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Abstract

COVID-19, caused by the SARS-CoV-2 virus, has become a significant global public
health problem, with a wide variety of clinical manifestations and disease progres-
sion outcomes. LncRNAs are key regulators of the immune response and have been
associated with COVID-19 risk infection. Previous studies focused mainly on in-silico
analysis of IncRNA expression in the lungs or peripheral blood cells. We evaluated
the expression of INcRNAs NEAT1, MALAT1, and MIR3142 in saliva and nasopharyn-
geal swab from SARS-CoV-2 positive (n = 34) and negative patients (n = 46). A higher
expression of the IncRNAs NEAT1 and MALAT1 (p < 0.05) were found in positive sam-
ples. NEAT1 had a higher expression mainly in saliva samples (p < 0.001), and MALAT1
was upregulated in nasopharyngeal samples (p < 0.05). Area under the ROC curve
for NEAT1 in saliva was 0.8067. This study was the first to investigate the expression
of IncRNAs in saliva and nasopharyngeal samples of COVID-19 patients, which gives
new insights into the initial response to infection and infectivity and may provide new

biomarkers for severity and targets for therapy.
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Antiviral immune responses are also influenced by IncRNAs (Liu et al.,
2020; Ouyang et al., 2016; Qiu et al., 2018), but information regarding

LncRNAs (long noncoding RNAs) are transcripts larger than 200
nucleotides in length that do not appear to have protein-coding poten-
tial (Cabiliet al., 2011), although some of them may produce small func-
tional peptides (Choi et al., 2019). Further to complex regulation in
multiple cell processes, INcRNAs are emerging as critical regulators of
immune responses (Bocchetti et al., 2021; Heward & Lindsay, 2014),

and some may control innate and adaptive cell types (Chenet al., 2017).

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.

arolein COVID-19 patients is limited.

In 2020, Vishnubalaji et al. performed a more in-depth analysis
of transcriptome data from primary normal human bronchial epithe-
lial cells during SARS-CoV-2 infection and lung biopsies derived from
COVID-19 patients. They included the IncRNA transcriptional por-
trait in response to SARS-CoV-2 infection in lung cells. Among the
regulated IncRNAs were NEAT1, MALAT1, and miR3142HG all of
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Relative expression levels of IncRNAs in negative and positive samples for SARS-CoV-2. (a) NEAT 1 expression including

nasopharyngeal swab (NPS) and saliva samples. (b) NEAT1 expression in NPS samples. (c) NEAT1 expression in saliva samples. (d) MALAT1
expression including NPS and saliva samples. (€) MALAT 1 expression in NPS samples. (f) MALAT 1 expression in saliva samples. *p < 0.05 and

*p < 0.01, Mann-Whitney test

which have been previously associated with immune response and viral
infection.

Considering the relevance of saliva and nasopharyngeal cells in
infectivity and initial SARS-CoV-2 infection, we analyzed the expres-
sion of those IncRNAs in nasopharyngeal swab (NPS) and saliva
samples from 41 individuals (39 NPS/saliva paired samples, 2 NPS
without saliva counterpart). The National Research Ethics Commit-
tee approved the study (CAAE: 31687620.2.0000.0096), and samples
were collected from healthcare workers in a tertiary public hospital
in Curitiba, Brazil, after obtaining written informed consent. The sam-
ples were designated according to SARS-CoV-2 detection by RT-qPCR
as “negative” (n = 23 individuals and 46 samples) or “positive” (n = 18
individuals and 34 samples). All positive samples were wild type SARS-
CoV-2, using genotyping methodology previously described (Adamoski
et al.,, 2021). The median age of the negative group was 40 (+10.9)
and 41.5 (+10.3) for the positive samples. For NEAT1, MALAT1, and
miR3142HG IncRNAs expression, RNA was extracted from 200 uL of
sample with Trizol Reagent (Invitrogen). A total of 70 ng of total RNA
was treated with DNAse | (1U), and the absence of DNA contamina-
tion was confirmed by a retrotranscription (RT) minus reaction. For RT,
the Superscript |11 kit (Invitrogen) was used. gPCR was performed using
Power SYBR Green PCR Master Mix (Applied Biosystems) and 10 nM
of each primer. The relative expression was calculated by the 2-24ct
method with two internal controls (B-actin/RNU6).

Positive samples for SARS-CoV-2 exhibited a significant upregu-
lation of the IncRNAs NEAT1 and MALAT1 (p < 0.05) (Figure 1).
For NEAT1, this difference was observed mainly in saliva samples
(p < 0.001), when comparing only NPSs from negative and posi-
tive samples, this difference was not observed. In contrast, MALAT1
was observed with higher expression only in NPS positive samples
(p < 0.05), when considering only saliva samples, no difference was
observed. MIR3142HG expression was detected in less than 17.5% of
the samples analyzed and it was removed from further analysis.

When analyzing paired samples, including NPS and saliva from the
same patient, NEAT1 showed a higher expression in saliva samples,
when comparing negative and positive samples together (p < 0.001),
only negative (p < 0.05), and only positive samples (p < 0.002). The
expression of MALAT1 was also higher in saliva samples, but this dif-
ference was only observed among all (negative and positive) samples
(p < 0.001) and negative samples only (p < 0.001). As swab positive
samples had high MALAT1 expression, differences between swab and
saliva samples were not evidenced among positive individuals.

For determining the potential of both IncRNAs as possible biomark-
ers for the infection, receiver operating characteristic (ROC) curves
were calculated. The specificity was significant for MALAT 1 in NPS and
NEAT1 in saliva. The AUC was 0.8067 (p < 0.001) for NEAT1, showing
a high power for distinguishing positive and negative saliva samples.

A significant positive correlation was also observed, by Spearman’s
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correlation test, between NEAT1 and MALAT 1 expression in both neg-
ative and positive samples (r = 0.48,p < 0.01).

In summary, this study observed a differential expression of NEAT1
and MALAT1 IncRNAs comparing infected and noninfected individu-
als with SARS-CoV-2 in saliva or NPS samples. For NEAT1, this differ-
ence was observed mainly in saliva samples. In contrast, MALAT1 high
expression was prominent in positive nasopharyngeal samples.

Both IncRNAs have been associated with immune system responses.
NEAT1 is an inflammatory regulator that promotes activation of
inflammasomes in macrophages (Zhang et al, 2019) and induces
inflammatory cytokines such as interleukin-6 (IL-6) and CXCL8 (Tang
et al., 2020). IL-6 and the NLRP3 inflammasome are primary immune
components in responses to SARS-CoV-2 infection (Paniri & Akhavan-
Niaki, 2020). MALAT1 also exerts various immunological effects
including the mediation of NLRP3 inflammasome activation (Menon
& Hua, 2020; Yu et al., 2018). Through NF-xB and HIF-1« activation,
MALAT1 increases production of inflammatory cytokines, such as IL-6
and TNF-a, to promote inflammatory cell infiltration and tissue dam-
age (Tian et al., 2018). Furthermore, MALAT1 has been linked to M1-
like activity in macrophages, promoting pulmonary inflammation and
injury (Cuietal., 2019).

Most recent studies investigated INncRNA expression in lung cells or
in the peripheral blood of COVID-19 patients, and we did not find any
analyses of saliva or nasopharyngeal cells. Vishnubalaji et al., in 2020,
generated IncRNAs transcriptome data from SARS-CoV-2 infected
bronchial epithelial cells and demonstrated upregulation of NEAT1
and MALAT 1. Elevated expressions of these IncRNAs were also shown
in bronchoalveolar lavage fluid from COVID-19 patients (Moazzam-
Jazi et al,, 2021). Additionally, in peripheral blood mononuclear cells,
increased NEAT1 expression was found in severe COVID-19 patients
compared to moderate patients and healthy individuals (Tang et al.,
2020). Also, by a single-cell transcriptomic analysis in the respiratory
tract and peripheral blood, NEAT1 and MALAT1 were differentially
expressed between mild and severe patients (Huang et al., 2021).

SARS-CoV-2’s first entry is through mouth and nose cells, and dif-
ferential expression in these sites may be associated with an initial
response to infection, infectivity, viral dosage, and clinical association.
The present study presents NEAT1 and MALAT1 high expression in
saliva and nasopharyngeal samples in SARS-CoV-2 positive individuals,
and these results contribute to a better understanding of COVID-19.
NEAT1 and MALAT1 are important components of antivirus immune
responses and may provide, in the future, new targets for severity-

related diagnostic measures or therapy.
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