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ARTICLE INFO ABSTRACT

Keywords: Downregulating Angiotensin Converting Enzyme2 (ACE2) expression may be a shared mechanism for RNA
SARS-COV-2 viruses.

MALAT-1 Aim: Evaluate the expressions of ACE2 effectors: the long non-coding RNA ‘MALAT-1’, the micro-RNA ‘miR-200c-
rsrig;r-;om-sp 3p’ and the histone deacetylase ‘SIRT1’ in SARS-COV-2 patients and correlate to disease severity. Sera samples
ACE2 from 98 SARS-COV-2 patients and 30 healthy control participants were collected. gRT-PCR was used for MALAT-
COVID-19 1 and miR-200c-3p expression. SIRT1 was measured using ELISA.

Results: In sera of COVID-19 patients, gene expression of miR-200c-3p is increased while MALAT-1 is decreased.
SIRT1 protein level is decreased (P value < 0.001). Findings are accentuated with increased disease severity.
Serum MALAT-1, miR-200c-3p and SIRT1 could be used as diagnostic markers at cut off values of 0.04 (95.9 %
sensitivity), 5.59 (94.9 % sensitivity, 99 % specificity), and 7.4 (98 % sensitivity) respectively. A novel MALAT-1-

miR-200c-3p-SIRT1 pathway may be involved in the regulation of SARS-COV-2 severity.

1. Introduction

The coronavirus family has been known since 1965 to cause upper-
respiratory tract infection in humans [1]. Symptoms were usually mild
to moderate; however, Severe pandemics have been caused by three well
known viruses of the family: SARS coronavirus (SARS-CoV) in 2002;
MERS coronavirus (MERS-CoV) in 2012; and SARS-CoV-2 (COVID-19)
in 2019. These three viruses caused fatal lower-respiratory tract in-
fections and heavily impacted healthcare systems due to pneumonia and
other complications. This illustrated the need of quick modalities for
early diagnosis and follow up of complicated cases [2].

Previous research on SARS-CoV and MERS-CoV allowed physicians
to identify early markers of disease complications. In addition, scientists
quickly developed COVID-19 therapeutics and vaccines. Conduction of
basic research on COVID-19 is still mandatory to identify viral bio-
markers, host defense mechanisms, and possible therapeutics [3].

SARS-COV-2 entry into human cells occurs by clathrin mediated
endocytosis after viral attachment to the extracellular domain of the
angiotensin converting enzyme 2 receptors (ACE2R) found on the sur-
face of many human cells, including lung cells [4]. This attachment is
immunologically responded to by downregulating ACE2R in an attempt
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to decrease viral entry. Eventually, Angiotensin II levels increase causing
inflammation and thrombosis, which further contributes to the acute
lung injury seen in COVID-19. It is thus logical to investigate the factors
that affect ACE2 levels, such as non-coding RNAs [5].

MicroRNAs (MiRNAs) are tiny noncoding RNAs (ncRNAs) around 22
nucleotides long that bind to regions on target transcripts known as
miRNA response elements (MREs), causing either transcript destruction
or translational inhibition [6]. miR-200c-3p is a member of the miR-200
family. miR-200c-3p was one of the first to be linked to viral infections
and cell-mediated antiviral responses. Overexpression of miR-200c-3p
has a critical role in the development of post viral lung injury and
ARDS as it downregulates the expression of the mRNA that transcribes
ACE2 [7]. This increases levels of angiotensin II leading to lung injury
[8].

Long noncoding RNAs (LncRNAs) are transcripts with a length of
more than 200 nucleotides, that are transcribed by RNA polymerase II
but are not translated into proteins [9]. LncRNAs have now been
demonstrated to play critical epigenetic regulatory functions [10].
MALAT-1 (metastasis-associated lung adenocarcinoma transcript 1) is a
> 8000 nucleotide long intergenic non-coding RNA (lincRNA) found on
chromosome 11q13 [11], that contains several putative miRNA binding
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sites, one of these is the miR-200c-3p. Sponging of miR-200c-3p by
MALAT-1 suppresses it [12,13].

Sirtuins are a family of nicotinamide adenine dinucleotide (NAD+)-
dependent protein deacetylase that are involved in cellular stress
response and organism longevity [14]. Sirtuins also provide defense
against viral infections [15]. SIRT1 can suppress NF-kB [16], as well as
bind to ACE2 promotor enhancing its expression [17,18].

Considering the above-mentioned data, a MALAT-1/miR-200c-3p/
Sirtl axis may serve as a regulatory mechanism involved in the pro-
gression and/or the prevention of COVID-19 [19]. Our aim was to
investigate the possible role of MALAT-1 in SARS-COV-2 patients and its
potential effect on miR-200c-3p and SIRT1. The Expression of MALAT-1
and miR-200c-3p in addition to SIRT1 protein levels in serum of
SARS-COV-2 patients was also correlated to the severity of lung affection
of patients.

1.1. Study participants and methodology

Ninety-eight COVID-19 positive patients were recruited in this study
from the ward and the ICU of Kasr-Alainy Internal Medicine Isolation
Hospital, Cairo University, from April 2021 till December 2021. The
study has been carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki) and approved by
the Research Ethics Committee of Kasralainy School of Medicine [code:
MS-604-2021]. Written consents were taken from participants. Both
males and females between 18 and 70 years old were included. Those
who were suffering from malignancy, autoimmune, chronic severe lung
diseases, and chronic renal diseases were excluded as well as pregnant
females.

Study participants were divided into: Group 1 included 30 con-
trols of age and sex matched to group 2, which included 98 COVID-19
patients further subdivided into: group (2a): 19 non-diabetic normo-
tensive COVID-19 patients, group (2b): 20 type II DM normotensive
COVID-19 patients and group (2c¢): 59 type II DM with idiopathic hy-
pertension COVID-19 patients.

Group (2b) participants were previously diagnosed as diabetics ac-
cording to the WHO diagnostic criteria for diabetes: Fasting Plasma
Glucose (FPG) > 125 mg/dL or 2-h post-load plasma glucose >200 mg/
dL or HbAlc > 6.5 mg/dL. Group (2c) participants were previously
diagnosed as hypertensives according to the International Society of
Hypertension (ISH) diagnostic criteria for HTN: Systolic/diastolic Blood
Pressure (BP) > 140/90 mmHg following standard protocols for mea-
surement, including repeat measurements.

All patients were subjected to thorough history taking and clinical
examination including age, gender, BMI, and comorbid diseases (DMII,
HTN).

Five ml blood was taken from each participant after getting a written
informed consent. Two ml were taken on EDTA. The remaining 3 ml
were centrifuged to separate serum that was used for the determination
of the relative expression of miR-200c-3p and MALAT-1 by RT-PCR, in
addition to the detection of serum protein level of SIRT1 using ELISA.

CBC, HbAlc, kidney function tests (serum creatinine, urea, and al-
bumin), liver function tests (alanine aminotransferase [ALT] and
aspartate aminotransferase [AST]), lipid profile, FBG, serum ferritin, D-
dimer, LDH, and CRP levels were investigated.

RNA was extracted from serum by (Qiagen, Valencia, CA, USA).
Briefly, one mL QIAzol lysis reagent was added to 200 pL serum and
incubated for 5 min at room temperature, followed by chloroform phase
separation. The upper watery phase was mixed with 100 % ethanol and
placed in RNeasy Mini spin columns in collection tubes and centrifuged
at 8000 g at room temperature for 15 s eventually the RNA was eluted,
quantified, and assessed for purity using the NanoDrop® (ND)-1000
spectrophotometer (NanoDrop Technologies, Inc. Wilmington, USA).

Reverse transcription of extracted RNA in a final volume of 20 pL RT
reactions using the miScript II RT kit (Qiagen, Valencia, CA, USA) was
done.
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Quantitative Real-time PCR (qPCR) technique, using miScript SYBR
green PCR kit and miScript primer assays [hsa-miR-200c-3p:
(YP0020448, Thermofisher)], was used for the Detection of miR-200c-
3p relative expression levels in sera of participants. qPCR for Detec-
tion of IncRNA MALAT-1 was done using Quantitect SYBR green PCR
master mix and MALAT-1 primer assay [Human MALAT-1:
(LPH18065A, Thermofisher)] in a 25 pl per well reaction volume. The
real-time cycler was programmed on 95 °C for 15 min, followed by a
three-step cycling of 15 s on 94 °C, then 30 s on 55 °C and finally 30 s on
70 °C. After 40 cycles, analysis of melting curves was done to validate
specific production of the expected PCR product. No control miRNA is
known in serum, so as an endogenous control, SNORD 68 was used for
miR-200c-3p, while GAPDH was used for MALAT-1. The expression
levels were evaluated using the ACt method, where ACt was calculated
by subtracting the Ct values of SNORD 68/GAPDH from those of target
micro-RNAs. AACt was calculated by subtracting the ACt of group 1
samples from the ACt of group 2 samples. The fold change in miR-200c-
3p and MALAT-1 expression levels were calculated by equation 2724,

Quantitation of Human Sirtuin 1 (SIRT1) in serum was done by
an ELISA kit from Bioassay Technology Laboratory (Cat. No E2557Hu),
Zhejiang, China.

The Chest X-ray score was calculated according to Brixia’s scoring
system. The lungs were divided into six areas by two lines, the first at the
level of the right inferior pulmonary vein and the second at the level of
the inferior wall of the aortic arch. According to the degree of the lesion,
radiologists assigned a score from O to 3 to each region. Scores range
from O for no lung abnormalities to 1 for interstitial infiltrates, 2 for
interstitial and alveolar infiltrates (interstitial dominating), and 3 for
interstitial and alveolar infiltrates (alveolar dominant). The total score
should range between 0 and 18. The Brixia scoring system excluded
other symptoms including pleural effusion and pulmonary vascular
enlargements [20]. A Brixia score < 8 accounts for mild lung affection,
while a Brixia score > 8 accounts for a more severe affection [21].

CT chest was done. Total severity score (TSS) was calculated. TSS is
a quantitative score assessing the inflammatory abnormalities in each of
the five lobes of both lungs, including the presence of GGOs, consoli-
dation, or mixed GGOs. Each lobe received a score between 0 and 4
points depending on how much of it was affected: (0) = 0 %, (1) =1-25
%, (2) = 26-50 %, (3) = 51-75 %, or (4) = 76-100 %. The overall score,
which varied from 0 to 20, was the sum of the points from each lobe
[22]. A total score from O to 5 is classified as mild, 6 to 10 as moderate,
and 11 to 20 as severe [23].

1.2. Statistical analysis

Statistical analysis was performed with IBM'® SPSS?® Statistics
Version 25. Numerical data were presented as mean, standard deviation
(SD). Data were explored for normality by checking the data distribution
using Kolmogorov-Smirnov and Shapiro-Wilk tests. Data were analyzed
using independent t-test for normally distributed data and Mann Whit-
ney test for non-normally distributed data. Categorical data was
analyzed by chi2 test. ROC analysis was done to detect the diagnostic
value of studied markers. Correlation between quantitative variables
was done by pearsons correlation. The significance level was set at P <
0.05 within all tests.

2. Results

2.1. Most study participants were admitted to the ICU, with hypoxia,
acidosis and altered biochemical investigations

Out of the 98 COVID-19 patients enrolled in this study, 47 were fe-
males (48 %) and 51 were males (52 %). 75 % of study participants
required admission to the Intensive care unit (ICU) (Table 1).

As shown in Table 2, COVID-19 group participants had lower mean
levels of PH, POy, HCO3 and O2RA than the normal average ranges,
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Table 1
Sex of the studied COVID-19 group and percentage of ICU admission.

Frequency Percent %
Sex Female 47 48 %
Male 51 52 %
Place of admission Ward 24 24.5 %
ICU 74 75.5 %
Table 2
Biochemical data of COVID-19 group.
Minimum  Maximum  Mean Normal values
PH 6.65 7.55 7.32 £0.19 7.35-7.45
PCO2 20.6 184 43.64 + 21.55 35-45 mmHg
PO2 11.9 136 53.35 £ 22.47 75-100 mmHg
HCO3 4.3 35 21.04 + 6.36 22-26 mEq/L
O2RA 50 97 82.44 + 9.44 97-100 %
FBS 100 873 308.87 + 70-99 mg/dl
152.76 Up to 130 in
diabetics
Platelet 45 420 228.78 + 150-450 x 10%/uL
count 87.73
Neutrophil 0.7 29.99 8.26 + 6.21 2.6-6 x 10%/uL
Lymphocyte 0.2 7.18 1.15 + 0.88 1-4.8 x 10%/uL
ALT 10 578 67.57 + 7-55 U/L
104.03
LDH 153 1229 484.2 + 105-333 IU/L
259.47
CRP 6 96 47.64 + 32.3 <10 mg/L

O2RA: O, at room air, FBS: Random blood sugar, ALT: alanine transaminase,
LDH: lactate dehydrogenase, CRP: C-Reactive Protein.

while the mean levels of FBS, neutrophils, ALT, LDH and CRP were
higher than the normal average ranges.

2.2. Decreased expression of IncRNA MALAT-1 in COVID-19 group along
with elevated expression of miR-200c-3p

Fig. 1 shows LncRNA MALAT-1 and miR-200c-3p relative gene
expression in control and in COVID-19 groups. The relative gene
expression of IncRNA MALAT-1 in COVID-19 patients was significantly
lower than in control group (P value < 0.001), while that of miR-200c-
3p in COVID-19 patients was significantly higher than in control group
(P value < 0.001).

2.3. A significant decrease of the anti-inflammatory, anti-fibrotic SIRT1
in COVID-19 group sera

Fig. 2 shows that the protein level of SIRT1 in COVID-19 patients was
significantly lower than in control group (P value < 0.001).

Simple boxplot of MALAT-1 expression in Serum

MALAT-1 expression relative to GAPDH

miR-200c-3p expression relative to SNORD68

Control Covid-19
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Figure 2. SIRT1 serum protein levels in control and COVID-19 groups.

2.4. Classification of COVID-19 group according to the total severity
score (TSS) scoring system

To detect the variations in the levels of relative gene expression of
MALAT-1 and miR-200c-3p, and in the serum protein levels of SIRT1
between different degrees of COVID-19 severity, COVID-19 group pa-
tients were divided according to the degree of severity in computed
tomography (CT) lung scans. Each patient was given a score according to
the TSS scoring system [23]. After which, patients were divided into
three groups. Patients with scores (0-5) were classified as mild, patients
with scores (6-10) were classified as moderate, and patients with scores
(11-20) were classified as severe. Then, we compared the expression
levels of MALAT-1 and miR-200c-3p, along with SIRT1 protein serum
levels among the three groups.

2.5. Increased disease severity correlates with further decreased
expression of MALAT-1 and SIRT1, along with increased miR-200c-3p
expression and GGO percentage

As shown in Table 3, with increased disease severity among COVID-
19 patients, the expression level of MALAT-1 and the protein level of
SIRT1 become significantly lower. On the other hand, the expression
level of miR-200c-3p is significantly higher (P value < 0.001). In

Table 3
Comparison of MALAT-1 and miR-200c-3p gene expressions, SIRT1 protein
levels and GGO according to disease severity (TSS).

Mild Moderate Severe P value
N=19 N =48 N=31
MALAT-1 1.3 +0.9 0.31 £0.3 0.06 + 0.09 <0.001
miR-200c-3p 7.05 + 6.56 14.15 + 2.6 19.04 + 3.19 <0.001
SIRT1 24.06 + 10.56 14.64 + 2.62 10.67 + 2.42 <0.001
GGO percentage 18.72 + 8.54 42.23 +£11.01 64.41 + 10.89 <0.001

miR-200c-3p expression in serum

Control Covid-19

Figure 1. LncRNA MALAT-1 and miR-200c-3p relative gene expression in control and in COVID-19 groups.
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addition, there is a significant difference in the percentage of GGO be-
tween mild, moderate, and severe COVID-19 patients (P value < 0.001).

2.6. Classification of COVID-19 group according to the presence of
diabetes mellitus (DM) and/or hypertension (HTN)

COVID-19 group participants (N = 98) were divided according to the
presence of DM and HTN into three groups: (a) nondiabetic non hy-
pertensive (N = 19) (b) diabetic normotensive (N = 20) and (c) diabetic
and hypertensive (N = 59), with a total of 79 diabetic patients and 59
hypertensive patients.

We compared MALAT-1 and miR-200c-3p relative gene expressions,
and SIRT1 sera protein levels among diabetics and hypertensives in
comparison to nondiabetics and non-hypertensive patients respectively.

2.7. DM and HTN may influence COVID-19 severity as shown by
increased TSS score in DM and HTN patients

In addition, we detected statistically significant difference in the TSS
between diabetics and nondiabetics, and between hypertensive and non-
hypertensive COVID-19 patients (Table 4) in the three categories: mild,
moderate, and severe COVID-19 patients (P value < 0.001).

The percentage of mild cases was higher in non-diabetics (73.7 %). A
higher percentage of moderate (53.2 %) and severe cases (39.2 %) is
seen in diabetic COVID-19 patients, indicating the influence of DM on
COVID-19 disease course.

Similarly, the percentage of severe cases was higher among hyper-
tensive patients (50.8 %) and the percentage of mild cases was higher in
non-hypertensive patients (51.3 %), denoting increased severity of
COVID-19 in the presence of HTN.

2.8. COVID-19 participants previously diagnosed with DM and/or HTN
show more profound upregulation of miR-200c-3p, and downregulation of
MALAT-1 and SIRT1

Table 5 shows that the expression level of MALAT-1 and the protein
level of SIRT1 are significantly decreased while the expression level of
miR-200c-3p is significantly increased in diabetic and in hypertensive
COVID-19 patients when compared to non-diabetic and non-
hypertensive COVID-19 patients respectively. This denotes the influ-
ence of DM and HTN on the pathogenesis of COVID-19.

2.9. Og levels correlate positively to MALAT-1 and SIRT1, while GGO,
TSS, and CXR score correlate positively to miR-200c-3p

Fig. 3 shows a significant positive correlation between MALAT-1 and
Oy (r = 0.49, P value < 0.01), and a significant negative correlation
between MALAT-1 and GGO, TSS, and CXR score with the following
values respectively (r = 0.697, P value < 0.01), (r = 0.619, P value <
0.01) (r = 0.676, P value < 0.01).

Fig. 4 shows a significant negative correlation of miR-200c-3p with
O3 (r = 0.745, P value < 0.01), and a significant positive correlation of
miR-200c-3p with GGO, TSS and CXR score with the following values
respectively (r = 0.831, P value < 0.01), (r = 0.765, P value < 0.01), (r
= 0.84, P value < 0.01).
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Fig. 5 shows a significant positive correlation between SIRT1 and O4
(r = 0.581, P value < 0.01), and a significant negative correlation be-
tween SIRT1 and GGO, TSS and CXR score with the following values
respectively (r = 0.741, P value < 0.01), (r = 0.677, P value < 0.01) (r =
0.704, P value < 0.01).

2.10. The correlation of MALAT-1 and SIRT1 is significantly positive,
while miR-200c-3p correlates negatively to MALAT-1. Moreover miR-
200c-3p negatively correlates to SIRT1

Fig. 6a shows a significant negative correlation between SIRT1 and
miR-200c-3p (r = 0.941, P value < 0.01). Fig. 6b shows a significant
negative correlation between miR-200c-3p and MALAT-1 (r = 0.927, P
value < 0.01). Fig. 6¢ shows a significant positive correlation between
SIRT1 and MALAT-1 (r = 0.96, P value < 0.01).

2.11. The application of MALAT-1, SIRT1, and miRNA-200c-3p as
diagnostic markers

Using ROC curve (Fig. 7), we found that serum MALAT-1 expression
and Serum protein levels of SIRT1 could be used as diagnostic markers
for COVID-19 at cut off values of 0.04 (95.9 % sensitivity) and 7.4 (98 %
sensitivity) respectively, yet both show low specificity. Serum expres-
sion of miR-200c-3p could be used as a diagnostic marker for COVID-19
at a cut off value of 5.59, with sensitivity 94.9 %, and specificity 99 %

3. Discussion

As with previous pandemics caused by coronaviruses, the un-
derlying pathophysiology of COVID-19 is still being investigated to
identify prognostic biomarkers and therapeutic opportunities.

Ninety-eight COVID-19 study participants were divided ac-
cording to two parameters (i) the presence of previously diagnosed
diabetes mellitus (DM) and/or hypertension (HTN) (ii) the severity of
lung affection. Both genders are included almost equally, which co-
incides with previous studies that show no difference in the prevalence
of COVID-19 infection between males and females [24].

To assess the severity of COVID-19, we calculated the Total Severity
Score (TSS) in COVID-19 study group. TSS is a score that illustrates the
degree of lung affection as seen in computed tomography (CT) lung scan.
Each lobe is given a score, after which lobar scores are added to give a
final TSS. TSS from O to 5 was classified as mild, 6 to 10 as moderate, and
11 to 20 as severe [23].

In this study, the TSS score was significantly higher among diabetic
and hypertensive when compared to non-diabetic and non-hypertensive
COVID-19 patients respectively. In fact, two meta-analysis studies pre-
viously declared an up to a 2.5-fold and a 2-fold higher risk of severe and
fatal COVID-19 when associated with pre-existing hypertension and
diabetes respectively [25,26].

Studying human genome expression is an important angle that could
explain how individual genetic variations may impact COVID-19
severity and prognosis. Despite being extensively transcribed, only 2
% of RNAs code for proteins. Noncoding RNAs are important epigenetic
regulators. They include microRNAs (miRNAs) and long non-coding
RNAs (IncRNAs). LncRNAs are long transcripts (>200 nucleotide),

Table 4
TSS in diabetic and hypertensive versus non-diabetic, non-hypertensive COVID-19 patients.
Diabetic (N = 79) Non-Diabetic (N = 19) P value Hypertensive (N = 59) Non- Hypertensive (N = 39) P value
TSS Mild N 6 14 <0.001 0 20 <0.001
% 7.60 % 73.70 % 0.00 % 51.30 %
Moderate N 42 5 29 18
% 53.20 % 26.30 % 49.20 % 46.20 %
severe N 31 0 30 1
% 39.20 % 0.00 % 50.80 % 2.60 %

TSS: Total severity score.
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Table 5

Comparison of MALAT-1 and miR-200c-3p expression levels, and SIRT1 protein level between diabetic and non-diabetic COVID-19 patients, and between hypertensive
and non-hypertensive COVID-19 patients.

Diabetic (N = 79) Non-Diabetic (N = 19) P value Hypertensive (N = 59) Non-Hypertensive (N = 39) P value
MALAT-1 0.19 £ 0.2 1.45 £+ 0.83 <0.001 0.09 + 0.08 0.96 + 0.75 <0.001
miR-200c-3p 16.22 + 3.42 6.04 + 6.17 <0.001 17.54 + 2.92 9.27 + 5.34 <0.001
SIRT1 12.97 4+ 2.93 25.02 + 10.36 <0.001 11.7 + 2.19 20.76 + 8.3 <0.001
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Correlation analysis of SIRT1 and MALAT-1 in COVID-19 patients.

that are involved in viral infection, immunomodulation, and inflam-
matory response [27,28]. MiRNAs are short (~22-nucleotide) non-
coding RNAs that bind to the 3'-UTRs of their target mRNAs, leading to
posttranscriptional silencing, translational repression, or RNA degra-
dation. It was noticed that miRNAs levels are subjected to changes and
play critical roles during viral infections as previously reported in H5SN1
Influenza virus, Ebola virus, and HIV-1 [29,30].

miR-200c-3p is a noncoding miRNA known for its ability to regulate
angiotensin converting enzyme II (ACE2) by binding to the 3’ untrans-
lated region (UTR) region of its mRNA. ACE2 receptor (ACE2R) is an
identified receptor for SARS-COV-2 [31-34], previously reported that

Simple Scatter with Fit Line of SIRT1 by MALAT1

SIRTY

MALAT1

b: Correlation analysis of miR-200c-3p and MALAT-1 in COVID-19 patients. C:

ACE2 mRNA expression cannot be relied on to display protein levels in a
tissue as mRNA and protein quantities of ACE2 hugely vary within and
across tissues. Wang et al. also exhibited low ACE2 protein levels in
blood cells. It is thus valid to detect the expression levels of miRNAs
regulating ACE2 during SARS-COV-2 infection [35,36].

ACE2 has many physiological roles in the lung tissue, among which,
it physiologically hydrolyzes angiotensin II (Angll) to Ang-(1-7)
resulting in anti-inflammatory and antifibrotic effects [37-39].
Comprehensively, it is hypothesized that the upregulation of
miR-200c-3p acts as a defensive mechanism against viral infection, by
downregulating ACE2R, consequently decreasing SARS-COV-2 host cell
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Figure 7. ROC curve for MALAT-1, SIRT1 and miRNA-200c-3p.

entry. Moreover, as a consequence of decreased ACE2 by miR-200c-3p,
the profibrotic AnglIl increases [40]. AnglI acts in a pro-inflammatory
and a pro-oxidant manner inducing vasoconstriction, enhanced
inflammation, thrombosis, and increased collagen synthesis in lung fi-
broblasts [41,74] causing acute lung injury, alveolar edema, and
increased incidence of secondary lung fibrosis [42-45]. Interestingly,
ACE2 can counter-regulate the wound healing response [40]. The
forementioned mechanism is thought to participate in the pathogenesis
of acute respiratory distress syndrome in H5N1 virus infection, in severe
pneumonia, and in interstitial lung disease [8,46,47]. Indeed, Fibrosis is
a well-known untreatable long-term complication of covid19 that may
be precipitated by the same mechanism.

In the present study, miR-200c-3p expression levels are significantly
higher in COVID-19 patients. Moreover, the expression level of miR-
200c-3p is significantly increased with the increase in severity among
COVID-19 patients. Furthermore, we found a significant negative cor-
relation of miR-200c-3p with O2 saturation, and a significant positive
correlation of miR-200c-3p with GGO, TSS score and CXR score. This
mimics results of studies conducted by [48,77], who found greater
expression of miR-200c-3p in severe COVID-19 patients who were on
oxygen therapy (P < 0.0001).

Another study compared miR-200c-3p at times of admission and
discharge of COVID-19 patients. They revealed higher expression levels
at the time of discharge, along with a negatively correlated IL-6
expression, which may imply a defensive response by the body, where
higher miR-200c-3p expression occurs to decrease viral entry to host cell
[49].

Previous research using bioinformatics analysis and luciferase re-
porter assays suggested that IncRNA Metastasis Associated Lung
Adenocarcinoma Transcript 1 (MALAT-1) directly binds to and down-
regulates miR-200c-3p. In addition, miR-200c-3p could bind to 3'UTR of
Silent Information Regulator T-1(SIRT1), inhibiting it — an effect
reversed by the overexpression of MALAT-1 [50-52]. SIRT1 is a NAD +
-dependent histone deacetylase that targets several transcriptional fac-
tors that mediate inflammation, stress, mitochondrial biogenesis, insulin
secretion, and aging [53,76]. SIRT1 can suppress the transcription of
several cytokine genes by directly regulating the NF-xB pathway [54].
Additionally, SIRT- 1 can inhibit A Disintegrin and Metalloproteinase
Domain 17 (ADAM17) activation, consequently decreasing proin-
flammatory cytokines TNF-a and IL-6 [15]. Moreover, SIRT1 directly
decreases viral replication [55]. It was also established that SIRT1 can
bind to the ACE2 promoter increasing its expression [17].

In this study our aim was to evaluate the effect of a possible
interaction of IncRNA MALAT-1, miR-200c-3p and SIRT1 in COVID-19
patients, and to correlate the severity of clinical symptoms and signs
to their serum expression levels.
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MALAT-1 is a IncRNA that regulates genes involved in immunomo-
dulation and cell cycle regulation [27]. The relative gene expression of
MALAT-1 in COVID-19 patients in this study is significantly lower than
in control group (p value < 0.001). Moreover, the expression level of
MALAT-1 is significantly decreased with the increase in severity among
COVID-19 patients. This agrees with [56] who reported lower MALAT-1
expression in monocytes and macrophages from bronchoalveolar lavage
(BAL) samples of mild COVID-19 patients. In another study on CD4" T
cells from BAL of COVID-19 patients, MALAT-1 was upregulated in Mild
cases and downregulated in Severe cases [57].

A significant positive correlation is detected between MALAT-1 and
O, saturation. On the other hand, MALAT-1 significantly negatively
correlates to Ground glass opacity (GGO), TSS score, and CXR score.
Previous data demonstrate that MALAT-1 downregulation is involved in
pulmonary profibrotic pathogenesis due to atypical macrophage acti-
vation favoring M2 upregulation [56]. Furthermore, previous studies on
MALAT-1-knockout mice reported lower expression of the immuno-
suppressant IL-10 in Thl and Th2 cells, accentuating the immune re-
sponses to infection [58], which imitates exaggerated immune responses
that occur in SARS-COV-2 infection. MALAT- 1 inhibition was also found
to direct CD4™ T cells away from the T regulatory cell (Tregs) subtype,
which adds more evidence to the protective immunomodulatory
anti-inflammatory role of MALAT-1, as Studies have shown that Tregs
are able to repress cytokine secretion and play a crucial role in pre-
venting autoimmunity [59].

In this study, SIRT1 serum protein levels are significantly lower in
COVID-19 patients than in control group. Moreover, SIRT1 expression is
significantly decreased along with an increase in severity among COVID-
19 patients. In addition, a significant positive correlation between SIRT1
and O2 saturation is detected, along with a significant negative corre-
lation with GGO, TSS score and CXR score, providing proof of the
possible protective effect of SIRT1.

This is in accordance with [60] who detected significantly decreased
SIRT1 expression in COVID-19 patients, which was negatively corre-
lated with p53, IL1-p, and TNF. [16] showed that SIRT1 can reduce
inflammation in COVID-19 patients. [75] found that SIRT1 inactivation
was linked to COVID-19 severity and its low level served as a predictor
of COVID-19 that was not under control.

Statistical correlations in our study show a highly significant positive
correlation between MALAT-1 and SIRT1, while highly significant
negative correlations were found between MALAT-1 with miR-200c-3p
and miR-200c-3p with SIRT1. Previous studies elaborated the possible
regulatory role of MALAT-1 on miR-200c-3p and SIRT1, through inter-
active sites, where MALAT-1 could directly bind miR-200c-3p, down-
regulating it. Similarly, in brain microvascular endothelial cells
(BMECs), miR-200c-3p can modulate SIRT1 expression by binding to
SIRT1 3'UTR. Furthermore, MALAT-1 was able to reverse the inhibitory
effect of miR-200c-3p on SIRT1 [32], suggesting a novel feedback loop.

The comparison of MALAT-1 and SIRT1 expression between hyper-
tensive and non-hypertensive COVID-19 patients reveales significantly
decreased expression levels in hypertensives. This may be explained by
the protective antihypertensive effect of MALAT-1 and SIRT1 as
mentioned by [61,62] respectively.

A similar observation was seen in diabetic COVID-19 patients, who
had significantly decreased expression levels of MALAT-1 and SIRT1
when compared to non-diabetics. This agrees with [63] who described
downregulated SIRT1 in trigeminal sensory neurons of diabetic mice
and with [73], but may be not in line with other studies in which
MALAT-1 was upregulated in diabetes [64,65]. This may be explained
with variance in expression of MALAT-1 in COVID-19 patients [66].

Another important finding is that the expression level of miR-200c-
3p is significantly increased in diabetic and in hypertensive COVID-19
patients [48]. mentioned an increased level of miRNA200 with hyper-
tension, and [67] stated that the expression of the miRNA200 family is
strongly induced in islets of diabetic mice and that beta cell specific
overexpression of miR-200c-3p in mice is sufficient to induce beta cell
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apoptosis and lethal type 2 diabetes. This could explain the higher lia-
bility for type II DM post-COVID-19 infection.

Receiver operating characteristic (ROC) curves compare sensitivity
versus specificity across a range of values, enabling the detection of the
best cut-off value that could be used clinically as a diagnostic biomarker.
High sensitivity indicates a high negative predictive value, an ideal
“rule-out” test. High specificity indicates a high positive predictive
value, an ideal “rule-in” test [68]. Using ROC curve, we find that serum
MALAT-1 expression and Serum protein levels of SIRT1 could be used as
diagnostic markers for COVID-19 at cut off values of 0.04 (95.9 %
sensitivity) and 7.4 (98 % sensitivity) respectively, yet both show low
specificity. Serum expression of miR-200c-3p could be used as a diag-
nostic marker for COVID-19 at a cut off value of 5.59, with sensitivity
94.9 %, and specificity 99 %.

As regards the clinical picture, 75.5 % of COVID-19 study partici-
pants were admitted to the intensive care unit (ICU), most of them
suffered from metabolic acidosis and hypoxia [69]. illustrated the vi-
cious cycle between the development of hypoxia and acidosis in
COVID-19 patients. Inflammation, difficulty with gas exchange in the
lungs and thrombosis contribute to the onset of acidosis. According to
the Verigo-Bohr effect, a drop in blood pH decreases oxygen saturation,
which exacerbates acidosis followed by deterioration of the patient’s
condition. Decreased pH can also change the conformation of the
SARS-COV-2 S-protein, which reduces the affinity and the avidity of the
protective antibodies. Furthermore, Hypoxia and acidosis cause immune
system dysregulation and multidirectional pro- and anti-inflammatory
reactions, resulting in the formation of a cytokine storm, a major indi-
cation for ICU admission.

The mean random Blood Glucose (RBG) of COVID-19 group is high.
Previous research suggested that diabetic patients were more susceptive
to SARS-COV-2 infection and complications. In addition, high blood
glucose level in previously non-diabetic patients is indicative of poorer
outcomes [70,71].

Furthermore, laboratory findings show higher-than-normal mean
levels of neutrophils, neutrophil to lymphocyte ratio (NLR), alanine
aminotransferase (ALT), lactate dehydrogenase (LDH), and C-reactive
protein (CRP) in COVID-19 patients. These findings are in accordance
with [72] who compared these laboratory data between the non-severe
COVID-19 patients and those with the severe course. They reported
increased neutrophils, NLR, ALT, LDH, CRP and blood glucose levels in
the severe group.

Collectively, we hypothesize a possible protective role of MALAT-1
and SIRT1 in SARS-COV-2 infection, possibly by suppressing miR-
200c-3p, which decreases inflammation and fibrosis, improving dis-
eases outcomes. Furthermore, MALAT-1 can be used as a biomarker for
the severity of the disease.

4. Conclusion

We found that the expression of IncRNA MALAT-1 and the serum
protein level of SIRT1 in COVID-19 patients are significantly lower than
in control group (P value < 0.001). Moreover, with increased disease
severity and with the presence of DM or HTN, lower results are recorded.
The expression of miR-200c-3p in COVID-19 patients is significantly
higher than in control group (P value < 0.001), with accentuated results
seen in severe cases and in DM or HTN cases when compared to mod-
erate and mild cases, non-diabetics, and non-hypertensives.

Ground glass appearance, chest x-ray score and total severity score of
CT lung scans positively correlate to miR-200c-3p, and negatively
correlate to MALAT-1 and SIRT1. On the other hand, Oxygen saturation
positively correlates to MALAT-1 and SIRT1, and negatively correlates
to miR-200c-3p.

SIRT1 positively correlates to MALAT-1, while it negatively corre-
lates to miR-200c-3p. MALAT-1 and miR-200c-3p serum relative gene
expression levels could be used as diagnostic markers for COVID-19, at
cut off values of 0.04 (95.9 % sensitivity) and 7.4 (98 % sensitivity)
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respectively, yet both show low specificity. Serum expression of miR-
200c-3p could be used as a diagnostic marker for COVID-19 at a cut
off value of 5.59, with sensitivity 94.9 %, and specificity 99 %.

5. Recommendations

We recommend that more studies should be done involving a larger
sample size to confirm our results. Indeed, further exploration of mo-
lecular pathways affected by MALAT-1, miR-300c-3p and SIRT1 in viral
infections could open pathways for new prognostic and/or therapeutic
markers targeting fatal pandemics affecting the world every now and
then.
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Abbreviations

ACE2 Angiotensin converting enzyme 2
ADAM17 A Disintegrin and Metalloproteinase Domain 17

ALT Alanine aminotransferase

ARDS Acute respiratory distress syndrome
BAL Bronchoalveolar lavage

CBC Complete blood count

COVID-19 Coronavirus Disease 2019

CRP C- reactive protein

CXR Chest x-ray

ELISA  Enzyme-linked immunosorbent assay
ESR Erythrocyte sedimentation rate

GGO Ground glass opacity

ICU Intensive care unit

IL1B Interleukin 1 beta

LDH Lactate dehydrogenase

lincRNAs Long intergenic noncoding ribonucleic acid

LncRNAs Long noncoding ribonucleic acid

MALAT-1 Metastasis associated lung adenocarcinoma transcript 1
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miRNA  Micro ribonucleic acid

MRES MiRNA response elements

mRNA  Messenger ribonucleic acid

ncRNAs Non-coding ribonucleic acid

NF-kB  Nuclear factor kappa B

NLR Neutrophil to lymphocyte ratio

gqRT PCR Quantitative real time polymerase chain reaction
RAS Renin angiotensin system

RBG Random blood glucose

SARS-COV Severe acute respiratory syndrome coronavirus

SIRT1 Silent information regulator 1
TGF Transforming growth factor
TH1 Type 1 helper cells
TH2 Type 2 helper cells
TNF Tumor necrosis factor
Tregs Regulatory T cells
TSS Total severity score
UTR Untranslated region
WHO World Health Organization
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