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Abstract

Introduction. Current research on potential neuroprotective factors in selected neurodegenerative diseases has fo-
cused on lactoferrin, a peptide with known antimicrobial properties. It has been found to acquire additional functions,
including the regulation of adaptive immunity, inflammation, oxidative stress, as well as participation in the process-
es of aging and neurodegeneration. Aim. The aim of this study was to highlight the role of lactoferrin as a protein
with immunomodulatory and neuroprotective properties, focusing exclusively on selected neurodegenerative diseases,
namely Alzheimer’s disease, Parkinson’s disease, and prion disease. Materials and methods. This paper is a re-
view of the literature from 2020-2023 (including historical materials), based on content searched in PubMed, Google
Scholar, and Web of Science databases. Only English-language publications on the role and mechanisms of action of
lactoferrin were analyzed. Results. It was found that lactoferrin supports the central nervous system through a variety
of mechanisms of action. In Alzheimer’s disease, it inhibits apolipoprotein E4 (APOE4), promotes non-amyloidogenic
protein cleavage, and alleviates inflammation and oxidative stress. In Parkinson’s disease and prion diseases, it re-
stores iron homeostasis, protects dopaminergic neurons, and possibly alleviates neurotoxic effects through protein
conformational changes. Conclusions. An increasing number of studies conducted using cell models, laboratory rats,
and even humans confirm the beneficial effect of lactoferrin in alleviating neurodegenerative processes in patients
with Alzheimer’s disease, Parkinson’s disease, and prion disease. However, much more in-depth research is needed
before its therapeutic potential can be fully exploited. (Gerontol Pol 2025; 33; 194-200) doi: 10.53139/GP.20253328
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Streszczenie

Wstep. Prowadzone obecnie badania nad potencjalnymi czynnikami neuroprotekcyjnymi w wybranych chorobach
neurodegeneracyjnych skoncentrowaty uwage na laktoferynie, peptydzie o znanych wtasciwosciach przeciwdrobno-
ustrojowych. Stwierdzono, iz nabyta ona dodatkowe funkcje, obejmujgce miedzy innymi regulacje odpornosci adapta-
cyjnej, stanow zapalnych, stresu oksydacyjnego, jak rowniez udziat w procesach starzenia sig i neurodegeneracji. Cel.
Celem niniejszej pracy bylo przyblizenie roli laktoferyny jako biatka o wiasciwosciach immunomodulujgcych i neuro-
protekcyjnych, koncentrujgc si¢ wytgcznie na wybranych chorobach neurodegeneracyjnych - mianowicie chorobie Al-
zheimera, chorobie Parkinsona oraz chorobie prionowej. Materialy i metody. Praca jest przeglgdem literatury z lat
2020-2023 (uwzgledniono materiaty historyczne), oparta na tresciach wyszukanych w bazach PubMed, Google Scho-
lar i Web of Science. Analizie poddano wytgcznie publikacje anglojezyczne dotyczqce roli i mechanizmow dziatania
laktoferyny. Wyniki. W rezultacie stwierdzono, zZe laktoferyna wspiera centralny uktad nerwowy poprzez roznorodne
mechanizmy dziatania. W chorobie Alzheimera hamuje apolipoproteine E4 (APOE4), wspomaga nieamyloidogenne
cigcie bialek oraz tagodzi stany zapalne i stres oksydacyjny. Z kolei w chorobie Parkinsona i chorobach prionowych
przywraca homeostaze zelaza, dziata ochronnie na neurony dopaminergiczne i prawdopodobnie tagodzi neurotok-
syczne efekty poprzez zmiany konformacyjne biatek. Wnioski. Coraz to nowsze badania przeprowadzane 7 uzyciem
modeli komorkowych, szczurow laboratoryjnych, a nawet wsrod ludzi potwierdzajq korzystny wptyw laktoferyny w
tagodzeniu procesow neurodegeneracyjnych u pacjentow z chorobq Alzheimera, chorobq Parkinsona czy chorobg
prionowq. Jednakze potrzeba jeszcze wielu dogtebnych badan, nim w petni bedzie mozna wykorzystac jej potencjat
terapeutyczny. (Gerontol Pol 2025; 33; 194-200) doi: 10.53139/GP.20253328
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Introduction

In recent years, lactoferrin, an antimicrobial peptide
[1], has been scrutinized in the context of neurobiolo-
gy. Through evolution, it has gained functions that go
beyond its basic role and has become more than just a
component of innate antimicrobial immunity [2]. These
functions include the regulation of adaptive immunity,
inflammation, and oxidative stress, as well as its active
participation in the processes of aging and neurodegene-
ration [3]. These discoveries have led to lactoferrin ga-
ining particular attention as a potential neuroprotective
agent in the context of Alzheimer’s, Parkinson’s, and
prion diseases.

Lactoferrin is a multifunctional glycoprotein from the
transferrin protein family, with a molecular weight of
approximately 80 kDa. It consists of a single polypep-
tide chain with two homologous N- and C-terminal do-
mains. It was first isolated from cow’s and human milk
in 1939 and 1960, respectively [4]. It is produced mainly
by epithelial cells of the mucous membranes and neutro-
phils, and secreted into glands that store and/or secrete
colostrum, milk, tears, serum, or saliva [5]. The antimi-
crobial activity of lactoferrin results from its binding of
iron, which is essential for bacterial metabolism [6]. Ho-
wever, it is also worth noting its various properties re-
lated to wound healing, immunomodulation, anticancer,
antioxidant, osteogenic, and neuroprotective effects [7].

Aim

The aim of this study was to highlight the role
of lactoferrin as a protein with immunomodulatory
and neuroprotective properties, focusing exclusively
on selected neurodegenerative diseases, namely Al-
zheimer’s disease, Parkinson’s disease, and prion dis-

€asc.

Material and methods

The work is based mainly on articles from recent
years, i.e., 2020-2023, taking into account some his-
torical materials. The aim of the literature review was
to gather comprehensive knowledge on the significance
and multifaceted activity of lactoferrin (LF). The work
uses methods involving querying articles found in the
PubMed, Google Scholar, and Web of Science databases
using the following keywords: lactoferrin, neuroprotec-
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tion, Parkinson’s disease, Alzheimer’s disease, prion dis-
ease. Only articles published in English were included.

Results

Lactoferrin - structure and form

In humans, three forms of lactoferrin can be distingu-
ished depending on its degree of iron saturation. Thus,
there is the iron-free form (apo-lactoferrin; apo-Lf), a
partially iron-saturated form with one iron ion in the C-
or N-terminal lobe, and an iron-saturated form (holo-lac-
toferrin; holo-Lf) [8]. Thanks to its open conformation,
apo-Lf exhibits stronger iron chelating and antibacterial
activity, while the closed conformation of holo-Lf provi-
des greater stability and resistance to higher temperatu-
res and proteolytic digestion [9].

Lactoferrin enters the cell through endocytosis via
clathrin. However, for this to happen, it must bind to its
lactoferrin receptor (LfR), which is a protein with a mo-
lecular weight of 110 kDa. LfR is expressed in various
cells and tissues, such as the small intestine, liver, bra-
in, bones, and lymphocytes [10]. The multifunctionality
of lactoferrin results from its ability to bind and interact
with other receptors besides LfR [11,12]. These recep-
tors include CD14 and Toll-like receptor 4, which ena-
ble the mediation of immune responses [13]. Other mo-
lecules that lactoferrin binds to include heparan sulfate
proteoglycans, metalloproteinases, ions (copper, zinc,
manganese), glycosaminoglycans, and lipopolysacchari-
des [12].

Parkinson’s disease (PD)

There are many factors underlying Parkinson’s dise-
ase, the most common of which are genetic predisposi-
tion, aging, and environmental factors. The importance
of older age is evidenced by the fact that the disease
most often occurs in people over 50, with the inciden-
ce increasing between the ages of 60 and 90. The symp-
toms mainly boil down to movement disorders, which is
why stiffness, tremors, or postural instability can be ob-
served in affected individuals [14].

The neuropathological features of PD may result from
the presence of Lewy bodies, which are dopaminergic
intracellular neuronal inclusions [15].

However, the development of PD is most strongly as-
sociated with the death of dopaminergic neurons in the
substantia nigra of the basal ganglia. The death of dopa-
minergic cells leads to disturbances in dopamine flow,
which in turn results in muscle structure disorders and
impaired motor coordination [16].
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In patients with Parkinson’s disease, iron accumula-
tion in the brain is a sign of brain dysfunction and neuro-
metabolic disorders [17]. Increased Fe3t concentrations
in the substantia nigra of the brain can lead to iron-de-
pendent catalysis, which will result in the formation of
free radicals and nerve cell degeneration. However, the
presence of lactoferrin in the central nervous system ap-
pears to counteract these processes by preventing: dopa-
mine loss in the striatum, iron accumulation, oxidative
and apoptotic processes in the substantia nigra. In ad-
dition, lactoferrin reduces the expression of iron import
protein while increasing the expression of iron export
protein ferroportin, thereby reducing iron accumulation
in the nigrostriatal system [18].

Rousseau and colleagues observed elevated levels of
lactoferrin in dopaminergic (DA) neurons resistant to
degeneration in patients with Parkinson’s disease. This
neuroprotective effect results from the binding of lac-
toferrin to heparan sulfate proteoglycans located on the
surface of DA neurons, which is responsible for the in-
activation of focal adhesion kinase (FAK). At the same
time, it is worth noting that iron sequestration by lacto-
ferrin prevents oxidative stress and protects DA neurons
from apoptosis [19].

Gene therapy based on intravenous administration of
modified lactoferrin nanoparticles containing neurotro-
phic factor derived from human glial cell lines (hNGDNF)
appears promising, as it may improve locomotor acti-
vity, reduce DA neuron loss, and increase monoamine
neurotransmitter levels [20]. Lactoferrin can also lead
to downregulation of transferrin receptors (TF), stimu-
late the expression of brain-derived neurotrophic factor
(BDNF), and activate the protein kinase pathway, more
specifically the mitogen-activated protein kinase ERK/
MAPK. Accordingly, lactoferrin protects DA neurons by
reducing a-synuclein levels and stimulating the expres-
sion of hypoxia-inducible factor-1a [18].

Alzheimer’s disease (AD)

Alzheimer’s disease is one of the most common forms
of dementia among the elderly, and its pathology is
characterized by abnormal levels of extracellular senile
plaques containing P-amyloid peptides and abnormal
levels of intracellular neurofibrillary tangles (NFTs)
composed of hyperphosphorylated Tau protein [21].
Other abnormalities observed in the brains of these pa-
tients include abnormal iron deposition and oxidative
damage [22].

The underlying mechanism of AD results from the ex-
cessive production of neurotoxic Ap42 by the amyloid-p
precursor protein (APP). As a result, neurotoxic Ap42
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induces aggregation and hyperphosphorylation of Tau
protein, which competes with normal Tau proteins for
tubulin binding, thereby disrupting the balance between
microtubule assembly and degradation, ultimately form-
ing NFTs. These processes lead to region-specific syn-
aptic degeneration and neuronal loss [23].

Recent findings suggest that in the pathological state,
microglia and infiltrating leukocytes in the brain can
synthesize lactoferrin. Hence, three neuroprotective
mechanisms have been proposed [24]:

e Inhibition of apolipoprotein 4 (APOE4).

e Promotion of the non-amyloidogenic pathway.

e Suppression of oxidative stress, inflammation, and
apoptosis.

3.1 Inhibition of apolipoprotein 4

Apolipoproteins (APOE) interact with LRP-1 and me-
diate lipid transport and metabolism in many organs,
including the brain [25]. There are three isoforms of
APOE in the human genome, of which APOE4 is consi-
dered to be the greatest known genetic risk factor for Al-
zheimer’s disease [26]. APOE4 has been found to have
amyloidogenic properties - it facilitates the accumulation
of AP in neurons and increases amyloid-associated glio-
sis and dystrophic neurites in the brain [27].

Many studies have shown that lactoferrin can inhibit
the effect of APOE on neurite growth. This is due to the
similarity of the lactoferrin sequence to the APOE bin-
ding site sequence, hence the suggestion of competition
for the same binding site on HSPG and LRP-1 [28].

Promoting the non-amyloidogenic pathway

APP, the amyloid precursor protein, is processed via
the amyloidogenic or non-amyloidogenic pathway.
In the first case, p-secretase cleaves APP into soluble
APP-B (s APP-P) and the PB-carboxy-terminal fragment
(CTFp), and y-secretase cleaves CTFp into the APP in-
tracellular domain (AICD) and AB40/42 peptides. In
the non-amyloidogenic pathway, a-secretase (usually
ADAMI10) cleaves APP into sAPP-a and CTFa, which
are then cleaved by y-secretase (mainly PS1) into P3 and
AICD, and ultimately no Ap40/42 peptides are formed
[29].

Studies in transgenic mice have shown that treatment
with lactoferrin improves spatial learning and reduces
the number of amyloid plaques in the hippocampus and
cerebral cortex. Further studies have also shown a reduc-
tion in the number of the most common APP isoform in
neurons and the level of APP695 in the brain through an
increase in the enzymatic activity of ADAMI10 and PS1,
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thereby promoting non-amyloidogenic APP cleavage
[30].

Lactoferrin, specifically its apo-Lf form, is also known
as a physiological mimetic of hypoxia, as it can both
stabilize and stimulate HIF-1a by chelating iron, there-
by preventing iron-dependent hydroxylation of HIF-1a
[31].

It has also been noted that deferoxamine exerts HIF-
la-dependent inhibition of amyloidogenic APP proces-
sing in cellular and animal models, reducing Ap accu-
mulation and leading to cognitive preservation [32].

Suppression of oxidative stress, inflammation, and
apoptosis

A study in aged mice involving lactoferrin showed its
beneficial effect on cognitive function by alleviating its
decline, as well as reducing hippocampal cell loss, while
lowering markers of oxidative stress and inflammation
in the hippocampus [33].

In a randomized pilot study, daily intake of lactoferrin
(250 mg/day apo-Lf) for 3 months contributed to impro-
ved cognitive function and biomarkers related to oxi-
dative stress (glutathione, MDA), inflammation (IL-10,
IL-6), apoptosis (caspase -3) and amyloid or Tau protein
pathology in patients with AD. This study also detected
increased levels of phosphatidylinositol-4,5-bisphospha-
te 3 kinase (PI3K) and protein kinase B (Akt), which
may suggest stimulation of the PI3K/Akt pathway by
lactoferrin [34]. In studies on Parkinson’s disease, this
pathway was also shown to be involved in the preserva-
tion of dopaminergic neurons by lactoferrin via the sur-
face proteoglycan heparan sulfate (HSPG) [19]. Hence,
it is suspected that HSPG may also potentially mediate
the lactoferrin-activated PI3K/Akt pathway in AD.

Prion disease

At the root of incurable prion disease lies the trans-
formation of prion proteins in normal cells into amyloid
subtypes - the result of conformational changes. Patients
may present with a range of symptoms, from progressive
dementia, sleep disorders, sensory disturbances, tremors,
and seizures to urinary and fecal incontinence and hy-
pertension.

Many studies have shown the beneficial effects of lac-
toferrin on the clinical picture of patients with prion di-
sease. This was related to PrP(C) remaining on the cell
surface, a reduction in its internalization, and the interac-
tion of lactoferrin with PrP(C) and PrP(Sc), mediating
changes in their conformation. It can therefore be said
that lactoferrin exhibits functional anti-prion activity
[35].
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Lactoferrin can also prevent neuronal cell death by re-
ducing the production of reactive oxygen species (ROS),
reducing mitochondrial dysfunction, and ensuring the
stability of HIF-1a by inhibiting the enzymatic activity
of prolyl hydroxylase 2 (PHD2) [36].

Discussion

This review has highlighted the role of lacto-
ferrin and presented it as a protein with both immuno-
modulatory and neuroprotective properties. However,
it focused exclusively on certain neurodegenerative
diseases, demonstrating the therapeutic potential of
lactoferrin in Alzheimer’s disease, Parkinson’s dis-

ease and prion disease.

This does not mean that lactoferrin has no
application in other diseases. Indeed, it does, as evi-
denced by studies conducted by research groups in
Europe and Asia, which have demonstrated the broad
spectrum of antiviral activity of lactoferrin in the
context of COVID-19 infections [37]. In one study,
75 patients with COVID-19 recovered completely
within 4-5 days of oral therapy with 32 mg of bovine
liposomal lactoferrin, 12 mg of vitamin C and 10 mg
of zinc [38].

Lactoferrin also appears to play an important role in
the treatment of cancer through:

e optimisation of the iron-dependent mitochondrial

oxidative phosphorylation and ATP synthesis,

e metal binding/transport and Fe3t sequestration,

e cytotoxicity associated with cell membrane disrup-
tion, cell cycle arrest, cellular immune response, or
apoptosis induction [39],

e acting as a carrier for the targeted delivery of
chemotherapeutic drugs - the ability to cross the
blood-brain barrier.

As if that were not enough, in a randomised study in-
volving 109 Japanese children, consumption of a lac-
toferrin-enriched preparation compared to a placebo
significantly improved sleep parameters and alleviated
the symptoms of restless legs syndrome [40]. It is also
suspected that the synergy of lactoferrin with melatonin
may potentially alleviate oxidative stress and protect
against neuronal damage.
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Conclusions

As mentioned earlier, lactoferrin is a multifunctional
glycoprotein with many properties - anti-inflammato-
ry, immunomodulatory, and neuroprotective. More and
more recent studies involving mice, cell models, and
even humans confirm its beneficial effect in alleviating
neurodegenerative processes in patients with Alzheime-
r’s disease, Parkinson’s disease, and prion disease.

In the case of Alzheimer’s disease, its neuroprotective
effect is based on three pillars, as it participates in the
inhibition of apolipoprotein 4, promotes the non-amy-
loidogenic pathway, and suppresses of oxidative stress,

inflammation, and apoptosis. In Parkinson’s disease, it
reduces oxidative stress, regulates iron metabolism, and
protects dopaminergic neurons by influencing a number
of molecular pathways. In prion diseases, it appears to
influence protein conformation, thereby limiting its neu-
rotoxicity.

Due to its multifunctionality and complexity, lactofer-
rin is a promising target for research, but much time and
in-depth study are still needed before its therapeutic po-
tential can be fully exploited.
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