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On the Role of Mast Cells and Their Proteases
in the Severe COVID-19

Pesiome

B nepvioa naHaeMMK HOBOM KOpOHaBMpYCHOM nHpekLmn COVID-19 B npouecce nccnes0BaHUA NaToreHesa U NoMcKa MeTOA0B /leHeHMA BO3HWK BOMPOC
O PO/IN TYYHbIX KNETOK M UX NpoTeas B Te4eHUM JaHHOro 3aboneBaHus. Llenb gaHHoM paboTbl — onpejeneHne 3Ha4eHNUs TY4HbIX KIETOK M UX Npo-
Teas (xuMasbl 1 TpunTaskl) B natoreHese COVID-19 Taxenoro TeyeHus. Matepuansl U MeToAbl. B vccieqoBaHme BKtOYeHbI 55 MaLMeHTOB: 29 MyX-
unH (52,7 %) 1 26 weHwmH (47,3 %) B Bo3pacTe 67 [62;71] neT € yCTaHOBNEHHBIM AMArHO30M HOBOW KOPOHaBUPYCHOW UHbeKLmn COVID-19 Taxenoro
TeYeHWA C IeTaNbHbIM UCxo0M. [poBOAMACA aHaNM3 MUKpOMpenapaToB ayTONCUIHOTO MaTepuana aerkux nayneHtos ¢ COVID-19 c onpegeneHnem
npe/CTaBUTE/IbCTBA TY4HbIX K/IETOK 1 aHa/IM30M NPOTeasHoro Npoduas 1 AerpaHynaLMOHHON akTUBHOCTW. MpoBe/ieH KOPPe/IALMOHHBI aHan3 Mexay
MoKasaTeIAMMN TY4HbIX KNeTOK U KNMHUKO-1abopaTOPHbIMU JaHHbIMK NauueHToB. PesynbTaTbl. O6HapyeHOo yBennyeHne KONMYeCTBa TyUHbIX KNeTOK
1 UX AerpaHyNALMOHHON aKTUBHOCTM Y NaLMEHTOB C XPOHNYECKOW Cep/leyHON HeJ0CTaTOYHOCTbIO, OXMPEHNEM, XPOHNYeCKO 60/1e3HbI0 NoYeK, 1lle-
MUyecKoli 60/1€3HbI0 CepALia U OCTPbIM HapylleHMeM MO3roBoro KpoBoobpaleHus. OTMeueHO UCTOLLEHME NPOLIECCOB AerpaHy/iALMUmM TPUNTasa-nosu-
TUBHBIX TYU4HbIX K/NI€TOK 110 Mepe YBE/IMYEHNs NPOAO/IKNTEILHOCTM 3a60/1EBaHIUA: COAEPIHAHNE OANHOUHBIX TPUMTA3a-MO3UTUBHbIX TY4HbIX KIETOK (B %)
OTpULLATE/IbHO KOPPEIMPYET C MPOAO/MKUTENLHOCTbIO 3a60/1eBaHMA U rocnuTanunsauyum (p=0,015, r=-0,327 1 p=0,006, r=-0,368, COOTBETCTBEHHO), CO-
AepXKaHue GpparMeHTOB TPUMTA3a-NO3UTUBHbIX TYUHbIX KNETOK (B %) NONOKMTEILHO KOPPEUPYET C MPOAO/HKUTENLHOCTbIO rocnuTanmsaymm (p=0,007,
r=0,357). YCTaHOB/IEHbI MONOKUTE/IbHbIE B3aMMOCBA3W YPOBHEN CBOGOAHOTO 6UAMPY6BMHA 1 aNnaHUHAMUHOTPAHCPEpasbl C COAEPIKAHNEM OAMHOUHDIX
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TPUMTa3a-Mo3nTHBHBIX TY4HbIX KAeTOK (Ha MM?) (r=0,340, p<0,05 1 r=0,307, p<0,05, COOTBETCTBEHHO), @ TAKXKE OAMHOUHbIX AErpaHy/IMPYIOLMX TPUM-
Ta3a-No3UTMBHbIX TY4HbIX KNeToK (Ha MM?) (r=0,369, p<0,05 1 r=0,363, p<0,01, COOTBETCTBEHHO), @ YPOBHS CBA3AHHOrO 6UAMPY6MHA C COZepKaHNeM
OAVHOYHBIX TPUMTa3a-MO3UTUBHBIX TY4HbIX KNeToK (%) (r=0,415, p<0,05). YpoBeHb Ka/ibLsi CbIBOPOTKM KPOBW KOPPENMPYET C abCO/MOTHBIM 06LMM
COAEPKaHUEM OAMHOYHBIX TPUMTA3a-NO3UTMBHBIX Ty4HbIX KaeTok (p=0,013, r=0,457), a Takke — aerpaHyavpytowmx (p=0,017, r=0,441). Takxe 06-
Hapy»eHa oTpuLaTe/IbHasA KOPPeNALMA YPOBHA Ka/MA C OTHOCUTE/IbHbIM COAepPXaHNeM OIMHOYHbIX TPUMTa3a-NMo3UTUBHbIX TY4YHbIX KNeTOK 6e3 npu-
3HaKoB gerpaHynauum (p=0,014, r=-0,352). O6HapyeHbl MONOKUTE/IbHbIE CBA3M YPOBHA 06LLero 6uamMpy6rHa Ha MOMEHT NOCTYMN/IEHUA 1 B AVHAMUKE
C COAEpKaHNEM OMHOYHBIX AerPaHyIMPYHOLMX XMMa3a-MO3UTUBHBIX TY4HbIX KAeTOK (Ha MM?) (p=0,043, r=0,277 1 p=0,027, r=0,317, COOTBETCTBEHHO).
lMoka3saTenn Mo4eBWHbI MPU MOCTYNEHUM NONOKUTE/IEHO KOPPENVPYIOT C abCOMIOTHBIM O6LLMM COZepIKaHNEM OANHOUHBIX XMa3a-MO3UTUBHBIX TY4HbIX
knetok (p=0,045, r=0,277), a TaK:ke OTAE/bHO C Npu3HaKamu gerpanysaumu (p=0,04, r=0,283). CoaepKaH1e HaTpUs B KPOBU KOPPEIMPYET C 06LUM
cofepyKaHMeM COBMECTHO MPU/IEMALLMX XMMa3a-MO3UTUBHBIX Ty4HbIX KNeTok (p <0,05, r=0,388), a TakKe C COAepaHNeM COBMECTHO MpU/EXaLLMX X1~
Ma3a-Mo3nTUBHbIX TYYHbIX KJI€TOK C MpU3HaKaMm gerpaHyasauum (p <0,05, r=0,388). 3akntoueHne. OTMEYAIOTCS 3HAYMMbIE B3aUMOCBA3M MEXAY NOKa-
3aTeNAMMN TY4HbIX KNeTOK M MPOA0/IKUTEIbHOCTAMI 3a60/1eBaHNA U FOCMIUTANM3ALIMK, HAIMYEM CONYTCTBYOLMX 3ab01eBaHNI, YPOBHAMU CBO60OHOMO
1 CBA3aHHOTO 6UAMpY6UHa, AJIT, MoYeBHHbI, 06LLero 6eska, HaTpus, Kanus, KanbLya KpoBu. OBHapYKeHO yBeIMYeHe KOIMYECTBA TYHHBIX KNeTOK U X
AerpaHyNALVOHHOM aKTUBHOCTU Y MaLeHTOB C KOMOPOUAHOCTbIO: XPOHUYECKON CepAeHHON He0CTaTOHHOCTbIO, OXMPEHNEM, XPOHUYECKOI 60/1e3HbI0
noyeK, UleMmYecKkol 60/1e3HbI0 Cep/iLia U NepeHeceHHbIM B MPOLL/IOM OCTPbIM HapylleHeM MO3roBoro KpoBoobpatyeHsa. BbiABaeHo ucToleHmne npo-
LLeCCoB AlerpaHy/IaLMmM TpUNTa3a-no3snTUBHBIX TYUHbIX KJI€TOK MO Mepe yBe/IMYeHNA NPOAO/MKUTENbHOCTY 3aboneBaHna. HabaogaeTca yyacTve xmmasbl
M TPUNTa3bl TY4HbIX KNETOK B Pa3sBUTUM NOPaXKeHWs neyeHn 1 noyek y naumeHtos ¢ COVID-19, 4To NoATBepX/AaeT KX 3HaYeHVe B TAXKE/IOM TeyeHun
3abo/1eBaHNA 1 B NePCreKTBE MOXET pacCMaTpMBaTbLCA /15 Pa3paboTKM NaToreHeTUYeCKon Tepanuu.

Knrouessbie cnosa: myuHbie Knemku, COVID-19, HoBas KOpoHaBUPYCHaa UHPeKyus, xumasa, mpunmasa
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Abstract

During the pandemic of the new coronavirus infection COVID-19 the question about the importance of mast cells and their proteases arose. The aim
of this study is to determine the role of mast cells and their proteases chymase and tryptase in the pathogenesis of severe COVID-19. Materials and
methods. The study included 55 patients: 29 male (52,7 %) and 26 female (47,3 %) aged 67 [62;71] years with severe COVID-19 and fatal outcome.
An analysis of postmortem lung biopsies of patients with COVID-19 was carried out, determining the representation of mast cells, protease profile and
degranulation activity. A correlation analysis was carried out between mast cell and clinical and laboratory parameters of patients. Results. Increased
number of mast cells and their degranulation activity were found in patients with chronic heart failure, obesity, chronic kidney disease, coronary heart
disease and acute cerebrovascular accident. Degranulation of tryptase-positive mast cells are depleted as the duration of the disease increases: the
content of single tryptase-positive mast cells (%) negatively correlates with the duration of the disease and hospitalization (p=0,015, r=-0,327 and
p=0,006, r= -0,368, respectively), the content of tryptase-positive mast cells fragments (%)correlates with the duration of hospitalization (p=0,007,
r=0,357). Correlations were established between the levels of non-conjugated bilirubin and alanine aminotransferase with the content of single tryptase-
positive mast cells (per mm2) (r=0,340, p <0,05 and r=0,307, p <0,05, respectively), as well as single degranulated tryptase-positive mast cells (per
mm2) (r=0,369, p <0,05 and r=0,363, p <0,01, respectively), and the level of conjugated bilirubin with the content of single tryptase-positive mast cells
(%) (r= 0,415, p <0,05). The blood calcium level correlates with the absolute total content of single tryptase-positive mast cells (p=0,013, r=0,457),
as well as degranulated (p=0,017, r=0,441). A negative correlation was also found between potassium level and the relative content of single non-
degranulated tryptase-positive mast cells (p=0,014, r=-0,352). Correlations were found between the level of total bilirubin at the time of admission
and over time with the content of single degranulated chymase-positive mast cells (per mm?) (p=0,043, r=0,277 and p=0,027, r=0,317, respectively).
Urea level upon admission positively correlates with the absolute total content of single chymase-positive mast cells (p=0,045, r=0,277), as well as
degranulated (p=0,04, r=0,283). The potassium level in the blood correlates with the total content of co-adjacent chymase-positive mast cells (p <0,05,
r=0,388), as well as content of co-adjacent degranulated chymase-positive mast cells (p <0,05, r=0,388). Conclusion. Significant correlations were
noted between mast cells parameters and duration of the disease and hospitalization, the presence of comorbidities, unconjugated and conjugated
bilirubin, ALT, urea, total protein, sodium, potassium and calcium blood levels. An increase in the number of mast cells and their degranulation activity has
been found in patients with comorbidities: chronic heart failure, obesity, chronic kidney disease, ischemic heart disease and previous stroke. The revealed
depletion of degranulation processes of tryptase-positive mast cells as the duration of the disease increases indicates their role in lung damage. We noted
participation of mast cells and their proteases chymase and tryptase in the development of liver and kidney damage in patients with COVID-19, which
confirms their importance in the severe course of the disease and may be considered in the future for the development of pathogenetic therapy.

Key words: mast cells, COVID-19, new coronavirus infection, chymase, tryptase
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ALT — alanine aminotransferase, AST — aspartate aminotransferase, NCVI — novel coronavirus infection, AKI — acute kidney injury, MC — mast cells,
TNF-a — tumour necrosis factor alpha, CKD — chronic kidney disease, CHF — chronic heart failure, COVID-19 — COronaVIrus Disease 2019.

Introduction

Late in 2019, an outbreak of the novel coronavirus
infection (NCVI) COVID-19 (COronaVIrus Disease
2019) was recorded in the People’s Republic of China,
which spread and gave rise to a pandemic. The search
for relevant methods for diagnosis, progression forecast-
ing and therapy for COVID-19 led to numerous cytol-
ogy and histology examinations both of intravital and
autopsy materials of patients. Mast cells (MC) are of
interest for researchers due to their versatile participa-
tion in pathogenesis of NCVT [1,2].

MCs are myeloid immune cells, which regulate the
function of other immune cells, attract them to an area
of inflammation, secreting chemokines, and synthesising
numerous cytokines and proteases. MCs participate in
development of allergic reactions, infections and inflam-
mations, pathogenesis of atherosclerosis and myocardial
infarction, bronchial asthma and chronic obstructive
pulmonary disease, obesity and gastrointestinal distur-
bances, a lot of malignancies, etc. [3,4]. Activated MCs
express over 1,000 mediators, including heparin, hista-
mine, serotonin, chondroitin sulfate A and C, proteases
(chymase, tryptase and carboxypeptidase A3), interleu-
kin-6, interleukin-1-f, interleukin-31, interleukin-33,
tumour necrosis factor alpha (TNF-a), prostaglandins
D2 and E2, leukotrienes B4 and C4, etc., a number of
which are associated with inflammation and cytokine
storm observed in COVID-19 [1].

The main symptom of COVID-19 is known to be pul-
monary involvement, represented by acute respiratory
distress syndrome (ARDS) [5]. According to various
sources, acute hepatic damage is observed in 10-65 %
cases and is caused both by direct cytopathic action of
the virus on hepatic cells and cytokine storm-mediated
damage [6]. Besides, there is evidence of kidney involve-
ment in 25-50 % of COVID-19 cases; 15 % are associated
with acute kidney injury (AKI), with disputable informa-
tion on the pathogenic role of mast cells and their pro-
teases [7,8].

The purpose of this paper is to identify the role of
mast cells and their proteases — chymase and tryptase —
in the pathogenesis of severe COVID-19 by assessing the
degranulatory activity of MCs in pulmonary autopsy
materials of patients, depending on clinical and labora-
tory characteristics of patients.

Materials and Methods

The study included 55 patients: 29 men (52.7 %) and
26 women (47.3 %) aged 67 [62;71] years old with con-
firmed severe COVID-19, community-acquired bilateral

multisegmental pneumonia, acute respiratory distress
syndrome, who were treated in COVID-19 units at
the Budgetary Healthcare Institution of the Voronezh
Region Voronezh City Clinical Emergency Care Hos-
pital No. 1 and Budgetary Healthcare Institution of the
Voronezh Region Voronezh Regional Clinical Hospital
No. 1 over the period from September 2021 to June 2022,
but died.

Disease duration was 15 [12; 22.5] days; hospitalisa-
tion lasted for 9 [5; 14.5] days. The patients had a history
of concomitant diseases presented in Table 1. We per-
formed a biochemistry assay of blood taken upon admis-
sion and just before death (indirect and direct bilirubin,
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), glucose, creatinine, urea, total protein,
blood electrolytes (K, Na, Ca)).

The study did not include patients with chronic pul-
monary diseases (bronchial asthma; chronic obstruc-
tive pulmonary disease); chronic bronchitis, occupa-
tional pulmonary diseases); other pulmonary infections
(other than COVID-19) (pneumonia of other origin,
TB, etc.); pulmonary embolism; cancer, including onco-
haematological conditions; hepatitis; hepatic cirrhosis;
chronic heart failure (CHF) of at least stage ITA accord-
ing to the Vasilenko — Strazhesko classification; veno-
stasis in the lesser circulation; hydrothorax, type 1 and
type 2 diabetes mellitus; a history of smoking; chronic
kidney disease (CKD) (prior to NCVI), with GFR below
60 mL/min/1.73 m? and developed acute kidney injury.

The study was approved by the Ethics Committee
at the N. N. Burdenko Voronezh State Medical Uni-
versity of the Ministry of Health of Russia (Minutes
No. 8 dated November 17, 2021).

After the patients died, autopsy materials (a rep-
resentative area of lung parenchyma) were collected
within 24 hours in pathoanatomical units of Voronezh
City Clinical Emergency Care Hospital No. 1 and
Voronezh Regional Clinical Hospital No. 1. Autopsy
materials were preserved with 10 % neutral buffered
formalin and embedded in paraffin; later, 5 pm sec-
tions were prepared for H&E and Giemsa staining, and
ultrathin 2 pm sections were prepared for immunohis-
tochemistry assay. Immunohistochemistry staining was
performed under a standard protocol to identify MC
tryptase and chymase. Proteases were identified using
primary murine Anti-Mast Cell Tryptase antibody
(clone AAI1, #ab2378, diluted to 1 : 4,000) and Anti-
Mast Cell Chymase antibody (#ab233103, diluted to
1 : 1,000). Secondary antibodies were goat anti-rabbit
antibodies #AS-R1-HRP, which were visualised with
ImmPACTTM DAB Peroxidase Substrat Kit (#SK-
4105) under the protocol stated in the instructions.
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Table 1. Baseline clinical characteristics of COVID-19 patients in the study

Clinical characteristic | Number |
Duration of disease, days 15 [12522,5]
Duration of hospitalization, days 9 [5; 14,5]
Time to hospitalization, days 7 [4,5; 10]
Comorbidities:
Arterial hypertension, n (%) 45 (82)
Coronary artery disease, n (%) 6 (11)
Acute cerebrovascular accident, acute period, n (%) 6 (11)
Previous acute cerebrovascular accident n (%) 4(7)
Congestive heart failure, n (%) 15 (27)
Stage I* 6 (11)
Stage ITA* 9 (16)
Obesity, total, n (%) 14 (25)
Class I 11 (20)
Class IT 1(2)
Class I1T 2 (4)
Chronic tubulointerstitial nephritis, n (%) 8 (15)
Chronic glomerulonephritis, n (%) 3 (5)
Chronic kidney disease, n (%) (C1-C2 stages) 11 (20)

Treatment:

Anticoagulant therapy, n patients (%)
Glucocorticosteroids, n patients (%)

Favipiravir, n patients (%)

IL-6 Inhibitors, n patients (%)

Janus Kinase Inhibitors, n patients (%)
Monoclonal antibody against IL-6, n patients (%)
Convalescent plasma, n patients (%)

55 (100 %)
53 (96 %)
27 (49 %)
16 (29 %)
2 (4%)
2 (4%)
2 (4%)

Note: * according to the classification of N.D. Strazhesko and V.Kh. Vasilenko

MC activation was assessed based on the quantity of
tryptase- and chymase-positive mast cells; their degran-
ulation parameters were assessed as well.

Microsections were analysed at the Scientific
Research Institute of Experimental Biology and Medi-
cine of N. N. Burdenko Voronezh State Medical Uni-
versity using ZEISS Axio Imager.A2 microscope; images
were processed in ZEN 2.3 (Carl Zeiss, Germany). MCs
were counted with x40 zooming and analysed at least at
50 HPE An analysis of microsections included total MC
count, with a distribution depending on the presence of
degranulation, as well as quantification of protease pro-
file (tryptase, chymase) per mm?*and as % of the total
amount of mast cells.

Results were statistically processed using Jamovi, ver-
sion 1.6.23 (Australia). Normality of data distribution
was assessed using normalised coeflicients of excess and
asymmetry, as well as the Shapiro — Wilk test. For cor-
relation analysis, Spearman’s rank correlation was used.
Correlation relationships were significant at p < 0.05.
The bonding force at r = 0.01-0.29 was weak, at r = 0.3—
0.69 — moderate, and at r = 0.7-1.0 — strong.

Results

We analysed the relationships between MC param-
eters, medical history, clinical and laboratory results.

MC and concomitant diseases.
The relationships found for MC and concomitant dis-
eased are presented in Tables 2 and 3.

Disease duration and hospitalisation

duration.

A relative number of individual tryptase-positive
mast cells negatively correlates with disease duration
and hospitalisation duration (p = 0.015, r = -0.327 and
p = 0.006, r = -0.368, respectively). A relative level of
tryptase-positive mast cells positively correlates with
hospitalisation duration (p = 0.007, r = 0.357). A rela-
tive number of adjacent tryptase-positive mast cells
without signs of degranulation positively correlates with
disease duration and hospitalisation duration (p = 0.02,
r = 0.312 and p = 0.016, r = 0.324, respectively). There
were no statistically significant relations between param-
eters of chymase-positive mast cells and duration of dis-
ease and hospitalisation.

MC and blood biochemistry

parameters.

Statistically significant relations were found between
parameters of tryptase-positive mast cells and some
blood biochemistry parameters (see Tables 4 and 5).
No statistically significant relations were found between
MC parameters and AST. An increase in ALT in the
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Table 2. Results of correlation analysis of the presence of concomitant diseases and tryptase-positive mast cells in lung

autopsy material per mm?

Single tryptase+MCs Co-adjacent tryptase + MCs
- - - - Tryptase Total
Indicators Without With Without With +MCs | Tryptase +
degranu- | degranu- Total degranu- | degranu- Total fragments MCs
lation lation lation lation

AH -0,0650 0,1637 0,1068 -0,0603 -0,0269 -0,0479 -0,0325 0,0937
IHD -0,0899 0,0283 -0,0106 -0,1775 -0,0984 -0,1595 -0,2594 -0,0390
Stroke Acute period 0,1172 0,0616 0,0925 0,0796 -0,0486 0,0173 0,0804 0,0932
Previous stroke (outside the acute period) -0,0404 0,0221 0,0028 -0,0402 0,0672 0,0130 -0,0817 -0,0024
CHEF (I, IIA)** 0,1968 0,3355* 0,3406* -0,0775 0,0233 -0,0346 0,0412 0,3180*
Obesity 0,3674* 0,2867* 0,3646* 0,1595 -0,0265 0,0754 0,2507 0,3627*
CKD (C2 and C2) 0,1489 0,4524* 0,4163* -0,0115 0,1636 0,0840 0,2020 0,4077*

Note: The table shows the Spearman correlation coefficient.
*p <0,05; ** according to the classification of N. D. Strazhesko and V. Kh. Vasilenko

Legends: MCs — mast cells, AH — arterial hypertension, IHD — ischemic heart disease, CHF — chronic heart failure, CKD — chronic kidney disease

Table 3. Results of correlation analysis of the presence of concomitant diseases and indicators of chymase-positive MCs

in lung autopsy material per mm?

Single chymase+ MCs Co-adjacent chymase + MCs
o o o o Chymase Total
Indicators ;’Vlt out . Wit - (\i/Vlt out . Wit | + MCs chymase +
egranu- egranu- ota egranu- egranu- Tota fragments MCs
lation lation lation lation
AH -0,0540 0,0082 -0,0072 -0,0073 0,0641 0,0641 0,0641 -0,0030
IHD 0,1567 0,5009* 0,5001* 0,0513 -0,0381 -0,0381 -0,0381 0,4983*
Stroke Acute period 0,0925 0,0063 0,0311 0,0365 -0,0476 -0,0476 -0,0476 0,0280
Previous stroke (outside the acute period) 0,0321 0,1304 0,1279 -0,1405 0,4859* 0,4859* -0,0381 0,1428
CHEF (I, ITA)** 0,2168 0,3946* 0,4195* 0,0231 -0,0784 -0,0784 -0,0784 0,4149*
Obesity 0,1973 0,1031 0,1481 0,0678 -0,0678 -0,0678 0,1284 0,1503
CKD (C2 and C2) -0,0480 0,0091 -0,0047 0,0634 -0,0301 -0,0301 -0,0301 -0,0067

Note: The table shows the Spearman correlation coefficient.
*p <0,05; ** according to the classification of N. D. Strazhesko and V. Kh. Vasilenko

Legends: MCs — mast cells, AH — arterial hypertension, IHD — ischemic heart disease, CHF — chronic heart failure, CKD — chronic kidney disease

study group did not exceed x1.5 ULN and that of
AST — x2 ULN.

Positive relations were found between individual
degranulatory chymase-positive mast cells per mm?* and
the level of total blood bilirubin upon admission and,
over time, in the last intravital sample (p = 0.043,
r=0.277 and p = 0.027, r = 0.317, respectively).

Urea levels upon admission positively correlate with
the absolute total number of individual chymase-posi-
tive mast cells (p = 0.045, r = 0.277), and with signs of
degranulation (p = 0.04, r = 0.283).

For total bilirubin, indirect bilirubin (before death),
direct bilirubin, ALT (before death), creatinine, glucose
(before death), no statistically significant correlations
were found with parameters of tryptase-positive mast
cells per mm?.

For total bilirubin, direct bilirubin (before death),
ALT, creatinine (before death), glucose, no statistically
significant correlations were found with parameters of
tryptase-positive mast cells (in %).

There are positive correlations between total blood
protein levels and MC parameters. The total blood protein

levels positively correlate with the absolute total count of
tryptase-positive mast cells (p = 0.01, r = 0.353), individ-
ual tryptase-positive mast cells (p = 0.013, r = 0.340) and
individual degranulatory tryptase-positive mast cells
(p = 0.004, r = 0.349).

Blood sodium levels positively correlate with total
adjacent chymase-positive mast cells (p < 0.05, r = 0.388)
and the number of adjacent chymase-positive mast cells
with signs of degranulation (p < 0.05, r = 0.388).

Blood calcium levels positively correlate with the
absolute count of individual tryptase-positive mast cells
with signs of degranulation (p = 0.017, r = 0.441) and
the absolute count of individual tryptase-positive mast
cells (p =0.013, r = 0.457). Blood potassium levels nega-
tively correlate with the relative number of individual
tryptase-positive mast cells without signs of degranula-
tion (p = 0.014, r = -0.352).

The variety of relations justifies a multifactor analy-
sis. Later in the study, a multiple regression equation
will be generated with due account of the most sig-
nificant parameters, and the resulting model will be
presented.
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Table 4. Results of correlation analysis of biochemical blood tests and tryptase-positive MCs (per mm2)
in lung autopsy material

Single . Co-adjacent .
Single . Co-adjacent .
tryptase + trvptase + Single tryptase + trvptase + Co-adjacent | Tryptase Total
MCs with- P R tryptase+ | MCs with- P R tryptase + +MCs amount of
Indicators MCs with MCs with
out de- MCs Total, out de- MCs total, | fragments, | tryptase+
R degranula- . degranula-
granulation, i mm2 granulation, . mm2 mm2 MCs, mm2
tion, mm2 tion, mm2
mm?2 mm?2
Unconjugated bilirubin
e 0,219 0,369* 0,340* -0,233 -0,268 -0,296 -0,161 0,299
bilirubin, umol/L, No. 1
Alanine aminotransferase,
0,103 0,363** 0,307* -0,007 0,070 0,032 -0,042 0,284*
Ed/l, Nol
Urea, mmol/l, No. 1 0,020 0,336% 0,255 -0,052 0,290* 0,121 0,090 0,252
Urea, mmol/], No. 2 0,129 0,414** 0,359* 0,067 0,033 0,057 0,014 0,334*
Glucose, mmol/l, No. 1 0,084 0,056 0,074 0,288* 0,235 0,292* 0,165 0,102
Note: The table shows the Spearman correlation coefficient.
No. 1 — blood test taken upon admission No. 2 — patients’ last blood test
Table 5. Results of correlation analysis of biochemical blood tests and tryptase-positive MCs (%)
in lung autopsy material.
Single trypt- Single Co-adjacent | Co-adjacent
gletryp s Single ) ) Co-adjacent
ase + MCs tryptase + tryptase + tryptase + Tryptase
. . tryptase + . . tryptase+
Indicators without MCs with MCs with- MCs with + MCs
MC:s total, MCs total,
degranula- | degranula- % out degran- | degranula- % fragments,%
tion, % tion, % ? ulation, % tion, % ?
Unconjugated bilirubin, pmol/L, No. 1 -0,055 0,242 0,381* -0,209 -0,195 -0,265 -0,387*
Unconjugated bilirubin, pumol/L, No. 2 -0,014 0,082 0,178 0,019 0,156 0,105 -0,379*
Conjugated bilirubin, pumol/L, No. 2 0,027 0,136 0,415* -0,119 -0,060 -0,131 -0,382%
Creatinine, umol/L, Nol -0,293* 0,189 -0,208 -0,017 0,306* 0,170 0,193
Urea, mmol/l, No. 1 -0,317* 0,268 -0,068 -0,093 0,233 0,076 0,043

Note: The table shows the Spearman correlation coefficient. No. 1 — blood test taken upon admission No. 2 — patients’ last blood test

Discussion

We found an increase in the number of MCs and
their degranulatory activity in patients with CHF, obe-
sity, CKD, IHD and a history of an acute cerebrovascular
event. The affinity of the identified positive correlations
of adjacent chymase-positive mast cells, as well as indi-
vidual chymase-positive mast cells with signs of degran-
ulation, with IHD in patients, as well as the number of
adjacent chymase-positive mast cells as a whole and
with signs of degranulation and a history of ACE can be
a result of participation of this protease in development
of atherosclerosis. Mast cells are known to take part in
metabolism of low-density lipoprotein (LDLP) by stim-
ulating their phagocytosis by macrophages. Activated
MCs can metabolise high-density lipoprotein (HDLP) by
inducing degradation of HDLP apolipoproteins. When
MCs destroy HDLP in vessel intima, macrophages are
unable to escape from cholesterol. Thus, MCs can par-
ticipate in formation of atherosclerosis plaques in vessels
[3]. Also, mast cells take part in inflammation processes
via cytokines and chemokines; they induce vessel wall
infiltration by T cells and macrophages, stimulate smooth

muscle cell migration from the middle layer to intima via
growth factor synthesis, and platelet growth factor facili-
tates microthrombosis [3]. Numerous authors emphasise
the role of mast cells in the development of IHD, includ-
ing myocardial infarction [9]. Taking into account that
IHD is one of the major causes of CHE, the mentioned
mechanisms can explain correlations between MCs and
CHE.

Mast cells stimulate expression of inflammatory cyto-
kines by Th1 cells, which activate adipocytes and produce
proteases for stimulation of angiogenesis and adipogen-
esis in fat tissue [5]. During an experiment, scientists
found out an increased number of MCs (degranulated
MCs prevailed) in thymus gland tissue of obese rats; they
explained this fact with an increased proinflammatory
activity in obesity and assumed that excessive fat con-
sumption with food causes a specific adaptive reaction
of the body, increased activity of phospholipase to boost
lipid degradation, in particular cell membrane phospho-
lipids, thus enhancing degranulation process [10].

Taking into account the resulting correlations
between MC parameters and duration of disease and
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hospitalisation in this paper, it is safe to assume that
degranulation of tryptase-positive mast cells weak-
ens with disease duration, given reduction in the total
number of individual tryptase-positive mast cells with
longer duration of disease and hospitalisation, an
increase in MCs without signs of degranulation (prob-
ably due to reduction in percentage of degranulatory
MCs) and fragments of tryptase-positive mast cells.

We found positive correlations between indirect bili-
rubin and ALT levels and the number of tryptase-posi-
tive mast cells and their degranulatory activity. Besides,
the relative number of individual tryptase-positive mast
cells positively correlates with direct bilirubin levels.
The absolute count of individual chymase-positive mast
cells also changes with changes in total bilirubin levels.
In their early hamster experiments with the use of chy-
mase inhibitor, Masubuchi S. et al. (2013) observed
reduction in sinusoidal obstruction syndrome, manifest-
ing, among other things, as an increased total bilirubin
and ALT levels [11].

The presence of type 2 angiotensine-converting
enzyme (ACE2) receptors is known to mediate direct
hepatic damage in COVID-19 [6]. Extrapulmonary
SARS-CoV-2 was found in liver, it being associated with
higher ACE2 expression mostly in cholangiocytes as
compared to hepatic cells. We did not assess correlations
between MC parameters and levels of gamma glutamyl-
transferase and alkaline phosphatase; therefore, it is not
possible to assess the intensity of cholestasis syndrome.
There was no disturbed albumin synthetic ability of the
liver observed. Some medicines used in NCVI can be
toxic for the liver. Some authors suggest that the main
mechanism of liver involvement is systematic release of
cytokines, which is proven by the relationship between
liver involvement and hypolymphemia and CRP levels.
Patients with significantly higher ALT levels often have
high CRP, D dimer, ferritin, and IL-6 values [12]. Since
we have identified the relationship between MC param-
eters in lungs and impaired liver function, then most
likely this is about the mechanism, which is mediated by
systemic impact of proinflammatory cytokines.

We have found positive correlations between total
count of tryptase-positive mast cells, as well as individual
tryptase-positive mast cells with signs of degranulation,
and CKD. There is a unidirectional relationship between
creatinine and urea levels and degranulatory activity of
chymase-positive mast cells. There is some evidence that
kidney disorders are caused by immune disorders, which
activate cytokine storm reactions [7]. We have observed
significantly higher levels of interleukins 6 and 8, and
TNEF-a, which are synthesised also by MCs, in patients
with CKD vs. controls [7]. Interleukin 8 is known to
mediate kidney injury by increasing glomerule perme-
ability and causing proteinuria. Interleukin 6 stimulates
mesangial cell proliferation and facilitates glomerulopa-
thy progression. Besides, TNF-a can contribute to glom-
erule damage [13].

Kidney injury in COVID-19 is caused by a number
of mechanisms: epithelial infection of renal tubules and
podocytes via ATE2 receptors, kidney injury by proin-
flammatory cytokines in cytokine storm, artificial lung
ventilation (ALV), ischemia due to SARS-Cov-2-in-
duced septic shock, hypoperfusion and high angioten-
sin II levels, microthrombosis and some other mecha-
nisms [14].

The results of this study regarding chymase-posi-
tive MC activity contradict a study by Madjene L.C. et al.
(2020), which reports a potent antiinflammatory func-
tion of murine MC protease 4 (which is functionally sim-
ilar to human MC hymase) in ischemic kidney injury,
which is the main cause of AKI [8].

This study shows that the blood calcium level posi-
tively correlates with the count of tryptase-positive mast
cells and their degranulatory activity. These results cor-
relate with available data on the role of calcium as MC
degranulation activator, which has been proven experi-
mentally [15]. Established correlations between blood
sodium levels and degranulatory activity and intercellu-
lar connectivity of chymase-positive mast cells, as well as
negative correlations between potassium levels and the
relative count of individual tryptase-positive mast cells
without signs of degranulation, are still hard-to-explain
and require further studies.

Conclusion

We have observed significant relationships between
mast cell parameters, clinical-and-laboratory results and
medical history of patients: duration of disease and hos-
pitalisation, concomitant diseases, as well as some blood
biochemistry parameters (indirect and direct bilirubin,
ALT, urea, total protein, sodium, potassium, calcium).
We have recorded an increase in the number of MCs and
their degranulatory activity in patients with CHF, obe-
sity, CKD, IHD and a history of ACE, which can be an
evidence of a higher risk of cytokine storm in patients
with the mentioned concomitant diseases.

Established weakening of tryptase-positive mast cell
degranulation processes along with an increase in dis-
ease duration evidences their significance in pulmonary
tissue damage. Besides, mast cells, namely their proteases
chymase and tryptase, contribute to the development of
liver and kidney injury in patients with COVID-19, thus
proving their role in severe COVID-19.
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