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Abstract

Background Coronavirus-19 is still considered a pandemic that influences the world. Other molecular alterations should
be clearer besides the increasing cytokine storm and pro-inflammatory molecules. Hypoxic conditions that induce HIF-1a
lead to stimulate gene expression of STC-2 that targets PAPP-A expression. This study aimed to determine gene expression
levels of PAPP-A, STC-2, and HIF-1a in COVID-19 infection. We also aimed to reveal the relationship of these genes with
laboratory and clinical data of COVID-19 patients.

Materials and Results We extracted RNA from peripheral blood samples of COVID-19(+) and COVID-19(—) individuals.
The real-time PCR method was used to measure mRNA expression of PAPP-A, STC-2, and HIF-1a. Gene expression analysis
was evaluated by the 2724 method. PAPP-A, STC-2, and HIF-1a mRNA expressions of severe patients were higher than
healthy individuals (p =0.0451, p=0.4466, p <0.0001, respectively). Correlation analysis of gene expression patterns of
severe patients demonstrated a positive correlation between PAPP-A and STC-2 (p <0.0001, r=0.8638).

Conclusion This is the first study that investigates the relation of PAPP-A, STC-2, and HIF-1a gene expression in patients
with COVID-19 infection. Besides the routine laboratory findings, PAPP-A, STC-2, and HIF-1aa mRNA expressions may
be considered to patients’ prognosis as a sign of increased cytokines and pro-inflammatory molecules.
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Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) that causes Coronavirus disease 2019 (COVID-19)
infection still is a health problem in the world. Though there
are several vaccines to diminish infection effects, all people
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can be infected with SARS-CoV-2, but the elderly are more
vulnerable to severe forms of COVID-19. Chronic diseases
make treatment more complicated. COVID-19 may be con-
sidered a systemic disease, as inflammatory cells destroy
many organs at the same time [1].

Pregnancy-associated plasma protein-A (PAPP-A) is a
metalloproteinase that is a member of the pappalysin family
of metzincin metalloproteinase [2]. PAPP-A is expressed in
many different cells including human osteoblasts [3], vas-
cular smooth muscle cells [4], and ovarian granulosa cells
[5]. Proinflammatory cytokine expressions regulate PAPP-
A mRNA expression in human fibroblasts, and osteoblasts
[4, 6]. Macrophage-derived pro-inflammatory cytokines
lead to PAPP-A secretion from vascular smooth muscle and
endothelial cells [7].

Stanniocalcin-2 (STC-2) is a secreted glycoprotein
expressed in many types of tissues [8] and is a mem-
ber of the stanniocalcin family [9]. STC-2 has a potential
role in the inhibition of PAPP-A [10]. STC-2 promoter
has hypoxia response elements (HRE) so it is a target of
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hypoxia-inducible factor 1o (HIF-1ax) [11]. Oxidative stress
and hypoxia increase the STC-2 level [12].

Inflammation related to hypoxia is so important clini-
cally [13]. In the acute phase of sepsis strong pro-inflam-
matory response is seen, however in the late phase of the
sepsis immune-suppressed state allows for tissue repair [14].
HIFs are heterodimeric proteins that have o and p subunits.
HIF-1a has an active role in acute hypoxia condition [15].
HIF-1a is a transcription factor that regulates cell adaptive
response to hypoxia [15]. HIF-1a binds to target gene pro-
moters including HRE and regulates their expression [16]. It
regulates many genes which have roles in survival, immune
reaction, cytokine production, vascularization, and cellular
homeostasis [15, 17, 18]. HIF-1p localized in the nucleus
but HIF-1a located in the cytoplasm and translocate to the
nucleus under hypoxic conditions [19]. Cytokine production
and metabolism clinical symptomology influence HIF-1a
[15]. Hypoxic conditions stimulate HIF-1a expression. How-
ever, HIF-1a gene expression attenuates in process of time
[20]. HIF-1a was found to be decreased in septic patients
and this decline was correlated with disease severity [21].

Although the absence of several vaccines that do not pre-
vent spreading the disease, there is no specific medication
for the treatment of the infection. The molecular changes of
the disease need to be clearer. HIF-1a is a transcription fac-
tor that is upregulated by hypoxic conditions [19]. Hypoxic
conditions stimulate gene expression of STC-2 [12] and
STC-2 target gene PAPP-A. So investigating the relation of
these three genes in COVID-19 infection may contribute to a
better understanding of molecular changes in the disease. In
line with this information, we investigated the gene expres-
sion level of PAPP-A, STC-2 in COVID-19(+) patients.

Materials and methods
Ethical consideration

This study was realized in compliance with the Declaration
of Helsinki principles and required permission was obtained
from the Ministry of Health, Turkey. Ethical approval was
gained Ethics Committee of the Ataturk University Clini-
cal Researches of Ethical Committee (Decision no;68). The
participants were older than eighteen and informed consent
was obtained from all individual participants or their legal
representatives included in the study.

Patients and study design
To this study, 40 healthy volunteers and 70 COVID-19(+)
patients (non-severe and sever patients) were enrolled. All par-

ticipants’ situations were confirmed via COVID-19 polymerase
chain reaction (PCR) test. EDTA whole blood from participants
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were picked up at Erzurum Regional Education and Research
Hospital and storage at — 20 °C for a few days. 40 COVID-19
(+) patients had severe symptoms including decreased oxygen
saturation, suspected respiratory infection symptom, shortness
of breath, however 30 COVID-19(+) patients had non-severe
symptoms including fever, fatigue, cough, muscle pain, sore
throat, headache. Pregnant women were excluded from the study.

RNA extraction, cDNA synthesis, real-time PCR

Blood from volunteers (100 pL) was used for extraction of total
RNA by EcoPURE Total RNA Kit (EcoTech Biotechnology,
Erzurum, Turkey) according to the manufacturer’s instructions.
Total RNA was quantified via Epoch Spectrophotometer Sys-
tem and Take3 Plate (BioTek, USA) and stored at — 20 °C until
cDNA synthesis. iScript cDNA Synthesis Kit was used to con-
vert RNA to cDNA. Gene expressions of PAPP-A, STC-2, and
HIF-1a were realized with ABI StepOne Plus Real-Time PCR
System (ABI, USA). B-actin was an internal control gene. 20
pL PCR reaction included 10 pL. SsoAdvanced Universal
SYBR Green Supermix (BioRad, Richmond, CA), 1 pL of
Forward primer and 1 pL of Reverse primer, 4 pL of cDNA,
and 4 pL PCR-grade water. RT-PCR conditions were 30 s at
95°C, 10s at 95 °C, and 1 min at 60 °C. 272" method was
used to analyze gene expression of target genes [22].

Primer sequences used in this study are as follows;

PAPP-A

Forward Primer:5'-ACAAAGACCCACGCTACT
TTTT-3'

Reverse Primer:5'-CATGAACTGCCCATCATAGGTG-3'

STC-2

Forward Primer:5'-GGGTGTGGCGTGTTTGAATG-3'

Reverse Primer:5'-TTTCCAGCGTTGTGCAGAAAA-3'

HIF-1a

Forward Primer:5'-CATAAAGTCTGCAACATGGAA
GGT-3'

Reverse Primer:5'-ATTTGATGGGTGAGGAAT
GGGTT-3'

fB-actin

Forward Primer:5'-CATGTACGTTGCTATCCAGGC-3'

Reverse Primer:5'-CTCCTTAATGTCACGCACGAT-3'

Data collection of patients

Demographic, clinical information and laboratory findings
of patients was gained from hospital database. To evalu-
ate laboratory findings, white blood cell (WBC) count,
Neutrophil (Neu), Lymphocyte (LYM), platelet, C-reactive
protein (CRP), procalcitonin, fibrinogen, D-dimer, alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
albumin, creatinine, hemoglobin, hematocrit (HCT), lactate
dehydrogenase (LDH), bilirubin (total), blood urea nitrogen
(BUN) were taken into account.
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Statistically analysis

All experimental results were assessed with GraphPad Prism
(version 5; San Diego, CA). To evaluate data distribution
Kolmogorov—Smirnov test was used. Statistical differences
between two groups were realized by two-tailed Student's ¢
test, for normally distributed data, or the Mann—Whitney U
as a nonparametric equivalent of the Student's ¢ test. To com-
parison, multiple subgroup analysis Kruskal-Wallis test was
performed. Correlation of gene expression levels was carried
out with Spearman correlation analysis. p values <0.05 were
considered statistically significant.

Results and discussion

Results

Characteristics and laboratory findings of the COVID-19
cohorts

The mean + SD age of the groups including healthy indi-
viduals, non-severe patients, severe patients were 48 + 15,
46 + 16, and 68 + 10, respectively. The age range of

patients (non-severe and severe patients) was 20-90 years.
The percentage of male patients was 53 and of female
patients was 47. The lungs of 77% of the patients were
affected by the COVID-19 infection. Some patients had
more than one comorbidity. Severe patients mostly con-
sisted of elderly individuals so they had more comorbidi-
ties including 60% hypertension, 25% heart diseases, 33%
diabetes mellitus, 23% chronic lung diseases. The healthy
individuals and non-severe patients had fewer comorbidi-
ties than the severe patients. In the healthy individuals, just
4 individuals were with comorbidities that are 5% hyper-
tension and 5% chronic lung diseases. The non-severe
patients involve 9 patients with comorbidities including
13% to hypertension, 10% to diabetes mellitus, and 3% to
chronic lung diseases. Comorbidities may have contributed
to the severity of infection for severe patients. The percent-
age of patients who died in the hospital is 11.4%. Most of
them were intensive care patients.

Laboratory findings of non-severe and severe patients are
demonstrated in Table 1. Severe patients had elevated WBC
counts, Neu, ALT, AST, bilirubin(total), LDH, procalci-
tonin, CRP, D-dimer, creatinine, fibrinogen, BUN compared
with non-severe patients (p =0.0304; p=0.0461; p=0.4149;

Table 1 Laboratory findings of the non-severe COVID-19(+) and severe COVID-19(+) patients

Parameters (normal range) Non-severe patients Severe patients (mean +SD) p value
(mean+ SD)
White blood cell count (x 10%/L; 4.49—12.68) 7.110+1.519 8.928+0.3595 0.0304*
Neutrophils® (x 10%/L; 2.04-7.54) 4.487 +1.865 6.657 +3.605 0.0461*
Lymphocytes (x 10°/L; 1.21-3.77) 2.092+0.6752 1.045 +0.6360 <0.0001%%*
Platelets® (x 10%/L; 152-383) 240.9+53.19 205.8+90.14 0.0272%*
Hemoglobin (g/dL; 12.2-15.9) 14.55+1.909 13.08 +1.833 0.0043**
Hematocrit (%; 36.4-47.2) 44.55+5.503 41.55+5.543 0.0458*
Albumin (g/L; 32-48) 45.62+3.612 37.07+5.642 < 0.0001%#%*
Alanine aminotransferase (U/L; 7-40) 42.81+50.37 50.40 +68.39 0.4149
Aspartate aminotransferase (U/L; 13-40) 33.33+20.68 58.58 +73.86 0.0066%*
Total bilirubin® (mg/dL; 0.2-1.1) 0.5514+0.2088 0.8963 +0.9696 0.2174
Lactate dehydrogenase (U/L; 120-246) 224.2+126 464.6+187.4 <0.00017%%*
Procalcitonin® (ng/mL; 0-0.5) 0.6141+0.5359 3.419+6.606 0.0039%*
C reactive protein® (mg/L; 0-0.5) 13.67+25.44 75.74 £64.62 < 0.0001%#%*
D-dimer® (ug/ml; 0-500) 482.4+431.4 3505+6218 <0.0001%#%*
Creatinine (mg/dL; 0.55-1.02 0.7205 +£0.2517 1.657+1.994 < 0.0007%#%*
Fibrinogen (mg/dL; 200-400) 406.7+£123.1 539.3+200.6 0.0073**
BUN* (mg/dL; 9-23) 15.38+7.832 34.07+26.95 < 0.0001 %%

Bolded values are statically significant

p values comparing non-severe and severe patients via student t test or Mann Whitney U test

** and *** represent the degree of statically significance of the p-value
BUN Blood Urea Nitrogen

*Mann Whitney U test

*p <0.05 is considered statically significant
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p=0.0066; p=0.2174, p<0.0001; p=0.0039; p<0.0001;
p<0.0001; p<0.0001; p=0.0073; p<0.0001, respectively).
Decreased LYM, PLT, hemoglobin, HCT, and albumin
values were observed in the severe patients when com-
pared with the non-severe patients (p <0.0001; p=0.0272;
p=0.0043; p=0.0458; p <0.0001, respectively).

Altered gene expression levels of PAPP-A, STC-2, and HIF-1a

We compared PAPP-A, STC-2, and HIF-1a gene expression
levels in healthy individuals, non-severe and severe patients.
We observed that PAPP-A expressions among cohorts
showed significant differences (p=0.0451). There was an
increased gene expression in severe patients but decreased
in non-severe patients (Fig. 1A). STC-2 had the same pat-
tern but it is not significant statically (p =0.3485) (Fig. 1B).
STC-2 expression was higher in severe patients however
lower in non-severe patients than healthy individuals.
Furthermore, HIF-1a showed different expression pattern
among cohorts (Fig. 1C) (p <0.0001). Expression of HIF-1a
was higher in severe patients than healthy individuals but
lower than non-severe patients. This data demonstrates that
gene expression of PAPP-A, STC-2 HIF-1a showed different
patterns among cohorts however all genes showed increased
gene expression levels in severe patients than controls.

Correlation analysis of gene expression

We used the gene expression levels of severe patients to
reveal the correlation of the genes. When we examined
PAPP-A and STC-2 we observed a strong positive correla-
tion (r=0.8638, p<0.0001) (Fig. 2). PAPP-A and HIF-1a
gene expressions have negative correlation, not signifi-
cantly (r=- 0.07298 p=0.6964). Correlation analysis also
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Fig.2 Positive correlation between PAPP-A and SCT-2 gene expres-
sion in severe COVID-19 patients

revealed a negative but not significant correlation for STC-2
and HIF-1a (r=— 0.2573 p=0.1863) in severe patients.

Variable gene expression levels according to laboratory
findings of COVID-19 patients

We investigated whether there is any relationship between
patients' demographic information including age and gen-
der and gene expressions. When we evaluated according to
demographic information, we did not find any significant
difference in gene expressions between patients (p > 0.05).
Besides that, the results showed that patients whose lungs
were affected by COVID-19 infection had lower levels of
HIF-1a gene expression than patients whose lungs were not
affected by COVID-19 infection (p =0.0019).

When the PAPP-A, STC-2 and HIF-1a gene expressions
of patients with low, high and normal laboratory findings
were compared, no significant difference was found between
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Fig. 1 Gene expression levels among cohorts. A PAPP-A mRNA, B STC-2 mRNA, and C. HIF1-a mRNA expression were shown
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the patients (p > 0.05). However, patients with higher creati-
nine levels showed decreased HIF-1a expression compared
with patients with normal creatinine levels (p =0.0437).
Patients with low hemoglobin levels showed decreased
PAPP-A and STC-2 gene expressions (p =0.0433 p=0.0224,
respectively).

Discussion

SARS-CoV-2 infection still keeps the mystery since unex-
plained underlying molecular mechanisms and reasons caus-
ing cytokine storms. Routine laboratory findings have been
used to estimate the prognosis of patients with COVID-19.
Therefore, it is imperative to reveal the new biomarkers that
underlie COVID-19 infection that affect treatment. So, we
investigated PAPP-A, STC-2, and HIF-1a gene expression
levels in COVID-19(+) patients.

PAPP-A is a protein that is under the regulation of pro-
inflammatory cytokines including IL-1$ and TNF-« [23].
A recent retrospective study of COVID-19 demonstrated
elevated serum levels of PAPP-A protein in early infected
patients and suggested PAPP-A as a biomarker to the early
stage of COVID-19 [24]. SARS-CoV-2 study in pregnant
patients and control group demonstrated no differences
of PAPP-A gene expression between cohorts [25]. Trilla
et al. elevated PAPP-A levels of pregnant patients who is
infected with SARS-CoV-2 and showed higher PAPP-A
level in symptomatic women than asymptomatic and nega-
tive women [26]. Serrano et al. was found no differences for
PAPP-A level between pregnant women and general popula-
tion [27]. In our study PAPP-A mRNA levels were increased
in severe patients but decreased in non-severe patients. The
discrepancy of the studies is based on differences of cohorts
and/or different stages of the disease. We suggest that PAPP-
A may be used as a sign for the advanced disease stage.

At the search of the literature, there was no study about
STC-2 in COVID-19 patients. Haijin Lv et al. demonstrated
anti-oxidant and anti-inflammatory properties of STC-2 in
mesenchymal stromal cells [28]. In vivo and in vitro sup-
pression effect of STC-2 on ROS was shown [28]. We dem-
onstrated increased mRNA level of STC-2 in severe COVID-
19 patients however decreased mRNA level in non-severe
patients but statically not significant. Increased oxidative
stress and hypoxia at the different stages of COVID-19 infec-
tion may regulate STC-2 expression, disparately. So, we pro-
pose that STC-2 may represent different levels of hypoxia
and oxidative stress in severe COVID-19 infection.

The role of hypoxia in COVID-19 infection has been
shown by many studies. HIF-1a is a hypoxia-induced mol-
ecule. Zhang et al. suggested HIF-1a signaling pathway
as common key pathway for SARS-CoV-2 infection [29].
Critically ill patients with COVID-19 infection were showed
increased HIF-1a expression [30]. Codo et al. showed higher

HIF-1a expression in blood monocytes from severe COVID-
19 patients than healthy donors. When they treated blood
monocyte with HIF-1a inhibitor they saw decreased HIF-1a
expression and abated SARS-CoV-2 replication, besides that
treated with HIF-1a stabilizator aggravated SARS-CoV-2
infection and HIF-1a expression [31]. Zhu et al. claimed that
HIF-1a expression is associated with macrophage inflamma-
tion in COVID-19 patients [32]. Tian et al. suggested SARS-
CoV-2 ORF-3A induce mitochondrial damage that cause to
promotion of HIF-1a expression [33]. Rolfo et al. investi-
gated placental HIF-1a level in third-trimester pregnancies
with asymptomatic and symptomatic COVID-19 patients.
They found that overexpression of HIF-1a in the placenta
of pregnant patients with asymptomatic and symptomatic
COVID-19 [34]. In our study, HIF-1a showed an increased
level of mRNA expression in all patients than healthy indi-
viduals. When we compared cohorts, non-severe patients’
HIF-1a expression was higher than severe patients. This may
be explained by the advanced stage of disease and attenuat-
ing HIF-1a expression by the time of progress. Conflicting
diseases may be the results of various patients and/or types
of different infectious agents caused to diseases.

PAPP-A and STC-2 relation was studied before at several
diseases but not to COVID-19 infection. STC-2 is a glyco-
protein that binds PAPP-A and limited its proteolytic activity
[10]. According to the previous studies in the literature the
proteolytic activity of STC-2 on PAPP-A may be changed by
some factors including disease type, tissues type, patients.
Panagiotou et al. showed increased PAPP-A and STC-2 by
exercise in healthy individuals [35]. Ortega et al. demon-
strated increased PAPP-A and decreased STC-2 gene expres-
sion in patients with chronic venous disease [36]. Hjorteb-
jerg et al. revealed unchanged PAPP-A and but decreased
STC-2 expression after Roux-en-Y gastric bypass opera-
tion in obese subjects [37]. In pulmonary disease patients,
plasma and tissue fluid were compared and results showed
a negative correlation between PAPP-A and STC-2 in tissue
fluid but did not show in serum [38]. In our study, we found
a strong positive correlation between STC-2 and PAPP-A
mRNA expression. The effect of increased oxidative stress
and pro-inflammatory molecules that influence PAPP-A
[23] and STC-2 [28] may increase the level of both gene
expressions. Relation of HIF-1a and PAPP-A was studied
in the endometrial tumor before and results demonstrated
positive associations [39]. In our study, we did not find a
significant correlation between HIF-1a and PAPP-A gene
expressions. Hypoxia induces STC-2 expression and STC-2
is also a target gene of HIF-1a [16]. In our study, we found a
negative but not significant correlation between HIF-1a and
STC-2 gene expression levels in severe COVD-19 patients.
The extended patient population may show a statically sig-
nificant correlation.
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This study has some limitations. First, we enrolled less
patient population than we target. Second, we could not
access all patients’ information. Gene expressions can vary
depending on many factors such as genetic and epigenetic
changes, intercellular and intracellular signaling. It is often
very difficult to attribute changes in gene expressions to
a single cause. However, it is necessary to consider some
parameters that may contribute to alteration in HIF-1a,
PAPP-A and STC-2 gene expression. Third, another limita-
tion of this study is the inability to analyze the presence of
specific immune cell markers [40] that may cause differ-
ences in gene expression in this study. Oxidative stress and/
or hypoxia are the major part of the disease. In vitro analysis
that could demonstrate whether hypoxia, oxidative stress,
or both contribute to changes in gene expression were not
performed in this study.

Conclusion

In conclusion, this is the first study to investigate together the
expression of PAPP-A, STC-2, and HIF-1a mRNA in
COVID-19 infection. This study firstly showed a positive
correlation between PAPP-A and STC-2 in COVID-19(+)
patients. Increasing oxidative stress and hypoxia and ele-
vated levels of pro-inflammatory molecules may lead to
the alteration of gene expression of PAPP-A, STC-2, and
HIF-1a mRNA. PAPP-A, STC-2, and HIF-1a expressions
may use a sign of disease severity. Correlation of PAPP-A
and STC-2 may be considered in addition to routine labora-
tory tests that show disease prognosis since their regula-
tion effected by hypoxia and pro-inflammatory molecules.
More in vivo and in vitro studies are needed to more clearly
reveal the relationship between PAPP-A, STC-2 and HIF-1a
in COVID-19 infection.
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