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Abstract

Background: The autophagy machinery is reported to be employed by Coronaviruses during their replication. Beclin-1 (BECN1) and
protein 1 light chain 3 (LC3) are two key elements in the autophagy process, and their inhibition can prevent the replication of some
coronaviruses in vitro. Here, we aimed to investigate the expression levels of Beclin-1 and LC3 in COVID-19 patients and healthy
controls, hoping to find new therapeutic targets.

Methods: This cross-sectional study was conducted in Imam Reza and Ghaem University Hospitals, Mashhad, Iran. Nasopharyngeal
samples of 68 consecutive Covid-19 patients and 61 healthy controls, who have been referred to the laboratories for COVID-19 PCR
testing between 21 March to 21 September 2021, were used in order to evaluate the expression of BECN1 and LC3 genes using the Real-
time quantitative PCR method. Demographic and other laboratory findings of patients were extracted from the hospital electronic system.
SPSS Statistics 16.0 and Graph Pad Prism 8.4.2 soft wares were used for statistical analysis. Non-parametric tests were used.

Results: BECN1 expression was significantly higher in COVID-19 patients compared to the controls (14.37+18.84 vs. 4.26+7.39,
p=0.001). The expression of LC3 gene was significantly lower in patients compared to the controls (1.01£1.06 vs. 1.49+1.12, p=0.007).
There was no significant correlation between the expression levels of BECN1 and LC3. Patients with lower BECN1 expression showed
significantly higher RBC counts, higher Urea and lower HCO3 levels. The patients in LC3Low group showed significantly lower MCH,
MCHC and PH levels compared to the others.

Conclusion: Regarding the significant difference in the expression of BECN1 and LC3 in COVID-19 patients compared to the
controls, these molecules may have a role in the pathogenesis of this disease. In case of further confirmation of this role, these molecules
may be used as possible therapeutic targets.
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Introduction
SARS-CoV-2 is a member of the Beta coronavirus genus,  enveloped viruses with a Positive-strand RNA, and is re-
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Evaluating the expression of autophagy-related genes in COVID-19
patients may help to identify specific targets for the development of
more specific and targeted therapies. The expression of the two key
elements of autophagy; Beclinl and Light Chain 3(LC3), is
evaluated in this study and the expression of both of them were
significantly different from controls. So, these molecules may be
used as possible therapeutic targets.



https://orcid.org/0000-0002-7051-9460
https://crossmark.crossref.org/dialog/?doi=10.47176/mjiri.36.99
http://dx.doi.org/10.47176/mjiri.36.99
https://mjiri.iums.ac.ir/article-1-8002-en.html

[ Downloaded from myjiri.iums.ac.ir on 2025-07-31 ]

[ DOI: 10.47176/mijiri.36.99]

Expression of Beclinl and LC3 genes in COVID-19

sponsible for the CO VID-19 pandemic, which is consid-
ered a global threat (1). To date, 242,348,657 Infections and
4,927,723 death from SARS-CoV-2 has been reported
worldwide (2). There is no effective specialized therapy
which can be used for all patients at this time. So, revealing
the pathogenesis of the disease is of urgent need.

Autophagy is an intracellular process involved in the deg-
radation of damaged organelles, long-lived proteins, cell
evolution, the pathogenesis of some cancers as well as in-
nate immunity; through the degradation of intracellular
pathogens (including viruses) and their presentation to the
adaptive immune system (3). Some viruses have mecha-
nisms to evade autophagy. In contrast, some viruses use the
autophagy process during their replication (4).

The usage of the autophagy machinery during the repli-
cation process of some viruses, including HIV 1,2, hepatitis
B virus, hepatitis C virus, Picornavirus and Coxsackie vi-
rus, has been reported (5-8). There are some evidence that
coronaviruses use autophagy machinery for their replica-
tion. For example, Coronavirus infection leads to the for-
mation of vesicles with double-membrane (DMVs) in the
cell (9). The virus replication happens in these vesicles. In
addition, the formation of DM Vs is a characteristic finding
in the autophagy process. Furthermore, a coronavirus pro-
tein; nsp6 has been shown to induce the formation of DMV
(10). In addition, Co-localization of the coronavirus protein
nsp6 with LC3, which is a stable component of autophagy
vesicles, has been observed, which indicates the possible
interaction of these two molecules. Based on the reports,
coronaviruses may use parts of the autophagy process, not
the whole process, to reproduce themselves (11, 12). An-
other evidence that highlights the importance of autophagy
in the pathogenesis of SARA-COV2 comes from studies
that showed that inhibitors of autophagy are able to prevent
coronavirus replication in cells. For example, in a study by
Gorshkov K et al., six autophagic inhibitor drugs especially
chloroquine and hydroxychloroquine, were studied regard-
ing their ability in inhibition of the cytopathic effects of
SARS-CoV-2 and most of them showed significant inhibi-
tory effects (13). BECN1 protein is part of the phosphati-
dylinositol-3 kinase class I1I (PIK3C3) complex. Together
with ATG14 and UVRAG (radiation resistance gene), it
plays an essential role in nucleation and autophagosome
formation in the early stages of autophagy (14). Further-
more, inhibitors of the nucleation stage (ATG14/Beclinl/
VPS34) of autophagy were able to inhibit SARS-CoV-2
replication in human lung cells (15). LC3 protein is located
in the autophagosome membrane in the early stages and is
preserved until the end of the process so that it can be used
as a marker to identify the autophagosome (11). LC3 down-
regulation has been shown to protect cells from infection
by some coronaviruses including SARS and mouse hepati-
tis virus (16).

Excess production of inflammatory cytokines has been
reported in COVID-19 patients with severe disease. It has
been reported that BECN1 induces the production of in-
flammatory cytokines such as IL6 and IL-1 and directly in-
creases TNFa (17). Furthermore, recent studies have sug-
gested that COVID-19 increases apoptosis via the accumu-
lation of autophagosomes in the cells (15). So, it may be
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possible to decrease apoptosis and cell death by inhibiting
the autophagy process.

As seen from the mentioned studies, autophagy is proba-
bly a fundamental part of SARS-CoV-2 replication in cells
and BECN1 and LC3 are key elements in this process. In
this study, we investigated the expression of BECN1 and
LC3 in the nasopharyngeal samples of COVID-19 patients
and healthy controls hoping to find possible targets for the
development of new and more targeted therapies. As it has
been reported, some autophagy inhibitors, such as chloro-
quine and hydroxychloroquine, are broad-acting, and have
considerable side effects, so finding more targeted medica-
tions will be of invaluable help for the treatment of patients.

Methods

Study design and participants

This cross-sectional study was conducted in Imam Reza
as well as Ghaem University Hospitals, Mashhad Univer-
sity of Medical Sciences, Mashhad, Iran. The study was
done on nasopharyngeal samples of 68 consecutive Covid-
19 patients and 61 healthy controls who had been referred
to the laboratory for COVID-19 PCR testing between 21
March to 21 September 2021. All patients had positive PCR
results for COVID-19. The control group was asympto-
matic individuals who needed a COVID-19 test for travel-
ing, entering dormitories or so on and their Covid-19 PCR
results were negative. The demographic and other labora-
tory test results of patients were also extracted. These tests
were including hematological parameters (white blood
cells [WBC], lymphocyte count [LYM], neutrophil count
[neut,], red blood cells [RBC], hemoglobin [HGB], hema-
tocrit [HCT], mean corpuscular volume [MCV], Platelet,
mean platelet volume [MPV], platelet distribution width
[PWD]), coagulation parameters (D-dimer, PT, PTT), in-
flammatory markers (Erythrocyte sedimentation rate [ESR]
and C-reactive protein [CRP]) and biochemical markers
(alanine aminotransferase [ALT], aspartate aminotransfer-
ase [AST], creatinine), Urea, lactate dehydrogenase [LDH],
PH, HCO3, ¢Tnl [cardiac troponin I] and BS [blood sugar]
test.

RNA isolation and complementary DNA synthesis

Immediately after sampling, RNA was extracted using
RNeasy Kit (add bio, Korea Cat. No. 10119) according to
the instruction protocol. Following the extraction, the qual-
ity of RNA was evaluated by measuring the absorption at
260 & 280 & 230 nm by the Nano Drop 2000 Spectropho-
tometer (Thermo Scientific, USA). A ratio of A260/A280
= 1.8 - 2.1 was considered high purity. cDNA synthesis was
done by means of cDNA Synthesis Kit (add bio, Ko-
rea22701). 5ul of RNA were mixed with 10 pl of 2x Reac-
tion Buffer, 2 ul ANTP, 2 ul oligo dt (10x random hex-
amer), and 1 pl Enzyme solution. Thermo cycler tempera-
tures and time conditions are as follows:

The reaction mixture (20 pl) was incubated at 50 °C for
60 minutes; then the temperature was raised to 80 °C for 5
minutes to stop the reaction.

After RNA isolation and complementary DNA prepara-
tion, Real-Time quantitative RT-PCR (RQ-PCR) reactions
were performed by The Applied Bio-system Step One Plus


http://dx.doi.org/10.47176/mjiri.36.99
https://mjiri.iums.ac.ir/article-1-8002-en.html

[ Downloaded from myjiri.iums.ac.ir on 2025-07-31 ]

[ DOI: 10.47176/mijiri.36.99]

Table I. Primer sequences used in real-time PCR
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Primer Sequence 5'-3' Amplicon size (b.p.)
Primer sequences used in real-time PCR
BECN1 F1 5'-CAA GAT CCT GGA CCG TGT CA-3’ 191 bp
R1 5'-TGG CAC TTT CTG TGG ACA TCA-3’
LC3 F1 5'-ATG CCG TCG GAC AAG ACC TT-3’ 360 bp
R1 5'-TTA CAC TGA CAA TTT CAT CCC G-3’
GAPDH Fl1 5'-TGC ACC ACC AAC TGC TTA-3' 87 bp
R1 5'-GAG GGC ATG GAC TGT GGT CAT-3’

Real-Time PCR Systems (Applied Bio-systems). The Rel-
ative expression of BECN1 and LC3 genes was evaluated
by 2 22 method using GAPDH gene as an internal control
gene in the same samples. Primers for LC3 and Beclinl
genes and GAPDH gene (as an internal control) were de-
signed by PubMed blast software. Table 1 shows the primer
sequences used in this study. Each reaction contained 5 pL.
of master mix (SYBR Green), 2 uL of CDNA, 0.15 pL of
each primer and probe, and DEPC water to a final volume
of 10.5 pL. 40 cycles of 95°C for 5 min, denaturation at
95°C for 30 s followed by extension at 60°C for 1.5 min
were applied. All samples were analyzed in duplicate
wells.

Statistical analysis

The Kolmogorov-Smirnov test was used to evaluate the
normal distribution of the data. As the LC3 and BECNI1 ex-
pressions did not show normal distribution, non-parametric
tests were used to compare the expression levels of LC3
and BECN1 between the patients and controls. The changes
in the expression of the studied genes compared to the con-
trol group were evaluated using fold change expression.
Fold change values of 2 or more than 2 were considered
overexpression. The values equal to or less than 0.5 were
interpreted as down-regulation and fold change values be-
tween 0.5 to 2 were considered to have no change in the
expression. Based on the median of the expression level of
each gene, patients were divided into two groups: low ex-
pression and high expression for each gene of interest. All
data analyses were performed using SPSS Statistics 16.0
and Graph Pad Prism 8.4.2 software. p values less than 0.05
were considered statistically significant.

Results

Expressions level of LC3 and Beclinl gens

Detailed demographic and laboratory information from
68 patients with covid-19 are listed in Table 2. The mean
(SD) age of the patient was 60.72+16.8 years, ranging be-
tween 27 and 87 years. 44 (62.9%) of patients were male.
The control group included 61 participants with approxi-
mately same sex distribution (M/F ratio: 1.5) and mean
(SD) age of 58.7 £17.54 years, ranging between 20 to 88
years. Thirteen (19%) patients died during hospitalization.
The BECNI gene expression was significantly higher in
Covid-19 patients compared to controls (p=0.001, Fig. 1).
The mean expression of BECN1 (2 44¢t + SD) for patients
and the control group was 14.37 +£18.84 and 4.26+ 7.39, re-
spectively. The Beclinl gene showed upper expression in
36 (57%) patients. Fifteen (24%) patients showed underex-
pression and the others showed no change in the expression

of Beclinl gene. The expression of LC3 gene was signifi-
cantly lower in patients compared to controls (p=0.007,
Fig. 1). The mean expression of LC3 (2 24¢t+ SD) for pa-
tients with covid-19 and the control group were 1.007 +1.06
and 1.489+ 1.12, respectively. The LC3 gene was down-
regulated in 27 (44%) patients, while 13 (21%) showed up-
regulation and the others showed no changes in LC3 ex-
pression. The correlation between LC3 and BECN1 expres-
sions was evaluated using Spearman's test. There was no
significant correlation between LC3 and Beclinl expres-
sions (p=0.703, r=- 0.036).

LC3 and Beclinl expression correlation with patient
characteristics and outcome

The comparison between LC3 and BECNI1 expression
and patient characteristics is shown in Table 2. No signifi-
cant relationship was seen between the expression level of
LC3 or BECNI and patients' outcomes. The Becline1*%
group showed a higher RBC count than BECN1ig" group
(»=0.036). In addition, these patients showed significantly
higher Urea and lowered HCO3 levels (p=0.034 and 0.033,
respectively). Furthermore, the BECN1MY group indicated
higher mean levels of PLT, PTT, BS, D-dimer and ALT and
lower mean levels of LDH and Lymphocytes. However, the
differences were not statistically significant. The patients in
LC3M¥ group showed significantly lower MCH, MCHC
and PH levels compared to the others (p= 0.026, p= 0.008,
p=0.039, respectively) (Table 2). This group of patients
also indicated higher levels of Neutrophils, ALT, AST,
LDH, CRP, Urea, D-dimer and Troponin and lower mean
levels of PTT than those in LC3"ig" group, but the differ-
ences were not statistically significant.

Discussion

SARS-CoV-2, the etiology of the current pandemic, with
no concurrent specific and effective therapy, deserves ur-
gent attention in order to elucidate its replication mecha-
nisms and pathogenesis. It has been claimed that corona-
viruses might replicate their genomes by hijacking the spe-
cific component(s) of autophagy in host cells (15, 18). Au-
tophagy is an important mechanism in physiological home-
ostasis, which is also encountered in cancer pathogenesis as
well as defense against intracellular pathogens, including
viruses. In addition, it has been shown that the autophagy
pathway is employed by some viruses, including corona-
viruses, during replication (19). In this study, we assessed
the expressions of LC3 and BECNI1, two key elements of
the autophagy pathway, in the nasopharyngeal samples of
COVID-19 patients and healthy controls and found signif-
icant differences in their expressions between the patient
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Fig. 1. Boxplot graphs of Beclinl and LC3 expression in COVID-19 patients and controls. Beclinl expression (A) is significantly higher in patients
comparing to controls (p=0.001), while the expression of LC3 (B) shows significantly lower levels in COVID-19 patients (p=0.007).

group and controls.

BECNI is an essential regulatory component of autoph-
agy that controls the autophagy process at the nucleation
stage, and its deregulation is associated with some diseases,
including cancer, diabetes, and kidney diseases (20, 21).
We found that BECN1 gene expression was significantly
higher in COVID-19 patients compared to the control
group and upper expression of BECN1 was seen in 57% of
patients. In line with our results, Okuyan K et al. found that
the Serum BECNI1 levels in COVID-19 patients were
higher than the healthy controls (22). As the coronaviruses
use autophagy machinery during their replication (23), it is
expected that BECN1 an autophagy-related molecule, is
expressed in virus-infected tissues, as found in our study;
and its serum level is expectedly derived from its diffusion
from involved tissues. So, the results of Okuyan K et al.
study confirm our results, and regarding the findings of
these two studies, it is speculated that BECN1 may have a
role in the pathogenesis of COVID-19. One familiar
method to identify the role of a molecule in a cellular pro-
cess is studying the effects of its inhibition or deletion on
the cells. The next two studies evaluated the effects of in-
hibition and deletion of BECN1 on virus-infected cells. In
a study by Yuen CK et al., human lung cells were cultured
in vitro and were infected with COVID-19. Then the re-
searchers inhibited four stages of autophagy with specific
inhibitory drugs. They showed that the second group of in-
hibitors (class IIT PI3-kinase inhibitor VPS34-IN1), which
target the nucleation stage of autophagy (ATG14/Beclinl/
VPS34) prevent the formation of autophagolysosome and
were able to effectively inhibit the viral replication. There-
fore, they suggested that these inhibitors, which target Be-
clinl, could be a potential target for COVID-19 therapy
(15). Furthermore, Chen X et al. showed that membrane-
associated papain-like protease PLP2 (PLP2-TM) of coro-
naviruses induces the incomplete autophagy process. They
found that PLP2-TM interacts with BECN1 and LC3. The
researchers also showed that knockdown of Beclinl results
in decreased coronavirus replication (24). These studies
were performed in vitro condition and emphasize the im-
portant role of BECNI in the replication of coronaviruses
including SARS-COV2. In the current study, using patient
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samples we showed that the expression of BECN1 was sig-
nificantly higher in COVID-19 patients, which further ac-
centuates the in vivo role of BECN1 in the pathogenesis of
COVID-19. So, the results of these studies are confirmatory
and complementary to each other. Regarding the findings
of mentioned studies, the use of BECN1 inhibitors for the
treatment of COVID-19 patients may be beneficial. Further
studies as well as clinical trials, are needed to confirm this
claim.

In contrast to our findings, Gassen NC et al. identified
that S-phase kinase-associated protein 2 (SKP2), has an es-
sential role in BECN1degradation, and inhibition of SKP2
reduces the MERS-COV infection. They observed that in-
hibition of SKP2, decreases the ubiquitination and degra-
dation of BECN1 and improves autophagy flux which leads
to a 28,000-fold decrease in the proliferation of MERS-
COV (25). In addition, the researchers suggested that SKP2
and BECNI also may be used as appropriate therapies. The
results of Gassen NC et al.'s study are in contrast to the pre-
viously mentioned studies, including our study that suggest
the inhibition of BECN1 may be a therapeutic approach for
SARS-COV2 infection. As the Gassen NC et al. study was
done on MERS Coronavirus, these differences may be ex-
plained. As reported by the last-mentioned study, activation
of the autophagy decreases the MERS coronavirus prolif-
eration. So, the antiviral effect of autophagy may be more
pronounced during the MERS coronavirus infection. In
contrast, the replication of SARS-CoV2 is decreased by au-
tophagy inhibition, which emphasizes the usage of autoph-
agy machinery by the virus during its replication. So, the
two viruses may differ in using autophagy machinery dur-
ing their replication.

LC3 is another major element of autophagy. LC3 is
needed for the replication of some coronaviruses and its
down-regulation has been shown to protect cells from in-
fection by some coronaviruses including the mouse hepati-
tis virus process (16, 26). Regarding to this, we had ex-
pected that LC3 would be increased in the nasopharyngeal
samples of the patients, where the virus is actively repli-
cated. Our findings in the current study showed that the ex-
pression of LC3 gene was significantly lower in COVID-
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Table 2. Clinical characteristics of COVID 19 patients based on BECLIN1 and LC3 expression level

Characteristic All patients LC3 v LC3 hieh P Belinel ¥ Belinel hieh P
gender (male/ female), N=68 (41/26) 15/15 21/10 0.159 19/13 19/12 0.877
Outcome (survived/ death), N=68 (47/13) 20/7 20/6 0.810 19/7 23/4 0.327
Age, mean, N= 68 60.72 61.13 (14.9) 59.87 0.773 63.56 58.74 0.258

(16.80) (18.93) 16.71) (16.82)
MCV (fl), mean (SD), N= 68 8529 (528) 8472(3.58) 86.01(521) 0512 84.40(539) 85.79(5.01)  0.470
MCH (pg), mean (SD), N= 68 2701 231)  2727(171) 2853 (197) 0026  27.60 (248) 28.08(2.16)  0.858
MCHC (¢/dl), mean (SD), N= 68 3271(15)  32.18(1.39)  33.17(1.31) 0008 32.67(1.71) 32.72(139) 0747
RBC (x10°6/uL), mean (SD), N= 68 467(0.7)  461(059)  467(0.77) 0337  484(0.64)  457(0.58)  0.036
HGB (g/1), mean (SD), N= 68 1316 (19.3) 1264 (18.9) 1358(19.6) 0040  1340(200) 1284(17.9)  0.151
HCT (%), mean (SD), N= 68 4018 (5.13) 3926 (5.12)  40.87(5.24) 0.105 4094 (5.02) 3920 (4.98) 0072
Platelet (x 10"3/uL), mean (SD), N= 209.78 208.10 211.87 0.655 221.59 195.71 0.173
68 (82.19) (86.67) (84.07) (81.09) (84.20)
Neut Absolute (x 10°3/uL), mean 741(437) 742445  715(3.83) 0750 784 (4747)  7.17(423)  0.626
(SD), N= 64
Lymphocytes (x10°3/uL), mean (SD),  0.98 (0.54)  090(0.58) 099 (047) 0387  093(046)  1.07(0.58)  0.419
N= 66
RDW-CV (%), mean (SD), N=68 1423 (148) 1431 (1.68) 1422(1.17) 0681 1417(139) 1423(157)  0.989
WBC (x10"9/L), mean (SD), N=68  8.67(438)  8.78(443)  824(407) 0530 921 (473)  835(429)  0.509
PDW (fl), mean (SD), N= 64 1345 (241)  13.55(2.79)  13.19(1.91) 0854  13.08(1.93) 13.57(2.72)  0.600
MPV (fl), mean (SD), N= 68 1011 (117) 1013 (1.31)  10.06(1.09) 0.817  9.84(1.13) 1030 (1.18) 0236
INR, mean (SD), N= 50 105(0.17)  1.05(0.11)  1.05(022) 0462  103(0.06)  1.07(024) 0931
PT (s), mean (SD), N= 50 10.79(1.85) 1078 (1.33)  10.88(2.39)  0.554  10.69 (1.19)  11.02(2.39)  0.800
PTT (s), mean (SD), N=49 31.08 28.27 34.38 0.991 34.65 28.37 (5.20) 0.741
(22.37) (28.27) (32.16) (32.98)
ESR (mm/h), mean (SD), N=31 41.06 36.20 46.60 0.595 40.37 42.17 0.826
(28.96) 22.71) (34.87) (25.65) (34.76)
Total-Billirubin (mg/dL), mean (SD),  0.79(031)  081(0.33)  077(0.31) 0637  078(027)  0.79(036)  0.865
N=43
Direct-Billirubin (mg/dL), mean (SD), 0.25 (0.14) 0.26 (0.14) 0.24 (0.15) 0.469 0.26 (0.17) 0.24 (0.12) 0.680
N=43
AST (U/L), mean (SD), N=53 63.53 66.34 56.73 0.967 62.04 69.38 0.936
(48.44) (57.23) (35.69) (41.63) (57.16)
ALT (U/L), mean (SD), N= 54 70.25 80.84 56.92 0.719 78.83 67.04 0.846
92.82) (125.81) (45.13) (121.94) (58.00)
ALP (U/L), mean (SD), N= 48 212.26 237.18 184.85 0.511 238.95 196.78 0.760
(1.58) (222.7) (69.21) (22421) (30.69)
LDH (U/L), mean (SD), N=51 729.49 801.98 686.17 0.967 689.64 807.45 0.880
(430.23) (533.98) (311.92) (324.52) (590.14)
CRP (mg/L), mean (SD), N= 61 108.2 110.81 105.42 0.736 96.75 111.92 0.756
(90.16) (104.62) (75.65) (76.01) (98.98)
Na (mEg/L), mean (SD), N=55 135.13 134.46 135.29 0.375 134.56 135.28 0.176
4.27) “21) “.61) (4.06) (4.44)
k (mEq/L), mean (SD), N=55 432(055)  441(0.61)  423(0.53) 0344  442(0.57)  426(0.56)  0.270
BS (mg/dL), mean (SD), N= 42 147.55 149.4 (67.1) 149.3 0.871 156.55 135.37 0.286
(66.79) (70.52) (64.07) (60.25)
urea (mg/dL), mean (SD), N= 53 51.40 (29.6) 54.46 4926 0218 59.81 40.79 0.034
(28.05) (33.40) (36.47) (12.90)
Creatinine (mg/dL), mean (SD), N= 1.04(045)  108(0.54)  1.02(039) 0832  1.07(043)  092(028) 0216
53
cTnl (pg/ml), mean (SD), N=26 23.88 36.79 15.25 1.000 17.05 38.58 0.559
(54.46) (75.80) (26.33) (29.87) (84.82)
Ferritin, mean (SD), N=17 540.32 623.15 397.77 0.281 448.52 599.67 0.328
(3.33) (400.38) (42.14) (409.11) (250.93)
PH, mean (SD), N=49 738(0.05)  737(005)  740(0.05) 0039  738(0.05)  7.39(0.04) 0295
HCO3, mean (SD), N=49 25.26 (3.62) 25.5(4.39) 24.95 (2.93) 0.233 24.62 (3.81) 26.64 (2.62) 0.033
D-dimer ng/ml, mean (SD), N= 45 1535.44 1691.7 1367.8 0.751 1872.78 1026.60 0.147
(143548)  (1743.04)  (1159.92) (1665.25) (821.31)

! Table 2. Data are mean (SD) or n/N (%), where N is the number of patients with available data. p values were calculated by non-parametric tests. Abbreviations: RBC
: red blood cells; HCT : hematocrit; MCV : mean corpuscular volume; MCH : mean corpuscular hemoglobin; MCHC :mean corpuscular hemoglobin concentration; PLT:
platelets; WBC : white blood cells ; RDW-CV- Red Cell Distribution Width; PDW: Platelet Distribution Width; APTT: activated partial thromboplastin time; PT:
prothrombin time; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehy-

drogenase; BS: blood sugar; cTnl: cardiac troponin.

19 patients compared to healthy controls and down-regula-
tion of LC3 was observed in 27 (44%) of patients. To the
best of our knowledge LC3 expression has not been evalu-
ated in SARS-COV2 previously and further studies are
needed to confirm our results and elucidate the role of LC3
in the pathogenesis of COVID-19. Regarding another coro-
naviruses, some studies have evaluated the expression or

role of LC3 in their pathogenesis. In a study by Regiori F
et al., which was done on a Coronaviruses named mouse
hepatitis virus, it was demonstrated that LC3-I-Positive
EDEMosomes are hijacked by this coronavirus for its rep-
lication. They reported that down-regulation of LC3, pro-
tects cells from Coronavirus infection (16). These results
are in contrast with decreased expression of LC3 in
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COVID-19 patients in our study. The Regiori F et al. study
was done on mouse hepatitis virus which is a murine coro-
navirus. So, the differences may be attributable to the fact
that murine coronavirus differently uses autophagy ma-
chinery, in contrast to human coronaviruses. Further stud-
ies are needed to elucidate the role of LC3 in the replication
process of SARS-CoV2.

One indirect way to evaluate the effect of these mole-
cules on the disease process maybe by assessing their cor-
relation with disease severity. If the changes in the expres-
sion of these molecules were more pronounced in patients
with more severe diseases, it would be another proof of
their important role in the pathogenesis of COVID-19. Sev-
eral studies have investigated different clinical and labora-
tory indicators regarding the severity of disease in COVID-
19 patients (27-29). According to the previous studies, the
blood levels of some hematological and biochemical mark-
ers such as RBC (30), Urea (31), D-dimer (32) and so on,
were associated with the severity of COVID-19 disease and
now are used in clinical practice for assessing the severity
and prognosis of COVID-19 Patients. We assume that if a
significant relationship is seen between changes in the ex-
pression of BECN1 and LC3 and blood factors, the expres-
sion of these genes may be indirectly related to the severity
of the COVID-19 disease. Okuyan K et al. investigated the
relationship between BECN1 blood levels with laboratory
tests and the clinical severity in 108 patients with COVID-
19. They found that Serum BECNT1 levels were higher in
COVID-19 patients compared to healthy controls. In addi-
tion, dividing the patients into the severe and non-severe
groups, showed that serum BECN1 was significantly
higher in the severe group (p<0.001). Furthermore, they re-
ported a significant positive correlation between BECN1
and D-dimer, CRP, urea and LDH (p<0.001) (22). In the
current study laboratory findings and demographic infor-
mation of the patients showed no association with the ex-
pression levels of BECNlor LC3 in most cases. However,
we found that patients with lower BECN1 expression had
significantly higher RBC, higher urea levels and lower
HCO3 levels (p=0.036, p=0.034. and p=0.033, respec-
tively). The differences between the two groups in RBC
counts and HCO3 seem to be clinically insignificant be-
cause the mean blood levels of both groups fall within nor-
mal limits. Although these findings are not in line with
Okuyan K et al. study, regarding the usage of nasopharyn-
geal samples in our study, these differences can be ex-
plained. As the virus replication at the nasopharyngeal mu-
cosa occurs early in the course of the disease, the patients
who are admitted later after the onset of their symptoms
may show lower virus replication, and so lower BECN1, in
their nasopharynx, while they may have advanced disease
progression in other body areas including lungs. This may
explain the differences between BECN1 nasopharyngeal
expression and BECN1 serum level regarding the severity
of the disease and laboratory indicators of disease severity.
Further studies with larger sample sizes are needed to elu-
cidate the association between BECNI1 as well as LC3 ex-
pressions and the severity of COVID-19.
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Conclusion

To the best of our knowledge, this is the first study to
examine the expression of BECN1 and LC3 in the nasopha-
ryngeal samples of COVID-19 patients. The results indi-
cated a significant difference in the expression of these au-
tophagy-related molecules between the COVID-19 patients
and healthy controls. According to these findings, BECN1
and LC3 may be potential therapeutic targets for the devel-
opment of new drugs for the treatment of COVID-19 pa-
tients. Further studies are needed to confirm this claim.
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