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Abstract

Background Excessive inflammation has been implicated in the immunopathogenesis of coronavirus disease 2019 (COVID-
19). In the current study, the involvement of S100 calcium binding protein S100A4, S100A9, and S100A 10 in the inflam-
matory settings of COVID-19 patients were evaluated.

Methods Peripheral blood samples were obtained from 65 COVID-19 subjects and 50 healthy controls. From the blood
samples, RNA was extracted and cDNA was synthesized, and then the mRNA expression levels of SI00A4, S100A9, and
S100A10 were measured by Real-time PCR.

Results The mRNA expression of S100A4 (fold change [FC]=1.45, P=0.0011), S100A9 (FC=1.47, P=0.0013), and
S100A10 (FC=1.35, P=0.0053) was significantly upregulated in COVID-19 patients than controls. The mRNA expression
of S100A4 (FC=1.43, P=0.0071), (FC=1.66, P=0.0001), and S100A10 (FC=1.63, P=0.0003) was significantly upregu-
lated in the severe COVID-19 subjects than mild-to-moderate subjects. There was a significant positive correlation between
mRNA expression of SI00A4 (p=0.49, P=0.030), S1I00A9 (p=0.55, P=0.009), and S100A10 (p=0.39, P=0.040) and
D-dimer in the COVID-19 patients. The AUC for SI00A4, S100A9, and SI00A10 mRNAs were 0.79 (95% CI 0.66-0.92,
P=0.004), 0.80 (95% C10.67-0.93, P=0.002), and 0.71 (95% CI 0.56-0.85, P=0.010), respectively.

Conclusions S100A4, S100A9, and S100A10 play a role in the inflammatory conditions in COVID-19 patients and have
potential in prognosis of severe form of COVID-19. Targeting these modules, hopefully, might confer a therapeutic tool in
preventing sever symptoms in the COVID-19 patients.
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Coronavirus disease 2019 (COVID-19) pandemic resulted

from Severe acute respiratory syndrome coronavirus 2
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(SARS-CoV-2) has led to the emergence of a global
challenge and a major health issue worldwide [1]. Angi-
otensin-converting enzyme 2 (ACE2) receptor, which is
predominantly expressed on the alveolar epithelial cells
of the lung, is the major receptor for S protein of SARS-
CoV-2 that facilitate the virus entrance. Multiple organ
involvement also occurs in the tissues expressing the
ACE2 receptor, such as kidney and intestine [2—-5]. Even
though vast majority of the infected individuals expe-
rience a moderate form COVID-19 with little clinical
symptoms, approximately 10-15% of subjects develop
a severe illnesses needing hospitalization and support-
ive cares, and 5% of cases might need admission into
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intensive care units (ICU) [6]. During the severe forms
of COVID-19, cytokine storm and cytokine release syn-
drome might culminate in acute respiratory distress syn-
drome (ARDS), sepsis, septic shock, multiorgan failure,
and even death [7-9].

That notwithstanding, the main molecules involved in
causing these severe symptoms have not yet been iden-
tified. Numerous studies have been performed on the
molecular basis to identify the mechanisms involved in
the development of acute inflammatory symptoms in
patients with COVID-19 [10]. Acute phase proteins are
one of the most important molecules that are produced
during infectious and non-infectious injuries and lead to
inflammation and overactivation of the immune system
[11]. SIO0A calcium binding proteins play important
roles during inflammatory processes and regulate dif-
ferent molecules and inflammatory signaling pathways
leading to inflammation [12]. Among them, S100A4,
S100A9, and SIO0A10 molecules are of special impor-
tance for causing inflammation that also have antimi-
crobial roles [13, 14]. The SI00A9 molecule is highly
expressed in immune inflammatory cells, such as neu-
trophils and monocytes [15]. This molecule is calcium-
dependent and is involved in the production of cytokines,
chemokines, and growth factors and plays a role in the
infiltration of monocytes and neutrophils into the inflam-
matory sites [12]. The role of this molecule in causing
neutrophil-induced inflammation in many diseases is
well established [12]. As another molecule in this group,
S100A10 plays an important role in causing inflammation
by various mechanisms, such as increasing plasminogen
production and subsequently activating the matrix met-
alloproteinase (MMP) 9 [16]. It seems that the inflam-
mation caused by these molecules is mainly through the
activation of type 1 helper (Th1l) immune responses and
plays a protective role in the Th2-mediated allergic air-
way inflammation [17]. Given that COVID-19-infected
patients mainly suffer from Thl-mediated inflammation
[18], these molecules are likely to play an important role
in causing inflammatory complications in these patients.
It was also observed that SIO0A8/A9 conferred a diagnos-
tic biomarker value and could accurately identify COVID-
19 patients who were subsequently admitted to ICU [19].

Nonetheless, there is insufficient data on the role of
S100A4, S100A9, and S100A10 molecules in causing
inflammation in patients infected with COVID-19. There-
fore, the aim of this study was to evaluate the expression
of S100A4, S100A9, and S100A10 molecules in patients
with COVID-19 compared to healthy individuals. We
evaluated the diagnostic value of these molecules in pro-
moting severe forms of COVID-19. Hopefully, targeting
these modules might confer a therapeutic tool in prevent-
ing sever complications in the COVID-19 patients.

@ Springer

Materials and methods
Study population

The study population in the present research comprised
of 65 patients with COVID-19 referred to the Ali Ibn Abi
Talib Hospital, Rafsanjan University of Medical Sciences,
Rafsanjan, Iran. Diagnosis of COVID-19 was conducted
based on the detection of SARS-CoV-2 genetic content in
the nasopharyngeal swab samples by Real-Time PCR test,
computerized tomography (CT) scan of chest for detec-
tion of COVID-19 patterns, and typical clinical manifesta-
tions of the patients. Patients who had respiratory failure,
reduced oxygen saturation, and hospitalized in ICU were
considered as sever COVID-19 subjects. As the control
group, 50 healthy age- and sex-matched individuals were
enrolled. None of the healthy controls were infected with
other viruses and they did not have immune-related disor-
ders, such as autoimmune diseases, allergy and cancer, or
liver diseases. All patients and healthy controls had Iranian
(Fars) ethnicity. The demographic data, laboratory indi-
ces, and clinical presentations of the study participants are
listed in Table 1. The ethics committee of Rafsanjan Uni-
versity of Medical Sciences approved the protocol of this
study (IR.RUMS.REC.1400.108) and all subjects signed a
written informed consent to participate in this study. From
all subjects, 5 ml of the peripheral blood was obtained in
the EDTA-anticoagulated tubes using venipuncture.

RNA extraction, cDNA synthesis, and quantitative
real-time PCR

RNA extraction from plasma was conducted using Trizol
total RNA extraction kit (GeneAll, Korea) according to
manufactures’ instructions. Determination of the relative
absorbance ratio at A260/A280 and A260/A230 by a spec-
trophotometer (Nano Drop 2000, Thermo Scientific, USA)
was exerted to assess the extracted RNA concentration
and purity. Then, template RNA was reverse-transcribed
by PrimeScript 1% strand cDNA Synthesis Kit (TAKARA,
Japan) following the manufacturer’s guidelines using
Thermal Cycler instrument (Eppendorf, Germany). Real-
time mRNA expression of SI00A4, S100A9, and SI00A10
was conducted using TagMan-based approach using ABI
StepOnePlus real-time PCR System (Applied Biosystems,
Foster City, CA, USA). The real-time analyses were con-
ducted in triplicate order. The transcript level of -Actin
was measured as housekeeping gene to normalize the
expression levels of target genes. The comparative thresh-
old cycle method (2722 was exerted to measure the rela-
tive amounts of target genes in each sample.
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Table 1 Demographics and
clinical presentations of
COVID-19 patients

Characteristic

Overall COVID-19
patients (N=165)

Mild-to-moderate
COVID-19 patients
(N=43)

Severe COVID-19
patients (N=22)

Gender; male/female (N, %)
Smoker/non-smoker
Age (year, mean + SD)
Duration of COVID-19 (Day)
Oxygen saturation
Systolic BP (mmHg)
Diastolic BP (mmHg)
WBC (cells/mm?®)
Neutrophil-lymphocyte ratio
ALP (IU/L)

AST (IU/L)

ALT (IU/L)

LDH (IU/L)

CRP (mg/L)

ESR (mm/h)

BMI (kg/m?)

Total cholesterol (mg/dl)
TG (mg/dl)

LDL (mg/dl)

HDL (mg/dl)

Creatinine (mg/dl)

BUN (mg/dl)

FBS (mg/dl)

p-dimer (ng/ml)
Cardiovascular diseases
Diabetes

Hypertension

Fever

Cough

Dyspnea

Sputum
Vomiting/diarrhea
Methylprednisolone use
Remdesivir use
Azithromycin use
Anticoagulation therapy

36 (55.4%)/29 (44.6%) 25 (58.2%)/18 (41.8%) 11 (50%)/11(50%)
27 (41.5%)138 (58.5%) 15 (34.9%)/28 (65.2%) 12 (54.6%)/10 (45.4%)
527113 51.1+11.1 543+11.5
1254222 124420 12.6+2.4
923463 91.8+6.1 92.8+6.5
131.6+21.7 128.5+20.3 134.7+23.1
722485 71.6+8.2 72.8+8.8
8154+ 1739.4 8025 + 1725 8283+1753.8
103+7.4 10.1+7.3 10.5+7.5
21834437 217.8+43.1 218.8+44.3
273+88 26.8+8.5 27.8+9.1
33.8+6.2 33.3+6.0 343+6.4
398.3+80.6 396.8+78.9 399.8+82.3
43+18 34+14 52422
18.3+9.1 16.5+8.7 20.1+9.5
28.7+6.8 28.1+6.6 293+7.0
206.7+37.1 205.2+35.9 208.2+38.3
161.5+58.3 160.2+57.4 162.8+59.2
133.2+38.1 131.8+36.8 134.6+39.4
485+13.8 4814135 48.9+14.1
1.94+0.55 1.74+0.41 2.14+0.69
233+148 228+144 23.8+15.2
98.3+27.6 98.9+27.9 97.7+273
1.88+0.14 1.74+0.12 2.02+0.16
6 (9.23%) 3(7%) 3 (13.6%)

9 (13.8%) 5(11.6%) 4 (18.2%)
12 (18.5%) 8 (18.6%) 4(18.2%)
62 (95.4%) 40 (93%) 22 (100%)
61 (93.8%) 39 (90.7%) 22 (100%)
59 (90.8%) 38 (88.4%) 21 (95.5%)
37 (56.9%) 18 (41.9%) 19 (86.36%)
31 (47.7%) 15 (34.9%) 16 (72.8%)
48 (73.8%) 28 (65.1%) 20 (90.9%)
33 (50.8%) 14 (32.5%) 19 (86.3%)
22 (33.8%) 10 (23.25%) 12 (54.5%)
16 (24.6%) 6 (13.9%) 10 (45.5%)

COVID-19 coronavirus disease 2019; WBC white blood cell; CRP C-reactive protein; ALP alkaline phos-
phatase; AST aspartate aminotransferase; ALT alanine aminotransferase; LDH lactate dehydrogenase; ESR
erythrocyte sedimentation rate; BMI body mass index; FBS fasting blood sugar; TG triglyceride; LDL low
density lipoprotein; HDL high density lipoprotein; BUN blood urea nitrogen; OR odds ratio; CI confidence
interval; SD standard deviation; BP blood pressure

Statistical analysis

The Statistical Package for the Social Sciences (SPSS, Chi-
cago, IL, USA) software for windows version 23 was used
to analysis of data. The Kolmogorov—Smirnov test was
exerted to normality evaluation of Scale variables. Group
comparisons of non-parametric variables were conducted

via the Mann—Whitney U test. To determine the relationship
between scale variables, Spearman’s correlations were used.
The receiver operating characteristic (ROC) curves were
measured and the area under the curve (AUC) was calculated
for S1I00A4, S100A9, and S100A10 to determine the sen-
sitivity and specificity of these molecules to predict severe
form of COVID-19. For plotting the graphs, the GraphPad
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Prism version 8.00 for Windows (GraphPad Software, La
Jolla, CA, USA) was applied. The study results were pre-
sented as mean + Standard deviation (SD). P values < 0.05
were considered as statistically significant.

Results
Baseline data of the patients

The baseline characteristics of the study population in the
study are listed in the Table 1. The COVID-19 group con-
tained 65 patients, with a mean age of 52.7+11.3 years
old, involving 36 (55.4%) males and 29 (44.6%) females.
In the control group, a total of 50 subjects containing 27
(54%) males and 23 (46%) females with a mean age of
50.4+10.8 years old were included. The patient and con-
trol groups were age- and sex-matched. In the patients and
control groups, 27 (41.5%) and 21 (42%) individuals were
smokers, respectively.

Patient group consisted of 43 (66.2%) mild-to-moderate
COVID-19 cases and 22 (33.8%) severe cases. No significant
differences were observed in terms of clinicopathological
manifestations between COVID-19 patients with mild-to-
moderate and severe disease.

Expression level of S100A4, S100A9, and S100A10

It was observed that the expression of SI00A4 mRNA
was significantly upregulated in the peripheral blood of
COVID-19 patients in comparison to the healthy con-
trols (fold change=1.45, P=0.0011; Fig. 1A). Moreo-
ver, a significant overexpression of SI00A9 mRNA was
detected in the peripheral blood samples from COVID-19
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Fig. 1 Transcript level of S100A4 (A), SI00A9 (B), and S100A10
(C) in the peripheral blood samples from the all COVID-19 cases,
those with severe form of the diseases, cases with mild-to-moderate
disease form, and healthy controls (¥ shows comparison with healthy
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cases compared with healthy subjects (fold change=1.47,
P=0.0013; Fig. 1B). In addition, mRNA of S100A10
was significantly upregulated in the peripheral blood of
COVID-19 cases in comparison to the control group (fold
change =1.35, P=0.0053; Fig. 1C).

The mRNA expression of SI00A4 was significantly
upregulated in the peripheral blood samples from severe
COVID-19 subjects compared with mild-to-moder-
ate subjects (fold change =1.43, P=0.0071; Fig. 1A).
Additionally, a significant overexpression of SI00A9
mRNA was detected in the peripheral blood samples
from severe COVID-19 cases compared with mild-
to-moderate COVID-19 patients (fold change =1.66,
P=0.0001; Fig. 1B). Furthermore, mRNA of S100A10
was significantly overexpressed in the peripheral blood
of severe COVID-19 cases in comparison to those with
mild-to-moderate form of the disease (fold change =1.63,
P =0.0003; Fig. 1C).

It was seen that the mRNA expression of SI00A4 was
significantly upregulated in the peripheral blood samples
from severe COVID-19 subjects in comparison to the
control group (fold change =1.82, P=0.0015; Fig. 1A).
Moreover, a significant overexpression of SI00A9 mRNA
was detected in the peripheral blood samples from severe
COVID-19 cases compared with healthy controls (fold
change =2.07, P=0.0002; Fig. 1B). Also, S100A10
mRNA was significantly overexpressed in the peripheral
blood of severe COVID-19 cases in comparison to healthy
control group (fold change =1.87, P=0.0002; Fig. 1C).

No statistically significant differences were detected in
the mRNA expression of SI00A4, S1I00A9, and SI00A10
between mild-to-moderate COVID-19 cases and healthy
controls (Fig. 1).

#itH

*kk

4

Relative mRNA expression of S100A10

control, # shows comparison with mild-to-moderate group; ** shows
a P<0.01, *** show a P<0.001, ## shows a P<0.01, ### show a
P<0.001)
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Correlation analysis

The results of correlation analysis between clinicopatho-
logical characteristics of the patients with the mRNA
expression of S1I00A4, S100A9, and S100A10 are shown
in Table 2.

It was seen that there was a significant positive cor-
relation between percentage of oxygen saturation
(p=0.43, P=0.048), WBC count (p=0.51, P=0.026),
neutrophil-lymphocyte ratio (p =0.54, P=0.014), LDH
(p=0.59, P=0.011), CRP (p=0.71, P=0.001), ESR
(p=0.65, P=0.016), and p-dimer (p =0.49, P=0.030)
in the COVID-19 patients with the mRNA expression of
S100A4.

Neutrophil-lymphocyte ratio (p =0.49, P=0.028),
LDH (p=0.61, P=0.017), CRP (p=0.74, P=0.006), ESR
(p=0.70, P=0.007), and p-dimer (p=0.55, P=0.009) were
correlated significantly with mRNA expression of SI00A9
in the COVID-19 patients.

There was a significantly direct correlation of SIO0A10
mRNA expression with LDH (p=0.58, P=0.038), CRP

(p=0.68, P=0.002), ESR (p=0.66, P=0.010), and p-dimer
(p=0.39, P=0.040) in COVID-19 cases.

Potential of ST00A molecules as biomarkers
in COVID-19

The ROC curves were plotted and the AUC was calculated
for S1I00A4, S100A9, and S100A10 to determine the sen-
sitivity and specificity of these molecules in distinguishing
between severe form and mild-to-moderate form of COVID-
19. It was observed that AUC for SI00A4 mRNA was
0.79 (95% CI 0.66-0.92, P=0.004; Fig. 2A), for SI00A9
was 0.80 (95% CI 0.67-0.93, P=0.002; Fig. 2B), and for
S100A10 was 0.71 (95% CI1 0.56-0.85, P=0.010; Fig. 2C).

Discussion

In this study, we intended to divulge the involvement of
S100A4, S100A9, and S100A10 molecules in the inflam-
matory settings of COVID-19 patients. Then evaluated the
diagnostic value of these molecules in promoting severe

Table 2 Correlation of SI00A4,

: Item
S100A9, and S100A 10 with

S100A4 S100A9 S100A10

clinical presentations of the

COVID-19 patients

Age

Duration of COVID-19
Oxygen saturation
Systolic BP
Diastolic BP
WBC
Neutrophil-lymphocyte ratio
ALP

AST

ALT

LDH

CRP

ESR

BMI

Total cholesterol
TG

LDL

HDL

Creatinine

BUN

FBS

D-dimer

p=0.25, P=0.312
p=0.24, P=0.083
p=0.43, P=0.048
p=0.17, P=0.461
»=0.09, P=0.309
p=0.51, P=0.026
p=0.54, P=0.014
p=0.14, P=0.416
p=0.11, P=0216
p=0.15, P=0.305
=059, P=0.011
p=0.71, P=0.001
p=0.65, P=0.018
p=0.32, P=0.608
p=0.16, P=0.617
=030, P=0.144
p=0.23, P=0.855
p=0.23, P=0.411
p=0.24, P=0.320
p=0.13, P=0.511
p=0.15, P=0.604
p=0.49, P=0.030

p=0.11, P=0.490
p=0.10, P=0.231
p=0.16, P=0.345
p=0.18, P=0.520
p=0.08, P=0.814
p=0.31, P=0.068
p=0.49, P=0.028
p=0.13, P=0.298
p=0.10, P=0.544
p=0.19, P=0.651
p=0.61, P=0.017
p=0.74, P=0.006
p=0.70, P=0.007
=028, P=0.216
p=0.19, P=0.264
p=0.36, P=0.213
p=0.20, P=0.462
p=0.26, P=0.574
p=0.22, P=0.506
p=0.10, P=0.413
p=0.20, P=0.210
p=0.55, P=0.009

»=0.08, P=0.826
p=0.16, P=0.419
p=0.42, P=0.281
p=021, P=0313
p=0.11, P=0.636
p=0.31, P=0.068
p=0.15, P=0.441
»=0.30, P=0.480
p=0.16, P=0.203
p=0.20, P=0.613
p=0.58, P=0.038
p=0.68, P=0.002
p=0.66, P=0.010
p=022, P=0.513
p=0.26, P=0.610
p=0.11, P=0.394
p=0.19, P=0.498
p=0.10, P=0.207
p=031, P=0.233
p=0.32, P=0.084
p=0.19, P=0.077
=039, P=0.040

Bold values show statistically significant correlations

COVID-19 coronavirus disease 2019; WBC white blood cell; CRP C-reactive protein; ALP alkaline phos-
phatase; AST aspartate aminotransferase; ALT alanine aminotransferase; LDH lactate dehydrogenase; ESR
erythrocyte sedimentation rate; BMI body mass index; FBS fasting blood sugar; TG triglyceride; LDL low
density lipoprotein; HDL high density lipoprotein; BUN blood urea nitrogen; OR odds ratio; CI confidence

interval; BP blood pressure
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Fig.2 The ROC curves were plotted and the AUC was calculated for
S100A4 (A), S1I00A9 (B), and S1I00A10 (C) to determine the sen-
sitivity and specificity of these molecules in distinguishing between
severe and mild-to-moderate forms of COVID-19. According to ROC

forms of COVID-19. Our experiments indicated upregu-
lation of S100A4, S100A9, and S100A10 mRNASs in the
peripheral blood samples from COVID-19 cases compared
to healthy individuals. In addition, the mRNA expression
of S1I00A4, S100A9, and S100A10 molecules conferred a
value in discriminating severe form of COVID-19.

The coagulation system has been identified to be in a
hyperactive status in most of theCOVID-19 cases with
severe form of infection [20]. In fact, several patients show
a condition that demonstrate a prothrombotic diathesis,
such as increased levels of fibrin degradation products
(p-dimer), higher levels of fibrinogen, and decreased levels
of antithrombin [20, 21]. Additionally, b-dimer level was
reported to be associated with disease severity and was indi-
cated to be a valid prognostic biomarker for in-hospital death
in subjects admitted due to COVID-19 [22]. In the hospital-
ized COVID-19 patients, an increased levels of neutrophil
extracellular traps (NETSs) were found in comparison to the
healthy group [23]. Moreover, the remnants of NETs (such
as myeloperoxidase-DNA complexes, cell-free DNA, and
citrullinated histone H3) and neutrophil-derived S100A8/
A9 heterodimer in the serum of patient were related to
increased risk of dysregulated thrombotic events regardless
of prophylactic anticoagulation treatment [24]. NETs are
extracellular webs of chromatin and microbicidal proteins
that are considered as an innate immune mechanism dur-
ing infections. Nonetheless, NETs are also able to stimu-
late and perpetuate thrombosis [21]. In our investigation,
we detected that SIO0A9 mRNA was upregulated in the
COVID-19 patients compared to the control group as well
as in the severe COVID-19 subjects compared to mild-to-
moderate patients. Interestingly, there was a correlation
between the mRNA levels of SI00A9 and p-dimer levels in
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cure analyses, AUC for SI00A4 mRNA was 0.79 (95% CI 0.66-0.92,
P=0.004), for SI00A9 was 0.80 (95% CI 0.67-0.93, P=0.002), and
for SI00A10 was 0.71 (95% CI 0.56-0.85, P=0.010)

the COVID-19 patients. As a consequence, SI00A9 might
be involved in the coagulopathy in the COVID-19 patients.
It should be noted that 16 (24.6%) cases in our study were
using anticoagulants, but the mRNA expression of S100A4
was not different in those with and without anticoagulation
therapy. Therefore, mechanistic inhibition of the coagula-
tion pathway in the COVID-19 patients (probably through
inhibition of S100A9) might confer better therapeutic tool in
controlling coagulopathy in the COVID-19 patients.

Previous investigations have indicated that the cell-sur-
face generation of plasmin is needed for macrophage recruit-
ment, which is partially mediated via the plasmin-dependent
activation of MMP-9 [25]. As a result, macrophage-gener-
ated plasmin might directly hydrolyze extracellular matrix
(ECM) components as well as activate MMP-9, hence
increasing further degradation of ECM. It was observed that
S100A10 is involved in the macrophage plasmin genera-
tion that is needed for ECM hydrolysis and MMP-9 activa-
tion. Moreover, SI0O0A10 deficiency was associated with
decreased migration capacity of macrophages [16]. Here
we detected increased levels of SI00A10 in the peripheral
blood samples from COVID-19 patients. On the other hand,
increased levels of MMP-9 as well as molecules involved in
the adhesion and infiltration of leukocytes were detected in
the COVID-19 patients [26]. It seems that SI00A 10, by acti-
vation of pro-MMP-9, along with increased levels of adhe-
sion molecules, such as Intercellular adhesion molecule 1
(ICAM-1), Vascular cell adhesion protein 1 (VCAM-1), and
E-selectin plays a role in the recruitment of inflammatory
cells (potentially to the lung tissue) and immunopathogen-
esis of COVID-19.

A study indicated that COVID-19 subjects hospital-
ized in general wards had significantly increased level of
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S100A8/A9 in comparison to healthy subjects [19]. More-
over, SI00A8/A9 was increased in COVID-19 patients
hospitalized in ICU compared with those without hospi-
talization in ICU, or in patients with fatal outcomes com-
pared with the alive patients, implying that increased lev-
els of STO0A8/A9 was associated with high mortality rate
in COVID-19 subjects. Additionally, levels of SIO0A8/A9
in serum during the admission time were correlated posi-
tively with peak CT score as well as demand for oxygen.
Moreover, the peak level of p-dimer was increased as the
serum S100A8/A9 elevated. On the other hand, the ratio of
neutrophils to lymphocytes was positively correlated with
the serum S100A8/A9 [19]. The serum S100A8/A9 was
associated with more severe sepsis-related organ dysfunc-
tion. Also, the serum level of SI00A8/A9 was associated
with COVID-GRAM risk score, which is COVID-19 criti-
cal illness prediction tool and has been designed to predict
occurrence of ICU admission, mechanical ventilation, or
death in hospitalized patients with COVID-19 [27]. Our
investigation indicated a correlation between mRNA
expression of S1I00A4, SI00A9, and S100A10 and LDH
levels, implying to the involvement of these molecules in
the severity of acute lung injury and ARDS. Moreover, we
detected that mRNA expression of SI00A4, S100A9, and
S100A10 was correlated with neutrophils to lymphocytes
ratio in the COVID-19 cases. This observation suggests
that S100A4, S100A9, and S100A10 might be involved in
the reduction of the peripheral blood lymphocytes in the
COVID-19 patients. This might stem from higher infiltra-
tion of peripheral blood lymphocytes to the lung tissue, as
S100A10 (in particular) might contributes to the infiltra-
tion of leukocytes in the COVID-19 patients.

It was observed that the AUCs for COVID-GRAM risk
scores with SI00A8/A9 was 0.810 for the prediction of
ICU admission. For the prediction of subsequent death,
the AUCs for COVID-GRAM risk scores by ST00A8/A9
was 0.818. Additionally, higher SIO0A8/A9 level culmi-
nated in significant worse overall survival. The researchers
classified the COVID-19 patients into low- or high-level
groups according to the concentrations of SIO0A8/A9 at
a cutoff of 6195 ng/ml, and into high-risk or non-high-risk
groups according to COVID-GRAM risk scores. It was
detected that the hazard ratio (HR) of high SI00A8/A9
level was 13.32, which was higher than that of COVID-
GRAM risk score (HR =4.612). It was concluded that the
concentrations of SI00A8/A9 measured during hospital
admission had better predictive value than COVID-GRAM
risk scores for subsequent death in COVID-19 cases [19].
We also determined the ROC curves and measured the
AUC was calculated for S100A4, S100A9, and S100A10
to determine the sensitivity and specificity of these mol-
ecules in distinguishing between severe form and mild-to-
moderate form of COVID-19. It was observed that AUC

for SI00A4 mRNA was 0.79 (P=0.004), for SI00A8 was
0.80 (P=0.002), and for SI00A10 was 0.71 (P=0.010).
Therefore, evaluation of the serum levels of S100A4,
S100A9, and S100A10 might be a promising approach in
prognosis of the sever forms of COVID-19, ICU hospitali-
zation, as well as the risk of mortality due to the infection.

Studies have reported that serum level of SI00A8/A9
was correlated with both the severity of pathogen-asso-
ciated tissue damage and excessive cytokine storm [28].
Chen et al. [19] assessed association between STI00A8/
A9 and cytokine storm in COVID-19. They observed a
correlation between the serum levels of SI00A8/A9 with
the concentrations of a different spectrum of pro-inflam-
matory cytokines, most importantly IL-8, MCP-3, MCP-
1, IL-1ra, B-NGF, IL-7, IL-10, RANTES, G-CSF, IL-1a,
CTACK and IL-17A. Furthermore, myeloid chemokines
IL-8, MCP-3 and MCP-1 were among the most significant
mediators associated with levels of ST00A8/A9. Our study
also detected a significant correlation between mRNA
expression of SI00A4, SI00A9, SI00A10 with inflam-
matory indices (CRP, ESR) as well as increased leukocy-
tosis in the COVID-19 patients. Therefore, SI00A family
molecules might regulate cytokine release syndrome and
promote recruitment of monocytes and neutrophils to the
involved sites in the COVID-19 patients.

In conclusion, our study found a significant association
between S100A4, S100A9, S100A10 molecules and the
inflammatory settings as well as severity of COVID-19
patients. Moreover, these molecules indicated a potential
in the prognosis of the severity, hospitalization in ICU
ward, and probably requirement for supportive cares
(like mechanical ventilation) in the COVID-19 patients.
In addition, due to the involvement of SIO0A10 in the
coagulopathies, COVID-19 patients with higher levels of
S100A10 might be demanding in receiving anticoagula-
tion therapies. Nonetheless, further investigations are
warranted to comprehensively clarify the implication of
S100A4, S100A9, and S100A10 in the pathogenesis of
COVID-19, which might open up new horizons in devising
efficient prognostic and therapeutic tools for patients with
COVID-19 infection.
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