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An easily accessible and non-invasive biofluid test to characterize
the pathological hallmarks of Alzheimer’s disease (AD), amyloid�b
and tau, has been long sought after. Such tests could assist in the dif-
ferential diagnosis of cognitive decline and, in the long pre-symptom-
atic phase of AD, highlight those who might benefit the most from
therapeutic intervention. Cerebrospinal fluid (CSF) for amyloid�b
(Ab42/40), total tau (t-tau) and phosphorylated tau (p-tau) have led
the way in this regard, and are now incorporated into diagnostic cri-
teria for AD. Yet, there is some reluctance towards CSF collection via
lumbar puncture due to its alleged invasiveness or the specialism
that it requires. In this context, the newly developed blood tests for
the detection of amyloid�b and p-tau [1], which have been shown to
be highly specific to AD pathology, and neurofilament light (NfL) [2],
which is general biomarker for axonal injury, have taken center stage
and have enormous potential for extensive application in clinical
medicine.

Then, the question remains, can we go further than blood? Are
other biofluids also an option? Although blood biomarkers are easier
than CSF or position emission tomography (PET) to implement in
clinical practice, they still have minor logistical challenges e.g., veni-
puncture collection or controlled pre-analytics. A bio resource such
as saliva may offer an even more simplistic alternative, which may be
favored by patients or study participants. One could even envisage a
home collection protocol for saliva for research studies, potential
recruitment into drug trials or, in the recent epidemic events of
2020�2021, clinical monitoring when visitation is not permitted.
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However, saliva has to be unequivocally proven to be useful biofluid
in a dementia setting before this can even be contemplated.

AD-related biomarkers have been reported in saliva, with varying
results [3,4]. It is clear that detectable levels of t-tau [5] and NfL [6]
have little association with clinical status or biomarker profiles. A
recent report [7], which was subsequently replicated by the same
researchers [8], recently demonstrated compelling evidence of
decreased salivary lactoferrin (Lf) in AD patients. Lf is an iron-binding
protein and expressed in all body fluids, and has a wide variety of
physiological functions. Importantly, in the context of AD, Lf has been
detected in senile plaques, neurofibrillary tangles and microglia from
AD brains. Lf was found to be decreased in amyloid�b PET positive
patients but not in amyloid�b PET negative healthy individuals or
those diagnosed with frontotemporal dementia. Thus, Lf may repre-
sent the first highly specific salivary biomarker for AD.

In this issue of EBioMedicine, Gleerup and co-workers sought to
replicate the potential use of salivary Lf in a mixed memory clinical
population [9]. They recruited 222 participants, including healthy
controls, as well as patients with mild cognitive impairment (MCI),
AD and a mixture of non-AD neurodegenerative diseases, all with CSF
Ab42, t-tau and p-tau profiles. The results reported were not able to
reproduce any aspect of the previous findings on salivary Lf. This
included no significant change of salivary Lf across diagnostic groups
even when normalized to the total protein content in the saliva sam-
ple. Furthermore, there was no association between salivary Lf and
the “core” CSF AD biomarkers. In a novel approach, Lf concentration
was measured in the CSF but did not correlate with salivary Lf con-
centration from the same patient. It is problematic that two studies
with similar methodology, in terms of sample collection, statistical
power and Lf detection can be so different in conclusion. This further
emphasises the importance of reproducing research results on prom-
ising biomarkers in two or more independent clinical cohorts in the
original publication [10]. In our mind, this also questions the validity
and reproducibility of saliva collection, which is controlled primarily
by the patient and not by the clinician (e.g. venepuncture or lumbar
puncture), and should be examined further. Saliva production varies
between major salivary glands, not only in its production but also its
content. Unstimulated saliva, the preferred matrix in the aforemen-
tioned Lf studies, is predominantly produced by the submandibular
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gland, whereas stimulated saliva is produced mostly from the parotid
gland. Thus, this saliva production could potentially be variable and
sensitive to external stimuli. Lastly, saliva flow is affected in older
adults. This maybe a direct consequence of ageing or indirect hyposa-
livation from medication use and it is often difficult for a demented
individual to produce a sufficient sample for analysis [3] which
speaks against it being an “easier” biofluid for clinical practice. In the
proposed Lf studies [7�9], there is no insight into the effect of medi-
cal use or oral hygiene in the enrolled patients � this could have a
large influence on the composition of the saliva matrix collected and
subsequently Lf concentrations. The other outstanding issue to
address is how a biofluid like saliva could reflect changes in central
nervous system (CNS)-related processes. Abundant innervation,
along which CNS-enriched biomarkers could travel, has been sug-
gested as a potential route but needs to be proven.

Saliva is a rich bioresource which is easily obtained. The potential
of self-collection is a huge attribute but maybe a large source of vari-
ability which simply does not apply to venepuncture or lumbar punc-
ture. A combination of positive and negative reports has been
published on a host of salivary biomarkers of interest to AD, namely,
amyloid�b, tau, a-synuclein and this recent negative report of sali-
vary Lf by Gleerup and co-workers fits this trend of uncertainty. This
study clearly highlights the major need for experiments addressing
clearance pathways of CNS biomarkers into the saliva, as well as stan-
dardization and consensus in the way we collect, process and store
saliva if the scientific community are to take this biofluid seriously in
neurodegenerative diagnostics.
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