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Abstract: Extracellular vesicles (EVs) are nanoscopic structures released by all cell types,
playing a crucial role in cellular communication. EVs contain various types of RNAs, and a
significant number of studies in the field of biomarker research have focused on the RNA
content of these vesicles, particularly microRNAs. Saliva is an easily and non-invasive
obtainable body fluid that is being increasingly studied for the identification of biomarkers
associated with oral and systemic disorders. Early studies investigating salivary RNA
distribution reported that the majority of its microRNA content seemed to be associated with
EVs. Recently, an RNAseq analysis of host and microbial salivary RNA content in different
salivary fractions reported that a majority of the most abundant microRNAs (miRNAs) were
detected in both EV-enriched and unenriched saliva fractions. In this letter we raise the
hypothesis that this high correlation regarding the miRNA content among saliva fractions
might be partially explained by the presence of alternative, overlooked sources of miRNAs
in saliva such as lipoproteins. The focus of this report is to raise awareness regarding potential
contaminants in EV saliva preparations and to emphasize the need of further research aimed
at directly assessing the contribution of these alternative miRNA carriers.
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1. Introduction

Extracellular vesicles (EVs) are nanoscopic vesicles released by all cell types, which
encompass exosomes, microvesicles and apoptotic bodies, among others. Importantly, EVs
are majorly involved in cellular communication [1,2]. Because they are ubiquitous and carry
different types of biomolecules, EVs have been the subject of intense investigation in the
search for biomarkers in different types of pathological, as well as physiological conditions.
EV-associated biomarkers may provide valuable information about the patient's
pathophysiological status, thus guiding therapeutic management. In particular, the content of
EVs has been studied in different types of neoplastic conditions and a growing body of
literature has accumulated regarding EV-based cancer biomarkers in the last few years [3].
Besides their protein and lipid content, EVs carry different types of nucleic acids, such as
genomic and mitochondrial DNA, as well as several RNA species, including microRNAs
(miRNAs), messenger RNAs (mRNAs), ribosomal RNAs (rRNAs) and long non-coding
RNAs (IncRNAs), and a significant number of studies at the biomarker research field has
focused on the miRNA content of such vesicles. A quick search on Scopus using the
keywords “extracellular AND vesicle AND cancer AND (microRNA OR miRNA) AND
biomarker” by October 30th, 2024 returned 1401 entries, most of which (1039 entries)
from 2020 to date.

Saliva is an easily obtainable body fluid that is being increasingly studied for the
identification of biomarkers associated with oral and systemic disorders. One of the main
advantages of using saliva as a sample for diagnostic purposes is the non-invasive nature of
its collection, unlike blood. Like other body fluids, saliva is rich in EVs, which can have
diverse cellular origins, including the cells from the oral mucosa epithelium, salivary glands,
secondary lymphoid tissues (e.g., tonsils) and the microbiota that colonizes different niches
of the oral cavity. Moreover, EVs from saliva may be informative of diseases at distant sites,
as was demonstrated in mice with melanoma. In this animal model, RNAs could make their
way from the tumor site into the circulation and then be detected in the EV fraction from
saliva [4]. However, the isolation of EVs from saliva presents some challenges, such as
saliva’s high viscosity due to the presence of high molecular weight mucins. Additionally,
saliva composition is highly complex, with the presence of a wide range of biomolecules and
extracellular particles in varying concentrations, although generally lower when compared to
other fluids such as plasma [5].

Early studies investigating salivary RNA profiles reported that the majority of its RNA
content seemed to be associated with EVs such as exosomes and microvesicles [6,7], with
little RNA observed outside these vesicular bodies. Although several works have already
addressed either the RNA content of whole saliva or salivary EV preparations, a more
thorough investigation of salivary RNA content has been lacking. In a recently published
study, Tong et al. reported a detailed analysis of host and microbial salivary RNA content by
RNAseq [8]. They analyzed the RNA from whole saliva (after depletion of cellular debris)
and salivary fractions obtained by differential centrifugation. Remarkably, they found that
both cell-free saliva (CFS) and its three derived fractions—named EV-D (for EV-depleted
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saliva), MV (for microvesicles) and EXO (for exosomes)—were indeed abundant in several
different species of human and microbial RNA. In particular, all salivary fractions shared
considerable amounts of host derived RNAs species such as rRNAs, mRNAs, miRNAs,
tRNAs, IncRNAs. Microbial RNA contributed to approximately 50% of the total RNA
encountered in saliva, which could be traced back to several bacterial phyla, suggesting that
the microbiome significantly contributes to the RNA content of saliva. While the presence of
microbiome RNA in saliva samples is established, its ubiquitous presence in different
salivary fractions may reflect the diversity of secretion mechanisms by different bacterial
populations. The biologic significance and biomarker potential of these foreign RNAs remain
largely unexplored and certainly warrant further investigation.

2. miRNA profiles in saliva preparations

A somewhat puzzling finding of the study from Tong et al. regarding host RNA expression
was that the miRNA profiles from all four salivary preparations were highly correlated.
Remarkably, most (84%) of the 200 most abundantly expressed miRNAs were detected in
all saliva fractions. Specifically, regarding the differences between the “exosome” fraction
(EXO) and the “EV-depleted” fraction (EV-D), the authors observed that, among the 28
differentially expressed miRNAs, only 3 EXO-associated miRNAs were enriched more than
tenfold in relation to EV-D, while no EV-D-associated miRNA was enriched above four-fold
in relation to EXO. A plausible explanation for these findings would be an incomplete
separation of the pelletable EVs from soluble RNA-carrier proteins. It is possible that the
differential ultracentrifugation (UC) method used to obtain the saliva fractions (10,000 =g
for 1 hour plus a single 100,000 x<g step for 1 hour with no further UC washing steps) might
not have been long enough to pellet all EVs, thus accounting for the relatively poor
enrichment of EV-associated miRNAs in EXO compared to other salivary fractions.
Noteworthily, the Nanoparticle Tracking Analysis graph from the EV-D fraction showed
peaks that were compatible with the size range of small EVs (Figure S1 in [8]). The issues
associated with the isolation of EVs from viscous fluids such as plasma and saliva have long
been addressed by seminal UC protocols that employed longer centrifugation times as well
as multiple centrifugation steps in order to augment EV recovery and purity [9].

The high miRNA correlation observed among salivary fractions could also be explained
by the presence of additional non-vesicular sources of extracellular RNA (exRNA) in saliva.
While the exRNA landscapes of most body fluids have remained uncharted until recently,
the complexity of the extracellular RNA (exRNA) landscape of blood has already been
explored for more than a decade. In blood, ribonucleoproteins (RNPs, e.g., AGO2) and
circulatory lipoproteins (LPP) such as HDL (high-density lipoprotein) and LDL (low-density
lipoprotein) are established alternative sources of extracellular miRNA [10,11] and other
short RNA (sRNA) species. Specifically, it was also shown that HDL from mice can transport
tRNA-derived SRNAs (tDRs) and rRNA-derived sSRNAs, while both HDL and LDL were shown
to transport nonhost microbial SRNAs [12,13]. Recently, it was shown that VLDL (very low-
density lipoprotein) also carried miRNAs and presented a miRNA profile highly similar to that
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of HDL [14]. HDLs have similar density ranges as exosomes/small EVs (1.10-1.21 g/mL) and
thus can be pelleted down as well through UC, albeit at a much slower rate. LDLs are larger
(22—29 nm) and also denser than saliva (1.019-1.063 vs. 1.002—1.012 g/mL) but pellet even
slower than HDLs due to the smaller difference in density. However, even the minor fraction
of those LPP particles that are expected to copellet with EVs through UC would still largely
surpass EVs as the main component of a UC pellet due to being much more abundant than
plasma EVs. This is a major concern for researchers aiming at the discovery of EV-associated
biomarkers in this blood, either being lipid-, protein- or nucleic acid-based [15-17]. Due to
the potential contamination issues regarding the copurification of lipoproteins in plasma and
serum EV preparations, several methods have been used in order to eliminate such
contaminants. Such methods included several combinations of classically employed EV
isolation steps (e.g., UC followed by size exclusion chromatography; multiple UC steps), the
selective degradation of LPP or their selective removal by using magnetic beads coated with
adsorptive substances [9,17-21].

3. Current evidence of the presence of lipoproteins in saliva

Regarding saliva, there has been accumulating evidence of the presence of lipoproteins in
recent years. Two recent bioinformatics studies conducted by the Extracellular RNA
Communication Consortium aimed at elucidating the endogenous sources of exRNA in
biological fluids suggested that saliva samples not only exhibited a high diversity of RNPs
but also a robust molecular signature associated with the presence of lipoproteins [22,23].
Further evidence of the presence of lipoproteins in saliva was provided by the proteomic data
from Yamamoto et al., who aimed at determining the buoyant densities of salivary EV
subclasses by applying UC followed by prolonged density gradient ultracentrifugation
(UC-DG). Remarkably, all salivary samples presented many of the hallmark apolipoproteins
(APOs) found in HDL, LDL and VLDL, including ApoA-1, ApoB-100 and ApoE at
significant amounts. Moreover, most APOs were detected at the UC-DG fractions
corresponding to expected buoyant densities of their respective lipoprotein classes [24].

4. Lipoproteins as potential contaminating miRNA sources in salivary EV preparations

We hypothesized that, even considering a 10-100-fold reduction in HDL and LDL levels
compared to plasma, as suggested by previous studies analyzing salivary cholesterol [25,26],
lipoproteins would still constitute a significant amount of contaminating particles after
single-step EV isolation methods which could potentially bias downstream analyses of EV
RNA biomarkers. It is also conceivable that, while some amount of lipoproteins would be
pelleted down by UC, a substantial fraction would remain unpelleted in the supernatant, thus
contributing to the high similarity in miRNAs profiles observed among the four saliva
fractions evaluated by Tong et al.

We thus aimed to investigate if, among the differentially expressed miRNAs reported by
the authors in the results and supplementary data, we could identify microRNAs known to be
carried by circulating lipoproteins. We opted to use the data from Rossi-Herring et al. [14], who
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conducted miRNA microarray analyses in isolates of VLDL, LDL and HDL obtained by a
combined protocol for the isolation of serum lipoproteins with high purity (differential
flotation followed by size-exclusion chromatography). As shown in Table 1, from the 15
miRNAs enriched in the EXO fraction and assessed in serum lipoproteins, six had been stably
detected in circulating HDL samples. Interestingly, from those six stably expressed miRNAs,
five were also stably expressed in VLDL and two also stably expressed in LDL, i.e., by all
lipoprotein classes. Moreover, among the nine miRNAs enriched in non-EXO fractions and
previously assessed in serum, three were stably detected in HDL, of which one was also
stably detected in VLDL. Overall, this data suggests that some of the miRNAs enriched in
EXO (thus regarded as EV-derived miRNAS) could be, in fact, derived from co-pelleted
lipoproteins. These findings also make it plausible that the high miRNA similarity among the
four saliva fractions could be explained, at least in part, by a) the partial pelleting of
lipoproteins and/or b) the relatively high degree of identity between the miRNAs carried by
lipoprotein classes presenting variable degrees of pelletability. Very few other studies in the
literature applied a one-step UC protocol to the analysis of miRNA content from salivary
EVs. Besides, in those studies, a full analysis of datasets is difficult due to the non-availability
of raw data (see, for example the study from Langevin et al. 2017) [27]. However, in a later
work from the same group [28], the salivary EVs of healthy subjects were isolated by a
protocol encompassing three consecutive UC steps, specially designed for isolating EVs
while removing lipoproteins and other contaminants from viscous fluids [9]. Therefore, it
was possible to compare the RNAseq data from this study with the data from the Tong et al.
study. Notably, among the six miRNAs enriched in EXO and stably detected in HDL, three
(let-7b-5p, miR-125a-5p and miR-335-3p) could not be detected by the RNAseq analysis of
Langevin et al. (2020) (see Table 1). Altogether, this data corroborates our hypothesis that
LPPs might be contributing to the miRNA content of salivary EV preparations obtained by
insufficiently stringent isolation protocols.

Table 1. Differentially expressed miRNAs in saliva fractions and their presence in
circulating lipoproteins.

Presence in Presence in Presence in Presence in
miRNAs Enriched in EXO? cHDL" cVLDLP cLDLP EVsC
let-7a-5p (vs. EV-D) stable stable low/undetected stable
let-7b-5p (vs. EV-D) stable stable detected undetected
let-7¢c-5p (vs. EV-D) stable stable low/undetected stable
let-7e-5p (vs. EV-D, CFS) detected low/undetected low/undetected undetected
let-7f-5p (vs. EV-D) detected low/undetected low/undetected stable
miR-125a-5p (vs. EV-D, stable stable stable undetected
CFS)
miR-141-3p (vs. CFS) low/undetected low/undetected low/undetected stable
miR-187-3p (vs. CFS) - - stable
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Table 1. Cont.

Presence in Presence in Presence in Presence in
miRNAs Enriched in EXO? cHDLP cVLDLP cLDLP EVst
miR-200a-3p (vs. EV-D, low/undetected low/undetected low/undetected stable
CFS)
miR-200b-3p (vs. CFS) - - - stable*
miR-200b-5p (vs. CFS) - - - stable*
miR-200c-3p (vs. CFS) low/undetected low/undetected low/undetected stable
miR-30a-3p - - - stable*
miR-30a-5p (vs. EV-D, CFS) stable low/undetected low/undetected stable*
miR-30c-2-3p (vs. EV-D) - - - stable
miR-335-3p (vs. EV-D, CFS) stable stable stable undetected
miR-574-5p (vs. EV-D, CFS) detected low/undetected low/undetected stable
miR-885-3p (vs. CFS) low/undetected low/undetected low/undetected stable
miR-99b-5p (vs. EV-D) detected low/undetected low/undetected stable
mMiRNAs Enriched in non-

EXO fractions

miR-10399-3p (EV-D) - - - undetected
miR-106b-3p (CFS) - - - stable
miR-12136 (MV) - - - undetected
miR-132-3p (EV-D) low/undetected low/undetected low/undetected detected
miR-140-3p (EV-D, CFS) detected detected low/undetected stable
miR-145-5p (EV-D) detected detected low/undetected undetected
miR-15b-5p (EV-D) stable detected low/undetected detected
miR-193b-5p (EV-D) - - - stable
miR-23a-3p (EV-D) stable stable detected stable
miR-27a-5p (EV-D) - - - stable
miR-29a-3p (EV-D) stable low/undetected low/undetected stable
miR-345-5p (EV-D) - - - stable
miR-425-3p (EV-D) low/undetected detected low/undetected stable*
miR-425-5p (EV-D) detected detected low/undetected stable*
miR-576-5p (EV-D) - - - stable
miR-652-3p (EV-D) detected detected low/undetected stable
miR-6842-3p (CFS) - - - stable
miR-769-5p (EV-D, CFS) - - - stable
miR-941 (CFS) - - - undetected

2 data from Tong et al.2023, n=10; ° data from Rossi-Herring et al. 2023, n=6; ¢ data from Langevin et al.
2020; n=4; * no distinction was made between 5’ and 3’ transcripts for the given miRNA.
EXO: exosome; CFS: cell-free saliva; EV-D: EV-depleted; MV: microvesicle; stable: detected all samples;
detected: detected in > 50% of samples; low/undetected: detected in <<50% of samples; dashes (-): not

assessed.

5. Conclusion and future perspectives

The potential contamination of EVs isolated from serum/plasma with lipoproteins is a
longtime known problem. Despite this, most publications in the field of RNA EV biomarker
research still employ one-step purification protocols for the isolation of serum/plasma EVs,
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mostly by 1) precipitation with commercial Kits or in-house polyethylene glycol (PEG)
preparations or 2) by UC. Notably, it is quite rare to find research articles on SRNA EV
markers from blood that include markers for lipoprotein contaminants in their methods, such
as ApoA-1, ApoB-100 or ApoE. With regards to salivary EVs, the possibility of lipoprotein
contamination seems to be quite neglected notwithstanding the accumulating evidence from
proteomic data [24,29] and from electron microscopy micrographs from salivary EV studies,
which frequently show electron-lucent particles with spherical or quasi-spherical morphology
and sizes compatible with that of lipoproteins together with the larger, electron-dense, cup-
shaped EVs [24,30,31].

Possibly, one of the primary reasons for the lack of adherence to higher purity protocols
for EV isolation of saliva is the relatively limited knowledge among researchers regarding
saliva composition. This includes unawareness about: 1) the potential presence of
lipoproteins in saliva and/or 2) their rich and diverse SRNA cargo. The main focus of our
report is to raise awareness regarding potential contaminants in saliva preparations and also
to emphasize the need of further research aimed at directly assessing the contribution of these
alternative non-EV RNA carriers. This will enable the emergence of more meaningful SRNA
biomarker discoveries in saliva. For research groups aiming at EV-associated biomarkers in
this and other bodily fluids, the safest way to avoid contamination pitfalls is to follow the
guidelines for the study of extracellular vesicles published by the International Society for
Extracellular Vesicles, which recommend the use of both positive and negative markers of
EVs in the biofluid of choice [32]. In the case of saliva, particularly when focusing on SRNA
biomarkers, the use of lipoprotein marker(s) should, in our opinion, be mandatory.

While lipoproteins may constitute a real contamination problem for the study of EV-associated
SRNA biomarkers in blood and saliva, the study of the lipoprotein SRNA content is itself a
recent and promising topic of research. The recent advances in the knowledge of the highly
diverse sSRNA cargo of those extracellular particles have added another layer of complexity
to the landscape of cellular communication. Progress in this field will certainly assist EV
researchers in unraveling several inconsistencies observed in EV cargo analyses. Moreover,
lipoproteins themselves might emerge in salivomics research, alongside EVs, as potential
sources of RNA biomarkers for local and systemic diseases.

Finally, the recent discovery that EVs themselves may carry several plasma proteins and
lipoproteins attached to their surface introduces yet another level of complexity for the study
of EV biomarkers and their role in cellular communication. While the presence of this EV
corona awaits confirmation in salivary EVs, it may prove to be a biologically relevant
phenomenon as previously described in vitro [33]. Although EVs certainly constitute a
relevant signaling entity in saliva, the understanding of their biologic and biomedical
potential is just in its infancy. The recent discovery regarding the high diversity of host RNA
carriers in saliva might foster new avenues of research aimed at comprehending the biological
relevance of these carriers in health and disease.
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