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NMPOBOCMNAJIUTEJIbHBIE ULUTOKUHbI VEGFA, IL-6, IL-8 KAK

MAPKEPbBI TEMATOTOKCU4YHOCTHW NOCJIE COVID-19

Ypescknuii MLA., laemyxuna JI.B., Capanckas JA.E., Jlammua A.A.,
I'acpyposa P.P.

DI'bOY BO «Yavsnosckuil eocydapcmeenHbulil yHugepcumem», e. Yavsnosck, Poccus

Pe3iome. MexaHu3M renaToleIOJUISIPHOTO ToBpexneHus: redyeHu mocyie COVID-19 — mHorodakrop-
HEBI1 TIpoliecc. B mureparype Hanbonee 00Cy:KITaeMbIMH IIPUIMHAMU SIBJISTIOTCS TIPSIMBIC [TUTOTATHICCKIC
TOBpPEKIASHUS TIEYCHU BCJICACTBUE BOocHaauTeabHOU peaknuu mocie COVID-19, nekapcTBEeHHO WHIYIIM-
POBAHHOM T'eIMaTOTOKCUYHOCTU M MPSMOI0 IIMTOTOKCUYECKOTO AeiicTBUsA Bupyca. CyllleCcTBYIOT HaOJIrone-
Hus, yto nHdekmss SARS-CoV-2 BhI3bIBaeT peakTUBALIMIO BUpyca rermatuTta B, ogHako B3anMopaeiicTBue
mexay BupycoMm renatuta C u SARS-CoV-2 onucano maso. TeueHrne KOpoHaBUPYCHOI MHMEKIIUY CBSI3aHO
C BBIpaXXEHHOI 3KCIIpeccueil MpoBOCHAIUTEIbHBIX IIMTOKMHOB — YYaCTHUKOB MYJBTMCUCTEMHOIO BOCHa-
nurenbHoro orBeta — IL-1f3, I1L-6, IL-8, IL-18, MCP-1, TNFa, 4To BHOCUT CyllIeCTBEHHbII BKJIa B Ha-
OoaeMble paHHUE W MMO3HWE HapylleHus: (byHKIUKU neyeHu. Lleab ucciienoBaHusi — OLIGHUTH POJIb MPO-
BocranuTeabHbix HUTOKMHOB (VEGFA, IL-8, IL-6, MCP-1, TNFa, IL-18) Kak 10MOJIHUTEIbHBIX MAPKEPOB
renatorokcudyHoctu nociae COVID-19. MccnenoBaHue BBITTOJIHEHO B IEpUOJ ¢ MapTa 1o aBrycT 2022 roga
Ha 6a3e monukymuku Ne 2 [IK MCY r. VibsiHoBcka. [TatimeHThI ObUTH pa3aesieHbl Ha 2 TPYIbL: 1-5 rpymnma —
C TIOBBIIIIEHHEM aMUHOTpaHchepa3 Ha done sedyeHus or COVID-19 n/wim B nocienywouiue 3-6 Mecsiien
mocJie IIepeHeCeHHOTo 3a00JIeBaHMsI 0¢3 BUPYCHOTO MOPaXKeHMS TIedeH (n = 42), 2- rpynna — HalueHTHI C
Ko-uHbekuuei (xpounyeckuM BupycHbiM renaturom C (HCV) u COVID-19 (n = 26). MeToaoM UMMYHO-
(epMEeHTHOro aHaaM3a OLeHUBaIKUCh ypoBHU LMTOKUHOB — VEGF-A, IL-6, IL-8, MCP-1, IL-18, TNFa B
ChIBOpOTKe KpoBU. CTaTUCTUUECKUI aHaIU3 MPOBOAMIICS C UCIOJIb30BaHUeM Iporpammbl StatTech v.3.1.4.
BrisiBiieHO comocTtaBuMOE TIOBBIIIEHHUE YPOBHSI TpaHcaMuHa3 U C-peakKTUBHOIO Oejika B 00OMX TpyIlax,
3HAYMMO OTJIMYaroleecs OT peepeHCHbIX 3HaUCHUI. YCTaHOBJIEHBI MIPSIMble KOPPEJISIIMOHHbBIE CBSI3U YMe-
PEeHHOI cunbl (JInHelHast Koppesuus 1mo CrupMeHy) Mmexay caeayomumu uutokuHamu: TNFo-MCP-1
(R=0,559; p=10,001), TNFa-VEGFA (R = 0,400; p = 0,002), TNFa-IL-6 (R = 0,503; p=0,001). Hamu
YCTaHOBJIEHO 3HaunMoe MnoBbilieHre YpoBHSI VEGFA B cbIBOPOTKE KPOBU MallMEHTOB -1 rpymmnbl (renato-
ToKcH4HOCTb Tocsie COVID-19) (Me (Qg,5-Qy.75): 522 (250-1002), p = 0,001) 1 y mauueHToB 2-ii TPyIIIBI
(HCV + COVID-19) (Me 1196, Q,,5-Q75: (73-432). AHajlornuHasi TEHIECHIIMS HAaOII0AaeTCsl C CbIBOPOTOY-
HbIMU ypoBHsIMHU IL-6 1 IL-8 B 1-ii rpyme maumeHTOB, BbIPaXKEHO MPEBBIIIAIOIIMMA 3HAYEHUS LIUTOKMHOB
Y 3I0POBBIX JOHOPOB U TOCTOBEPHO BbIIIIE, YEM Y MAIIMEHTOB 2-i1 IPYMITbl. BHIIBIEHHbIE KOPPEISIIIMOHHBIE
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CBSI3M MEXXIY BOCHAINUTEIbHBIMU IIMTOKMHAMU JOKAa3bIBAIOT OJTHOHAIIPABIEHHOCTb U3MEHEHU B (DYHKIIMO-
HUPOBAHUM PETyJISITOPHOI CETH, KOHTPOJIUPYIOIIEH MMMYHHbIC BUPYC-UHIYIIUPOBAaHHbBIC PEAKIIMU.

Karouegvie crosa: ecenamomoxcuunocms, COVID- 19, socnarumenshoie mapkepst, 8ackyrodandomenuanrshoiii pakmop pocma, [L-6,
IL-§

PROINFLAMMATORY CYTOKINES VEGFA, IL-6, IL-8 AS
MARKERS OF HEPATOTOXICITY AFTER COVID-19

Urevskii MLA,, Ilmukhina L.V, Saranskaya Ya.E., Lapshin A.A,,
Gafurova R.R.

Ulyanovsk State University, Ulyanovsk, Russian Federation

Abstract. The mechanism of hepatocellular liver damage after COVID-19 is a multifactorial process. The
most widely discussed causes are cytolytic liver damage due to the inflammatory response after COVID-19,
drug-induced hepatotoxicity and direct cytotoxic effect of the virus. There are observations that SARS-
CoV-2 infection causes hepatitis B virus reactivation, but little has been described about the interaction
between hepatitis C virus and SARS-CoV-2. The course of coronavirus infection is associated with marked
expression of proinflammatory cytokines, participants in the multisystem inflammatory response, IL-18,
1L-6, IL-8, IL-18, MCP-1, TNFa, which contribute significantly to the observed early and late liver
function impairment. The aim of the study was to evaluate the role of proinflammatory cytokines (VEGFA,
I1L-8, IL-6, MCP-1, TNFa, IL-18) as additional markers of hepatotoxicity after COVID-19. The study was
performed between March and August 2022. Patients were divided into 2 groups: Group 1 — with increased
aminotransferases against the background of treatment from COVID-19 and/or in the following 3-6 months
after the disease without viral liver damage (n = 42), Group 2 — patients with co-infection (chronic viral
hepatitis C (HCV) and COVID-19 (n = 26). The levels of cytokines — VEGF-A, IL-6, IL-8, MCP-1, IL-18,
TNFa in blood serum were estimated by enzyme immunoassay method. Statistical analysis was performed
using StatTech v. 3.1.4. The results of the study revealed a comparable increase in the level of transaminases
and C-reactive protein in both groups, significantly different from the reference values. Direct correlations of
moderate strength (linear Spearman correlation) were found between the following cytokines: TNFa-MCP-1
(R=10.559; p=0.001), TNFa-VEGFA (R = 0.400; p = 0.002), TNFa-IL-6 (R = 0.503; p = 0.001). We
diagnosed a significant increase in serum VEGFA levels in group 1 patients (hepatotoxicity after COVID-19)
(Me (Qg,5-Qq75): 522 (250 to 1002), p = 0.001) and in group 2 patients (HCV + COVID-19) (Me 1196,
Qu25-Qq75: (7310 432). Similar trend with the level of IL-6, IL-8, exceeding the values of cytokines in healthy
donors and significantly higher than in group 2 patients. Identified correlations between inflammatory
cytokines prove unidirectional changes in the functioning of the regulatory network controlling immune
virus-induced reactions.

Keywords: hepatotoxicity, COVID- 19, inflammatory markers, vascular endothelial growth factor, IL-6, IL-8

induced damage and direct cytotoxic effect of the
virus [1, 6].

Patients with SARS-CoV-2 infection and without
previous liver disease showed signs of cytolytic liver
damage proportional to the severity of COVID-19.
Patientswith cirrhosiswere at higherrisk of developing
severe COVID-19 and worse liver-related outcomes
compared to patients without cirrhosis [3]. A series

Introduction

Post-COVID syndrome — a condition occurring
after COVID-19, caused in particular by multisystem
inflammatory reaction in the body, having a variety of
pathological symptoms, and in particular hepatotoxic
manifestations [9]. One of the key reasons for the
development of hepatotoxicity after a new coronavirus

infection is direct cytolytic liver damage due to a
severe inflammatory reaction after COVID-19, drug-

of meta-analyses on hepatotoxicity after COVID-19
have been published with preliminary conclusions
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about the insufficiency and ambiguity of laboratory
and clinical data considering transaminases,
albumin, bilirubin levels in the evaluation of liver
status in post-COVID syndrome [2, 10, 11]. The
following questions remain debatable — should all
patients after COVID-19 be routinely screened for
chronic liver disease and should COVID-19 patients
with chronic hepatitis B continue antiviral therapy
started before SARS-CoV-2 infection, what are the
risks of inter-drug drug interactions between CG and
COVID-19.

The course of SARS-CoV-2 infection is associated
with marked expression of proinflammatory cyto-
kines — participants in a multisystem inflammatory
response such as IL-1B3, I1L-6, IL-8, IL-18, MCP-1,
TNFa, which probably contribute significantly to the
early and late liver function impairments observed. In
some patients with severe disease, laboratory studies
indicate an unregulated inflammatory response
similar to cytokine release syndrome, characterized
by plasma leakage, increased vascular permeability,
diffuse intravascular clotting, and immunodeficiency.
High serum levels of proinflammatory cytokines,
particularly interleukin-6, have been found in these
patients. There may be signs of secondary hema-
tophagocytic syndrome [4].

The question of the associated toxic effect of the
SARS-CoV-2 virus on patients with chronic hepatitis
remains poorly studied. Therefore, there is a need
to search for new promising prognostic markers
of hepatotoxicity, taking into account the existing
pathogenetic mechanisms of virus-induced systemic
inflammation.

The aim of the study was to investigate the role of
proinflammatory cytokines (VEGFA, 1L-8, IL-6,
MCP-1, TNFa, IL-18) as additional markers of
hepatotoxicity after COVID-19.

Materials and methods

The study was performed in the period from
March to August 2022 at the Polyclinic No. 2 of the
Central Clinical Medical and Sanitary Unit, named

after Honored Doctor V.A. Egorov and the Research
Medical and Biological Center of Ulyanovsk State
University. Criteria for inclusion in the study — the
age of the patient from 18 to 70 years, a confirmed
case of COVID-19 infection from 3 to 12 months
ago; increase in aminotransferases (AST, AST) 2-4
times higher than normal during acute and early
long-term periods; having informed consent. The
patients were divided into 2 groups: Group 1 — with
increased aminotransferases against the background
of treatment for COVID-19 and/or in the following
3-6 months after the disease without viral liver damage
(n = 42, median age — 52) and Group 2 — patients
with co-infection (chronic viral hepatitis (HCV) and
COVID-19 (n = 26, median age — 46). Exclusion
criteria — no elevation of aminotransferases, age less
than 18 years. All patients were determined during
the period of follow-up after COVID-19 with levels
of AST, ALT, C-reactive protein. Determination
of cytokines VEGFA, I1L-6, 1L-8, MCP-1, IL-18,
TNFo in blood serum was performed by ELISA
(Vector-Best, Novosibirsk, Russia). Statistical
analysis was performed using StatTech v. 3.1.4
(Stattech, Russia). Quantitative indices were assessed
for their correspondence to normal distribution using
the Kolmogorov-Smirnov criterion. If there was no
normal distribution, quantitative data were described
using median (Me) and lower and upper quartiles
(Q1s to Q,55). Comparison of the two groups for a
quantitative indicator whose distribution differed
from normal was performed using the Mann—Whitney
U criterion.

Results and discussion

When assessing the general condition of patients
by questionnaire at follow-up after COVID-19, it
was found that more than 74% of patients included
in the study complained of shortness and asthenia,
15% had edema, and 23% had muscle and joint
pain. Seventy-three percent were vaccinated against
COVID-19. 63% of the patients included in the
study had a mild form of the disease.We found that

TABLE 1. SERUM LEVELS OF TRANSAMINASE AND C-REACTIVE PROTEIN IN PATIENTS OF THE STUDIED GROUPS

C-reactive protein
Group ALT (U/L) AST(U/L) (mglL)
1st group 64.3 (46.8-78.1) 54.5 (32.1-75.8) 11.5 (7.5-14.8)
2" group 84.6 (33.5-130.7) 77.3 (35.5-101.6)* 8.3 (3.6-13.5)

Note. *, the differences in the indicators are statistically significantly different between the groups (p < 0.05).
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TABLE 2. SERUM LEVELS OF PROINFLAMMATORY CYTOKINES IN PATIENTS OF THE STUDY GROUPS

Indicator 1st group 2" group Level of.difference
(n=42) (n = 26) (Mann-Whitney, U test)
VEGFA, pg/mL 522 (250-1002) 196 (73-432)* p = 0.001
IL-6, pg/mL 4.8 (2.3-15.7) 2.9 (1.4-7.5)* p =0.043
IL-8, pg/mL 106.8 (25.4-250.0) 42.5 (8.8-115.2)* p =0.014
MCP-1, pg/mL 190 (124-352) 151 (119-185) p =0.093
TNFa, pg/mL 6.7 (2.5-12.3) 4.2 (3.5-5.2) p=0.218
IL-18, pg/mL 393 (257-550) 380 (273-510) p = 0.668

within 2-10 months after COVID-19, both groups of
patients had elevated levels of C-reactive protein and
transaminases (Table 1). At the same time, it should
be noted that C-reactive protein values were higher in
group 1 patients.

We revealed a significant difference in VEGFA,
IL-8, and IL-6 levels in serum of group 1 patients
(post-COVID, with elevated transaminases) in
comparison with group 2 HCV+COVID-19 (Table 2).
Such anincrease in cytokines indicates a manifestation
of a systemic inflammatory response caused by viral
infection. It should also be taken into account that
Group 1 patients had more comorbid conditions
(AH, DM, CHC) than patients in the HCV group.
Maximal high levels of VEGFA and IL-8 in the serum
of patients persisted for 2-6 months after COVID-19.

The dynamics of transaminase levels in both groups
were not linear and were characterized by a wave-like

250 AST
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65
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50
0

5 month

3 month 4 month

2 month

pattern, independent of the period of COVID-19
(Figure 1).

Study of levels of CRP, IL-18, MCP-1, TNFa
between the groups showed that there were no
statistically significant differences between them, but
higher levels of the studied parameters were noted in
patients with liver damage after COVID-19.

We established direct correlations of moderate
strength (linear Spearman correlation) between the
following cytokines: TNFa-MCP-1 (R = 0.559;
p = 0.001), TNFa-VEGFA (R = 0.400; p = 0.002),
TNFa-I1L-6 (R = 0.503; p = 0.001), which proves
unidirectional changes of inflammatory markers
during development of post-COVID syndrome in
hepatotoxicity patients.

Lu X.N. et al. (2021) showed that patients with
COVID-19 and HBV infection had a lower risk of
severe events, including ICU hospitalization or

ALT

9 month 10 month

6 month 7 month 8 month

Figure 1. Serum levels of transaminase (U/L) in patients of the studied groups as the time of recovery from COVID-19
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death. Factors such as whether patients had other
comorbidities, the use of antiviral medications, and
the combination of multiple medications may also
have influenced patient outcomes [9]. The use of
antibodies to block COVID-19-induced cytokine
storms that neutralize various cytokines such as IL-1,
IFNy, IL-6 and granulocyte-macrophage colony-
stimulating factor (GM-CSF) is an undeniable
approach to treating severe patients [7]. However,
persistent elevated levels of proinflammatory cyto-
kines after the acute period and their modulation of
the multisystem inflammatory response appear to be a
leading factor in longCOVID.

Activation of VEGF as an angiogenic factor is
a consequence of impaired permeability and local
hypoxia caused by infection. “Silent hypoxia” in
the lungs of patients in the acute period COVID-19
caused by a combination of biological dysfunctions
(microvascular thrombosis, redistribution of capillary
blood flow, collapse of the air sac (atelectasis),
interstitial edema may be an aggravating factor
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contributing to systemic complications during re-
habilitation [5].

Conclusion

Thus, elevated levels of AST and ALT persisted in
some patients after coronavirus infection for 6 months.
In patients with hepatotoxicity after COVID-19,
we found a statistically significant increase in levels
of coagulation mediators — VEGFA, IL-6, IL-8
compared to the HCV + COVID-19 group. The
identified correlations between the main cytokines
implementing the multisystem inflammatory response
in postviral syndrome prove unidirectional changes in
the functioning of this regulatory network controlling
immune virus-induced responses. Postviral liver
dysfunction probably has multifactorial causes, but
some of the responses are immune-mediated. The use
of additional markers to assess and monitor systemic
inflammation, such as — VEGFA, IL-6, IL-8, may
be recommended for screening patients at risk of
developing liver dysfunction, especially those with
comorbid conditions, after COVID-19.
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