Meo Medical I I Russi
s Kpamiue coobuenun sl (e
cmp. 773-778 Short communications 2023, Vol. 25, No 4, pp. 773-778

CHNXEHUE MDC/CCL22 NP COVID-19

1 B NOCTKOBUAHOM CUHAPOME
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Pesome. B 310i1 cTaThe MBI HcciieayeM poJib MakpodaraibHoro xeMoknHa MDC/CCL22 B uMMyHUTETE
npotus COVID-19.

Marepuanom mist uccienoBaHUs TTOCTYKUIU 00pas3libl MjIa3Mbl OT 289 MallMEHTOB ¢ MOATBEPXKACHHBIM
COVID-19, nonyyaBlIuX JeUyeHUE B CHeUATIU3UPOBAHHbBIX MHMOEKIIMOHHBIX CTallMOHApax, Pa3BepHYTHIX
BO BpeMs naHgeMuu. O6pa3ibl KPOBM OTOMpPAINCh MPU MOCTyIUIeHNU, Ha 7-10-e cyTKu oT Havaia MHpeK-
nuu. 71 3THX Ke TTallieHTOB IIPOBOANIOCH TCHOTUITMPOBAaHNE BaphaHTa BUpyca B HOCOIIOTOYHBIX Ma3Kax.
Taxoke B ucciiemoBaHUe BOIIUIM 00pa3ibl KpoBU 69 peKOHBaJIECLIEHTOB nalmeHToB, nepeHecinux COVID-19
OoJiee UeM 3a Mecsll 10 Havaia uccienoBaHusi. Kpome Toro, B kauecTBe KOHTPOJISI B MCClIeoBaHME Bolen 51
3gopoBbIii foHOp. KoruenTpamuio MDC/CCL22 n apyruxX MUTOKMHOB ¥ XeMOKMHOB U3MEPSIITA C TIOMOIITBIO
MYJBTUILUIEKCHOTO aHaJM3a ¢ UCIToJb30BaHMeM TexHosoruu Luminex MagPix.

PesynbraThl mokazamu, uyto y mamueHToB ¢ COVID-19 ypoBeHb MakpodaraibHOTO XeMOKHWHA
MDC/CCL22 B ttazaMe ObUT 3HAYMTEILHO HIDKE, He3aBHUCcHUMO OT mTtamMma SARS-CoV-2, mo cpaBHEHHIO
CO 310pPOBBIMU IoHOpaMu. Kpome Toro, y peKOHBaJIECIIEHTOB TaK XK€ OO0 CHUX MOP OTMEUYaIMCh CHUXKEHHbBIE
ypoBau MDC/CCL22, uto yKa3pIBaeT Ha TO, YTO UCTOIICHNE 3TOr0 XeMOKMNHA MOXKET COXPaHSThCS IaxKe
TOCJIe BBI3IOPOBJICHUSI.

B pamkax Haireit paboThl MbI MIpeJjiaraeM aBa MexaHu3Ma, KOTOPbIE MOTYT OOBbSICHUTH NMPUYMHBI, TIPU-
Bomsne K cHkeHnio MDC/CCL22. Bo-niepBbIX, CBI3bIBAHNE M MHAKTUBAIINST 9TOI0 XeMOKWHA TTeTITUIA -
mu SARS-CoV-2 MoxeT cHUXaTth ero GyHIMOHATIBHY aKTUBHOCTb. JIpyruM mpearnosaraéMblM MEXaHU3MOM
CHMZKEHUS 3TOIO XeMOKWHA SIBJISIETCSI «BBIKITFOUEHHE» €T0 3(P(MEKTOPHBIX KJIETOK (HAIIpuMep, ASHIPUTHBIX
KJIETOK 1 MakpodaroB) M3 UMMYHHOTO Mpoliecca.

JInmbonenuo nociae COVID-19 moreHIManbHO MOXHO 00BsICHUTH oTcyTcTBUeM MDC/CCL22. OT1o0
MOKET MPUBECTU K CABUTY BOCIIAIMTEIbHON peakllMy B CTOPOHY FMIepaKTUBALIMU, YTO MOTEHIIUAIbHO MO-
KET 00BICHUTD TsoKecTh TedeHnsT COVID-19 0oTHOCUTENIFHO IPYTUX peCIMpPaTOPHBIX MHMEKIIN, 0COOCHHO
Ha HavaJIbHBIX 3TallaxX MaHIeMUM.
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Harre nccnenoBanue momuyepkuBaeT BaXKHOCTh MakpodaraabHoro xeMoknHa MDC/CCL22 B uMMyHU-
tete K COVID-19. I[ToHuMaHue MeXaHU3MOB KOHLIEHTpAILIUii 9TOr0 XeMOKHHA MOKET JaTh HOBOE MpPeaCTaB-
snenue o maroreHe3de COVID-19.

Knrouesuie cnosa: maxpogaeanvusiii xemoxur, COVID- 19, xeMokuHbl, MyabmunieKcHolil AHAAU3, NOCIMKOBUOHBLI CUHOPOM,
deHdpumHble Kaemxu

MDC/CCL22 DEPLETION IN COVID-19 AND POST-COVID
Korobova Z.R., Totolian Areg A.

Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation
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Abstract. In this article, we explore the role of macrophage-derived chemokine (MDC/CCL22) in
COVID-19 immunity. The study included plasma samples of 289 patients with PCR-verified COVID-19 from
specialized hospitals. The blood samples were collected at admission, approximately 7 days after the start of
infection. Genetic testing of the virus was performed in nasopharyngeal swabs to determine the viral strain for
each patient. We also included blood plasma of 69 convalescent patients who had recovered from COVID-19
more than a month prior to the study. Additionally, 51 healthy donors were included in the study as controls.

The concentrations of MDC/CCL22 and other cytokines and chemokines were measured with multiplex
analysis using Luminex MagPix Technology. The results showed that COVID-19 patients had significantly lower
MDC levels in their plasma, regardless of the SARS-CoV-2 strain, compared to healthy donors. This finding
suggests that MDC/CCL22 depletion may play a role in COVID-19 immunity. Furthermore, convalescent
patients still showed decreased concentrations of MDC/CCL22 more than a month after infection, indicating
that this depletion may persist even after recovery.

We propose two mechanisms that can explain the reasons leading to MDC/CCL22 depletion. The first is
binding and inactivation of this chemokine with SARS-CoV-2 peptides, making it not only undetectable for
commercial kits, but also less functionally active. Another mechanism is the dysfunction of its effector cells
(e.g., DCs and macrophages). Lymphopenia following COVID-19 can potentially be explained by the absence
of MDC/CCL22. This may lead to a shift towards hyperactivation in the inflammatory response, potentially
explaining the severity of COVID-19.

This research sheds light on the importance of MDC/CCL22 in COVID-19 immunity and highlights the
need for further investigation into its role in the disease. Understanding the mechanisms behind MDC/CCL22
depletion could provide new insights into the pathogenesis of COVID-19 and inform the development of
potential treatments.

Keywords: macrophage derived chemokine, COVID- 19, chemokines, multiplex analysis, post-COVID, dendritic cells

and inhibiting the ACE 2 receptor, leading to

Introduction

COVID-19 is an acute infectious disease caused
by the RNA-based SARS-CoV-2 virion of the ge-
Betacoronavirus. The COVID-19 pandemic
has affected millions of people worldwide, causing
significant morbidity and mortality [8]. COVID-19
enters cells through the ACE 2 receptor, which is found
in various human cells [10]. The virus primarily targets
cells in the respiratory system, causing inflammation

nus

increased angiotensin Il secretion and subsequent
activation of inflammatory transcription factors [4].
These conditions can potentially trigger a cytokine
storm, resulting in enhanced inflammation [3].
Understanding the immune response to SARS-
CoV-2, the virus that causes COVID-19, is crucial
in developing effective vaccines and therapeutics.
In this article, we review the current knowledge
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on COVID-19
standpoint. Specifically, we address our findings in
terms of macrophage-derived chemokine in blood
plasma and its changes in acute COVID-19 and
convalescent patients.

immunity from the chemokine

Materials and methods

Study population

The study included 289 patients from 2 hospitals
in Saint Petersburg with PCR-verified COVID-19.
Blood samples were collected at admission and
approximately 7 days after the start of infection.
Patients with comorbidities or previous infections
were excluded from the study. We also included 69
convalescent patients (n = 69) who had donated
their blood plasma in earlier stages of the pandemic.
Additionally, 51 blood samples were collected from
healthy donors.

Ethics approval

The study was approved by the Local Ethics
Committee of Pasteur Institute, Saint Petersburg.
All patients were consenting adults and gave their
permission for participation in the study.

Blood sample collection

Blood samples were collected from patients
and healthy donors using standard venipuncture
techniques. Samples were collected in EDTA tubes
and immediately transported to the laboratory for
processing, where, after centrifugation, the blood
plasma was stored at -70 .

Cytokine and chemokine measurements

Concentrations of MDC/CCL22, among other
cytokines and chemokines, were measured using
Luminex MagPix Technology with the Millipore kit.

Genetic testing

Genotyping of SARS-CoV-2 isolates collected
from patients was performed using near-complete
genome sequences on the Illumina MiSeq automatic
platform. Nasopharyngeal swabs were collected
from COVID-19 patients and stored at -20 °C until
analysis. Total nucleic acid samples were obtained
by extraction and purification using the RIBO-prep
DNA/RNA Extraction Kit. Reverse transcription was
performed using random hexanucleotide primers and
the Reverta-L Kit. Libraries were prepared using the
TruSeq Nano DNA Kit and the TruSeq DNA CD
Indexes Kit, and sequencing was performed using the
Illumina MiSeq System. The quality of [llumina reads
was assessed using the FastQC program, and genome
assembly was carried out by mapping to the SARS-
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Figure 1. Levels of MDC/CCL22 in the blood plasma of
COVID-19 patients infected with different viral strains,
including the Wuhan strain (n = 51), Alpha (n = 95), Delta
(n =98), and Omicron variants (n = 57)

Note. The results for healthy donors (HD) are presented as well. The
bars in the graph represent the median concentrations of MDC/CCL22
in each group, while the whiskers represent the 75" quartile.

2000 - p=0.01
p<0.01
p<0.05
1500
p<0.05
—
E  1000-
2
500
0_
C-I-l‘l-l-l-lo
§ 8588 T
& 8 ®
c > > 5
c ® ®© C
S8 G 2
285
S < C
o

Figure 2. MDC/CCL22 concentrations in the blood plasma
of COVID-19 convalescents (n = 69) in comparison to
infected patients in the acute phase (n = 51) and healthy
donors (n = 56)

Note. Bars represent median concentrations (pg/mL). Whiskers
represent the 75" quartile.
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CoV-2 reference genome using Bowtie 2. Variant
calling and consensus generation were performed using
samtools and beftools software, and the Nextclade tool
was used to assess the quality of assembled sequences
and to assign genomes to lineages. All sequencing was
performed retrospectively.

Data analysis

Data was analyzed using GraphPad Prism version
8.0.2 software. Descriptive statistics were used to
summarize the data, and comparisons between groups
were made using t-tests or ANOVA as appropriate.
A p-value < 0.01 was considered statistically signifi-
cant.

Results and discussion

The cytokine detection kit identified various bio-
logical substances, with the macrophage-derived
chemokine (MDC/CCL22), a CC chemokine, having
a particularly significant and surprising role. Notably,
COVID-19 patients had notably lower MDC levels in
their plasma, regardless of the SARS-CoV-2 strain.
This was noteworthy since other chemokines tended
to increase in COVID-19 patients’ blood plasma
compared to healthy donors (HD) [7].

The results of the study can be found in Figure 1.

Interestingly, convalescents of the original Wuhan
viral strain had significantly lower MDC/CCL22
concentrations, not only compared to healthy do-
nors, but also in comparison with those in phase of
infection [1]. The results of previous studies on the
matter are presented in Figure 2.

The levels of MDC/CCL22 were found to be lower
in COVID-19 patients infected with different strains
compared to healthy donors, as shown in the first figure.
The decrease in MDC/CCL22 levels in COVID-19
patients may suggest a more profound impact of the
virus on the immune system than previously thought,
and may contribute to immune dysregulation and
severe pulmonary pathology. Further research is
needed to fully understand the complex interactions
between MDC/CCL22, DCs, platelets, and immune
regulation in COVID-19. The observed decrease in
MDC/CCL22 levels may be specific to COVID-19, as
it is rarely seen in other inflammation-prone illnesses,
even those affecting the respiratory tract.

Macrophage derived chemokine belongs to the
CC family. Via this classification, it holds the double
name MDC/CCL22. MDC/CCL22 is produced by
macrophages and dendritic cells, with or without ex-
ternal stimuli like bacterial lipopolysaccharide [12].
Its function is directly linked to the CCR4 molecule,

a receptor widely present on Th2 cells. CCR4 recep-
tors on CD4" lymphocytes in the bone marrow,
like MDC/CCL22, mediate cellular growth and
maturation. Activation of cellular migration and
Th1/Th2 polarization are coordinated with the help
of MDC/CCL22.

It is possible that MDC/CCL22 deficiency can
partially explain persistent lymphopenia associated
with COVID-19 [6], noticeable even after recovery.
Several in vitro studies have shown the importance
of MDC/CCL22 in regulation of inflammation. Its
presence complemented regulatory T cell activation
and restricted enhanced inflammation with type I
helper T cells [9].

A drop in MDC/CCL22 concentration in
COVID-19 patients is worthy of attention, and it
has been previously noted by other researchers [11].
We present hypothetical explanations for the phe-
nomenon in question below.The first concept implies
possible binding of SARS-CoV-2 viral proteins
with MDC/CCL22 due to potential affinity with,
or mimicry of, MDC/CCL22’s main ligands. In
such cases, MDC/CCL22 production by producer
cells (i.e., DCs and macrophages) is unperturbed.
Yet, the selective binding of this chemokine makes
it undetectable for commercial Kits as it changes its
antigenic structure. Moreover, it is possible that its
functional activity reduces due to this process. This
hypothesis is supported by the fact that other cytokines
and chemokines, produced by DCs and macrophages,
show enhanced expression when compared to healthy
donors.

There is, however, an opposite hypothesis, im-
plying that COVID-19 can actually affect the func-
tional activity of producer cells. Specifically, resear-
chers highlighted a significant shortage of DCs in
COVID-19 patients, both in acute and post-recovery
periods. Moreover, other studies have highlighted the
relationship between disease severity [2] and dendritic
cell properties [5], both quantitative and qualitative.
This, however, for some reason does not affect other
cytokines and chemokines, produced by DCs (IL-1a,
IL-1pB, IL-6, IL-7,1L-12 (p35 and p40), IL-15, IL-18,
TNFa, TGF-B, macrophage CSF, and granulocyte-
macrophage CSE but not 1L-2, IL-3, IL-4, IL-5,
IL-9, and IFNy transcripts).

In any case, both hypotheses prove the role of the
SARS-CoV-2 infectious process in the suppression
of DCs. Theoretically, this may explain a defect in
MDC/CCL22 production and its deficiency in the
blood plasma of COVID-19 patients in comparison
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with healthy donors. While the precise mechanisms
by which SARS-CoV-2 suppresses DC function and
MDC/CCL22 production are not yet fully understood,
the deficiency of MDC/CCL22 in the blood plasma
of COVID-19 patients compared to healthy donors
suggests that this chemokine may play a critical role
in the pathogenesis of the disease. Further research
is needed to fully elucidate the complex interactions
between SARS-CoV-2, DCs, and MDC/CCL22,
with the ultimate goal of developing new therapeutic
strategies to combat COVID-19 and other infectious
diseases.
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