerebrospinal Fluid (CSF) of AD subjects (An-
gelopoulos et al., 2008; Oztiirk et al., 2007; Rao, Kel-
lom, Kim, Rapoport, & Reese, 2012; Yasutake, Kuroda,
Yanagawa, Okamura, & Yoneda, 2006). IL-6 is another
inflammatory cytokine that plays a crucial role in both
the development and differentiation of the central ner-
vous system (Chen et al., 2012).

Physiologically, IL-6 enhances the activation of mi-
croglia that leads to the induction of tau protein phos-
phorylation and synthesis of acute-phase proteins in
neural tissues. Functionally, the activated IL-6 by IL-1B
stimulates microglia and astrocytes that can stimulate the
production of proinflammatory cytokines and C-reactive
protein in AD patients (Querfurth & LaFerla, 2010;

Quintanilla, Orellana, Gonzalez-Billault, & Maccioni,
2004). Based on our findings, plasma levels of IL-6
showed an up-regulation in AD subjects in comparison
with the age-matched control group, which is consistent
with other reports indicating an elevated level of IL-6
in AD patients (Baranowska-Bik et al., 2008; Bermejo
et al., 2008; Cojocaru, Cojocaru, Miu, & Sapira, 2011;
Galimberti et al., 2008; Licastro et al., 2000).

Klotho has described as an anti-aging factor with age-
regulating effects and acts as a neuroprotective agent via
preventing neural cells from oxidative stress (Shiozaki et
al., 2008; Uchida et al., 2001). Our results showed a neg-
ative correlation between plasma levels of klotho and the
age of AD patients (P<0.05). This finding is consistent
with the results reported by Semba et al. indicating an
inverse correlation between age and CSF klotho levels
(Semba et al., 2014). Reduced klotho levels in aged brain
white matter may be responsible for myelin degenera-
tion and age-associated cognitive decline in AD patients
(Chen et al., 2013; Shardell et al., 2015).

DPP4 is a serine protease enzyme with catalytic ac-
tivity on the chemokines and inflammatory cytokines
located on the surface of various types of cells. DPP4
stimulates T-cell maturation and migration, inflammato-
ry agents release, and induction of cytotoxic T lympho-
cyte through an IL-12-dependent mechanism (Zheng et
al., 2014; Zheng et al., 2016). The Spearman correlation
between DPP4 and cytokines concentration in our study
disclosed a positive correlation between DPP4 and IL-1(3
and TNF-a in the AD group (Figure 4). These findings
are in parallel with Zheng et al. findings who reported
that the elevated plasma DPP4 activities lead to an in-
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crease in inflammation and oxidative stress in the periph-
eral circulation (Zheng et al., 2015). Also, DPP4 inhi-
bition is associated with a decline in the inflammatory
cytokines via the mitigation of IL-1f, IL-6, and TNF-a
release, which are increased in the AD.

Blood plasma is one of the most important sources of
circulatory miRNAs in the human body. miRNAs are
known as a novel type of gene expression regulatory
agents that inhibit the translation process of mRNAs en-
coding proteins and have been proposed as noninvasive
factors for the diagnosis of many neurodegenerative dis-
eases (Kumar et al., 2013; Kumar & Reddy, 2016). Based
on some evidence, multiple miRNAs are associated with
the initiation and development of sporadic AD. Although
Yang et al. reported similar blood levels of miR-29a in
the AD group (Yang et al., 2015), our findings showed a
remarkable down-regulation of miR-29a in AD patients in
comparison with age-matched controls, which is in agree-
ment with other studies (Geekiyanage, Jicha, Nelson, &
Chan, 2012; Hebert et al., 2008). Functionally, miR-29a
inversely targets BACEI expression and may be directly
involved in the production of the AP protein from its amy-
loid precursor protein (Hebert et al., 2008). Interestingly,
miR-195 in our research showed a marked up-regulation
in the AD group compared with the controls. Consistent
with our results, MA et al. reported that the overexpres-
sion of miR-195 leads to increased levels of IL-1p and
IL-6 in cells (Ma et al., 2018). Moreover, Shi et al. also
reported that the up-regulated miR-195 can elevate pro-
inflammatory cytokines of IL-1f3 and TNF-a in microglia
and promote neuroinflammation (Shi et al., 2013).

Our findings proved concurrent evidence suggesting the
potential role of inflammatory cytokines, such as IL-1§,
IL-6, and TNF-a in the pathogenesis of AD. Moreover,
it is suggested that increased DPP4 and decreased klotho
levels in plasma may be associated with neural inflam-
mation and cognitive impairment in AD subjects. Taken
together, based on our results, the down-regulation of
miR-29a and up-regulation of miR-195 can indicate the
role of miRNAs in the AD process, and consequently,
they can be used as potential diagnostic markers.
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