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Abstract

Understanding Caspase-3 (CASP-3) and interleukin-32 (IL32) roles in SARS-
CoV-2 infection is critical to linearize the pathogenesis of the virus as well as the
resultant disease which may uncover novel therapeutic targets in treating COVID-19
patients. This study aimed to evaluate caspase-3 (CASP3) and interleukin 32 (1L32)
roles and their correlation with the disease severity among patients. The case-control
study (140 patients and 60 healthy controls) was performed with molecular and
ELISA assays. CASP3 and IL32 serum levels were determined along with other
clinical data of patients. CASP3 levels were classified as significantly higher (p <
0.001), while I1L-32 levels were significantly lower in production (p < 0.001) in most
critical and severe patients compared with mild-moderate. Additionally, IL 32
production reduced with older age, whereas CASP3 levels elevated with older age
compared to younger years. Also, the IL-32 showed a protective factor from the
severity of the SARS-CoV-2 progression as a negative correlation with the biomarkers
(lactate dehydrogenase (LDH), ferritin and D. dimer) values. Thus, 1L-32 appeared as
the opposite effect of the CASP3 on the severity of COVID-19 infections. ROC curve
analysis indicated that 1L32 is a good predictor in providing information about the
severity of the disease and host recovery. Whereas CASP3 is associated with
progressive disease (cut-off value = 160.7 pg/mL; 5.64 ng/mL respectively). CASP3
and 1L32 can possibly provide information about the COVID-19 and could be used as
cytokine markers to detect SARS-CoV2 infection severity and determine the most
reliable treatment plan. More research is needed on this subject.

Keywords: SARS-COV-2; Caspase-3; Interleukin 32; Lactate dehydrogenase;
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1- Introduction

Irag is one of the countries with the highest number of cases of severe acute respiratory
syndrome coronavirus (SARS-COV-2) infection. For patients with COVID-19, circulating
inflammatory biomarkers representing the immune system and inflammation have been
considered as prognostic indicators [1]. Interleukin (IL)-32 is a pro-inflammatory cytokine that
plays an important role in viral infection responses. Furthermore, little is understood about how
IL-32 is activated in response to viral infection or the pathways that underly its antiviral
function. T lymphocytes, natural killer cells, epithelial cells, mast cells, keratinocytes,
eosinophils and blood monocytes are the main sources of 1L-32. Since IL-32 plays different
roles in the induction or inhibition of TNF and other inflammatory cytokines [2, 3], it is here
forth important to investigate its role in COVID-19 infection.

The molecular pathways that regulate and execute virus-induced apoptosis are unclear.
Caspase-3 is important in the execution of apoptosis induced by the extrinsic and intrinsic
apoptosis pathways [4].1t has been recently discovered that SARS-CoV-2 ORF3a and ORF7a
overexpression activates the extrinsic apoptotic pathway and that it is the strongest activator of
the expression of inflammatory cytokines. It is unclear whether caspase-3 is a significant
contributor to lymphopenia in patients with severe COVID-19 [5].

Insights into SARS-CoV-2 role, as well as its specific encoded proteins in cell death
infection and the role of IL 32, is essential for linearizing the virus's pathogenesis and the
resulting disease which may lead to the identification of novel therapeutic targets in treating
COVID-19 patients. Currently available data does not provide a clear understanding of the
relationship between CASP3 and IL32 in PCR positive COVID-19 patients. Therefore, a
preliminary study was performed to evaluate caspase-3 (CASP3) and interleukin 32 (IL32) roles
in the pathogenesis of SARS-CoV-2 severity among patients with critical, chronic and dread
disease. Our study aim was expanded to include assessment of the relationship of CASP3 and
IL32 to age, biomarkers (LDH, D. dimer, and ferritin), Ct value of viral positivity and cases
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severity. Serum ferritin, LDH and D-dimer levels were positively correlated with COVID-19
severity. An increased level in this inflammatory biomarker indicates body's stress as an
indicator of systemic inflammation. With more stress, such as in severe and critical patient
states, the level also rises to an even higher degree. Worsening inflammation demonstrates that
lower Civalue (higher viral RNA concentration) is associated with excessive inflammation
which is highly likely to be a key factor contributing to the induction of cytokine storm and
disease progression [6].

2. Materials and Methods
2.1. Study Population

This case-control study was performed on 200 subjects, including 140 COVID-19 patients
and 60 healthy controls (HC). Patients were admitted to Al-Shifa Center in Baghdad medical
city during the period from first of December 2020 to the end of April 2021. Practical part of
the study was accomplished in Baghdad Central Public Health Laboratory (CPHL) / Molecular
Biology Department and Molecular Biology Laboratory at the College of Science, Department
of Biology, University of Baghdad. The ages of the patients ranged from 18- >70 years of both
sexes. COVID-19 patients were grouped into mild-moderate (46), severe (58), and critical (36)
(including 8 cases who died) according to the WHO severity classification. Moreover, all
critical and some severe cases were accompanied by dread diseases like renal failure (20),
autoimmune (3), hematological disorder and cancer (25). The Ethics Committee of the Iraqi
Ministry of Health and Environment and Department of Biology (College of Science,
University of Baghdad) (Ref: CSEC/1120/0050) approved the study protocol. Written consent
was obtained from all participants for blood collection along with nasopharyngeal swabs.

2.2. Laboratory methods

Nasopharyngeal (NP) swabs, together with 5 ml of blood samples, were collected from the
study groups. Samples collected from swabs were directly put into viral transport media (VTM).
A total of 200 ul of each NP sample was used for viral RNA extraction via the Exiprep ™Plus
Viral DNA/RNA Kit (Bioneer, Korea). SARS-CoV-2 infection detection was performed on
swabs samples by specific real-time reverse transcription-polymerase chain reaction (RT-PCR)
by AccuPower® SARS-COV-2 Multiplex Real-Time RT-PCR Kit, and detecting specific
sequences in the E, N and RdRp genes [7]. Blood samples were split into two tubes (sodium
citrate and gel tubes). First part of the blood samples (sodium citrate tubes) was centrifuged for
20 minutes at 3500 rpm to obtain plasma which was later used for determining D-Dimer. The
second part of the blood samples (gel and clot activator tube) was centrifuged for 10 minutes at
6000 rpm to obtain serum for detecting and assessing lactate dehydrogenase (LDH), ferritin,
caspase-3 and IL32. Plasma concentration of D-dimer was evaluated by using a specific
automated protein analyzer (BIOSENCER STANDARD F200 analyzer) provided by Suwon-
si, Gyeonggi Co., Ltd. Korea 2020. Plasma samples for all patients were applied to the
instrument and then D-dimer concentration was calculated automatically. LDH serum
concentrations were evaluated by using electro-chemiluminescence immunoassay, Roche
Cobas Integra 400 plus (Roche Diagnostics GmbH, Mannheim, Germany). Serum samples for
all patients were applied to the instrument and then LDH concentration was calculated
automatically. Ferritin serum concentration was evaluated by using miniVIDAS analyzer for
the fluorescent enzymatic detection, using the technique Enzyme-Linked Fluorescent Assay
(ELFA) (BioMerieux). Serum samples for all patients were applied to the instrument for
automatic calculation of ferritin concentration. CASP3 and 1L32 were determined in serum
using an enzyme-linked immunosorbent assay (ELISA) kit manufactured by SunLong Biotech,
China (Catalogue Number: RDEEH0546 for CASP3 and RDEEH1938 for 1L32), following the
manufacturer's instructions. The detection range of the CASP3 assay was 0.313 — 20 ng/ml with
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a sensitivity of 0.188 ng/mL while that of IL32 assay was 15.625-1000 Pg/mL with a sensitivity
of 9.375 Pg/mL

2.3. Statistical analysis

Kruskal-Wallis and Mann-Whitney U tests probabilities were used to compare
nonparametric variables and to assess significant differences between medians (Asterisk
indicates significant differences). They were expressed as the median and interquartile range
(IQR). A probability (p) value < 0.001 was taken as statistically significant. Spearman'’s rank-
order correlation was performed to analyze the correlation coefficient between caspase-3 and
IL-32 along with biomarkers (Ferritin, D. dimer and LDH) in COVID-19 patients. The
diagnostic validity of IL32 and CASP3 in distinguishing severe COVID19 cases was assessed
by receiver operating characteristic (ROC) curve analysis used to estimate area under the curve
(AUC), 95% confidence interval (Cl). Youden index, sensitivity and specificity were calculated
to define the best cut off values to assess the validity of the significantly different parameters
across the disease severity and in predicting severe or critical disease._Logistic regression
analysis was applied to calculate odds ratio (OR) and 95% CI under three models: |
(unadjusted), Il (age-adjusted) and Il (age and gender-adjusted). For this analysis, patients and
HC were distributed as low and high production groups according to a median of caspase-3 and
IL-32 (< and > median, respectively), and the high production group was used as the reference
category. Statistical package IBM SPSS Statistics 25.0 (Armonk, NY: IBM Corp.) and
GraphPad Prism version 8.0.0 (San Diego, California USA) were used to perform statistical
analysis. G*Power version 3.1.9.2 software was used to calculate power of sample size (type
of power analysis: compromise; a error probability: 0.05; power (1-p error probability): 0.80;
effect sized: 0.55; actual power: 0.80).

3. Results
3.1. Main characteristics

The results of CASP3 and IL 32 stratified to baseline characteristics showed significant
differences among all patient age groups compared with the control groups, p-value of CASP3
(p < 0.001 vs p-value = 0.08) and, P -value of IL 32 (p < 0.001 vs p-value = 0.35) (Table 1).
Furthermore, the cross-tabulation of patients' age across CASP3 and IL 32 revealed a
statistically significant association between patients' ages with CASP3 and IL 32 levels. CASP3
levels elevated with older age to reach the highest at age > 70 years compared to younger (18-
40) years [8.29 IQR (7.87-8-47) vs. 4.49 1QR (3.59-5.12)]. Whereas IL32 production reduced
with older age to reach the lowest at age > 70 years compared to younger (18-40) years [22.96
IQR (14.90-50.91) vs. 238.75 IQR (213.22- 277.98)]. Regarding the gender, it did not show
significant differences in CASP3 and IL 32 levels between males and females compared with
HC (p value = 0.81 vs. 0.18 and p value = 0.41 vs. 0.85) respectively.
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Table 1: Median levels of caspase-3 and IL-32 stratified according to characteristics of

Character

COVID-19 patients and healthy controls.
Caspase-3 median (IQR); ng/mL

Patient
4.49 (3.59 -

Control

IL-32 median (IQR); pg/mL

Patient
238.75 (213.22 -

Control

18-40 i 3.8 (3.7 — 4.26) e 28(0.12—7.7)
4150  6.27(5.19-6.85 3.7 (3.7-4.72) 127'2%14%1)'16 ; 7.4 (0.4 - 17.86)
Age Grou -
g A 5160 7.27(7.09-7.77) 5'25(360)4 96.50 (77.25-114.87)  1(0.7—0.14)
61->70  8.29 (7.87-8.47) - 22.96 (14.90 - 50.91) .
p-value <0.001 0.08 <0.001 0.35
6.95 (6.25 - 3.98 (3.67 - 123.33 (101.16 -
Male e e e 2,81 (0.13-9.8)
6.24 (6.04 - 3.7 (3.56 : 1.47 (0.12 -
Female iy s 105.73 (87.19 -137.98) s
p-value 0.81 0.18 0.41 0.85
7.73(7.49 -
Yes i 68.65 (26.18 — 95.25)
No &40 (5,21 = NA 219.4 (189.03 — 246) NA
5.37)
p-value <0.001 <0.001
Yes  7.89(7.6-831) 47.42 (22.7 - 87.19)
191.46 (151.68
No 526 (4.92—6) NA e NA
p-value <0.001 <0.001
154,77 (127.23 —
No 567 (52—627) T
A 84(751-85) 24.31 (12.75 — 100.35)
8.34 (8.06 -
B s NA 16.25 (9.8 - 22.7) NA
7.76 (7.68 -
c s 47.42 (35.59 — 68.65)
p-value <0.001 <0.001

IQR: Interquartile range; NA: Not applicable; DM: Diabetic mellites; HTN: Hypertension; A:

hematological disorder and cancer; B: renal failure; C: autoimmune; p: Kruskal-Wallis test and
Mann-Whitney U test probability was used to assess significant differences between medians
(Asterisk indicates significant differences).

3.2. CASP3 and IL 32 levels across disease severity and several biomarkers

CASP3 and I1L-32 (median and interquartile range) in COVID-19 patients according to
disease severity, duration of infection, and C; values detection are shown in Figure 1. CASP3
levels were classified as significantly higher (p < 0.001) in most critical and severe cases,
including (chronic and dread disease) COVID-19 patients compared with mild-moderate. On
the contrary, IL-32 levels were significantly lower production (p < 0.001) in most critical and
severe patients compared with mild-moderate. Furthermore, higher levels of CASP3 and lower
levels of IL32 had significant relationships with RT-PCR Ct values and during the first days of
infection (p < 0.001).
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Figure 1: Scatter dot plot of caspase-3 and IL-32 (median and interquartile range) in COVID-
19 patients according to disease severity, duration of infection and Ct values detection. Kruskal-
Wallis test and Mann-Whitney U test was used to assess significant differences between
medians (Asterisk indicates significant differences).

Moreover, Spearman's rank-order correlation analysis revealed a significant relationship
between CASP3 and IL-32, as well as with biomarkers (ferritin, D. dimer and LDH) as shown
in Figure 2. The IL-32 showed a protective factor from the severity of the SARS-CoV-2
progressive as a negative correlation with the value of the biomarker. Thus, IL-32 appeared the
opposite effect of the CASP3 on the severity of COVID-19 infections.
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Figure 2: Spearman's rank correlation coefficient (rs) between caspase-3 and IL-32 along with
biomarkers (Ferritin, D. dimer, and LDH) in COVID-19 patients.

Logistic regression analysis revealed that patients with high CASP3 production and low 1L32
level were more likely to develop COVID-19 than patients with low CASP3 production and
high 1L32 level, regardless of age or gender (age and gender adjusted OR = 2.5; 95% CI = 1.55
—4.02; p=0.001 vs. OR = 1.89; 95% CI=0.66 — 5.42; p = 0.42) (Table 2).

Table 2: Logistic regression analysis of caspase-3 and IL-32 in COVID-19 patients stratified
according to the median of caspase-3 and IL-32 (< and > median) in healthy controls.
Modelf OR 95% CI p-value

I (unadjusted) Caspase-3 2.27 1.71-3.05 <0.001

IL-32 1.08 1.04-1.12 <0.001
11 (age adjusted) Caspase-3 1.92 1.31-2.82 0.001
IL-32 1.41 0.87-2.29 0.16

111 (age and gender adjusted) Caspase-3 2.5 1.55-4.02 <0.001
IL-32 1.89 0.66-5.42 0.24

+: The reference category is > Median; OR: Odds ratio; Cl: Confidence interval; p: Probability
(significant p-value is indicated in bold).
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Receiver operating characteristic curve analysis indicated that CASP3 is a good predictor of
severity of disease (area under the curve = 0.996; 95% confidence interval = 0.99 — 1.0; p <
0.001; cut-off value = 5.64 ng/mL; sensitivity = 97.9%; specificity = 95.7%). While ROC curve
analysis indicated that IL32 is a good predictor providing information about the severity of the
disease and host recovery (area under the curve = 0.99; 95% confidence interval = 0.98 — 1.0;
p < 0.001; cut-off value = 160.7 Pg/mL,; sensitivity = 95.7%; specificity = 93.5%) as shown in
Figure 3.

100 Caspase-3 IL-32
— 100
e
80+ 80
S S
2 604 > 60-
2 >
g 2
2 407 AUC = 0,99 o 404
’ 95% C1 = 0.99-1 ? AC=0m
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iy e T
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100% - Specificity% 100% - Specificity%

Figure 3: ROC curve analysis of caspase-3 and IL-32 in COVID-19 patients with severe and
critical infections versus mild infection to predict the recovery of disease (AUC: area under the
curve).

2. Discussion

In the current study, the role of CASP3 and IL32 in the pathogenesis of COVID-19 was
explored by determining CASP3 and IL32 levels in peripheral blood of COVID-19 patients and
their correlation with severity and several prognostic factors (LDH, ferritin and D-dimer), as
well as to clarify the correlation of CASP3 and 1L32 with aging, gender, progression, duration
and cycle threshold (Ct) values of RT-PCR. CASP3 and IL32 concentrations were found to be
statistically higher in all patient groups when compared to HC (p < 0.001). What do other
researchers have to suggest is interesting. Plassmeyer et al. noticed that RBCs from acute
COVID-19 subjects had increased caspase-3/7 activity when compared to healthy controls [8].
An other study conducted by Hajizadeh et al. found the COVID-19 patients have increased
caspase-3 expression in their seminal plasma than the healthy controls [9]. COVID-19 induces
apoptotic cell death in a diversity of immunological and non-immune cell types, making it a
potential therapeutic target [10]. It has recently been discovered that SARS-CoV-2 ORF3a
overexpression activates the extrinsic apoptotic pathway, cleaves/activates caspase-9 and
increases caspase-3 expression [11]. Deactivated ORF3a reduces viral replication and inhibition
cell death caused by SARS-CoV infection [12]. In recent years, IL-32 role has been investigated
in a variety of viral infections. Patients with chronic HIV infection, influenza A virus, HCV and
HBV, have been found to have the highest 1L-32 levels [13].
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On the contrary, Bergantini et al. observed reduced IL-32 concentration in COVID-19
patients than in the controls [14]. Studies on IL-32 role in COVID-19 infection are still limited.
In the current study, we observed that 1L32 was significantly higher in patient groups compared
to the HC, with significant differences between patient groups.

Studies have reported that as/when ferritin, LDH and D -dimer levels increase the severity
of disease also increases [15]. Hyperferritinemia is a marker of severe systemic disease and
poor outcomes in COVID-19. It is derived from ferritin which is released by dying, exhausted
cells leading to increased iron reacting with oxygen and producing ROS which damages the
mitochondrion [16]. Mitochondrial apoptosis is usually triggered by the release of
mitochondrial proteins (such as cytochrome c¢) which leads to caspase-9 and caspase-3
activation [17].

With systemic iron accumulation, there is a rise in cellular oxidative stress, inflammatory
cytokine production, a reduction in cellular oxygen consumption, lipid peroxidation and a
change from aerobic (pyruvate) to anaerobic (lactate) metabolism via lactic dehydrogenase
(LDH) [16]. Inflammatory biomarkers can induce apoptosis of lymphocytes and metabolic
disorders like hyperlactatemia can destroy lymphocytes [18]. The increase of ROS causes
thrombosis by stimulating the apoptotic caspase cascade. Koupenova et al. revealed that there
is higher activation of the effector Casp3 in certain patients’ platelets and SARS-CoV-2 and
caspase-3 colocalized on the same platelet [19]. Increased D-dimer levels may be the
consequence of coagulopathy induced by apoptotic endothelial cells. Uncontrolled apoptosis of
alveolar endothelial cells can damage oxygenation in a variety of ways, including microvascular
apoptosis-induced thrombi in the alveolar vascular bed and vascular fluid leaks into lung tissue.
Platelets apoptosis as a result of the mitochondrial disruption, inducing them to clot > 50 times
faster than normal platelets and enhancing the production of thrombi in COVID-19. This results
in metabolic dysregulation triggering the coagulation cascade, thus causing D-dimer increases
[20].

In our study, we found conversely, statistically significant inverse relationship between 1L32
levels and ferritin r s = 0.87; p < 0. 0001, between 1L32 levels and LDH r s = 0.85; p < 0. 0001,
and between IL32 levels and D-dimer r s = 0.88; p < 0. 0001. IL32 decreases irrespective of
disease severity. Rasool et al. observed that increased levels of IL-32 during HIV infection may
block the viral replication [21]. IL-32 may assist the neutralization of viral components (e.g.,
through the deactivation of viral nucleocapsid structures). 1L-32 may help to reduce both
systemic and local inflammation, which may be effective in mild-moderate COVID-19 patients
but is more likely to fail to be effective in severe patients [22].

In our findings we noticed that CAPS3 was negatively significant with Ct value (p < 0.001),
while 1L32 was positively significant with Ct value (p < 0.001) and the first days of infection
played a significant role (p < 0.001) in CASP3 and IL32 levels. The rate of apoptosis is
regulated by viral RNA replication and the period of the diseases [23]. The high viral load was
significantly correlated with levels of IFN, TNF and tumor necrosis factor-related apoptosis-
inducing ligand. Truncated ORF3b of SARS CoV2 suppresses IFN induction more effectively
than SARS-CoV which could explain the poor IFN response found in COVID-19 patients [24].
In addition, IL-32 and IFN have a positive relationship, and IL32 deficiency has been associated
to a decrease in Thl cells and IFN [25].
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Conclusion

CASP3 and IL32 could be used as biomarkers to detect the severity of SARS-CoV2
infection-induced cell damage and can also determine the most reliable treatment plan. Anti-
CASP-3 drugs and up-regulated 1L32 may indeed be useful for treating COVID-19 patients. To
fully understand the latent potential and characteristics of the current topic, additional studies
on the activity level of the CASP3 and IL32 are required.
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