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Abstract 

The genesis of pathological fibrosis in systemic scleroderma (SSD) remains unclear, but T-

cell immune disorders are given important importance in the development and maintenance 

of this process. 

Goal. A parallel study of T-lymphocytic reactions in the blood and tissues of patients with 

early SSD, their quantitative assessment and study of the relationship with the activity of 

the disease. 

Material and methods. The content of the main marker of T-lymphocyte activation - The 

interleukin-2 receptor (rIL-2P) in the blood was quantified by ELISA in 68 patients with 

SSD, as well as in dynamics in 40 patients receiving glucocorticoids and/or D-penicillalmin 

at doses adequate to the activity of the disease. In parallel, 45 skin biopsies were 

morphologically examined, including immunohistochemical phenotyping of the cellular 

composition of infiltrates. 

Results. The early stage of SSD was characterized by the greatest severity of T-lymphocytic 

activation processes, represented by CD 4+ T-cell infiltration of the skin and elevated levels 

of rIL-2P in the blood. Serological and morphological signs of T-lymphocytic activation 

positively correlated with connective tissue fibroplastic reaction in situ and the rapidly 

progressive course of the disease. The relationship between the concentration of rIL-2P and 

the severity of lymphocytic infiltration of the skin has been established, which indicates the 

possibility of quantifying immuno-inflammatory processes in tissues based on the 

determination of rIL-2P in the blood. The study of the content of rIL-2P in dynamics 

confirmed its connection with the activity of SSDs. 

Conclusion. T-cell activation is characteristic of the initial stages of SSD and is closely 

related to 

It is associated with the progression of the fibrous process. The level of rIL-2P in the blood 

can serve as a highly sensitive marker of the activity and prognosis of SSD*. 
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Introduction 

Systemic scleroderma (SSD) is one of the most severe rheumatic diseases characterized by a 

steadily progressive course and a high mortality rate. The 

disease is based on connective tissue damage with a predominance of fibrosis and vascular 

pathology by the type of obliterating endarteriolitis, which is clinically manifested by 

characteristic changes in the skin, musculoskeletal system, internal 

organs (lungs, heart, digestive tract, kidneys) and widespread vasospastic disorders. Among the 

different views on The nature of the fibrous process and microvascular damage is currently given 

great importance to T-cell immune disorders. Immune cell mediators, cytokines, are considered as 

the main factors in the pathophysiology of scleroderma fibrosis. In vitro studies have established 

their ability to alter the functional activity of fibroblasts, including growth, proliferation and 

production of intercellular matrix components. T-cell Immune disorders play an important role in 

the induction of genetically determined fibroblast pathology and clonal selection of their 

subpopulation, characterized by increased production of matrix proteins. The development of 

generalized vascular pathology in SSD is also associated with the cytolytic effect on endothelial 

cells of activated blood T-lymphocytes (subtype V5 1+ y/5 TCR) present at an early stage of the 

disease. T-cell autoreactivity has also been proven in relation to the components of the 

microvascular basement membrane. At the same time The presented experimental data have not 

received convincing clinical confirmation, the significance of T-cell immune disorders in the 

formation of the clinical symptom complex of early SSD remains unclear, the relationship of local 

immuno-inflammatory disorders in tissues with serological markers of Tlymphocytic activation 

has not been clarified. From a clinical point of view, the study of immune disorders in SSD and 

their connection with the processes of fibrosis and vascular pathology may be important 

to develop serological markers of disease activity. Currently, this is one of the priority areas of 

research, due to the low information content of available clinical and laboratory indicators in 

assessing the condition of a patient with SSD. 

The aim of this study was to quantify the indicators of T-lymphocytic activation in early SDS and 

to assess their relationship with the clinical and immunomorphological picture of the disease. 

 

MATERIALS AND METHODS OF RESEARCH 

Grade I (58% of patients) - initial signs of lung damage (radiological manifestations of basal 

pneumofibrosis, decreased FVC up to 70% of the norm), esophagus (slight, up to 20 seconds 

slowdown in the progress of barium sulfate through the esophagus in combination with symptoms 

of the absence of an epiphrenal ampoule), heart (ECG signs of impaired conduction, left 

ventricular ejection fraction (LVEF) not lower than 45%, echocardiography signs of compaction 

and separation of pericardial leaflets), kidneys (proteinuria up to 1500 mg/day, blood creatinine 

<180 mmol/l); 

• Grade 2 (42% of patients) - severe lung damage (FVC <70% of normal and/or presence of 

pulmonary hypertension), heart (arrhythmia, LVL <40%), gastrointestinal tract (prolonged, >20 

sec retention of barium sulfate in the esophagus, enlargement of the esophageal lumen, change in 

the relief of the mucous membrane, clinical and radiological signs of malabsorption), kidneys 

(blood creatinine >180 mmol/l, glomerular filtration < 60 ml/min). Determination of the level of 

the soluble receptor Interleukin-2 (rIL-2P) in blood serum was performed by quantitative enzyme 

immunoassay using commercial kits from EuroClon. Based on the manufacturer's 
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recommendations, the upper limit of the norm was determined as M ± 25 and amounted to 4950 

pg/ml. Morphological examination of skin biopsies from the lower third of the forearm was 

performed in 45 patients (30 with early and 15 with late SSD) and included an assessment of the 

localization and composition of inflammatory cell infiltration, severity connective tissue 

fibroplastic reaction, activation of endothelial cells. The number of cells in a square was recorded. 

0.002mm2 at x400 magnification. The number of fibroblasts was determined on a similar area 

separately in the presence of a vessel (histione region) and in a non-vascular space. Depending on 

the number of cells, we have identified 4 degrees of infiltration: 1 st. - from 10 to 19 cells, 2 st. - 

from 20 to 29 cells, 3 st. - from 30 to 39 cells and 4 st. - 40 cells or more. Immunophenotyping of 

lymphocytic The infiltrate composition was carried out using monoclonal antibodies from DAKO 

(Denmark) against common markers of T - (CD3) and B-lymphocytes (CD20), as well as CD4+ 

and CD8+ T-lymphocytic markers. Monoclonal antibodies from Sorbent LLC were used to 

identify the intercellular adhesion molecule-1 (ICAM-1). The control group consisted of 10 people 

who did not suffer from rheumatic or skin diseases (2 men and 8 women, average age - 

47+11 years) and was comparable to the main group in age (p=0.3) and gender (p=0.5). 

 

THE RESULTS AND THEIR DISCUSSION 

The clinical symptom complex of these patients served as the basis for conducting clinical and 

morphological comparisons and clarifying the role of the immune factors studied by us in the 

pathogenesis of the initial stages of SSD. 

The pathomorphological picture of the onset of the disease was characterized by actively occurring 

immuno-inflammatory and fibroplastic processes: pronounced perivascular infiltration consisting 

of T lymphocytes, macrophages and activated mast cells, expression of ICAM-1 on the vascular 

endothelium, accumulation of fibroblasts in perivascular spaces. Perivascular infiltrates were 

found in the skin of 81% of patients with rCCD. The severity of infiltration at the initial stages 

was significantly higher than at the later stages (31±22 cells/0.002mm2 versus 17±9 

cells/0.002mm2, p<0.001). The lymphohistiocytic composition of infiltrates with 

a significant predominance of lymphocytes was established. Immunophenotyping of the 

lymphocytic component showed predominantly CD 4+T-cell composition of infiltrates at an early 

stage of the disease (100% vs. 33%, p<0.0005) and mixed T and B-cell composition at a late stage. 

Therefore, the distinctive feature of the rSSD was not not only is the infiltration significantly more 

pronounced, but also its qualitatively different composition is the predominance of CD4+ T 

lymphocytes. 

The immuno-inflammatory changes characteristic of rSSD also included morphological signs of 

activation of endothelial and mast cells. In 73% of patients, there were clusters of mast cells in the 

perivascular spaces, in 88% - the presence of ICAM-1 on the vascular endothelium. These changes 

were significantly more common in rSSD compared with late SDS and the control group. In 

parallel with pronounced immuno-inflammatory changes in the skin of patients with rSSD, an 

active fibroplastic reaction was observed. Thus, in the majority of patients with rCCD (86%), a 

cluster of fibroblasts was found in the perivascular zone - an average of 26+17 cells per unit area 

(0.002mm2), which was 2.7+1.8 times higher than their number in the non-vascular space. For 

comparison, in the control group, the number of fibroblasts around the vessels and in the non-

vascular areas was 
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the same and amounted to 8.6+2.6 cells (p<0.001). In case of late SSD fibroplastic reaction It was 

also poorly expressed (16±7 cells, p<0.02). A reliable relationship between immuno-inflammatory 

and fibroplastic changes in the skin of patients with SSD was established. Thus, there was a 

topographic proximity of the location of T-lymphocytes, mast cells and fibroblasts in the 

perivascular zone and a direct correlation of the number of mast cells and lymphocytes in the 

infiltrates with the number of fibroblasts (g=0.59, p <0.0001, g=0.6, p< 0.0001 accordingly), which 

indicates the interaction of these cells and the participation of mast and immune cells in the 

development of the fibrous process. The connection we found between the presence of ICAM-1 

on endothelium and perivascular inflammatory infiltration (x2=6.12, p<0.01) indicates the 

important role of adhesion molecules in the formation of lymphocytic infiltrates in SSD. High 

activity and severity of the disease course were associated with significantly more pronounced 

inflammatory infiltration of the skin (3219 cells/0.002mm2, p<0.02), accumulation of fibroblasts 

in perivascular spaces (23±12 cells/0.002mm2, p<0.007) and ICAM-1 expression 

on endothelial cells (100%, p<0.03). In general, morphological examination demonstrated an 

important pathogenetic value T-lymphocytic infiltration of the skin: its reliable relationship with 

the initial stages of the disease, the severity of the course of SSD and the activity of the connective 

tissue fibroplastic reaction was revealed. A quantitative assessment of T-cell activation in SSD 

and its role in the development of individual visceral localization of the process was carried out 

by determining rIL-2P in the blood, the main marker of T-lymphocyte activation. 

The content of rIL-2P was significantly higher in patients with rSSD compared with later stages 

(7410+4420 pg/ml versus 4285+1790, p<0.0005) and generally had an inverse correlation with 

the duration of the disease. The relationship of rIL-2P with the severity of the course and activity 

of SSD was established (Table. 4, 5). Thus, the highest levels of this factor were found in patients 

with acute SSD (8870+4295pg/ml) and a maximum, 3rd degree of activity (8925+3945 pg/ml), as 

well as in patients with severe internal organ damage (8765+4430 pg/mlml, p<0.05) and a diffuse 

form of the disease (8855 5070 pg/ml, p<0.04), which indicates a connection between the process 

of T-lymphocytic activation and the rapidly progressive course of SSD. There was also a direct 

correlation of rIL-2P levels with the main clinical manifestations of cutaneous and visceral 

fibrosis: the amount of skin count, skin edema, progression of cutaneous and visceral pathology at 

the time of examination, as well as the severity of muscle damage, the severity of common 

symptoms, ESR, hypergamma globulinemia and ANF titer. Investigation of the content of rIL-2P 

in the dynamics of 40 patients with SSD confirmed its connection with the activity of the disease. 

Decrease in SSD activity 

(n=20) was accompanied by a significant decrease in the level of rIL-2P in the blood (7055+3620 

pg/ml and 3975±2275 pg/ml, p <0.003). The content of this factor in the blood did not change with 

consistently high (5570±3625 pg/ml and 5225+2550 pg/ml, p=0.4) or low (3175±835 pg/ml and 

2640+745 pg/ml, p=0.2) 

SSD activity. Therefore, the level of rIL is 2P blood levels correlate with the dynamics of the 

condition of patients and can be used to assess the effectiveness of therapy. The adequate 

reproducibility of this indicator in stabilizing the condition of patients proves its reliability in 

monitoring the activity of the SSD in each individual case. It is especially important to emphasize 

that the level of rIL2P reliably reflected the activity of immuno-inflammatory and fibroplastic 

processes in tissues. Thus, a high direct correlation was found between the content of rIL-2P in the 

blood and the number of T-lymphocytes (g=0.52, p<0.01) and fibroblasts (g=0.6, p<0.001) in the 
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skin.A parallel study of local and systemic immuno-inflammatory processes in patients with SSD 

allowed us to establish the activation of the T-cell link of immunity in the early period of SSD and 

its a clear connection with the severity of the disease and individual clinical and laboratory activity 

indicators. The relationship established in the study between the severity of T-cell infiltration and 

the expression of ICAM-1 on endothelial cells is consistent with the idea of the important role of 

adhesion molecules in leukocyte migration through the endothelium, their tissue localization and 

cellular interaction during the immune response. Connection ICAM-1 with SSD activity is also 

confirmed by the data of S. Sollberg et al. the presence of this molecule only in places of active 

fibrosis. A common marker of T-lymphocytic activation (soluble IL-2 receptor), according to our 

data, positively correlated with the severity of inflammatory infiltration in the skin, as well as with 

the main clinical indicators of activity SSD. Its content in the blood was increased in half of the 

patients with SSD, mainly at the beginning of the disease. The dependence of the concentration of 

rIL-2P in the blood on the duration of the disease, noted in our and a number of other works, 

indicates the participation of activated T-lymphocytes in the initial processes of fibrosis in SSD. 

The association of T-cell activation with a rapidly progressive course of the disease is also 

confirmed by a significant increase in serum levels 

of rIL-2P with the development of diffuse skin lesions and severe visceral pathology in the early 

period of SSD. The study of the content of rIL-2P in dynamics demonstrated the sensitivity of this 

factor to changes in the clinical status of patients, which makes it possible to recommend its use 

in monitoring the activity of SSDs. This is consistent with the results of the work of V.D. Steen et 

al., in which, based on the serial determination of the level rIL-2P in the blood of 38 patients with 

SSD, its correlation with the dynamics of the skin process and the clinically assessed activity of 

the disease was established. Similar data were obtained in the study by P.G. Vlachoyiannopoulos 

et al. The high sensitivity of rIL-2P as an indicator of T-cell activation has been confirmed 

experimentally. Thus, it has been proven that the synthesis and expression of a highly affinity 

receptor for IL-2, as well as the release of a soluble receptor, are early signs of T-lymphocytic 

activation and give an idea of its duration.  

 

CONCLUSIONS 

Thus, this study proved the important pathogenetic significance of T-lymphocytic activation in the 

progression of the fibrous process in SSD: its reliable relationship with the initial stages and 

severity of the disease, connective tissue fibroplastic reaction in situ. The early stage of SSD was 

characterized by the greatest severity of T-lymphocytic activation processes, represented by 

CD4+T lymphocytic infiltration of the dermis and an increase in the level of the common marker 

of T-lymphocyte activation, rIL-2P, in the blood. The direct correlation between concentration 

established in the study rIL-2P and the intensity of lymphocytic infiltration of the skin indicates 

the possibility of quantifying immuno-inflammatory processes in tissues based on the 

determination of rIL-2P in the blood. At the same time, the close relationship of morphological 

and serological signs of Tlymphocytic activation with active fibrosis in tissues and the rapidly 

progressive course of the disease makes it possible to recommend a quantitative determination of 

serum levels rIL-2P for a more complete and adequate characterization of the immune process 

associated with fibrosis, as well as for evaluating the effectiveness of immunosuppressive and 

antifibrosis therapy.  
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