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The immune response to SARS-CoV-2, the virus responsible for COVID-19,
involves intricate interactions between immune cells and viral antigens. CD19*
lymphocytes play a critical role in driving the humoral immune response. In this
study, high-throughput proteomic analysis was performed using tandem mass
spectrometry to investigate the changes in proteomic profiles of CD19" whole
cell lysates from 6 healthy individuals and 6 acute COVID-19 patients. The
volcano plot and heat map showed significant differences in proteomic profiles
between these two groups, indicating a distinct molecular signature associated
with acute COVID-19. Enrichment analysis, especially over-representation
analysis (ORA) using the Reactome database, revealed that proteins involved
in neutrophil degranulation and interferon alpha/beta signaling pathways were
among the most affected, indicating alterations in key defense processes. These
findings, therefore, provide new insights into the molecular mechanisms
underlying CD19* cell responses in acute COVID-19.
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Introduction

The recent COVID-19 pandemic has posed major challenges to global health. As of
24 May 2023, nearly 770 million confirmed cases of COVID-19 (COronaVIrus Disease-
2019) have been reported to the WHO, including 6,935,889 deaths. The binding of the
virus to the angiotensin-converting enzyme 2 receptor, found in various tissues
(Leyfman et al., 2020), leads to dysregulation of the immune response, resulting in
a cytokine storm, platelet activation, and the initiation of a complement cascade.
Various indicators are used to assess the severity of COVID-19, including the
neutrophil-to-lymphocyte ratio (Lagunas-Rangel, 2020), IL-6 levels (Rutkowska
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et al., 2021; Santa Cruz et al., 2021), and the concentration of
chemokines with C-X-C motif 13 (CXCL13) (Horspool et al.,
2020). However, direct quantification of these indicators in
serum by mass spectrometry is limited due to their low
concentration (Huynh et al, 2022). For instance, the
threshold of 35 pg/mL for IL-6 increased the risk of death
and severity of pneumonia in COVID-19 patients (Guirao
et al., 2020).

Despite advancements in understanding the pathophysiology
of infection, technological enhancements, and the development
of faster viral and antibody detection methods or new
opportunities for effective therapy, there remains a significant
challenge in accurately identifying patients with the highest risk
of progressing to a severe clinical condition. The underlying
mechanisms of disease progression also remain unclear, despite
previous vaccination efforts. In addition, there is a lack of precise
identification of COVID-19 patients who are at risk of life-
threatening infectious complications, such as other viral,
bacterial, or fungal infections, coinfections, or superinfections
that are common in critically ill patients (Salazar et al., 2022).

However, it is widely recognized that infection events activate
host factors that may exhibit some degree of specificity towards
the invading pathogens. In view of the aforementioned studies, it
becomes crucial to identify clinical characteristics with specific
values that can determine the stage of COVID-19 and
differentiate between mild to moderate and severe to critical
infections. Lymphocytes play a central and pivotal role in
immune defense against pathogens and in regulating immune
responses, including protective responses against pulmonary
pathogens (Delves and Roitt, 2000b; Delves and Roitt, 2000a;
von Andrian and Mackay, 2000). The emergence of proteomics,
and bioinformatics has facilitated the characterization of protein
profiles in lymphocytes, which may help to better understand the
pathogenesis of this infection and explore functional interactions
between proteins and disease development (Wang and Liotta,
2011; Abraham et al., 2012). In this article, we examined changes
in the proteomics profiles of CD19* B cells in acute COVID-19
patients.

Methods

Study cohort and sample collection

A cohort of 6 healthy individuals and 6 acute COVID-19
patients, without any other comorbidities, were recruited for this
study from 1 June 2022, to 10 May 2023, at the L. Pasteur
University Hospital in Kosice, Slovakia. Patients with SARS-
CoV-2 were identified as positive through an RT-PCR assay
using nasopharyngeal swab specimens, following the WHO
guidelines. Peripheral blood samples were collected from each
participant.
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Isolation of CD19* B lymphocytes

Peripheral blood samples (10 mL) were diluted threefold with
the isolation solution (PBS containing 0.1% BSA and 2 mM EDTA
at pH 7.4 and lacking Mg** and Ca®" ions). Following dilution, the
blood was centrifuged at 600xg for 10 min at 4°C, resulting in the
separation of plasma. The CD19" B lymphocytes were isolated using
magnetic bead-based cell sorting by following a recommended
protocol  provided by the manufacturer (Invitrogen™
Dynabeads™ CD19 Pan B). The magnetic beads with attached
CD19" cells underwent three washes with the isolation solution prior
to further use.

Isolated CD19* B lymphocyte lysis

The isolated CD19* B lymphocytes were subjected to three
cycles of sonication and vortexing to promote efficient lysis.
Each cycle consisted of a sequence of the following steps: 15 min
in an ultrasonic bath (Elma Ultrasonic P30h, sweep mode on,
37 kHz, 90% power, 21°C); 5 min of vortexing (Biosan, V-32
Multi-Vortex) in a refrigerator at 4°C; 15 min of sonication in a
block (Hielscher
VialTweeter, ampl. 85%, 0.5 s pulse); 5 min of vortexing in a

VialTweeter Ultrasonic Homogenizer
refrigerator at 4°C. Subsequently, the magnetic beads were
collected using a magnet. The lysate was then carefully
removed and ethanol was added in a 1:9 (v/v) ratio to
then

incubated overnight at —20°C to promote gradual protein

facilitate protein precipitation. The mixture was
aggregation and sedimentation. On the next day, the sample
was centrifugated at 18,000 x g for 20 min at 4°C. The
supernatant was discarded, and the protein pellet was dried.
Subsequently, the pellet was resuspended in 50 mM NH,HCO;.
To determine the protein concentration required for in-
solution digestion, the Pierce BCA Protein Assay was employed.

Proteins digestion

Dithiothreitol was added to each sample, reaching a final
concentration of 4.5 mM. The samples were then incubated in
a thermomixer (Eppendorf ThermoMixer™ C) at 60°C and
850 rpm for 30 min. Subsequently, iodoacetamide was added at
a final concentration of 11 mM and incubated in darkness at
21°C for 30 min. Finally, a 5 mM solution of CaCl, and trypsin
solution were added at a trypsin-to-sample ratio of 1:40 (w/w).
The sample was incubated overnight at 21°C. On the next day,
the samples were acidified using 20% formic acid to stop the
protein cleavage, and the volumes of the samples were adjusted
in a vacuum concentrator (Labconco SpeedVac System) at
55°C and 1,000 rpm to achieve the desired final protein
concentration.
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High throughput proteomics analysis

The prepared samples were loaded onto the trap column
(PepMap™ Neo Trap Cartridge, Thermo Scientific™, 5mm,
C18, 5um) of the Vanquish Neo (Thermo Scientific™) nano
UHPLC system equipped with a heated trap and eluted by
backward flush at the flow rate of 60 pL/min. The peptides were
then separated using an analytical C18 column (EASY-Spray™
HPLC Column; Thermo Scientific™; 75 pum X 50 cm; 2 pmy; C18;
100 A) by a two-step gradient at the flow rate of 250 nL/min; the
mobile phases consisted of (solvent A) 0.1% formic acid, and
(solvent B) 80% acetonitrile, 0.1% formic acid. In the first, the
gradient rose from 2% to 24% solvent B (80% acetonitrile in 0.1%
formic acid) in 100 min and from 24% to 40% over the next 20 min.
Column wash followed for 10 min with 90% solvent B and the
column was re-equilibrated with 2% solvent B for 15 min. MS data
were acquired by the Orbitrap Exploris 480 mass spectrometer
(Thermo Scientific™), equipped with a nanoelectrospray source.
Full-scan spectra (350-1700 m/z) were recorded in the Orbitrap at a
resolution of 120,000 at 200 m/z every 2s. MS/MS data were
recorded in a data-dependent manner, fragmenting as many of
the most abundant ions (with charge states of +2 to +5) as possible
between the two master MS scans using higher-energy C-trap
dissociation (HCD) in the spectrometer’s ion routing multipole
at 30% collision energy. MS/MS spectra were recorded with a
maximum injection time set to 50 ms, and dynamic exclusion (60 s)
to minimize repeated fragmentation of the same peptides.

Protein identification and relative quantification

The generated RAW files were analyzed using Proteome
Discoverer (PD) software, version 2.5 (Thermo Scientific™).
Protein identification was performed using the SequestHT
search engine with the following settings: fixed modification
of carbamidomethyl (cysteine), and variable modifications
including oxidation (methionine), acetyl (protein N-terminal),
Met-loss (methionine), and Met-loss + acetyl (methionine). The
protein identification searches were conducted against the
Uniprot Homo sapiens database (release 2023_02), which
contained 182,026 sequences. Trypsin was specified as a
proteolytic enzyme, cleaving after lysine (K) and arginine (R)
except when followed by proline (P), and up to two missed
cleavages were considered. Mass tolerance was limited to 10 ppm
at the precursor and 0.02 Da at the fragment level. The identified
spectra were rescored using Percolator (The et al, 2016),
implemented in PD. Subsequently, filtering was applied at both
the peptide spectrum match and peptide level, maintaining a false
discovery rate (FDR) threshold of 1% for each match. For Label-
Free Quantification (LFQ), the precursor abundance in the samples
was compared based on the integration of peak areas under the
curve of the identified peptides. This integration provided a
measure of the relative abundance. To determine the statistical

Acta Virologica

03

10.3389/av.2023.11702

significance of the LFQ results, a ¢-test was employed, enabling the
identification of proteins that exhibited significant differences in
abundance (0.5 > abundance ratio >2; adjusted p-value <0.05)
within experimental conditions. The resulting abundance ratios,
along with their corresponding p-values, can be found in the
supplementary table, providing comprehensive information on
the significant proteins identified in the analysis.

Bioinformatics analysis

The PD software facilitated the identification of proteins that
were either up- or downregulated, as depicted in the heat map and
volcano plot (Figures 1, 2, respectively). The heat map enables the
identification of quantitative patterns across proteins and biological
samples simultaneously. Additionally, the volcano plot combines a
measure of statistical significance from a statistical test with the
magnitude of the changes. The proteins that exhibited differential
expression between the two groups were subjected to enrichment
analysis. It was conducted to identify significantly enriched biological
processes, molecular functions, and cellular components. All the MS
proteomics data utilized in this study have been deposited to the
ProteomeXchange Consortium via the PRIDE (Perez-Riverol et al,
2022) partner repository with the dataset identifier PXD042938.

Results

In this initial study, we identified 4,849 proteins in CD19" B
lymphocytes in response to acute COVID-19 and investigated
changes in their proteomics profiles. The heat map (Figure 1)
shows the distribution of selected proteins from the isolated
samples of 6 acute non-severe COVID-19 patients and 6 healthy
individuals. At first glance, significant changes were observed
between these two groups, especially from B2R4C9 to
000479 and then from P50238 to AOA6Q8PGNG6 (Figure 1).
Among them, cysteine-rich protein 1 (Cripl) helps transforming
growth factor beta (TGF-p) inhibit type 1 T helper (Th1) and type
2T helper (Th2) differentiation, is involved in angiotensin
converting enzyme-2 (ACE2) expression, and is downregulated
by SARS-CoV-2 (Hachim et al, 2020; Wang et al,, 2020). Also,
translation machinery-associated protein 7 (TAM?7) was specifically
downregulated in COVID-19 patients with persistent SARS-CoV-
2 infection, i.e., long duration of viral shedding (LDs) (Yang et al,,
2021). Moreover, in our study, Cripl and TAM?7 proteins were
downregulated (approximately 3-fold) in patients with COVID-19
compared to the control group (Supplementary Table S1). The
volcano plot further visualizes protein identifications with large and
statistically ~significant fold changes (Figure 2). There were
32 differentially abundant proteins (>2-fold changes; p < 0.01)
identified in the SARS-COV-2 positive group (Supplementary
Table S1). Of these, 10 proteins were highly accumulated, and
22 proteins were downregulated. The changes in these proteomic
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FIGURE 1
Heat map of significant alteration of proteins during acute non-severe COVID-19 infection of six human patients in contrast to six healthy
individuals.
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FIGURE 2

Volcano plot showing proteomics data. These points indicate different proteins that display both large magnitude fold-changes (Log2 Ratio, x
axis) and high statistical significance (—-log10 of p values, y axis). The green and red squares show down/upregulated proteins bellow the p values
cutoff. Transparent points in the significant region mean these proteins do not satisfy some other conditions.
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profiles indicate B cell activation and shed light on the molecular
mechanisms underlying the immune response to SARS-CoV-
2 infection. Thus, these findings suggest a unique molecular
signature associated with acute COVID-19 disease.

Discussion

Enrichment analysis revealed enrichment in two major pathways
to combat microbial infections: neutrophil degranulation and
interferon alpha/beta (IFN o/f) signaling. For instance, the
interferon-induced GTP-binding protein Mx1 was accumulated by
more than 3.5-fold. This protein is responsible for a specific antiviral
defense against a broad spectrum of viral infections that are induced
by type-1 interferons (IFN-I) which play a critical role in the initiation
of the adaptive immune response (Ng et al., 2016). It was shown that
human viral infections with HIV, hepatitis B virus (HBV), and
hepatitis C virus (HCV) are associated with elevated IFN-signaling
(Bolen et al., 2013; Doyle et al., 2015). The hallmarks of HIV, HBV,
and HCV, and persistent viral infection in mice with lymphocytic
choriomeningitis virus (LCMV) include the generation of negative
immune-regulating (NIR) molecules that suppress antiviral CD4 and
CD8 T cells responses, resulting in decreased T cell function (T cell
exhaustion). On the other hand, early clearance of acute viral
infection was associated with enhancement of antiviral CD4 and
CD8 T cells (Thimme et al,, 2003). Therefore, it seems that IFN-
signaling may play a deciding role in generating the hyperimmune
environment accompanying viral infections.

In conclusion, more accurate knowledge was gained about the
role of lymphocytes in the pathogenesis of the disease. The high-
throughput proteomics analysis of CD19" B lymphocytes in acute
COVID-19 patients revealed significant differences in protein
expression profiles compared to healthy individuals. Enrichment of
proteins involved in neutrophil degranulation and interferon alpha/
beta signaling pathways was noticed. They can be potential targets for
therapeutic interventions. Nevertheless, further studies are needed to
elucidate the functional consequences of proteomics alterations in the
peripheral blood leukocyte subset in relation to disease prognosis,
severity, and clinical outcomes. This study is ongoing.
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