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Abstract

Context: Alzheimer’s disease (AD) is a neurodegenerative disease affecting many people around the world. Recently, it has been
reported that toll-like receptors (TLRs) play a role in AD; therefore, the present study aimed to systematically review the studies and
to meta-analyze the role of toll-like receptor 9 (TLR9) in AD.
Methods: Seven main electronic databases, including PubMed/MEDLINE, Web of Science, Embase, Scopus, CINAHL, Cochrane, and
Google Scholar, will be considered with no language restrictions. Full texts of articles will be prepared by a determined search
strategy. Studies including the assessment of TLR9 function in adults with AD, published before June 15 2020, will be considered.
Hence, this protocol will be presented based on the preferred reporting items for systematic reviews and meta-analyses (PRISMA)
statements for protocols. The related results and data analyses will be provided in the final review. This paper plans the protocol for
a systematic review identifying TLR9 up-regulation and down-regulation in adults with AD.
Conclusions: The meta-analysis of TLR9 may subsequently provide attractive therapeutic tools for AD.
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1. Context

Alzheimer’s disease (AD) is known as a neurodegenera-
tive disease associated with aging. The clinical character-
ization of AD is presented through developing cognitive
function deterioration in adult life. Definite forms of mem-
ory and language losses are the typical initial symptoms of
AD (1). According to histopathological aspects of AD, dense
protein aggregation containing extracellular Aβ (amyloid
beta) plaques and intracellular neurofibrillary tangles are
the known neuropathological characteristics in AD brain
(2, 3). Also, tau protein plays a key role in Aβ toxicity; thus,
tau protein levels in the brain are significantly correlated
with cognitive impairments (2). Both intracellular and ex-
tracellular accumulations of Aβ peptide participate in the
primary event. They stem from the impairment of clear-
ance pathways and this can aggregate to form insoluble
plaques (2). The immunological approach has proved the
activation of microglia in AD tissue, particularly in sur-
rounding amyloid plaques (4).

In recent decades, the involvement of toll-like recep-
tors (TLRs) in AD has been increasingly suggested (4). TLRs
are a class of pattern recognition receptors (PRRs) in mam-
mals (5). Briefly, germline-encoded PRRs are employed by
the innate immune system for the initial detection of mi-
crobes (5). However, PRRs may determine specific molec-
ular patterns, including pathogen-associated molecular
patterns (PAMPs) and damage-associated molecular pat-
terns (DAMPs) (5). In brief, PAMPs are microbe-specific
molecular signatures; however, DAMPs are self-derived
molecules derived from damaged cells (5). In fact, a va-
riety of molecular components originated from microor-
ganisms and classified into lipid, protein, and nucleic acids
have been known as most of the TLR ligands (6). In humans
and mice, TLRs belong to a family with 10 (TLR1-TLR10) and
12 (TLR1-TLR9, TLR11-TLR13) members, respectively. TLRs are
found in cell surfaces and some intracellular organelles, in-
cluding the endoplasmic reticulum (ER), endosome, lyso-
some, or endolysosome (5).
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Structurally, the TLR is a trans-membrane protein with
two binding sites for ligands and receptors. The inflam-
matory process and other signaling and responses related
to the adaptive immune system can also be triggered as
specific ligands recognized by TLRs (4). Currently, it is not
clear yet that if the role of TLRs in AD may be beneficial or
contribute to AD progression (7)). TLR9 as an intracellu-
lar receptor can recognize viral double-stranded RNA and
unmethylated cytosine-guanosine (CpG) islands in DNA (8,
9). There is evidence that the stimulation of TLR9 by CpG
oligodeoxynucleotides (ODNs) leads to a dramatic reduc-
tion of amyloid load in a mouse model of AD (9). Likewise,
there are reports showing the relation of TLR9 to AD in hu-
mans (10, 11). Accordingly, in this systematic review, we in-
tend to evaluate the changes of TLR9 in AD patients.

2. Methods

The conducted review will be presented based on the
PRISMA statement (12). The PRISMA flowchart will be used
to explain the number of initial studies (included and
deleted) at the various stages of this systematic review (Ap-
pendix 2 in Supplementary File).

2.1. Patient and Public Involvement

This is a protocol for previously published articles;
thus, patients or public and related data are not necessary
to be assessed or included in any section of this protocol
development.

2.2. Criteria

All articles related to TLR9 expression, AD dementia,
mild cognitive impairment (MCI), and subjective cognitive
decline (SCD), which were available and published on men-
tioned searched databases before June 15 2020, will be col-
lected. The inclusion and exclusion criteria are provided in
the following sections.

2.3. Population

Adult patients with dementia due to AD will be in-
cluded. Other cognitive disorders due to alcohol consump-
tion or drug abuse, central nervous system (CNS) injuries
like subdural hematoma, tumor, or infection, as well as
other neurological complications such as Huntington’s
disease or Parkinson’s disease, will be excluded.

2.4. Comparator

The control group will consist of healthy old adults.
Those with cognitive impairments, neurocognitive com-
plications, and disrupted daily functions will be excluded.

2.5. Outcomes

We will only consider quantitative measurements.

2.6. Study Type

The observational studies, including cross-sectional or
case-control and cohort studies that investigated TLR9 and
AD in human studies, will be included.

There will be no language restrictions during the pa-
pers’ searching. All papers should be studies published in
peer-reviewed journals.

2.7. Information Sources

The following databases will be searched for relevant
studies, published between January 1, 1990, and June 15,
2020, with no language restrictions: PubMed/MEDLINE,
Web of Science, Embase, Scopus, CINAHL, Cochrane, and
Google Scholar. The search strategy syntax will be altered
to be used in the mentioned databases. In final analyses,
the searches will be performed again, and any new study
will be considered for inclusion. Also, case reports, reviews,
editorials, letters, and case series articles will be removed.
To do so, a search utilizing the keywords “Alzheimer’s dis-
ease” and “toll-like receptor9” will be performed. An exam-
ple of a conducted PubMed search strategy is provided in
Appendix 3 in Supplementary File. It should be noted that
search syntax will be adjusted in accordance with the used
databases. The search terms will be found both in EMBASE
(EMTREE) and in MEDLINE/PubMed (Medical Subject Head-
ings/MeSH), and a combination of these terms will be used
to produce an appropriate electronic search strategy. The
titles, abstracts, and keywords of the studies will be consid-
ered. Grey literature will be collected using Google Scholar,
Open Grey, ClinicalTrials.gov, and the International Clini-
cal Trials Registry Platform. Unpublished studies, includ-
ing conference papers, scientific meetings, or theses, will
be included in the search to mitigate publication bias. We
will also contact the authors of these eligible conference
papers through emails, and we will ask them for full texts,
if necessary.

2.8. Search Strategy

To make the search strategy highly sensitive, in final
analyses, the searches will be performed again, and any
new study will be considered for inclusion. The searches
will be performed in titles, abstracts, and full-texts. A dual
independent review will be carried out to the search strat-
egy. This will also be used to minimize random errors
and bias for the studies’ identification and assessment pro-
cesses. The independent librarian will recheck the search
strategy.
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2.9. Data Management

Data management will be conducted using the End-
Note software version X7. One of the researchers (Z.F.) will
import the search results for each database into the End-
Note library, will remove the duplicate records of each
database into the EndNote library, and then will remove
the duplicate records.

2.10. Study Selection

The three-step model will be used for the inclusion of
proper studies in the present review. The first step will be to
examine the relevance of the titles and abstracts of the se-
lected papers. Articles without abstracts or incomplete ab-
stracts will be considered for full-text analysis. In the next
step, studies with eligibility for our study will be checked
by two researchers (N.H. and S.N.) separately. In the final
step, full texts will be assessed by reviewers to reveal their
relevance. To resolve any existing disagreement, the third
reviewer (F.K.), who is experienced in this field, will be con-
sulted. The reasons for the exclusion of the studies will be
recorded at each stage. The researcher (Z.F.) will perform
the search, review, and initial selection of articles based on
the search strategy and in accordance with the PRISMA-P
statement simultaneously (13), and will save the results of
each database, separately. For each database, duplicates
will be determined, and newly found cases will also be cho-
sen and saved. Then, two researchers (S.N. and N.H.) will re-
view the final list of references for all selected articles and
grey literature to individualize other relevant articles.

2.11. Data Extraction

A form will be prepared for data extraction, and two re-
viewers (N.H. and S.N.) will evaluate and extract data inde-
pendently.

The data extraction from the screened papers will in-
clude the following:

1) Study characteristics such as paper ID, publication
date, the first author’s name, country, publication lan-
guage, setting locations, study design, sample selection
criteria, sample size, diagnostic criteria, and measured
outcomes.

2) General characteristics of participants, including
gender, age, and ethnicity: The missing data will be asked
from the corresponding author through email. The in-
cluded studies will be categorized based on the outcome
data and the clinical examination by which the partici-
pants are diagnosed. If there is any disagreement on the
inclusion of a study, the third reviewer will resolve it. Also,
all reasons for the exclusion of a study will be explained in
a documented table.

If the data presented in the research report are incom-
plete, the researchers will contact the corresponding au-
thor for more information to manage the data in specific
circumstances, determined by the Cochrane Institute. If
the authors do not respond to the first email, we will send
up to three reminder emails. After sending three reminder
emails, if we do not receive any answer, the reviewers will
consider the incomplete information as missing data.

2.12. Quality Assessment

The included papers will be analyzed for reliability or
internal validity to specify the risk of bias, including selec-
tion bias, performance bias, detection bias, attrition bias,
analysis bias, and reporting bias.

Two reviewers (S.N. and N.H.) will evaluate the method-
ological quality of primary studies independently by the
Joanna Briggs Institute (JBI; 2018) Critical Appraisal Check-
list for Analytical Cross-Sectional studies. Also, case-control
and cohort studies will be assessed by other developed
tools; if necessary, this will be implemented for all in-
cluded studies to evaluate the study quality. In case of un-
certainty or disagreement between the reviewers, an inde-
pendent reviewer (L.J.) will be conferred through dialogue
to gain consensus. The publication bias will be evaluated
by funnel plots (study results against accuracy plots) and
Begg’s and Egger’s tests.

2.13. Meta-analytic Approach

Heterogeneity will be assessed to detect the scale vari-
ation for effect estimate caused by heterogeneity instead
of chance. The heterogeneity in primary studies will be
evaluated by χ2 test (at the level of 10% will be consid-
ered as significant) and I2 statistic (50% - 90% will show
significant heterogeneity). The synthesized effect size will
be presented in the form of the standard mean differ-
ences with 95% CI. If the model of heterogeneity provides
meta-analysis permission, a random-effects model will be
used. Therefore, meta-analysis will be structured using
the Comprehensive Meta-Analysis (CMA V.3, Biostat, En-
glewood, USA). The standard mean differences represent
the differences between the means of two groups divided
by the standard deviation (SD). For the meta-analysis, the
data will be presented as continuous outcomes and the
random-effects model will be used for the variations of ex-
citing methodology between studies. Moreover, the reason
for high levels of heterogeneity will be determined. If we
succeed in finding the sources of heterogeneity, we will use
subgroup analysis to present pooled results in the relevant
subgroups. The results will be considered as significant for
p-values < 0.05.
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3. Discussion

The main aim of the present study is to systematically
review TLR9, having been noticed in studies with partic-
ipants diagnosed with AD. The results of this review will
add information regarding TLR9 up-regulation and down-
regulation in older adults with AD. This will help design
potential therapeutic programs for individuals at risk for
AD. We suggest that this review will help many stakehold-
ers who are concerned about treating AD.

3.1. Dissemination Plans

This systematic review will be submitted to a peer-
reviewed journal both local and international scientific
meetings.

3.2. Strengths and Limitations of This Study

The present systematic review evaluates the role of
TLR9 in AD. The method is based on a comprehensive
search strategy containing studies in any language and
covering the period from January 1, 1990, to June 15, 2020.

The review protocol is prepared in line with the pro-
tocol guidelines of systematic reviews and meta-analyses
(Appendix 1 in Supplementary File), and the articles’ qual-
ity will be evaluated by using validated tools.

Comparison between studies may not be possible due
to heterogeneity in measurement tools.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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