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Abstract:

The brain has traditionally been deemed to possess an ‘immune privilege' on account of the presence of the
blood-brain barrier. The understanding of the interaction between the brain and the immune system has,
however, undergone a fundamental change with the discovery of the brain lymphatic network. Alzheimer's
disease (AD) is a neurodegenerative disorder whose pathogenesis and pathogenic mechanisms are yet to be
fully unraveled. Emerging research indicates that the immune system potentially plays a crucial role in the
development and progression of Alzheimer's disease, influencing diverse aspects, for instance, cytokines,
inflammatory reactions, and immune cells. The present study, therefore, aims to investigate the relationship
linking Alzheimer's disease and the immune system and further scrutinizes the contributions made by
various countries, institutions, journals, and authors in this domain, delving further into the research
hotspots and trends.

We analyzed 1152 articles from the Web of Science database, revealing a slow growth trend in annual
publications. The United States leads in publication volume and international collaborations, with Harvard
University having significant influence. Key keywords include Alzheimer's disease, GFAP, A, and
lymphocyte.

Our study underscores the potential importance of immune cells like microglia, astrocytes, and lymphocytes
in AD pathology, highlighting them as targets for future research. General practices, immunotherapy, and
plant therapies emerge as promising interventions. This bibliometric and visual analysis offers insights into
the evolving landscape of AD research and the immune system's role, guiding future investigations and
therapeutic strategies.

Keywords: Bibliometric analysis, AD, Immune system, Inflammatory, Lymphatic network.

Introduction

AD is a progressive neurodegenerative disorder
and the most common cause of dementia among
elderly individuals. Its typical symptoms include
decline in  memory, cognitive impairment,
behavioral and emotional changes, and ultimately
leading to mortality. Early symptoms include
difficulty in remembering recent conversations,
names or events, apathy and depression, while late
symptoms include communication barriers,

confusion, decline in judgment and behavior
abnormalities. It not only affects the patient, but
also imposes physical, emotional and economic
burden on their families and caregivers. The latest
research data shows that globally, the prevalence
of dementia is expected to triple by 2050, and this
estimate increases to three times when considering
a biological definition of AD. AD is the primary
cause of dementia and is becoming a costly,

CURRENT SCIENCE

CS 4 (4), 569-586 (2024) 569



CURRENT SCIENCE

Yan Tan et al.

lethal, and burdening disease of this century?.

Various hypotheses have been proposed to explain
the underlying mechanisms of the disease, which
include the amyloid hypothesis>*, tau hypothesis®,
neuroinflammation hypothesis®®, and oxidative
stress hypothesis®, to name a few. Despite
extensive research, there is currently no cure for
ADlO_lZ.

Recent discoveries and research have challenged
the long-held belief that the brain is immune
privileged, which is now recognized that a
complex immune network exists within the brain
that involves multiple peripheral immune players
in addition to resident microglia cells, as well as
this interaction allows the brain to modulate its
immune activity in response to changes in the
body's immune activity™***. The impact of the
immune system on the brain is being reconsidered
in the context of brain development and aging, as

well as neurodegenerative diseases. This better
understanding of the brain's immune system
interactions may lead to the development of new
treatments for diseases that affect the brain®.

Bibliometrics is a research discipline that analyses
scientific publications to identify patterns and
understand their impact on scholarly research. It
involves different metrics, such as citation counts,
author productivity, and journal ranking, to
evaluate scholarly activity and develop funding
and promotion strategies™®. Recently, bibliometric
studies have been adapted to include newer
metrics, such as social media engagement and
alternative metrics to measure scholars' impact
beyond traditional metrics'’. It is important that
bibliometric methods remain transparent, reliable,
and inclusive of emerging research trends and
fields to ensure their continued relevance and
accuracy in the evolving scholarly landscape®®*®.

(]
‘é* ‘ Alzheimer's Disease and Immune System |
.é Database: WOS Core Collection (WOSCC)
E Search Field: Article Title
= Timespan:2004-2023
ﬁ Document Type: Only article
- ‘ Records identified from WOSCC (n=2150) | Records excluded (n = 939):
= Review Article (n = 427), Meeting Abstract (n = 360),
g Proceedings Papers (n = 24), Correction (n = 23),
- 3 Editorial Materials (n — 74), News Item (n — 18),
‘ Records identified studies (n = 1211) | Letters (n = 9), Book chapters (n = 4). Relraction (n = 2)
IRccords cxcluded bascd on abstract-text asscssed(n = 59)
= y
:¥]
% ‘ Articles included finally (n = 1152) |
=

Figure 1 Flow diagram of the inclusion process. The detailed process of screening and enrollment.

Materials and Methods
Data sources and search strategies

The Web of Science (WOS) database is
considered one of the most authoritative academic
literature search databases worldwide. Its
extensive literature collection covers a wide range
of academic disciplines, with content sourced
from publishers, databases, and other sources
from around the world which have undergone
review and selection to ensure quality and

accuracy?>??. Therefore, we use the Web of

Science database as a retrieval source for
conducting bibliometric analysis on AD and
neuroimmunology-related literature to gain an in-
depth understanding of the latest developments in
this scientific research field and literature.

All searches were conducted in a single day June
20, 2023 in order to avoid bias introduced by
rapidly database renewal. The search strategies
were presented as follows: #1 AND #2,
Publication Date: 2004-01-01 to 2023-06-20
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#1 - ((CCCCCcccceecccccc(rs=(immunity)) ~ OR
TS=(immune)) OR TS=(immunology)) OR

TS=(inflammation)) OR TS=(microglia)) OR
TS=(astrocyte)) OR TS=(macrophage)) OR
TS=(neutrophil)) OR TS=(NK cell)) OR
TS=(natural killer cell)) OR TS=(dendritic cell))
OR TS=(lymphoid)) OR TS=(lymphocyte)) OR
TS=(T cell)) OR TS=(T-cell)) OR TS=(B cell))
OR TS=(B-cell)) OR TS=(CD4)) OR TS=(CD8))
OR TS=(DC cell)) OR TS=(Myeloid-derived
suppressor cell)) OR TS=(MDSC)

#2 ((TS=(Alzheimer's)) OR TS=(Alzheimer)) OR
TS=(Alzheimers)

Data Collection

The data was retrieved through “TS” algorithm
(title) in WOS. To guarantee the retrieval ratio, we
adopted the “remove duplicate (WOS)” function
in CiteSpace to avoid double counting. Finally,
1152 documents were identified for further
analysis and the data inclusion.

Bibliometric analysis

By using the basic features of WoSCC database,
the number of papers, publication year and
publication country are extracted and summarized,
and the line chart, national document volume
chart and international cooperation chart are
drawn. We then import the data into CiteSpase
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5.8. In the refworks format in R1, the time
parameters are set to January 1, 2004 and August
31, 2023, the year per slice = 1, and other
parameters are set to the default values, and the
network hotspot map is drawn based on the actual
situation.

Results
Growth trends of publications

As an important indicator, the change in the
number of articles can directly reflect the research
trend of AD and the immune system. After
screening, a total of 1152 eligible articles were
included (Figure 1). As can be seen from Figure 2,
the number of articles in this research field was
relatively few from 2004 to 2011 and continued to
increase from 2015. From 2020 to 2022, the
number of articles has increased rapidly, with an
average annual number of more than 100, Among
them, the highest number of articles was
published in 2022, reaching 157. Since the
literature retrieval time is limited to June 2023,
the number of published papers in 2023 shows a
decreasing trend. It shows that researchers pay
more and more attention to AD and the immune
system, and it will become one of the hot spots to
conduct research on AD from the immune system
in the future.

I‘T
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36 |
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Year of publication

Figure 2 Annual publication counts from 2004 to 2023 in the web of science core collection based on
the search topic.

Analysis of keywords in publications on
Alzheimer's and Immune System

The network visualization of the co-cited

keywords includes 1,152 items, divided into 6
major clusters and 17 minor clusters. The
clustering module value Q=0.7299 (Q>0.3) and
the  average  clustering  contour  value
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S$=0.8912(S>0.7) indicate that the clustering
results are convincing(Figure 3). According to the
keyword co-occurrence map and its detailed
information, research hotspots in this field mainly
focus on "microglia”, "Alzheimer's",
"curcuminoids”, "astrocytes”, "immunotherapy",

"immune-related  genes",

expression”,

"NF-kb "

"astroglia",
This

"gene

suggests that

[——
#M.tnf-alpﬁa

.
Homd@e iy
v .

microglia and astrocytes are the main target cells
for current research in the field of AD and the
immune system, and the hot population is AD
patients. The intervention methods are mostly
curcumin or immunotherapy, and the observation
indicators are mostly immune-related genes, gene
expression, and related immune factors, such as
NF-kb and TNF-a.

oo
-
#9 antidepressant

#4 immunothérapy

Figure 3 Landscape view of the co-citation network in from 2004 to 2023.

Table 1. Summary of the largest 17 clusters of research

Clust Size Silho mean(Y  Label (LSI) Label (LLR) Label (MI)
erlD uette  ear)
alzheimers disease; microglia (12.4, 0.001); vorinostat (0.8);
0 135 0.811 2013 protein kinase ck2; neuroinflammation cx(3)crl(creer/+):r26(
casein kinase; (12.19,0.001); confocal dtr/+)
interferon gamma; microscopy (7.15, (0.
amyloid- 0.01); potassium channel
beta  peptide | (6.6,0.05);
amyloid; microglia; amyloid(5.04,0.05)
alzheimers;
inflammation;
transcription
factor
alzheimers disease; microglia (28.12, 1.0E-4); systems biology
1 124  0.845 2018 amyloid pathology; alzheimer' (0.88);
adaptive immune 17.19, 1.0E-4); toxoplasma gondii
system; regulatory t trem2(9.59, 0.005);s (0.88);
cells;  differential disease (7.79,0.00);
expression analysis transcriptomics (7.79,
amyloid beta; 0.01)
neural  precursor
cells;
olaque-free
microglia;
lysosomal
digestion; chronic
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infection
alzheimers disease;
monocyte
chemotactic
orotein-1;
binding
neuron
nteraction; animal
model |apoptosis;
macrophages;
alzheimer;
congophillic;
angiopathy
alzheimers disease;
immune
infiltration;
differential genes;
weight gene co-
expression
network;
biomarkers
reactive astrocytes;
glutamine
synthetase;
astrocytic
morphology; redox
alterations;
oerivascular space
alzheimers disease;

0.903 2006

beta-
protein;

0.885 2018

genetic

0.947 2002 beta peptide;
amyloid
oeta; multivalent
adenovirus
vaccine;
orime-boost
strategies |
transgenic mice; t
cell; multivalent
adenovirus
vaccine;
immune response;
virus-like particle

0.818 2016 alzheimers disease;
amyloid beta;
myeloid
dendritic cells;
mesenteric
lymphoid node;

peyers patch |t cell;
regulatory t cell,
effector t cell;

curcuminoids (10.89, monocyte

0.001); bone marrow- chemotactic

derived mesenchymal protein-1 (0.25); pdl

stem cell (10.89 (0.25);

0.001); mgat-iii (10.89,

0.001); amyloid-

beta (10.1,0.005);

macrophages (7.34

0.01)

microglia (23.49, 1.0E-4);

astrocytes (20.18 c-11-acetate  (0.97);
chimera

1.0E-4); immune (0.97); dentate gyrus

infiltration (11.36, 0.001);

nrf2 (9.79,0.005);

bioinformatics (9.79,

0.005)

mmunotherapy ( 19.16, encephalitis  (0.16);
1.0E-4); vaccination vaccines

12.39, 0.001); a beta (0.16);

peptide (12.39, macrophage/m
0.001); adenovirus (12.39,

0.001);

transgenic mice

(8.67,0.005)

astrocytes (8.99, 0.005);
immune-related

genes  (8.28, 0.005);
alzheimer&apos (8.28,
0.005); amyloid-beta
aggregation (8.28,
0.005);  immune cell
infiltration (8.28,0.005)

immune-infiltration
analysis
0.57); psl transgeni
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transgenic  mice;
immune-
related genes

66 0.932 2010 alzheimers disease;

monocyte
chemoattractant
protein-1; calcium-
sensing  receptor;
human neuron;
human
astrocyte cerebral
amyloid
angiopathy-
related
inflammation;
magnetic resonance
maging;  familial
alzheimers disease;
transgenic  animal
models; rag2
knockout
mice
alzheimers disease;
63 0.944 2010 immune response;
posterior cingulate;
rna sequencing;
animal models
gene  expression;
anima
models;  reactive

glia; t-cell immune
responses; neuronal

precursors
alzheimers disease;
39 0.921 2008 preclinical
alzheimers
disease;
immunobiological
markers;
systemic infection;
mouse model
mouse
model;  systemic
infection; immune

challenge; sporadic
alzheimers disease;
gene expression
pattern analysis

alzheimers disease;

astroglia (11.74, 0.001);
cerebral amyloid
angiopathy-related
inflammation (11.74,
0.001); entorhinal
cortex(11.74,0.001);

rag2 knockout mice (5.86,
0.05); er stress
5.86,0.05)

rag2 knockout mice
(0.19); er
stress (0.19); ca2+d

gene expression (7.62,
0.01); anima
models (6.4, 0.05);
interleukin-2 (6.4, 0.05);
entiviral  vector (6.4,

0.05): a(6.4,0.05)

animal models (0.14);
nterleukin-2  (0.14);
lentiv

nf-kappa b (9.81,0.005); a a beta-oligomers

beta-oligomers (0.11);

6.76,0.01); herpes nerpes simplex (0.11);
simplex(6.76, 0.01); pa

pathway (6.76, 0.01); p-

pkc(6.76,0.01)

21 0.992 2001 preclinical antidepressant(17.69,1.0E  alzheimers disease
alzheimers -4); (0.08);
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disease;
immunobiological
markers;
systemic infection;
mouse model
mouse
model;  systemic
infection; immune

challenge; sporadic
alzheimers disease;

gene  expression
pattern analysis

0.979 2008 microarray
analysis; astrocyte
transcriptome;
brain aging
alzheimer
disease; peripheral
lymphocytes;
alzheimers disease
alzheimers disease;
amyloid beta;
peripheral
lymphocytes;
orain aging
alzheimer disease;
microarray
analysis

0.98 2017 alzheimers disease;
cognitive
impairment;
central nervous
system; novel
object
recognition  test;
macrophage
ohagocytosis novel
object recognition
test;
intrahippocampal
injection;
oeripheral  blood;
cell therapy; morris
water maze

0.992 2013 alzheimers disease;

dna  methylation;
dorsolateral
prefrontal

blood-brain
oarrier disruption;

cortex;

ymphocytes (17.69, 1.0E-
4); lymphocyte
13.9, 0.001); microarray
(11.03,0.002);

citalopram (8.8,0.005)

citalopram (0.03); e2f

tnf-alpha (9.33, 0.005); alzheimers disease
p53 (9.33, 0.005); 8- (0.08)

oxo2dg (9.33, 0.005); microglia (0.03); tnf-a
brain aging alzheimer

disease  (9.33, 0.005);

peripheral

ymphocytes (9.33, 0.005)

cognitive impairment peripheral sink of a
(9.95, 0.005); beta

oeripheral sink of a beta (0.1); stereology (0.1);
(6.83, 0.01);

stereology (6.83, 0.01);

smad3 signaling

(6.83, 0.01); fatty acid

amide hydrolase

6.83,0.01)

dna methylation alzheimers disease
(15.54,1.0E-4); 5- (0.06); 5-
nydroxymethylcytosine hydroxymethylcytosin
(5hmc)(7.74, 0.01); e

alzheimers disease

biomarkers(7.74,0.01);
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hippocampal
volume
ippocampal
volume;

alzheimers disease

oiomarkers;
functional
connectivity;

default mode
network; systemic

inflammation
13 7 1 2002

14 6 1 2009 dna
premature
centromere
division;

lymphocytes

15 6 0.987 2012
subunit

chimeric protein

16 5 1 2005

deprivation;
oxidative
rats

damage;

sporadic
alzheimer disease;
peripheral  blood

alzheimers disease;
vaccine;

alzheimers disease;
astrocytes; estrogen

stress;

ippocampal volume
(7.74, 0.01);
dorsolateral prefrontal

cortex(7.74, 0.01)

systems biology (NaN, alzheimers disease
1.0); animal  models (0.12);

NaN,1.0); interleukin-2 microglia (0.05); infla
(NaN, 1.0);

vorinostat (NaN, 1.0);

cx(3)crl(creer/+):r26(dtr/

+)(NaN, 1.0)

premature centromere alzheimers disease
division (12.44 (0.11)

0.001); sporadic microglia (0.05); infla

alzheimer disease (9.67,
0.005); dna damage (9.67,

0.005);

peripheral blood

lymphocytes (9.67,

0.005);

alzheimers disease

(0.95,0.5)

immunotherapy

(11.21,0.001);  chimeric alzheimers disease
protein  (10.23, 0.005); (0.09);

psd-95 (10.23, microglia (0.03); infla

0.005); subunit vaccine
(10.23,0.005);
dynimin 1(10.23,0.005)

estrogen deprivation alzheimers disease
(11.93, 0.001); rats (0.11);

(11.93, 0.001); oxidative microglia (0.04); infla
stress (6.55,0.05);

astrocytes (3.12,0.1);

microglia (0.55,0.5)

Authors publishing researches on AD and
Immune System

Among the authors of published studies on AD
and the immune system, 1021 authors were
included in our study. The research articles
published in 2017 had the greatest impact and the

highest number of citations in further exploring
the relationship between AD and the immune
system(Figure 4). The top-ranked author is Shane
Antony Liddelow, with a total of 14,867 citations.
From 2020 to 2022, he has been consistently
recognized as a Highly Cited Researcher in the
Cross-Field category. The second-ranked author is
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Keren-Shaul H, with a total of 11,464 citations.
The third-ranked author, with a total of 9,270
citations, is Krasemann S. From 2004 to 2017,
the number of published papers by authors in this
field showed a gradual rising trend and reached a
peak in 2017. Since 2017, the number of
published papers by authors has gradually
decreased(Figure 4). This may indicate that
researchers have conducted more detailed studies
building on previous research, refining their focus
to the extent that it may not be accurately captured

GiteSpace, v. 6.2.R2 (64.bit) Ad:

tte $=0.8912
Mean(Q. $}=0.8025

!

P08 o SODD

e
Cee bee
1 ]

eyss-COray T (2012)0n

by the terms 'AD' and 'immune system' in
statistical analysis."

In summary, the research results indicate that
nodes representing prolific authors in the annual
statistics often overlap, suggesting frequent
collaboration in their research efforts. This
suggests that we can collaborate with other
researchers to delve deeper into AD research from
the perspective of the immune system, thereby
increasing the influence of this field and providing
more assistance to dementia patients.

Guerreiro R (2013)}
Jonsson T (2013),
Zhang B (2013)
iciuc A (2013)
&

Krasemann S (2017)
oo

Keren-Shaul H (2017)
Liddelow SA (2017)

Hansen DV (2018)

Long JM (2019)
8 sen |E (2019)
Frigerio CS (2019)

'.‘”_‘:‘9 ymots) R Kunkle BW (2019)
GV ot Sestier MV (2015) e(e D (2020)
H

! labib N (2020)

Figure 4 Time zone view of author influence in AD and immune system.

Institutions publishing research on AD and the
immune system

The organization nodes were analyzed by
CiteSpace software, and the cooperative network
diagram was constructed. Nodes represent
institutions, and connections represent cooperative
relationships between institutions. The generated
cooperative network diagram contains 406 nodes
and 1605 lines, and the network density
(density=0.0195) indicates that there is a certain
degree of communication and cooperation
between institutions.

According to the different research priorities of
different institutions, we have listed the top nine
research institutions in the world and their

corresponding keywords. Harvard University and
the University of California System are
responsible for the highest number of published
papers among the world's institutions, using the
keyword phagocytosis. UDICE-French Research
Universities and Institut National de la Sante et de
la Recherche Medicale (Inserm) rank second in
global paper publication, with the dominant
keyword "multicenter”. The University of London
ranked third in the number of published papers in
the world, with a common keyword of
"biomarker”. Through a comprehensive analysis
of publication quantity and centrality values,
Harvard University emerges as the primary
institution in this field, possessing the most
extensive collaborative network.

CURRENT SCIENCE

CS 4 (4), 569-586 (2024) 577



CURRENT SCIENCE

Yan Tan et al.

nership

O o

uperior de Investigaciones Cientificas (CSIC)
) g

o ©®
University of L orman ¢fMor for Neurodegenerative Dissases (DZNE)
iversity of ste or de Investigaciones
2
s ®

SEERUET © © ©
Banner Sun H anmméggn ® 5 ®
e 2 T &
L &® .Qplg o®.. @
a @ ioimhoiz Assagiation L)
Banfr 1R / ‘ ® °

al
CaSe Westerii Reserve University

Unif@rsity of Eastern Fintand

Figure:5 The distribution of institutions and their research keywords related to AD and the immune
system.

Contribution  of
publications

countries to  global

A total of 66 countries are involved in scientific
research on AD and the immune system (Figure
6), and cooperation among countries in this field
(Figure 8).

After Using CiteSpace to analyze country nodes,
we found that, between 2004 and 2023, the top
seven countries in terms of the number of
published papers and centrality ranking are the
USA, China, England, Germany, Canada, Spain,
and Italy (Figure 6). The centrality values show a
positive correlation with the number of

PEOPLES R CHINA

‘CANADA

ITAL%
W/
cNGLAND

éPAIN

GERMANY

collaboration relationships.

Continuing with our analysis, we conducted a
visual graph analysis of the keywords in national
research (Figure 7). The top four frequently
occurring keywords are "Alzheimer,"” "GFAP,"
"amyloid,” and "lymphocyte." This suggests that
the AP cascade hypothesis, related to the
pathogenesis of AD, continues to be a focus of
attention across various countries. It's noteworthy
that the United States stands out in this field with
the most extensive number of published papers,
the highest centrality, the greatest influence, and
the most collaborations.

Figure 6 Top 10 authors with most publications in research scope of AD and Immune Systems.
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The number of published papers in a country is
represented by the size of nodes. The larger the
node, the more papers are published. The lines
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countries, and the width of the lines indicates the

degree of cooperation.

Figure 7 Top 4 keywords with most publications in research scope of AD and Immune Systems.
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Figure 8 Cooperation between countries on Alzheimer's and the immune system from 2004 to 2023.
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Discussion

Research trends in Alzheimer's and the
immune system

An analysis of annual publications, international
collaboration, and institutions indicates that in this
research field, there is an overall trend of gradual
growth in annual publications. The United States
leads in the number of publications and displays
the most frequent international collaborations. The
research  institutions in  this field are
predominantly  universities,  with  Harvard
University being the institution of the highest
overall influence.

As indicated by the time curve, from 2004 to
2023, research regarding AD and the immune
system has progressively increased. This signifies
the growing recognition of the significance of the
immune system in the onset and progression of
AD. In 2015, Dr. Jonathan Kipnis, a neuroscience
professor at the University of Virginia, and his
team, primarily using mice as experimental
subjects, identified previously undiscovered
lymphatic vessels within the meninges (the thin
membranes surrounding the brain and spinal
cord)™*. These lymphatic vessels transport blood
and immune cells from the cerebrospinal fluid to
clusters of lymph nodes in the neck, known as
cervical lymph nodes®?. This discovery
fundamentally rewrote the textbooks and
confirmed that the brain is not devoid of a
lymphatic system. This study further elucidates
how the immune system monitors the brain, filling
a longstanding knowledge gap in this field.

In terms of authors, articles on AD and the
immune system with the most significant impact
have been published by Hadas Keren-Shaul from
the Weizmann Institute of Science in Israel,
Susanne Krasemann from Harvard University in
the United States, and Shane Antony Liddelow
from the New York University Medical Center in
the United States. The paper titled "A Unique
Microglia Type Associated with Restricting
Development of AD," authored by Hadas Keren-
Shaul, has been cited 1780 times, making it the
most-cited paper in the related field. This research
was published in Cell in 2017 and
comprehensively mapped all the immune
populations in the brains of both wild-type and
Tg-AD (transgenic AD) mice. It described a novel
microglial cell type, Trem2, associated with

neurodegenerative diseases (DAM)®. Susanne
Krasemann and her team investigated the
TREM2-APOE pathway, identifying it as a
primary regulator of microglial cell functional
phenotypes in neurodegenerative diseases. This
pathway has been recognized as a novel target for
restoring homeostatic microglial cells®®. Shane
Antony Liddelow is dedicated to researching the
relationship between immune cells such as
microglial cells, astrocytes, and oligodendrocytes,
and their connection to AD and aging®” We
believe that these researchers may play a unique
and indispensable role in the scope of research on
Alzheimer's disease and the immune system.
Their contributions are likely to have a broad
impact on the future development of this field and
the prediction of its upcoming trends.

Among the top 9 institutions in research on AD
and immune responses, over half of them are
based in the United States, housing some of the
world's most prestigious institutions. This partially
explains why the United States has maintained a
leading position in the field of AD and immune
system research. Only two institutions, Capital
Medical University and Fudan University, are
located in China, indicating the urgent need for
Chinese researchers to enhance the quality of their
publications in the future.

Research focuses on sepsis and Alzheimer's
and the immune system

AD is the most common form of dementia in the
elderly, characterized by an age-related
neurodegenerative condition. Its features include
progressive memory decline and cognitive
impairment. Typically, it is histologically
characterized by the substantial deposition of AP
plaques, the formation of neurofibrillary tangles,
and neuroinflammation®°. Currently,
approximately 12 million people worldwide suffer
from this disease, making it one of the globally
recognized diseases’®. In recent years, an
increasing body of research suggests that there is a
dysregulation in the peripheral and central
immune systems in AD, which is related to
cognitive function and clinical status and may
change over time in a non-linear manner. There is
also growing evidence that the roles of innate and
adaptive immune processes vary with the
pathological stages of AD3".

Combining high-frequency keywords, keyword
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emergence, and keyword timeline analysis, we
have found that the current targets of
immunotherapy are AB and microglial cells. In
terms of institutional and country keywords, it has
been discovered that in the last 19 years, the
research focus in this field has mainly been
centered on multicenter collaborations dedicated
to investigating the impact of immune cells such
as astrocytes and lymphatic endothelial cells in
the brains of AD patients on the phagocytosis and
clearance of large molecular toxins like Ap.

A substantial body of research suggests that
immune cell types within the central nervous
system (CNS) exhibit heterogeneity, as they play
a dual role of both inhibiting and supporting the
recovery of the nervous system®**®. These
immune cells include microglial cells and
astrocytes involved in innate immunity, as well as
lymphocytes participating in adaptive immunity.
Wyss Coray and his colleagues in their research
on AD and other neurodegenerative diseases have
pointed out that microglial cells or astrocytes
within the immune system may disrupt neurons by
releasing molecules that stimulate inflammation
and trigger cell death®. Other researchers believe
that T cells and other immune cells can have a
protective role. For instance, Schwartz's research
suggests that in AD mouse models, enhancing the
immune response can clear amyloid plagues and
improve cognitive abilities®.

Microglial cells migrate from the yolk sac to CNS
around the 8th to 9th day of embryonic
development. They undergo a stepwise
developmental process that synchronizes with the
development of the brain. Subsequently, they
acquire a stable phenotype crucial for the
protection and homeostasis of the brain®**. In the
brain, innate immunity is primarily represented by
microglial cells. Once activated, microglial cells
perform functions that include phagocytosis and
clearance of debris and toxic substances within
the brain***. However, many research reports
have presented conflicting results regarding the
contribution of tissue-resident microglial cells to
the onset and progression of AD*4.

Astrocytes are abundant cells in CNS*#'. In
addition to performing various homeostatic
maintenance functions, they also provide
nutritional support to neurons, facilitate the
formation and function of synapses, and trim

synapses through phagocytosis*®“°. However, the
proliferation of astrocytes can be a double-edged
sword, as the barriers they form may also
potentially inhibit the growth of neuronal
dendrites™**.

Adaptive immune cells infiltrating the brain
parenchyma also appear to support the
neuroinflammatory process, as evidenced by B
lymphocytes and T  lymphocytes®*?. B
lymphocytes are endowed with a protective
function against pathogens and trigger rapid,
specific immune responses in the case of repeated
infections induced by the same pathogen, as
demonstrated>. Recent research indicates that in
addition to immune cells in the brain, various
immune cells also exist on the meninges*>**®.
The team led by Jonathan Kipnis has published
findings that demonstrate the presence of
lymphatic vessels on the surface of the brain's
dura mater. These lymphatic vessels harbor
immune cells and serve as transport channels for
T lymphocytes, playing a crucial role in the onset
and development of aging and AD>**®, In 2021,
Jonathan Kipnis' team reported that these immune
cells originate from the bone marrow within the
skull®®. When the CNS is damaged or when
pathogens are present, signals carried by
cerebrospinal fluid are transmitted to the bone
marrow within the skull, prompting it to generate
and release these mononuclear cells and
neutrophils®.

Curcuminoids is the most commonly used
intervention to study the relationship between AD
and the immune system®®2 Curcuminoids are
one of the most highly mentioned and cited
chemicals in the phytomedical literature and are a
natural  anti-inflammatory = compound  with
neuroprotective properties®®. Studies have shown
that curcumin can inhibit the formation of toxic
AB oligomers® | inhibit the aggregation of Ap and
tau in vivo®, and has anti-inflammatory® and
antioxidant properties®’, as well as inhibit specific
enzymes such as acetylcholinesterase(AChE),
butylcholinesterase (BChE) and [3-secretase
(BAC-1) %% The bioavailability of curcumin is
very low. To improve the oral bioavailability of
curcumin, various oral administration strategies
have been developed, including solid dispersions,
nano/microparticles, polymer micelles, etc. These
drug strategies can increase the solubility of
curcumin, improve the intestinal stability of
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curcumin, change the absorption pathway of
curcumin, and allow co-administration with other
adjuvants’®. Therefore, further exploration of
curcumin targets or the development of novel
drug delivery strategies will become the future
research trend.

While these findings are enticing, research on
immune cells, particularly border immune cells,
and their role in the brain is still in its infancy, and
we are far from a comprehensive understanding of
what occurs in a healthy brain.

Strengths and limitations

This article comprehensively and systematically
included 1152 articles on AD and the immune
system published from 2004 to 2023.The brain
and the immune system should have a mutual
influence on each other. However, due to the
limited research on how the brain affects the
immune system, we did not conduct an analysis or
explanation of this research direction during our
literature review. This also suggests that for a
more comprehensive understanding of the
relationship between the brain and the immune
system, future research could focus on how the
brain guides the immune system. This review
paper systematically searched for literature on the
relationship between AD and immunity from 2004
to mid-2023. However, it did not track articles
from the second half of 2023 to 2024, indicating
the need for further expansion of the literature
search scope. Meanwhile, the discussion in this
paper is focused on the lymphatic system, and
further discussion on the lymph-like system is
required in the future.

Conclusions

In this study, the relationship between AD and the
immune system was analyzed by bibliometric
analysis. The results show that the United States
has the highest number of published papers in this
field, with the most frequent international
collaborations, including emerging nations.
Immunological cells such as microglia, astrocytes,
and lymphocytes in the brains or meninges of
dementia patients may become crucial research
targets in the future study of AD. phytotherapy
and immunotherapy are expected to be significant
interventions in future Alzheimer's research.
Therefore, unveiling the research targets for AD's
impact on the immune system is crucial for
subsequent drug development and patient

treatment.
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