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Aging is significantly associated with inflammation, which contribute to
the induction of several chronic inflammatory based diseases such as
type 2 diabetes, age-related muscle wasting, and kidney dysfunctions.
The detailed mechanisms involved in the induction of inflammation
during aging are yet to be identified. However, it has been hypothesized
that innate immunity sensors may be involved. Toll like receptors (TLRs)
are a family of innate immunity sensors that play a significant role in the
inducing inflammation in response to microbes or internal molecules.
Therefore, TLRs can participate in the induction of inflammation. TLR4,
as a member of the TLR family, is an important sensor that plays key
roles in the detection of microbes and internal molecules in order to
induce inflammation. Therefore, it may be hypothesized that TLR4 is a
component of inflammation in the elderly population. The aim of this re-
view is to explore the roles played by TLR4 in the induction/stimulation
of inflammatory related complications during aging.
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ABBREVIATION

BBB: blood-brain barrier

NF-kB: nuclear factor kappa-light-chain-enhancer of activated B cells
AP-1: activator protein 1

PBMC: peripheral blood mononuclear cell

ARMD10: age-related macular degeneration 10

MD2: myeloid differentiation 2

PAMP: pathogen associated molecular patterns

MHC: major histocompatibility complex

DAMP: damage associated molecular patterns

MYD88: myeloid differentiation primary response

TRIF: TIR-domain-containing adapter-inducing interferon-g
PRR: pathogen recognition receptor

TIR: toll/interleukin-1 receptor

LRRs: leucine-rich repeats

HSP60: heat shock protein 60

LPS: lypopolysacharide
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HMGB-1: high-mobility group box-1

AMD: agerelated macular degradation

Ap: amyloid-f

SIGIRR: single immunoglobulin IL-1 (IL-1)-related re-
ceptor

CR: caloric restriction

POCD: postoperative cognitive dysfunction

DCs: dendritic cells

HF: fracture of the hip

WBYV: whole body vibration

INTRODUCTION

Inflammation is much more common in the aged
population than at any other stage of life '. It seems
that either a reduction in the regulation of immune
responses or an up-regulation/function of immune
inducer molecules is the responsible mechanism that
leads to the inflammation 2. Accordingly, inflammation
is one of the main factors associated with several age-
related diseases, including type 2 diabetes, age-related
muscle wasting, atherosclerosis, kidney dysfunctions,
Alzheimer’s/Parkinson’s diseases . Researchers be-
lieve that non-microbial endogenous agents known as
damage-associated molecular patterns (DAMPSs) can
induce inflammation during aging 5. DAMPs have been
reported to induce inflammation by interacting with their
corresponding receptor known as the pathogen rec-
ognition receptors (PRRs) 7. Toll-like receptors (TLRs)
are important members of the PRRs expressed on the
surface or intracellular vesicles of innate immune cells
such as macrophages and dendritic cells 7. TLR4 is an
important PRR that recognizes a range of PAMPs and
DAMPs and subsequently activates the immune sys-
tem via up-regulation of major histocompatibility com-
plexes (MHCs), pro-inflammatory cytokines, homing/
addressing molecules . TLR4 induces the phenome-
non via either myeloid differentiation primary response
(MYD88) or TIR-domain-containing adapter-inducing
interferon-p (TRIF) dependent pathways & TLR4 has
been reported to be involved in the induction of CNS
pathologies (such as dementia) by decreasing the pro-
cess of remyelination °1°,

However, it has been hypothesized that TLR4 may be
introduced as an important PRR involved in the induc-
tion of inflammation in the elderly population, because
the antagonists of TLR4 can inhibit the interaction of Ii-
gands with TLR4 and block its intracellular signaling and
decreased inflammation during aging ''. Additionally, it
has been proven that several aging complications like
type 2 diabetes, cardiovascular diseases and kidney dis-
eases have a potential link with TLR4 and its intracellular
signaling molecules, which play an important role in the

pathogenesis of the human diseases '2'6. Thus, it seems
that TLR4 can play key roles during aging inflammation.
Therefore, current information on the state of TLR4 ex-
pression and its function during aging that can induce or
stimulate inflammation is discussed in this review article.

AGING

Aging is the process of becoming older with progres-
sive physiological changes ' that can lead to some
complications 8. This is a normal stage of human life
and cannot be considered as a disease. Aged popula-
tions are increasing everywhere in the world and older
adults are one of the most susceptible groups due to
the incidence of mental and physical complications .

TLR4: STRUCTURE, GENE LOCATION, LIGANDS
AND INTRACELLULAR PATHWAY

Similar to other TLRs, the structure of TLR4 has three
major domains starting at the N-terminus. These include,
leucine-rich repeats (LRRs), hydrophobic trans-mem-
brane and cytoplasmic toll/interleukin-1 receptor (TIR)
domains 7. The TLR4 gene is located on chromosome
9933.1 and is found in several mammal species .
TLR4 has other names in scientific literatures, including
age-related macular degeneration10 (ARMD10) and
CD284 ’. As stated in our previous review article, that
TLR4 recognizes a wide range of molecules as ligands,
such as lypopolysacharide (LPS), high-mobility group
box-1 (HMGB-1), heat shock protein 60 (HSP60), hy-
aluronan, allergenic nickel, free fatty acids and the ad-
juvant monophosphoryl lipid A (MPLA) 7. Accordingly, it
seems that both endogenous and exogenous ligands
can interact with TLR4 and induce or stimulate immune
responses and then subsequent inflammation .

TLRs use two key adaptors, TRIF and MYD88, for
transduction signals to immune cells following interac-
tions with the corresponding ligands 7. All TLRs use one
of the adapter proteins, except TLR4, which uses both
molecules .

TLR4 interacts with its ligands at either on the cytoplas-
mic membrane or in the endosomes, resulting in activa-
tion of MYD88 or TRIF-dependent intracellular signal-
ing pathways, respectively 7. Accordingly, it has been
hypothesized that the TLR4 signaling pathways can be
activated via both pathogens and some endogenous
molecules such as HMGB-1, HSPs and others, which
are increased during aging %°. Therefore, it has been
proposed that TLR4 may be involved in the induction of
the inflammation in the elderly population, as discussed
in detail in the next section.
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TLR4 AND INFLAMMATION DURING AGING

Due to the important roles played by TLR4 in the induc-
tion of inflammation, it has been hypothesized that the
molecule and its intracellular signaling may be involved
in the induction of the inflammation in the elderly popu-
lation 2. Interestingly, recent information on both animal
models and humans confirmed the hypothesis and
revealed that TLR4 induces/stimulates inflammation
in the population 2'. For instance, a study on human
ARPE-19 cell line showed that subretinally-deposited
amyloid-p (Ap) and its oligomeric forms (OAB1-42) play
major roles in agerelated macular degradation (AMD),
which often leads to irreversible blindness in the older
adults . Interestingly, the study reported that OAB1-42
can activate TLR4 through both MYD88- and TRIF-de-
pendent pathways ''. Recent studies have reported that
inhibition of the TLR4/MyD88 signaling pathway might
protect aged rats against ischemia—reperfusion injury
(IRI) in ischemic stroke 2222, In addition, as a TLR4 inhib-
itor, COBRA suppresses the expression of inflammatory
molecules in response to OAB1-42, leading to the im-
provement of AMD ''. Another in vitro investigation by
Caldeira et al. demonstrated that Ap upregulates TLR4
expression in young microglia, but not in old microglia,
hence, implying that therapeutic approaches may differ
from early to late-stage Alzheimer’s disease 4. Although
the mentioned studies were performed under in vitro
conditions, animal studies also confirmed the results 2°.
Accordingly, aging and Af oligomers have been shown
to increase TLR4 expression and promote apoptosis in
rat hippocampal neurons 25, In addition, LPS-induced
activation of the TLR4/NF-«B signaling pathway follow-
ing microbiota-gut-brain axis dysfunction is related to
age-related neuroinflammation and cognitive decline 2.
Therefore, as in vitro studies and animal models, it seems
that TLR4 and its signaling pathways may be considered
as a potential route to induce AMD 2425, Another animal
study demonstrated that the production of LPS by gut mi-
crobiota will be increased with age and accelerates inflam-
mation in the mice #. Based on the fact that LPS is one
of the major ligands for TLR4, it may be concluded that
gut microbiota LPS/TLR4 interaction is the mechanism
leading to inflammation in the elderly population 22, In par-
allel with the results it has been proven that the changes
in the microbiota profile during aging are associated with
inflammation and age-related diseases 2°. Recently, Ney-
rinck et al. reported the modulation of the gut microbiota,
upregulation of TLR4 expression, and activation of the im-
mune system in the ileum protect the old animals against
liver inflammation 0. Therefore, change in the microbiota
profile may be considered as the reason for the alteration
in roles played by TLR4 during aging. Moreover, based
on the information present in this review article aging is

associated with increased production of endogenous
DAMPs . In addition, aging is associated with augment-
ed LPS-induced microglial activation; however, chronic
exposure of the Ap to TLR4 can cause less responsive
microglia, decrease A clearance, and thus accelerate AD
progression 3'. Another recent study on rat model report-
ed aging predisposes brain tissue to be highly susceptible
to LPS-induced brain microhemorrhages associated with
increased blood-brain barrier (BBB) disruption and mi-
croglial/macrophage activation . In this context, LPS-ac-
tivation of endothelial cells via interaction with TLR4 leads
to activation of the related signaling pathways and then
cerebral cavernous malformations in a mouse model %,

Previous investigations revealed that the expression of
single-immunoglobulin interleukin-1 (IL-1)-related recep-
tor (SIGIRR) decreased in the older animals 3. Moreover,
SIGIRR is an inhibitory factor for the TLR4 signaling
pathway 4. A study by Xu et al. in rat model revealed
that caloric restriction (CR) attenuates inflammation in
the elderly population via up-regulation of SIGIRR and
then suppression of the TLR4 signaling pathway 4. An
increasing in the TLR4 expression in periodontitis, an
age-related bone disease in non-human primates, has
been proven by several studies %3¢, A study by Zhong et
al. on animal model demonstrated TLR4 deficiency ame-
liorates p2-microglobulin induced age-related inflam-
mation through suppression of the inflammatory factors
(IL-1B and TNF-a) ¥. Postoperative cognitive dysfunc-
tion (POCD) is a complication of aging and recent data
proposed that prophylactic lithium may have beneficial
effects on the pathology of this disease . Agrawal and
colleagues demonstrated that increased production of
an anti-inflammatory cytokine, IL-10, is impaired in re-
sponse to lithium in old age *. The controversial data
may be related to the age ranges and also the lithium
doses. Additionally, in the POCD patients the inflamma-
tion was not considered as the effects of lithium. How-
ever, lithium chloride can induce young human dendritic
cells (DCs) to produce IL-10, in a TLR4-dependent man-
ner %. Hence, it seems that the roles played by TLR4 are
different in the young when compared to old individuals.
Senegenin, a traditional Chinese medicine, suppressed
POCD in older rats via down-regulation of TLR4-induced
MyD88 and TRIF-dependent signaling pathways “°. Al-
together, in vitro cell culture and animal models proved
the roles of TLR4 in the pathogenesis of the age-relat-
ed conditions, and thus the approaches and treatment
strategies that are associated with decreased expression
of TLR4 can improve geriatric disorders "4, Consistent
with the studies, human investigations also confirm the
above hypothesis. For instance, a study by Wen et al. re-
vealed that TLR4 is upregulated on the peripheral blood
mononuclear cells (PBMCs) in a large population of old
age *. The upregulation of TLR4 seems to have potential
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effects on the neuronal functions in older adults. Downer
et al. demonstrated that TLR4 expression increased in
monocyte-derived macrophages from the 1Q memo-
ry-discrepant (low-performing) group when compared
to the 1Q memory-consistent (high-performing) group “°.
Thus, it may be concluded that some of the age-related
mental diseases, such as Alzheimer, may be affected by
increased TLR4 expression and its corresponding inflam-
mation. The results were confirmed by animal models.
For example, Calvo-Rodriguez and colleagues reported
that age-dependent TLR4 overexpression induces cell
death in rat hippocampal neurons aged “.

Aging has been shown to be associated with oxidative
stress, TLR4 expression, susceptibility to liver fibro-
sis, and high-fat diet (HFD)-induced liver inflammation
in a mouse model #’. In another animal model study,
aging exacerbated HFD-induced glucose intolerance,
decreased pancreatic p-cell function and survival, and
induced tissue inflammation through TLR4 “8, The study
also demonstrated that TLR4 deficiency attenuates in-
flammatory macrophages and restores M2-like macro-
phage polarization in the liver and fat of aged mice “.
The central role of TLR4 in adipose tissue inflammation
during the aging process was confirmed by the study
conducted by He and colleagues “8. Additionally, there
are several reports regarding the inflammatory roles
of TLR4 in age-related disorders in the animal mod-
els 24950 Therefore, it seems that the animal models
directed us to consider TLR4 as an important recep-
tor involved in the pathogenesis of inflammation in the
elderly population. Nevertheless, human models have
also confirmed an important role for TLR4. Campbell
and colleagues reported a TLR4-dependent increasing
in platelet granzyme A, a serine protease that regulates
monocyte-induced inflammatory gene synthesis and
promotes inflammasome activation '

Altogether, upregulation and TLR4 overexpression
and its corresponding intracellular signaling pathways
can be a risk factor for the induction or stimulation of
inflammation in the elderly population and the subse-
quent induction of aging complications 24°5°. Figure 1
provides up-to-date information confirming the role of
TLR4 and its associated intracellular signaling path-
ways in the pathogenesis of age-related complications.
Further researches on the human models can improve
knowledge of the molecular mechanisms of TLR4 in the
pathogenesis of the elderly inflammation.

It has been proposed that resistance exercises may be
beneficial for older adults and one of the major mech-
anisms may be via decreasing inflammation %2. Rodri-
guez-Miguelez et al. showed that resistance exercise
reduced human inflammation in the elderly population
through inhibition of both TLR4 MyD88 and TRIF-de-
pendent pathways 53, Whole-body vibration (WBV) is

also able to reduce the expression of TLR4, MyD88 and
TRIF in older adults ®2. Based on the studies mentioned
above, exercise and physical functions appear to help
elderly individuals to lower infammation, but there is a
publication on animal model with contradicting results.
Accordingly, Gomes et al. revealed that administration
of nandrolone decanocate and performed resistance
exercise training simultaneously were associated with
higher occurrence of TLR4 activation in old animal 5.
Based on the fact that the studies done on humans and
animals, and additionally the effects of exercise were
not evaluated lonely, it may be hypothesized that the
mechanisms of exercise in humans may be different
from animals and administration of nandrolone deca-
noate may affect expression of TLR4. However, more
human studies are needed to clarify our understanding
of the physiology of aging.

Although most studies have confirmed the role of TLR4
in inflammation inducing in the elderly population, two
animal studies and one human study have been as-
sociated with controversial results. A study on animal
models showed decreased levels of TLR4 expression
in old mice %. Aging also decreased TLR4 expression
in mice gingival fibroblasts %. Fracture of the hip (HF) is
a common complication in older adults and is a cause
of morbidity and mortality 7. After a thorough evaluation
of the patients after a 6-month follow-up period, Bae-
hl and colleagues reported that HF did not alter TLR4
expression in the neutrophils of older adults . Due to
the results, it appears that the TLR4 roles during aging
need more investigations.

CONCLUSION REMARKS

Due to the aforementioned investigations, it seems that
age-related complications have a significant correlation
with TLR4 expression and functions. Hence, it may be
hypothesized that future therapeutic approaches could
focus on the TLR4 antagonists using for treatment of
inflammation in older human adults and its related com-
plications. Additionally, due to the some controversial
results between humans and animals, future studies
under human and in vivo conditions need to be con-
ducted to obtain more reliable scientific results.

Ethical consideration

This review article has been prepared as the ethical
roles of The Ethical Committee of Iran University of
Medical Sciences.

Acknowledgement
This project was supported by The Rafsanjan University
of Medical Sciences.



148

A. Yousefi-Ahmadipour et al.

Figure 1. Roles played by TLR4 in induction of chronoinflammaging. Figure illustrates that interactions between PAMPs and DAMPs
with TLR4 lead to activation of TLR4 intracellular signaling via both MYD88 and TRIF pathways which can result in chronoinflammaging.
COBRA, SIGIRR, lithium, Senegenin and resistance exercise can modulate the signaling pathways and inhibit chronoinflammaging.
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