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Specific features of IL-6 signal transduction were studied in 89 patients with lung damage of 
varying degrees during the first COVID-19 pandemic wave. The levels of IL-6 signaling com-
ponents (IL-6, sIL-6R, and sgp130) and highly sensitive C-reactive protein (hsCRP) were ex-
amined in patients with intact lungs (CТ-0), mild (CТ-1), moderate (CТ-2), moderate to severe 
(CТ-3), and severe (CТ-4) lung damage. Seventy patients were re-examined 3-7 months after 
discharge from the hospital. The IL-6 and hsCRP levels increased several times with severing 
lung damage severity. In patients with CT-3, sIL6-R increased statistically significantly and 
remained high in CT-4 patients. sgp130 levels were lower in CT-1 and CT-2 patients and higher 
in CT-3 and CT-4 patients compared to CT-0 patients. We revealed a positive correlation be-
tween IL-6 and hsCRP levels in CT-1, CT-2, and CT-3 patients. In CT-3 patients, sIL-6R levels 
positively correlated with IL-6 concentration. The studied parameters decreased considerably 
in all patients 3-7 months after discharge. It can be suggested that IL-6 classic-signaling is 
predominant in CT-1 and CT-2, while trans-signaling prevails in CT-3. Disorders in regulatory 
mechanisms of IL-6 signaling occur in CT-4, which prevents physiological elimination of IL-6 
hyperactivity. The results obtained are preliminary and require a broader study.
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COVID-19 infection caused by SARS-CoV-2 corona-
virus is dangerous due to leading to death compli-
cations such as severe pneumonia, acute respirato-
ry distress syndrome, and cardiovascular disorders 
(primarily thrombotic) [1,2]. COVID-19 pneumonia 
is determined by the development of pathological 
changes in lung tissue, alveolar and vascular walls 
[2,3]. By damaging pulmonary tissues, SARS-CoV-2 
induces a systemic inflammatory response [4]. The 
levels of proinflammatory cytokines, including IL-6, 
are an important parameter characterizing the in-
tensity of inflammatory response. In COVID-19 pa-
tients, high levels of IL-6 correlate with unfavourable 
outcomes and high death rate [5,6]. Variety of IL-6 
effects stems from two signaling pathways, namely, 

classic-signaling and trans-signaling. In classic path-
way IL-6 forms a complex with its plasma membrane 
receptor (IL-6R). In trans-signaling complex is formed 
with a soluble receptor (sIL-6R). It has been gener-
ally accepted that effects of IL-6 promoting patho-
logical processes are predominantly associated with 
trans-signaling, while its anti-inflammatory activity 
is realized via classic pathway [7]. Hence, classic-sig-
naling and trans-signaling make oppositely directed 
contributions to pathological processes during the 
disease progression.

In humans, IL-6 trans-signaling is regulated by 
special mechanism. The circulating soluble glycopro-
tein sgp130 binds to the IL-6/sIL-6R complex thereby 
inhibiting trans-signaling [8]. Thus, the ratio between 
IL-6, sIL-6R, and sgp130 concentrations determines 
initiation of classic- or trans-signaling, which can sig-
nificantly modify IL-6 effects and IL-6-associated pa-
thologies.
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The aim of this pilot study was to examine the 
specific features of IL-6 signaling in patients with lung 
damage of varying degrees during the first COVID-19 
pandemic wave.

MATERIALS AND METHODS 
The study included 89  patients (46  men (52%) 
and 43  women (48%)) aged 24-90  years (mean age 
60±15 years) hospitalized at the COVID center of the 
E. I. Chazov National Medical Research Center of Car-
diology from April to June  2020. All patients signed 
an informed consent for the collection of biological 
samples for banking approved by the Ethics Commit-
tee (Protocol No.  249 of September  30, 2019). Blood 
samples from 70  patients were retested 3-7  months 
after discharge.

The severity of COVID-19 was assessed by com-
puter tomography (CT) using scale developed in Rus-
sia during pandemic: no signs of viral pneumonia (CT-
0); mild pneumonia with ground glass opacities, <25% 
lung damage (CT-1); moderate pneumonia, 25-50% 
lung damage (CT-2); moderate to severe pneumonia, 
50-75% lung damage (CT-4); and severe pneumonia, 
>75% lung damage (CT-4).

Blood samples were collected on days 2-4 of hos-
pitalization and during outpatient follow-up examina-
tions. Before the study, samples of citrate plasma and 
serum were stored at -80°С in a Biological Material 
Bank.

The levels of IL-6, sgp130, and sIL-6R were deter-
mined by ELISA using R&D Systems kits. High sen-
sitive C-reactive protein (hsCRP) was measured in 
serum using a reagent kit for quantitative immunotur-
bidimetric determination of CRP (Abbott Laboratories).

Statistical analysis was performed in SPSS Statis-
tics 23 software (IBM). For parameters with non-nor-
mal distribution, the results are presented as Me (Q1; 
Q3). When comparing groups, nonparametric Mann—
Whitney test was used for independent samples and 
Wilcoxon’s test was used for linked samples. The rela-

tionship between test parameters was evaluated with 
Spearman’s rank correlation coefficient. The results 
were considered statistically significant at p<0.05.

RESULTS
The patients were assigned into 5  groups according 
to CT evaluation of lung damage: CT-0 (17 patients),  
CT-1, (16  patients), CT-2, (21  patients), CТ-3 (25  pa-
tients), and CТ-4 (10 patients).

The concentrations of IL-6 and hsCRP increased 
with severity of lung damage. The highest IL-6 levels 
were in CT-3 and CT-4 groups. Compared to CT-0 
patients, in CT-3 and CT-4 groups, IL-6 levels were 
increased by 7 and 22 times, respectively, while hsCRP 
levels were elevated by 13 and 19 times, respectively 
(Table 1).

In all patients, IL-6 plasma concentrations cor-
related with hsCRP levels. A positive correlation be-
tween IL-6 and hsCRP was established in CT-1, CТ-2, 
and CТ-3 patients (Table 2).

The concentration of sIL-6R increased with lung 
damage severity, but not as rapidly as IL-6 levels. 
sIL-6R is as a component of IL-6 buffer system and 
is constantly present in the blood at concentrations 
markedly higher than those of IL-6 [9], therefore sIL-
6R increase is not pronounced. sIL-6R levels were al-
most the same in CT-1 and CT-0 patients and slightly 
higher in CT-2 group. Increase in sIL-6R concentration 
was statistically significant in patients with moder-
ate to severe lung injury (CT-3) compared to CRT-0 
and CT-1 patients. In patients with severe lung injury  
(CT-4), sIL-6R level remained high (Table  1). A pos-
itive correlation between sIL-6R and IL-6 levels was 
established in all patients and CT-3 patients (Table 2). 
Higher levels of sIL-6 and IL-6 were also observed by 
other authors [10] in patients with severe COVID-19 in 
comparison with mild and moderate patients. However, 
these authors did not reveal any correlation between 
IL-6 and sIL-6R. The possible reason for these results 
could be the peculiarities of the group formation in 

TABLE 1. The Levels of hsCRP and IL-6 Signaling Components in Patients with COVID-19 with Lung Damage of Varying 
Degrees (Me (Q1; Q3))

Parameter CT-0 (n=17) CT-1 (n=16) CT-2 (n=21) CT-3 (n=25) CT-4 (n=10)

hsCRP, mg/liter 5.50 11.90 44.90 69.50*+ 106.20*+o

(1.00; 25.70) (2.75; 37.15) (18.60; 87.60) (33.57; 122.15) (28.85; 146.05)

IL-6, pg/ml 7.87 10.47 20.13* 65.90*+o 173.70*+o

(2.74; 16.73) (5.44; 30.12) (17.20; 41.57) (35.94; 111.10) (46.01; 333.14)

sIL-6R, ng/ml 46.09 46.49 48.88 57.93*+ 60.34
(36.35; 55.25) (33.61; 55.34) (43.61; 72.02) (48.97; 72.38) (37.74; 76.13)

sgp130, ng/ml 277.66 254.96 247.25 267.23 335.92
(243.45; 337.03) (239.58; 265.45) (229.16; 293.42) (240.87; 310.67) (266.78; 375.04)

Note. p<0.05 in comparison with *CT-0, +CT-1, oCT-2.
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the study [10]: the authors compared patients of hos-
pital ward (moderate form), intensive care unit (severe 
form), and treated at home (mild form).

sgp130 concentration in CT-1 and CT-2 patients 
was lower than in CT-0 group, increased in CT-3 pa-
tients, and reached the maximum level in CT-4 pa-
tients (Table  1). At the same time, we revealed no 
relationship between IL-6 and sgp130 levels in any of 
the studied groups.

In all patients, the levels of IL-6, spg130, and sIL-6R  
markedly decreased 3-7  month after discharge from 
the hospital (Table 3).

The effects of IL-6 manifested by classic signaling 
are highly important for the maintenance of immune 
homeostasis. IL-6 is synthesized at the initial stages 
of inflammation and is the main inducer of CRP syn-
thesis and secretion in liver [11,12]. Hepatocytes are 

one of the few cell types expressing the membrane 
IL-6R through which IL-6 classic-signaling occurs [13]. 
The positive correlation between IL-6 and hsCRP iden-
tified in the present study, as well as the decrease in 
sgp130 levels in CT-1 and CT-2 patients, allow us to 
suggest that the IL-6 classic-signaling predominates 
and IL-6 trans-signaling actively inhibited in mild and 
moderate forms of pneumonia. This is consistent with 
the suggestion that IL-6 classic-signaling dominates in 
moderate COVID-19 [14].

sIL-6R is generated predominantly by proteolytic 
cleavage of membrane IL-6R and to a lesser extent 
by alternative splicing [15]. The receptor realizes IL-6 
trans-signaling. Proteolytic cleavage of membrane  
IL-6R reduces the amount of IL-6R on cell surface, 
which lessens cell ability to be activated via IL-6 clas-
sic-signaling. Proteolysis of IL-6R controls the balance 
between IL-6 classic- and trans-signaling [16].

High levels of sIL-6R associated with increased 
concentration of IL-6 and elevated sgp130 levels in 
CT-3 patients suggest active participation of IL-6 
trans-signaling in the disease progression. This sug-
gestion agrees with the results of other researchers: 
high levels of IL-6, sIL-6R, and sgp130 indicate mark-
edly increased risk of severe COVID-19 [17].

Despite supposed decrease in IL-6 classical-sig-
naling, hsCRP levels increased with pronounced lung 
damage (CТ-3 and CТ-4). Probably, in addition to 

TABLE 2. Correlations between IL-6, its Signaling Components, and hsCRP in Patients with COVID-19 Lung Damage of 
Varying Degrees (Spearman’s rank correlation coefficient)

Parameter CT-0 (n=17) CT-1 (n=16) CT-2 (n=21) CT-3 (n=25) CT-4 (n=10) All patients (n=89)

hsCRP — r=0.568, р=0.027 r=0.684, р=0.001 r=0.603, р=0.002 — r=0.536, p<0.001

sIL-6R — — — r=0.886, р=0.019 — r=0.864, p<0.001

Note. The sign “—” indicates the absence of statistical significance.

TABLE 3. Levels of IL-6, sIL-6R, and sgp130 in COVID-19 
Patients at Admission and 3-7 Months after Discharge

Parameter At admission 
(n=89)

3-7 months after 
discharge (n=70)

IL-6, pg/ml 28.72 (13.15; 68.01) 2.86 (1.87; 4.52)*

sIL-6R, ng/ml 53.30 (42.05; 72.30) 36.85 (29.87; 46.45)*

sgp130, ng/ml 263.02  
(241.70; 307.30)

247.25  
(229.16; 293.42)*

Note. *p<0.05 in comparison with the level at admission.

Fig. 1. Individual paired levels of IL-6 and sIL-6R in CT-3 (a) and CT-4 (b) patients.
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classic-signaling, other mechanisms (including IL-6 
trans-signaling) are responsible for CRP production in 
case of severe lung damage.

Interestingly, that the difference in sIL-6R levels 
was statistically insignificant in CT-4 patients com-
pared to CT-3 but IL-6 and sgp130 levels were higher. 
In addition, high IL-6 concentrations did not always 
coincide with high sIL-6R, in contrast to CT-3 (Fig. 1). 
Therefore, no correlation was revealed between IL-6 
and sIL-6R in CT-4 patients. Changes in IL-6/sIL-6R ra-
tio observed at severe stage of the disease reflect im-
pairments in regulatory mechanisms of IL-6 signaling.

Thus, the protective IL-6 classic-signaling prevails 
in mild and moderate forms of pneumonia induced 
by SARS-CoV-2, while activation of the IL-6 trans-sig-
naling contributes to the progression of the disease 
in moderate to severe and severe forms. It should be 
noted that the results obtained are preliminary and 
require a broader research.

The study was supported by budget financing for 
State Assignment No. 121031700142-4.

Conflict of interest. The authors have no con-
flicts of interest to declare.

REFERENCES
 1. Grasselli G, Tonetti T, Protti A, Langer T, Girardis M, 

Bellani G, Laffey J, Carrafiello G, Carsana L, Rizzuto C, 
Zanella A, Scaravilli V, Pizzilli G, Grieco DL, Di Meg-
lio  L, de Pascale G, Lanza E, Monteduro F, Zompatori 
M, Filippini C, Locatelli F, Cecconi M, Fumagalli R, Nava 
S, Vincent JL, Antonelli M, Slutsky AS, Pesenti A, Rani-
eri VM; collaborators. Pathophysiology of COVID-19-as-
sociated acute respiratory distress syndrome: a multicen-
tre prospective observational study. Lancet Respir. Med. 
2020;8(12):1201-1208. doi: 10.1016/S2213-2600(20)30370-2

 2. Batah SS, Fabro AT. Pulmonary pathology of ARDS in 
COVID-19: A pathological review for clinicians. Respir. 
Med. 2021;176:106239. doi: 10.1016/j.rmed.2020.106239

 3. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, 
Zhao P, Liu H, Zhu L, Tai Y, Bai C, Gao T, Song J, 
Xia  P, Dong J, Zhao J, Wang FS. Pathological findings 
of COVID-19 associated with acute respiratory distress 
syndrome. Lancet Respir. Med. 2020;8(4):420-422. doi: 
10.1016/S2213-2600(20)30076-X

 4. Boechat JL, Chora I, Morais A, Delgado L. The immune 
response to SARS-CoV-2 and COVID-19 immunopatho-
logy - Current perspectives. Pulmonology. 2021;27(5):423-
437. doi: 10.1016/j.pulmoe.2021.03.008

 5. Mehta P, McAuley DF, Brown M, Sanchez E, Tatter-
sall  RS, Manson JJ; HLH Across Speciality Collabora-
tion, UK.  COVID-19: consider cytokine storm syndromes 
and immunosuppression. Lancet. 2020;395:1033-1034. doi: 
10.1016/S0140-6736(20)30628-0

 6. Jamoussi A, Messaoud L, Jarraya F, Rachdi E, Ben Mrad N, 
Yaalaoui S, Besbes M, Ayed S, Ben Khelil J. Interleukin6 
prediction of mortality in critically ill COVID19 patients: 

A prospective observational cohort study. PLoS One. 
2023;18(3):e0279935. doi: 10.1371/journal.pone.0279935

 7. Rose-John S. IL-6 trans-signaling via the soluble IL-6 
receptor: importance for the pro-inflammatory activities 
of IL-6. Int. J. Biol. Sci. 2012;8(9):1237-1247. doi: 10.7150/
ijbs.4989

 8. Jostock T, Müllberg J, Ozbek S, Atreya R, Blinn G, Voltz N, 
Fischer M, Neurath MF, Rose-John S. Soluble gp130 is the 
natural inhibitor of soluble interleukin-6 receptor trans-
signaling responses. Eur. J. Biochem. 2001;268(1):160-167. 
doi: 10.1046/j.1432-1327.2001.01867.x

 9. Scheller J, Garbers C, Rose-John S. Interleukin-6: from 
basic biology to selective blockade of pro-inflammatory 
activities. Semin. Immunol. 2014;26(1):2-12. doi: 10.1016/j.
smim.2013.11.002

 10.Koutsakos M, Rowntree LC, Hensen L, Chua BY, van 
de Sandt CE, Habel JR, Zhang W, Jia X, Kedzierski L, 
Ashhurst  TM, Putri GH, Marsh-Wakefield F, Read MN, 
Edwards DN, Clemens EB, Wong CY, Mordant FL, Juno JA, 
Amanat F, Audsley J, Holmes NE, Gordon CL, Smib-
ert OC, Trubiano JA, Hughes CM, Catton M, Denholm JT, 
Tong SYC, Doolan DL, Kotsimbos TC, Jackson DC, Kram-
mer F, Godfrey DI, Chung AW, King NJC, Lewin SR, 
Wheatley AK, Kent SJ, Subbarao K, McMahon J, Thevara-
jan I, Nguyen THO, Cheng AC, Kedzierska K. Integrated 
immune dynamics define correlates of COVID-19 severity 
and antibody responses. Cell Rep. Med. 2021;2(3):100208. 
doi: 10.1016/j.xcrm.2021.100208

11. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, 
immunity, and disease. Cold Spring Harb. Perspect. Biol. 
2014;6(10):a016295. doi: 10.1101/cshperspect.a016295

12. Sproston NR, Ashworth JJ. Role of C-Reactive Protein 
at Sites of Inflammation and Infection. Front. Immunol. 
2018;9:754. doi: 10.3389/fimmu.2018.00754

13. Jones SA, Horiuchi S, Topley N, Yamamoto N, Full-
er GM. The soluble interleukin 6 receptor: mechanisms 
of production and implications in disease. FASEB J. 
2001;15(1):43-58. doi: 10.1096/fj.99-1003rev

14. Ziegler L, Lundström A, Havervall S, Thålin C, Gigante B. 
IL-6 signalling biomarkers in hospitalised patients with 
moderate to severe SARS-CoV-2 infection in a single 
centre study in Sweden. Cytokine. 2022;159:156020. doi: 
10.1016/j.cyto.2022.156020

15. Lokau J, Garbers C. Biological functions and therapeutic 
opportunities of soluble cytokine receptors. Cytokine 
Growth Factor Rev. 2020;55:94-108. doi: 10.1016/j.cytog-
fr.2020.04.003

16. Schumertl T, Lokau J, Rose-John S, Garbers C. Function 
and proteolytic generation of the soluble interleukin-6 
receptor in health and disease. Biochim. Biophys. Acta 
Mol. Cell Res. 2022;1869(1):119143. doi: 10.1016/j.bbam-
cr.2021.119143

17. Rodríguez-Hernández MÁ, Carneros D, Núñez-Núñez M, 
Coca R, Baena R, López-Ruiz GM, Cano-Serrano ME, 
Martínez-Tellería A, Fuentes-López A, Praena-Fer-
nandez  JM, Garbers C, Hernández-Quero J, García F, 
Rose-John S, Bustos M. Identification of IL-6 Signalling 
Components as Predictors of Severity and Outcome in 
COVID-19. Front. Immunol. 2022;13:891456. doi: 10.3389/
fimmu.2022.891456

А. А. Korotaeva, E. V. Samoilova, et al.


	ABSTRACT
	MATERIALS AND METHODS
	RESULTS
	REFERENCES

